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Preface

The Nordic Committee of Senior Officials for Food Issues is an advisory
body of the Nordic Council of Ministers which co-ordinates Nordic work
in the field of food and nutrition. The Nordic Working Group on Food
Toxicology and Risk Evaluation (NNT) has been given the responsibility
by the Committee to promote co-operation and co-ordination among
Nordic countries in matters relating to food toxicology and risk assess-
ment.

Assessment of health risks connected with naturally occurring toxi-
cants in foodstuffs has become an important area for NNT. The series of
published Nordic reports based on the work performed by the Nordic
project group on inherent natural toxicants in food plants and mushrooms
include:

Gry, J. and Pilegaard, K. (1991) Hydrazines in the Cultivated Mush-
room (Agaricus bisporus). Var Foda 43;Supplement 1.

Uggla, A. and Busk, L. (1992) Ethyl carbamate (urethane) in alcoholic
beverages and foodstuffs - A Nordic View. Nordiske Seminar- og
Arbejdsrapporter 1992:570.

Stermer, F.C., Reistad, R. and Alexander, J. (1993) Adverse health ef-
fects of glycyrrhizic acid in licorice. A risk assessment. Nordiske
Seminar- og Arbejdsrapporter 1993:526.

Andersson, C., Slanina, P. And Koponen, A. (1995) Hydrazones in the
false morel. TemaNord 1995:561.

Seborg, 1., Andersson, C. and Gry, J. (1996) Furocoumarins in Plant
Food - exposure, biological properties, risk assessment and rec-
ommendations. TemaNord 1996:600.

Gry, J. and Andersson, H.C. (1998) Nordic seminar on phenylhydra-
zines in the Cultivated Mushroom (Agaricus bisporus). TemaNord
1998:539.

Andersson, C. (1999) Glycoalkaloids in tomatoes, eggplants, pepper
and two Solanum species growing wild in the Nordic countries.
TemaNord 1999:599.

Andersson, C. (2002) Calystegine alkaloids in Solanaceous food
plants. TemaNord 2002:513.

Andersson, C., Wennstrom, P. and Gry, J. (2003) Nicotine in Solana-
ceous food plants. TemaNord, 2003:531.

Andersson, H.C. and Gry, J. (2004) Pheylhydrazines in the cultivated
mushroom (Agaricus bisporus) — occurrence, biological properties,
risk assessment and recommendations. TemaNord 2004:558.
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In 1980 the American Food and Drug Administration (FDA) issued rec-
ommendations to women to limit their intake of caffeine-containing bev-
erages during pregnancy. This recommendation was based on results
from studies on experimental animals, which had shown teratogenic ef-
fects of caffeine at very high doses. Since then, many epidemiological
studies have been conducted in order to investigate whether intake of
caffeine could affect pregnancy outcome. These studies have predomi-
nantly been performed in the US and Canada, but there are also some
Europeans studies. The cultural affiliation is important, as the average
caffeine intake in North America is substantially lower than in Europe.
As the mean consumption of caffeine is very high in the Nordic countries,
the Working Group on Food Toxicology and Risk Evaluation (NNT)
within the Nordic Council of Ministers commissioned an expert group of
Nordic food toxicologists to evaluate available epidemiological data con-
cerning the relationship between maternal exposure to caffeine and ad-
verse effects on pregnancy, the foetus, and young children.

The Project Group consisted of the following members:

Christer Andersson National Food Administration,

(Co-ordinator) Sweden

Helena Hallstrom National Food Administration,
Sweden

Kihlman, Bengt A Department of Genetics, Uppsala
University, Sweden

Jorn Gry Danish Veterinary and Food Ad-
ministration, Denmark

Helle Margrete Meltzer National Institute of Public Health,
Norway

Risto Juvonen Department of Pharmacology and
Toxicology, University of Kuopio,
Finland

Torkell Johannesson Department of Pharmacology,

University of Iceland, Iceland

Prof. Bjorn Isaksson, Ljungskile, was consulted by the Project Group to
supply additional nutritional expertise on questions related to the critical
evaluation of the epidemiological literature. The Project group is very
much indebted to Prof. Isaksson for contributing chapter 10 to the report.
We are also indebted to Marianne Lindblom, Kraft Food Sweden, for
supplying additional information on methylxanthines in chocolate prod-
ucts.

The literature reviewed in this report had been found in searches on
Medline, Toxline and FSTA (all up to March 2002), and in the reference
lists of the publications found in the searches.
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The Nordic Project Group on ‘Methylated oxypurines, pregnant
women and their foetuses’ produced the present report, which was ac-
cepted by NNT in September 2003. NNT formulated the following text,
related to risk management, to be printed on the back-cover of the report:

“This report characterizes the health hazards to the human foetus as-
sociated with intake of caffeine and related methylxanthines during preg-
nancy. The conclusion of the report demonstrates the need for restrictions
of caffeine exposure during pregnancy. NNT recognizes that human ex-
posure to caffeine and related compounds causes a spectrum of pharma-
cological effects, for instance cardiovascular, renal, neurological and
behavioural effects. The increasing use of caffeine and related methylx-
anthines in various foods and beverages consumed by children and ado-
lescents cause concern.

NNT recommends that a full hazard characterization of caffeine and
related methylxanthines should be performed, with the aim to reach a
conclusion about the upper safe level of intake of the compounds.”






1. Summary

1.1. In Swedish

Den hér rapporten sammanfattar tillgdnglig epidemiologisk information
om sambandet mellan intaget av koffein och andra metylxantiner hos
kvinnor i barnafédande alder och skadliga effekter via den gravida kvin-
nan pa fostret och hennes barn. De skadliga effekter av metylxantiner
som studerats &r péverkan pé fertiliteten, och risken for att drabbas av en
spontan abort, foda ett barn med medfédda missbildningar, for tidig fod-
sel, tillvixthdmning under fosterstadiet och beteendepédverkan av fostret,
de nyfodda eller smabarn. Varje epidemiologisk studie som fokuserat pé
nagot av dessa samband har granskats med ett kritiskt 6ga (kapitel 10-
17), varefter en sammanvégd slutsats formulerats for vardera av dessa
tankbara samband.

Den forsta delen av rapporten (kapitel 2-9) utgors av bakgrundsinfor-
mation som dr av virde vid den kritiska granskningen av epidemiologiska
studier. Informationen omfattar uppgifter om forekomsten av metylxanti-
ner 1 livsmedel (inklusive drycker) och likemedel, och fran dylika data
beréknat intag av koffein, uppgifter om metylxantinernas farmakokinetik
hos ménniska (med speciellt fokus pa fostret) och uppgifter om farmako-
logisk och toxikologisk verkan av koffein.

Féorekomsten av metylxantiner och intaget av koffein

Koffein uppticktes i kaffebonor redan under tidigt 1820-tal av tyska och
franska forskare oberoende av varandra. Den kemiska beskrivningen av
amnet skedde emellertid forst vid sekelskiftet. Molekylens grundstruktur,
som ocksa karakteriserar andra metylxantiner, dr 2,6-dioxypurin, vanli-
gen kallad xantin. Hos koffein ar xantinmolekylen metylerad i position 1,
3 och 7. Koffein ar darfor ocksa kiand som 1,3,7-trimetylxantin. Beslikta-
de amnen é&r teofyllin och teobromin, vilka ocksd bendmns 1,3-
dimetylxantin respektive 3,7-dimetylxanin. De moderna metoderna att
separera, identifiera och kvantifiera metylxantiner fran olika naturliga
killor och livsmedel baseras pd vétskekromatografi (HPLC). Metylxanti-
ner forekommer i ett stort antal vaxtarter, tillhorande méanga olika slikten,
familjer och ordningar. Man tror att metylxantinproducerande véxter
upplagrar dessa d@mnen som resurser i sitt kemiska fOrsvarssystem mot
skadedjur och véxtitare.

En mycket stor andel av de alkoholfria drycker som forekommer i so-
ciala sammanhang innehdller koffein. De viktigaste dryckerna och
livsmedlen som innehaller koffein ir kaffe, te, guarana, maté, kolanotter,
coladrycker, kakao, choklad, yaupon och yoco. Méngden koffein i dessa



14 Intake of caffeine and other methylxanthines..

livsmedel varierar, men dr ofta hogt. Baserat pa torrvikten, aterfinns den
storsta mangden koffein i guarana (4-6%). Teblad innehaller ungefar
3.5% koffein, kaffebonor mellan 1.1 och 2.2%, kolandtter 1.5% och ka-
kaobdnor 0.03%. Kakaobonor innehdller dessutom cirka 1.8-2.5%
teobromin. Koffein forekommer dven i vissa ldskedrycker, energidrycker,
och sé kallade ’intelligens’-drycker, samt i lidkemedel. Men i dessa pro-
dukter har framrenat eller syntetiskt koffein tillsatts livsmedlet.

Typen av kaffebona som anvinds vid framstillningen av kaffe och
metoden som anvénds paverkar patagligt halten av koffein i den slutliga
drycken. Medelvirdet i koffeinhalt hos drycker av snabbkaffe, perkolerat
kaffe och filterkaffe, berdknat utifran 13 studier fran olika ldnder, var 53,
84 respektive 103 mg/kopp (150 ml). Stora skillnader i konsumtionen av
koffeininnehallande drycker och livsmedel kan pavisas savil mellan olika
personer som mellan olika kulturer. Detta dr uppenbart for kaffe, men
konsumtionen av te varierar &nnu mer mellan olika ldnder &n konsumtio-
nen av kaffe.

Mainga lékemedel innehéller koffein, eftersom &mnet ofta anvénds i
till exempel smartstillande, urindrivande, allergidémpande och uppiggan-
de medel. I de nordiska ldnderna har dagsintaget av koffein vid den ma-
ximala terapeutiska dosen av likemedlet berdknats ligga mellan 200 och
600 mg/dag beroende pa preparat. Dessutom kan noteras att teofyllin
anvénds for behandling av astma.

Det ar mycket svart att uppskatta enskilda personers dagsintag av kof-
fein. De flesta uppskattningarna av dagligt intag av koffein har darfor
gjorts per capita, men ingen uppskattning hirstammar fran de senaste
aren. | USA har det dagliga koffeinintaget berdknats ligga mellan 186 och
227 mg. Motsvarande intag i Kanada, Australien, Brasilien, Sverige och
Danmark ligger pa 238 mg, 240 mg, 171 mg, 425 mg respektive 490 mg.
Det dr séledes uppenbart att koffeinintaget i de nordiska ldnderna ar hogre
an annorstddes, huvudsakligen beroende pa det stora tillskott kaffekon-
sumtionen ger till totalintaget av koffein. De nordiska ldnderna har den
hogsta kaffekonsumtionen i varlden.

I medeltal minskar den gravida kvinnan sitt intag av koffein under
graviditeten, framfor allt pa grund av illaméende. Uppskattningar pa kof-
feinintag har gjorts i USA, England och Danmark. Medelintaget av koffe-
in hos gravida kvinnor i dessa lander var 144 mg, 220 mg respektive 375
mg per dag.

Farmakokinetiken hos koffein och andra metylxantiner

Metylxantinerna absorberas létt fran mag-tarmkanalen. Den hogsta nivin
i blodplasma erhalles 0.5-1.0 timme efter konsumtionen av det metylxan-
tininnehallande livsmedlet. Amnena distribueras via blodet till niistan alla
vavnader 1 kroppen. De passerar moderkakan, nar kénsorganen och ut-
sondras i1 brostmjolken. Halten som uppnds i de olika vdvnaderna 6ve-
rensstimmer med nivan i blodet, men ingen upplagring av d&mnena sker.
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Metabolismen av metylxantiner sker primért i levern. Hos vuxna kan i det
nirmaste 98% av en dos som tillforts per oralt pavisas metaboliserad i
urinen. Endast 1-3% av dosen patréffas i avforingen. De fyra primdrme-
taboliterna av koffein hos ménniska dr paraxantin (1,7-dimetylxantin),
teobromin (3,7-dimetylxantin), teofyllin (1,3-dimetylxanthin) och 1,3,7-
trimetylurinsyra. Dessa metaboliter bryts i sin tur ned genom demetyle-
ring, oxidation och ringéppning. Halveringstiden for koffein i blodet lig-
ger mellan 3 och 7 timmar. Den genetiska variationen i arvsanlagen for
de koffeinmetaboliserande enzymen bidrar till en variation i koffein-
metabolism hos en ménniska &ver tiden och till en variation mellan olika
individer. Halveringstiden av koffein ar ldngre hos unga individer, hos
modern under graviditeten, vid anvidndning av preventivimedel och vid
alkoholkonsumtion. Det skall ocksa papekas att koffeinets halveringstid
hos fostret och spadbarnet dr avsevért lingre &n hos vuxna, ndrmare 100
timmar. Déremot leder rokning till forkortade halveringstider. Plasmani-
vaerna av koffein hos kaffekonsumenter ligger ofta vid 0.2-2 pg/ml.
Straxt efter konsumtion av tre koppar kaffe stiger plasmanivéan till unge-
far 10 pg/ml.

Farmakologisk och toxikologisk verkan av koffein

Det r ként att koffein paverkar ménga av kroppens vévnader. Koffeinets
effekter pa centrala nervsystemet inbegriper en 6kad spontan elektrisk
aktivitet, en forhojd frisittning av neurotransmittorsubstanser, framkal-
lande av kramper, stimulering av lokomotorisk aktivitet och en dkning av
frekvensen operantsvar. Vidare har foljande effekter observerats: positiv
inotrop/kronotrop effekt pa hjartat, 6kad diures, utvidgning av perifera
kérl och en sammandragning av centrala kérl. Koffein stimulerar ocksa en
Okad magsaftssekretion och relaxerar den glatta muskulaturen i bronker-
na. Man har visat att tolerans kan utvecklas mot visa effekter av koffein.
Abstinenssymptom har beskrivits, men de tycks inte vara relaterade till
den intagna dagsdosen av koffein. Den beteendeforstirkande effekten av
koffein dr mycket begrinsad. Nar dosen Okar, dvergar snabbt de positiva
effekterna till negativa, vilket innebér att ménniskor normalt sjélva be-
gransar sitt intag av koffein.

Vid intag av hogre doser kan koffein ge upphov till ménga olika effek-
ter som t ex oro, spanningstillstind, huvudvérk, insomnia, nervositet,
aptitloshet, diarré, yrsel, irritabilitet, minskad stadighet pa handen, och
smartlindring. Dessa symtom kan upptrdda en kortare eller langre tid efter
intag av koffein och liknar de symtom som ofta ingér i dngestneuros.
Detta tillstdnd &r kdnt som ’koffeinism’ och kan observeras vid dosnivder
hogre dn 7-8 mg/kg kroppsvikt och dag, vilket motsvarar ett intag pd mer
an 500-600 mg/dag for vuxna. Den plasmakoncentration som forknippas
med uttalade biverkningar har uppskattats till >30 pg/ml. Det bor tillag-
gas att en mingd olika toxiska effekter som har samband med hjart/kérl
systemet och matsmaéltningssystemet kan upptréada.
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Tillstdnd som varit foremal for diskussion i samband med kroniskt in-
tag av koffein &r hjartsjukdomar, osteoporos och olika former av cancer.
Det tycks dock mycket osannolikt att normal exponering for koffein via
livsmedel och drycker skulle kunna inducera mutationer hos ménniska.
International Agency for Research on Cancer utvidrderade koffein, teofyl-
lin och teobromin 1991 och drog slutsatsen att det finns otillrickliga be-
vis ("inadequate evidence™) for att dessa &mnen har cancerframkallande
effekter pd méinniska och forsoksdjur vid normala intagsnivaer.

Expertgruppens slutsatser med avseende pd sambandet mellan intaget av
koffein eller andra metylxantiner och skadliga effekter pa foster och unga
barn via exponering 6ver modern

Baserat pa resultat av djurstudier som visade att koffein i hdga doser gav
upphov till teratogena effekter p4 avkomman, rekommenderade den ame-
rikanska myndigheten 'Food and Drug Administration' 1980 att kvinnor
skall begrinsa sitt intag av koffeininnehallande drycker under gravidite-
ten. Eftersom koffeinintaget ar speciellt hogt i de nordiska ldnderna, till-
satte den Nordiska arbetsgruppen for livsmedelstoxikologi och riskvérde-
ring under det Nordiska Ministerradet en expertgrupp med bland annat
nordiska livsmedelstoxikologer for att utvirdera de epidemiologiska data
som finns angéende sambandet mellan moderns exponering for koffein
och andra metylxantiner och skadliga effekter pa hennes foster och unga
barn. Expertgruppen drog foljande slutsatser:

Fertilitet:

Det kan inte uteslutas att det foreligger ett samband mellan koffeinexpo-
neringen och fertiliteten (befruktningssvarigheter) men bevisen for att ett
sadant samband skulle existera &r i dagsldget svagt. En viktig bidragande
orsak till osdkerheten i bedomningen bestar i att man saknar tillforlitliga
data pa koffeinexponering under perioden innan befruktningen.

Spontana aborter (missfall):

Det tycks sannolikt att ett hogt koffeinintag, speciellt tidigt under gravidi-
teten, kan Oka risken for missfall. Trots att resultaten fran de tillgéngliga
epidemiologiska studierna av detta samband delvis dr motsigelsefulla och
svéra att tolka, huvudsakligen beroende pa storfaktorer, stods sambandet
av flera moderna vil genomforda studier med god design.

Medfédda missbildningar:

I motsats till de data som visar att forsoksdjur som givits hoga koffeindo-
ser under en kort tidsperiod av driktigheten riskerar att fi en avkomma
med medfédda missbildningar, ger tillgédngliga epidemiologiska data
inget stod for att hdga intag av koffein (fordelat dver dagen) hos mén-
niskor resulterar i medfodda missbildningar. Antalet epidemiologiska
studier 4r emellertid relativt f& och av varierande kvalitet.
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Fortidsbord:

Inget samband mellan moderns koffeinintag och fortidsbord har pavisats i
flertalet av de epidemiologiska studier av acceptabel kvalitet som studerat
detta samband. Ett fatal studier har funnit ett positivt samband mellan
kofteinintaget och fortidsbord, men i dessa studier kan den observerade
effekten forklaras av andra faktorer som studierna inte tillrdckligt gott
kontrollerat for. Expertgruppen drar slutsatsen att ett samband mellan
prenatal koffeinexponering och fortidsbord ar osannolikt.

Fetal tillvixthdmning:

Eftersom den sammanvégda bilden av studier som undersdkt ett mojligt
samband mellan moderns koffeinexponering och fostrets tillvaxt (vanli-
gen studerat som fodelsevikt) dr motsagelsefull, &r det omojligt att uteslu-
ta ett samband mellan hoga intag av koffein och reducerad fodelsevikt.
Det skall dock péapekas att inget signifikant samband pavisats i flertalet
senare prospektiva studier. Om ett samband foreligger mellan fetal till-
vixthdmning och intaget av koffein, &r det sannolikt att reduktionen i
fodelsevikt ar 1&g och foljaktligen oftast av mindre klinisk betydelse.

Effekter pa fostret:

Eftersom endast ett fatal studier har undersokt sambandet mellan moderns
intag av koffein och fostrets beteende och dessa studier dessutom har
varit baserade pa ett fital undersokta fall i studier med mycket olika for-
sOksuppldggning, dr det svart att forutsdga vilka effekter som skulle tén-
kas kunna uppkomma. Det tycks sannolikt att konsumtion av koffein-
innehallande livsmedel, drycker och likemedel kan paverka fostrets be-
teende men det dr betydligt svarare att avgora huruvida denna péverkan
kan anses skadlig. Foljaktligen krdvs nya och béttre upplagda studier for
att undersoka detta eventuella samband.

Effekter pa nyfodda, spddbarn och unga barn:

Tillgdngliga studier av ett eventuellt samband mellan prenatal och postna-
tal koffeinexponering (6ver moderkakan respektive via brostmjolken) och
barnets beteende eller minneskapacitet har inte visat pa nidgot samband.
Det maste dock papekas att flertalet studier inom detta omrade varit av
undermalig kvalitet. Av den anledningen dr det omojligt att uttala sig om
ett eventuellt samband mellan moderns intag av koffein och effekter pa
den nyfoddes, spadbarnets eller det unga barnets beteende eller min-
neskapacitet.

Slutsats:

Den tillgidngliga informationen fran epidemiologiska studier antyder att
koffein, speciellt vid hogre intag, kan ha en negativ paverkan pé gravidi-
teten (framkalla missfall och mgjligen vara tillvixthdmmande pa fostret).



18 Intake of caffeine and other methylxanthines..

Saledes rekommenderas kvinnor som ar eller planerar att bli gravida och
har ett hogt koffeinintag att minska detta.

1.2. In English

This report summarises epidemiological information available on the
relationship between intake of caffeine and other methylxanthines by
women in childbearing age and adverse effects on pregnant women and
their foetuses and young children. The adverse effects of methylxanthines
studied are influence on fertility, spontaneous abortion, congenital mal-
formation, pre-term delivery, foetal growth retardation, foetal behaviour,
and effects on neonates, infants and older children. Each publication rela-
ted to these different relationships has been critically assessed (chapters
10-17), and a conclusion based on all available studies formulated for
each of these relationships.

The first part of the report (chapters 2-9) deals with background in-
formation of value when assessing these types of epidemiological studies.
This information includes occurrence of methylxanthines in foods, beve-
rages, and medicine, as well as data on caffeine intake, pharmacokinetics
of methylxanthines (with special focus on caffeine), and pharmacological
and toxicological actions of caffeine.

Occurrence of methylxanthines and intake of caffeine

German and French scientists first discovered caffeine in coffee beans
independently during the early 1820s. The basic structure of the molecule
is 2,6-dioxypurine, commonly known as xanthine. In caffeine, the xanthi-
ne molecule is methylated in positions 1, 3, and 7. Thus, caffeine is also
known as 1,3,7-trimethylxanthine. Related compounds are theophylline
and theobromine, also known as 1,3-dimethylxanthine and 3,7-
dimethylxanthine, respectively. The modern technique used to separate,
identify, and quantify methylxanthines from various natural sources and
from foods is HPLC. Methylxanthines are produced by a large number of
plant species belonging to numerous genera, families, and orders. It is
believed that methylxanthine-producing plants accumulate these substan-
ces as part of a chemical defence system against pests and herbivores.
Interestingly, a very large proportion of the non-alcoholic beverages
used in social settings contain caffeine. The most important beverages
and foods containing caffeine are coffee, tea, guarana, maté, cola nuts,
cola drinks, cocoa, chocolate, yaupon and yoco. The amount of caffeine
found in these products varies, but is generally high. Based on dry
weight, the highest amounts are found in guarana (4-7%). Tealeaves con-
tain approximately 3.5% caffeine, coffee beans 1.1-2.2%, cola nuts 1.5%,
and cacao beans 0.03%. Cacao beans in addition contain about 1.8-2.5%
theobromine. Caffeine also occurs in certain soft drinks, energy drinks,
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and so called “smart” drinks, as well as in medicinal drugs. In these ca-
ses, however, purified or synthesised caffeine has often been added to the
products.

The type of coffee beans used and the method of preparation of the
drink influence the caffeine content of coffee drinks. The average caffei-
ne content of instant coffee, percolated coffee, and filter coffee as calcu-
lated based on 13 studies carried out in various countries was 53, 84 and
103 mg/cup (150 ml), respectively. There are great differences between
individuals and cultures regarding the consumed quantities of methyl-
xanthine-containing beverages and foods. This is obvious for coffee but
the consumption of tea varies even more than coffee from one country to
another.

Many medicinal drugs contain caffeine, as the compound is widely
used in e.g. analgesics, diuretics, allergy relief preparations, and alertness
agents. In the Nordic countries maximal therapeutic doses of these drugs
leads to caffeine intakes corresponding to 200 to 600 mg/day. In addition,
it may be noted that theophylline is used for treatment of bronchial asth-
ma.

It is very difficult to estimate the total daily individual intake of caf-
feine. Therefore, most estimates are based on per capita calculations but
none have been done in more recent years. In the United States, the ave-
rage daily caffeine intake was estimated to be between 186 and 227 mg.
Corresponding intakes in Canada, Australia, Brazil, Sweden, and Den-
mark are 238 mg, 240 mg, 171 mg, 425 mg and 490 mg, respectively. It
is obvious that the intake is higher in the Nordic countries than elsewhere,
mainly because of the high contribution to caffeine intake by coffee drin-
king in the Nordic countries. As a matter of fact, the Nordic countries are
known to have the highest per capita consumption of coffee in the world.

The average pregnant woman reduces her intake of caffeine during
pregnancy, mainly because of nausea. Intake estimates during pregnancy
are available from the United States, the United Kingdom, and Denmark.
The average daily caffeine intakes for the pregnant woman in these coun-
tries are 144 mg, 220 mg and 375 mg, respectively.

Pharmacokinetics of methylxanthines with special focus on caffeine

Methylxanthines are easily absorbed from the gastrointestinal tract. Peak
plasma levels are reached 0.5-1.0 hours after ingestion. The compounds
are distributed with blood to nearly all tissues. They cross the placenta,
enter the gonadal tissue and are excreted into breast milk. The tissue le-
vels reach nearly as high levels as in plasma, but there is no accumulation
of methylxanthines in any tissue. The metabolism of methylxanthines
primarily occurs in the liver. In adults, nearly 98% of an oral dose is
found metabolised in the urine and 1-3% in the faeces. The four primary
biotransformation products of caffeine seen in humans are paraxanthine
(1,7-dimethylxanthine), theobromine (3,7-dimethylxanthine), theophylli-
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ne (1,3-dimethylxanthine) and 1,3,7-dimethyluric acid. These metabolites
are further degraded by demethylation, oxidation and ring opening. Eli-
mination half-life (t,) in humans ranges from 3 to 7 hours. Genetics
(phenotypes of acetylations) contributes to inter- and intra-individual
variations in caffeine elimination. The time for elimination increases with
e.g. young age, pregnancy, and use of oral contraceptives and intake of
alcohol. It should be noted that in the foetus and newborn, the elimination
half-life (t,,) of caffeine is much longer (4 days) than in adults. Further-
more, it is known that smoking decreases the elimination time. Plasma
levels of caffeine commonly found in consumers of coffee are 0.2-2
pg/ml. Shortly after the consumption of three cups of coffee the plasma
level increases to around 10 pg/ml.

Pharmacological and toxicological actions of caffeine

Caffeine is known to affect many tissues in the body. Effects on the cen-
tral nervous system include: increase of spontaneous electrical activity,
enhancement of neurotransmitter release, induction of convulsant activi-
ty, stimulation of locomotor activity and increase of operant response
rates. Effects, which have been observed, are a positive inotro-
pic/chonotropic effect on the heart, increased diuresis in the renal system,
dilation in periferal vasculature, and constriction in central vasculature.
Furthermore, caffeine stimulates an increase in gastric secretion in the
gastrointestinal system and relaxes bronchial smooth muscle in the respi-
ratory system. Tolerance has been shown to develop regarding certain
effects of caffeine. A withdrawal syndrome has been described, although
it does not seem to be related to the quantity of the daily intake. The rein-
forcement function of caffeine is very limited. When the dose is increa-
sed, there is a rapid transition from positive to negative effects, which
makes the augmentation of caffeine intake self-limited.

At higher doses caffeine may cause a number of different effects,
including anxiety, tension, headaches, insomnia, nervousness, loss of
appetite, diarrhoea, dizziness, irritability, decrease in hand steadiness, and
analgesia. These symptoms can occur after either a long-term or a short-
term ingestion and are similar to symptoms often encountered in anxiety
neurosis. This condition is generally known as “caffeinism” and can be
observed at dose levels greater then 7-8 mg/kg body weight/day or 500-
600 mg/day in adults. The plasma concentration associated with unto-
ward effects has been estimated to be >30 pg/ml. In addition, a variety of
toxic effects related to the cardiovascular system and gastrointestinal
system may appear. Conditions, which have been subjects for discussion
in association with chronic intake of caffeine, include coronary heart
disease, osteoporosis and different forms of cancer. It seems, however,
highly unlikely that normal exposure to caffeine via foods and beverages
will induce mutations in humans. The International Agency for Research
on Cancer, which evaluated caffeine, theophylline, and theobromine in
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1991, concluded that there is inadequate evidence for the carcinogenicity
of these methylxanthines in humans and experimental animals.

Conclusions of the expert group regarding intake of caffeine and other
methylxanthines and adverse effects on pregnant women and their
foetuses and young children

Based on results from studies on experimental animals showing teratoge-
nic effects of caffeine at high doses, the American Food and Drug Admi-
nistration (FDA) issued recommendations in 1980 to women to limit their
intake of caffeine-containing beverages during pregnancy. As the mean
consumption of caffeine is especially high in the Nordic countries, the
Working Group on Food Toxicology and Risk Evaluation (NNT) within
the Nordic Council of Ministers commissioned an expert group including
Nordic food toxicologists to evaluate available epidemiological data con-
cerning the relationship between maternal exposure to caffeine and other
methylxanthines and adverse effects on pregnant women and their foetu-
ses and young children. The expert group has reached the following
conclusions:

Fertility:

It cannot be ruled out that an association exists between caffeine exposure
and fertility (delayed conception), but the evidence for such an associati-
on must at present be considered weak. One important reason contribu-
ting to the uncertainty in this respect is the lack of reliable data on caffei-
ne exposure during the period prior to pregnancy.

Spontaneous abortion:

It seems probable that high intakes of caffeine, especially early on in
pregnancy, may increase the risk of having a spontaneous abortion.
Although the results of the available epidemiological studies in this field
partly are contradictory and not easy to interpret, depending mainly on
problems with confounding, an association is currently supported by so-
me modern studies, which can be considered well designed and perfor-
med.

Congenital malformations:

In contrast to experimental data on animals administered caffeine at high
doses over a short period of time, the available epidemiological data give
no evidence that high caffeine exposures are correlated with occurrence
of congenital malformations in humans. However, the number of epide-
miological studies is limited and their quality not always good.

Pre-term delivery:

No relationship between maternal caffeine exposure and pre-term delive-
ry has been demonstrated in most acceptable epidemiological studies
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exploring this relationship. A few studies have found a positive associati-
on between these parameters, but this finding may be explained by other
factors that were not well controlled in the studies. Hence, the expert
group concludes that an association between prenatal caffeine exposure
and pre-term delivery is unlikely.

Foetal growth retardation:

As the overall result of the studies on a possible relationship between
caffeine exposure and foetal growth retardation (mainly studies on birth
weight) is contradictory, it is not possible to exclude a relationship bet-
ween high intake of caffeine and reduced mean birth weight. It should,
however, be kept in mind that in most modern prospective studies in-
vestigating this relationship, no significant correlations have been obser-
ved. If a relationship between foetal growth retardation and caffeine inta-
ke exists, the resulting reduction in birth weight would probably be small
and in most cases of minor clinical importance.

Effects on the foetus:

As only a few studies have been carried out, each with a fairly low num-
ber of participants and diverging design, it is very difficult to predict what
effects will occur on the foetus. It seems probable that the consumption of
caffeine-containing foods, beverages, and drugs could influence foetal
behaviour but it is much less clear as to what extent the effects could be
considered adverse. Consequently, new and better-designed studies are
called for.

Effects on neonates, infants and young children:

The available studies on a possible correlation between prenatal and
postnatal caffeine exposure (via the placenta and the breast milk, respec-
tively) and behavioural or cognitive effects on infants have found no con-
sistent effect. It should be pointed out, however, that most of the assessed
studies in this area are of questionable quality. Therefore, an association
between prenatal caffeine exposure and behavioural or cognitive effects
in infants can neither be verified nor excluded.

It is concluded that available information from epidemiological studi-
es indicates that caffeine, especially at high doses, could affect the preg-
nancy in a negative way (induce spontaneous abortions, and possibly
result in foetal growth retardation). Hence, a reduction in (total) caffeine
intake (from all sources) should be advised for women being pregnant or
planning pregnancy and already having a high caffeine intake.



2. Introduction

Caffeine from natural sources has been consumed and enjoyed by hu-
mans throughout the world for centuries. The widespread natural occur-
rence of caffeine in a variety of plants undoubtedly played a major role in
the long-standing popularity of caffeine-containing products, especially
beverages. It was only during the last century that consumers became
exposed to caffeine as a food additive as well. Although commercial ma-
nufacturers argue that adding caffeine to beverages enhances flavour, it is
difficult to not suspect that there is an attempt to create products whose
effects resemble those of naturally occurring caffeine.

Caffeine is perhaps the pharmacological active compound to which
we have the highest exposure. Caffeine has pharmacological effects on
the central nervous system, the heart, the renal system, the peripheral and
central vasculature, the gastrointestinal system, and the respiratory sy-
stem. Some of these may be recognised by consumers as adverse effects.
The most likely mechanism for many of these effects is a competitive
antagonism for adenosine receptors, and possibly also a competitive inhi-
bition of dopamine activity.

Early symptoms of acute toxicity are characterised by headache, nau-
sea and stomach cramps, insomnia, agitation and restlessness, tachycar-
dia, and extrasystoles. Many people have experienced at least one of the-
se symptoms. Luckily very few have had the experience of acute symp-
toms of severe toxicity, which occur, at higher levels of exposure.
Chronic toxicity is characterised as the poorly defined condition caffei-
nism and can occur at exposure levels of around 7-8 mg/kg body weight,
which is not an uncommon level of exposure. Other conditions of chronic
exposure to caffeine, which are discussed in the scientific literature, are
effects on the heart via alterations in the serum cholesterol and lipid le-
vels, osteoporosis, and influence on various types of cancer. Chronic
consumption of caffeine may stimulate tolerance development, but could
also result in withdrawal symptoms when caffeine is no longer supplied.
Caffeine could actually be considered to fulfil certain WHO criteria for
drug dependence, but the severity is not comparable to that of these psy-
choactive drugs classified and regulated as addictive drugs.

Very high doses of caffeine, much higher than those humans will ever
be exposed to, are well known to cause congenital malformations in ex-
perimental animals. The developing foetus cannot choose which com-
pounds to be exposed to. It is potentially subjected to the influence of all
drugs ingested by the pregnant woman during gestation. Therefore, the
Food and Drug Administration (FDA) in the United States considered it
important already in the early 1980s that fertile woman is made aware of
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the pharmacological and potential toxicological potency of caffeine. As a
consequence, the FDA recommended that women not consume more than
300 mg caffeine daily during pregnancy.

Since 1949, caffeine has been known to be mutagenic in various expe-
rimental systems. The doses that are used to induce mutations in various
systems are much higher than the doses humans are exposed to via the
consumption of foods and beverages containing caffeine. It seems highly
unlikely that normal exposure to caffeine via foods and beverages will
induce mutations in humans.

The International Agency for Research on Cancer evaluated caffeine,
theophylline, and theobromine in 1991, and concluded that there is ina-
dequate evidence for the carcinogenicity of these methylxanthines in
humans and experimental animals. The Scientific Committee on Foods
within the European Commission evaluated caffeine in 1983 and 1999.
The committee expressed the view that there is no reason for expressing
concern about the carcinogenic and mutagenic effects of caffeine in hu-
mans at normal levels of intake. Neither is there any reason for concern
regarding teratogenic effects in humans. According to the Scientific
Committee for Foods, "risk assessment in relation to pregnancy is more
difficult. Most data suggest there is no problem if total intake of caffeine
is below 300 mg/day. The question of possible effects on pregnancy and
the offspring above this level remains open. This suggests that moderati-
on of caffeine intake, from whatever source, is advisable during pregnan-
cy". In this report we have evaluated available epidemiological data rela-
ting caffeine exposure to its effects on pregnant women and their
offspring.



3. Discovery of caffeine and
related compounds

3.1. The discovery of caffeine and related compounds

The discovery of caffeine has been excellently reviewed by B.A. Kihl-
man in his book 'Caffeine and Chromosomes' (1977). Although not called
caffeine or 1,3,7-trimethylxanthine at the time, German and French wor-
kers discovered the compound independently by in the early 1820s. In the
book 'Neueste Phytochemische Entdeckungen zur Begriindung einer wis-
senschaftlichen Phytochemie', Ferdinand Runge (1820) described a
substance with basic properties which he had isolated from green coffee
beans, and which he termed 'Kaffebase'. This publication appears to con-
tain the first detailed description of caffeine. However, during the same
year his German colleague F. von Giese (1820) reported in a letter to
Scherer's 'Allgemeine nordische Annalen der Chemie fiir die Freunde der
Naturkunde und Arzneiwissenschaft' that he had found a new alkaloid in
extracts of coffee beans. He called the alkaloid 'Kaffeestoff', but subse-
quently declared it to be identical with Runge's 'Kaffebase' (von Giese,
1821).

Independent of the German discoveries, the French workers Robiquet
(1823) and Pelletier (in collaboration with Caventou) (1826) discovered
caffeine in extracts of coffee beans, and described it as a white crystalline
volatile substance remarkable for its very high content of nitrogen,
without referring to it by any particular name.

Who first named the compound caffeine is difficult to say. However,
in the Dictionnaire des termes de Médicine of 1823, the substance is li-
sted under the name 'cafiéne' or 'cofeina’ and Fechner (1826) described it
in his 'Repertorium der organischen Chemie' under the heading 'Caffeine
oder Coffein'.

Table 1 lists plants, which contained a new substance, given a specific
name by the discoverer, but which was subsequently shown to be caffei-
ne. An analogous alkaloid, theobromine, was identified in Cacao beans
(Theobromina cacao) by Woskresensky (1842) and another one,
theophylline, in tea leaves by Kossel (1888). Both these compounds are
dimethylxanthines. Thus, most remarkably, all the most important unfer-
mented beverages in use in different parts of the globe are prepared from
substances containing the same or closely allied alkaloids.
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Table 1. Plants shown to contain a 'new' substance subsequently identified as

caffeine.

Beverage/Food (Plant)

New compounds original name

Reference

Coffee Kaffebase Runge (1820)
(Coffea arabica) Kaffeestoff von Giese (1820)
- Robiquet (1823)
Pelletier (1826)
Tea thein Oudry (1827)
(Camelia sinensis) Mulder (1838)
Jobst (1838a, 1838b)
Guarana guaranine Martius (1840)

(Paullina sorbilis)

Berthemot and Dechastelus
(1840)

Paraguay tea or maté (llex
paraguariensis)

Stenhouse (1843a, 1843b)

Kola nuts
(Cola acuminata)

Daniell (1865)
Attfield (1865)

3.2. The development of the structural formulae of
caffeine and related compounds

If the first phase in the history of methylxanthines was the discovery of
the compounds, the second phase involved working out the structural
formulae of caffeine. The research on caffeine chemistry lasted until the
end of the 19th century and was intimately linked to studies on purine
derivatives in general, including the nucleic acid components adenine and
guanine. The credit for working out the structural formulae of caffeine
and other purine derivatives goes mainly to Emil Fischer, who was awar-
ded the Nobel Prize in Chemistry in 1902. It is true that the correct struc-
tural formula of caffeine was suggested by Medicus as early as 1875,
although Fischer (1897) states this was more by chance than as a result of
experimental evidence.

According to Fischer (1882), the history of working out the chemical
structure of caffeine begins with the studies of Stenhouse and Rochleder.
The work of Rochleder (1850a, 1850b) was particularly important since it
suggested a relationship between caffeine and uric acid. The latter com-
pound was discovered in human urine by Scheele in 1776. It took Fischer
fifteen years of brilliant and methodical studies to arrive at the correct
formulae for xanthine and its derivatives. The merit of Fischer's work lies
not only in its development of a rigorously tested theory of the structure
of uric acid, but also in its indication of uric acid’s exact relationship to
adenine, guanine, xanthine, hypoxanthine, and their methylated derivati-
ves. His work has also given us valuable information on suitable methods
for chemically synthesising the various methylated oxypurines.
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3.3. Nomenclature of methylxanthines

In order to obtain a uniform nomenclature for the purine compounds,
Fischer (1897a) suggested that the nine links in the purine nucleus should
be numbered as shown in Figure 1. As shown by Fischer and others, hy-
poxanthine is then 6-oxypurine, xanthine is 2,6-dioxypurine, and uric
acid is 2,6,8-trioxypurine. The methylated oxypurine derivatives are
commonly referred to as methylxanthines, the term used in the following
text. Of the methylxanthines, caffeine is 1,3,7-trimethylxanthine,
theophylline is  1,3-dimethylxanthine,  theobromine is  3,7-
dimethylxanthine, and paraxanthine is 1,7 dimethylxanthine. In hydroxy-
caffeine, a hydroxy group to give 8-hydroxycaffeine or 1,3,7-
trimethyluric acid, substitutes the hydrogen at the 8-position in caffeine.
Fischer's classical studies on the purine derivatives were summarised by
the author in his work 'Untersuchungen in der Puringruppe' (1882-1906)
published in 1907.

Table 2 summarises the trivial names, Chemical Abstract Names, and
synonyms that have been used for the trimethylxanthine caffeine and the
dimethylxanthines theophylline, theobromine and paraxanthine.

3.4. Physical and chemical properties of methylxanthines

Figure 2 shows the structural formulae of xanthine, some of the best
known of the methylxanthines, and that of tetramethyluric acid. Methyl-
xanthines are colourless and odourless substances, which taste slightly
bitter. According to general opinion, they contribute, for example, to the
typical bitter taste of cacao. Methylxanthines can be dissolved extremely
well in hot (boiling) water, as the molecule is stable during such condi-
tions. At room temperature, the solubility of caffeine is around 2.2 g/100
ml, that of theobromine 0.05 g/100 ml, and that of theophylline 0.8 g/100
ml, whereas paraxanthine is only slightly soluble at room temperature.
Close to 100°C, around 4 g paraxanthine can be dissolved in 100 ml wa-
ter. Because of the many free electrons in the methylxanthine molecules,
they are UV-active. This quality is purposefully used for analytical detec-
tion and determination.

Figure 1. The numbering of the ring atoms of the purine molecule.
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Table 2. Trivial names, Chemical Abstract Name and synonyms for the di- and tri-
methylxanthines.

Common trivial name Chemical Abstract Service Registry Number | Chemical Abstract Name | Synonyms

Caffeine 58-08-2 3,7-dihydro-1,3,7- 1,3,7-trimethylxanthine;
trimethyl-1H-purine-2,6- | 1,3,7-trimethyl-2,6-
dione dioxypurine; methyl-

theophylline; methyl-
theobromine; anhydrous
caffeine; coffeine; coffei-
num; guaranine; thein;
theine

Theophylline 58-55-9 3,7-dihydro-1,3- 1,3-dimethylxanthine
dimethyl-1H-purine-2,6-
dione

Theobromine 83-67-0 3,7-dihydro-3,7- 3,7-dimethylxanthine
dimethyl-1H-purine-2,6-
dione

Paraxanthine 3,7-dihydro-1,7- 1,7-dimethylxanthine
dimethyl-1H-purine-2,6-
dione

3.5. Chemical analysis of methylxanthines

Many chemical analytical techniques, based on completely different prin-
ciples, have been used over the years to isolate, identify, and quantify
methylxanthines in foodstuffs and medicinal drugs (Hurst et al., 1984).
Most analytical techniques have focused on quantifying caffeine,
theobromine, and theophylline. These methylxantines and their metaboli-
tes have also been determined in biological fluids (Christensen and Whit-
sett, 1979; Tobias, 1982; Christensen and Neims, 1984; Hurst et al.,
1984).

Earlier procedures utilised spectrophotometry, titrimetry, column
chromatography, and Kjeldahl nitrogen determination (IARC, 1991).
These techniques were followed by paper chromatography and thin-layer
chromatography. Many of the early techniques were unspecific, and are
no longer used (Matissek, 1997). Considerably more accurate, and also
more specific, is the spectrophotometric determination of the compounds
in the UV range, a technique often used when analysing biological fluids.
Drawbacks of this method are that the various methylxanthines are not
separated, and that other UV absorbing compounds present in the sample
extract interfere, which tends to result in too high concentrations of
methylxanthines being quantified.

Modern methods of analysing methylxanthines are based on chroma-
tographic separation procedures. The advantage of chromatographic pro-
cedures is that individual compounds are separated, which makes it pos-
sible to determine the exact contents of caffeine, theobromine, and
theophylline individually (Matissek, 1997). The most important chroma-
tographic techniques are various forms of high-
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Figure 2. Structural formulae of some methylxanthines and tetramethyluric acid.
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performance liquid chromatography (HPLC) (for references, see
IARC, 1991). In addition, various other methods, such as gas chroma-
tography (GC), are useful because they are sensitive and separate the
various methylxanthines. However, in general the gas chromatographic
techniques require more sample preparation and derivatization, thereby
significantly reducing their attractiveness.






4. Plants containing
methylxanthines

Caffeine has a wide distribution within the plant kingdom. In section 3.1.
it was mentioned that caffeine was detected early on in coffee beans (Cof-
fea arabica), tea leaves (Camellia sinensis), leaves of llex paraguariensis
(maté), guarana paste (Paullinia sorbilis), and kola nuts (Cola acumina-
ta). After these early discoveries it has been found in many other plants,
mainly members of the Dicotyledoneae. Altogether it is produced by a
large number of species belonging to at least twenty-eight genera over
seventeen families in thirteen orders of plants. A non-exhaustive list of
such plants is given in Table 3, which also indicates which plants are
used for preparation of beverages.

The highest number (twenty) of caffeine-containing species is found
within the family Sterculiaceae, where the most important plants are Cola
acuminata and Theobroma cacao. The great majority of caffeine-
containing plants contain only small amounts of the compound. Usually,
caffeine is found only in certain parts of the plant, primarily in leaves,
fruits, seeds, and bark. Caffeine is not found in xylem or, with certain
exceptions (roots of seedlings of Cola and Paullinia), in subterranean
parts.

Certain plant parts contain more than 1% of caffeine on a dry weight
basis. This situation occurs in the leaves of the /lex (Aquifoliaceae) and
Camellia (Theaceae) species, in seeds from the Coffea (Rubiaceae), Cola
(Sterculiaceae) and Paullinia (Sapindaceae) species, and in the bark of
Paullinia yoco. The highest content of caffeine in plants is found in seeds
from Paullinia cupana and Paullinia sorbilis, which may contain as
much as 6% caffeine.

In some species, there is an accumulation of theobromine or methylu-

ric acids rather than caffeine. In Theobroma cacao, for example,
theobromine is the predominant methylxanthine (1-2%), whereas the
content of caffeine and theophylline is comparatively low. It was also
recognised early on that tealeaves contain low quantities of theophylline.
Subsequently, these compounds have been detected in many different
plant species. Low quantities of theobromine and theophylline are, for
example, often found in the caffeine-containing plant genera mentioned
in Table 3 (Willaman and Schubert, 1961; Franzke et al., 1967).
Recently, a few reports have shown the presence of low amounts of caf-
feine in leaves and flowers of several Citrus species (data not shown in
Table 3), including the orange, lemon, grapefruit, tangerine, and manda-
rin (Stewart, 1985; Trova et al., 1994; Vacca et al., 1997;
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Table 3. Tabulation of caffeine-containing plants according to Willaman and Schubert
(1961) and O'Connel (1969).

Family

Species

Number of

Genera

Species

Annonaceae

Annona cherimolia

1

1

Aquifoliaceae

llex cassine™

llex cuiabensis

llex paraguariensis™

llex vomitora*

Cactaceae

Cereus jamacaru

Harrisia adscendens

Leocereus bahiensis

Pilocereus gounellei

Trichocereus sp.

>5

Celastraceae

Maytenus sp.

>1

Combretaceae

Combretum jaquinii

Combretum loeflingii

Dilleniaceae

Davilla rugosa

-

Geraniaceae

Erodium cicutarium

-

Icacinaceae

Villaresia congonha

Villaresia mucronata

Liliaceae

Scilla maritima

Malpighiaceae

Banisteriopsis inebrians

Nyctaginaceae

Neea theifera

Phytolaccaceae

Gallesia gorazema

alalalala

alalalaln

Rubiaceae

Coffea abeokutae

Coffea arabica*

Coffea bengalensis

Coffea canephora*

Coffea congensis

Coffea exelsa*

Coffea liberica*

Coffea perrieri

Coffea quillon

Coffea robusta*

Coffea schumanniana

Coffea stenophylla

Coffea ugandae

Genipa americana

Oldenlandia corymbosa

Sapindaceae

Paullinia cupana™

Paullinia scarlatina

Paullinia sorbilis*

Paullinia triantennata

Paullinia yoco*

Sterculiaceae

Cola acuminata*

Cola ballayi

Cola johnsoni

Cola nitida*

Cola verticillata

Guazuma ulmifolia

Helicteres ovata

Sterculia chicha

Sterculia elata

Sterculia platanifolia

Sterculia pruriens

Sterculia speciosa

Theobroma bicolor

Theobroma cacao™

Theobroma grandiflora

Theobroma microcarpa

Theobroma obovata

Theobroma speciosa

Theobroma spruceana

Theobroma subincana

20
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Family Species Number of
Genera Species
Theaceae Camellia sinensis* 1 1
Turneraceae Piriqueta ulmifolia
Turnera ulmifolia 2 2
Total: 17 28 >63

* Used for preparation of beverages

Kretschmar and Baumann, 1999). Certain Citrus hybrids also contain
caffeine. These observations explain the presence of low quantities of
caffeine in specific types of honey (Defilippi et al., 1995; Vacca and Fe-
nu, 1996; Kretschmar and Baumann, 1999). The methylxanthines are not
evenly distributed within the tissues of the flower. In Citrus paradisi and
Citrus maxima, the andoecium had by far the highest concentration of
caffeine, theobromine, theophylline, and paraxanthine (Kretschmar and
Baumann, 1999). Caffeine was the most common methylxanthine. Some
Citrus flower tissues (i.e. anthers and pollen) also showed considerable
accumulation of theophylline, whereas theobromine and paraxanthine
only occurred in trace amounts. Anthesis seemed to be co-ordinated with
a rapid allocation of caffeine (and theophylline) to specific flower tissues.
These specific tissues contained amounts close to that of the Arabica
coffee bean (Kretschmar and Baumann, 1999).

Thus, caffeine, theobromine, and theophylline are synthesised by
plants belonging to different unrelated families growing in very different
parts of the world. However, the great majority of these plants grow in
tropical or subtropical countries. A notable exception is the common
Stork's Bill (Danish: Hejrenab; Finnish: Peltokurjennokka; Icelandic:
Hegranef; Norwegian: Tranehals; Swedish: skatnédva), Erodium cicuta-
rium, which in Europe grows as far north as the Scandinavian countries.
According to van Eijk (1952), a small amount of caffeine is present in
this plant. It should be noted, however, that the gravimetric method used
by van Eijk (1952) to detect caffeine is not specific for the compound.
Therefore, the observation needs to be confirmed. There are no reports
that Erodium cicutarium has ever been used for preparation of beverages.

Other methylxanthines found in plants are 7-methylxanthine (hetero-
xanthine), which has been detected in Beta vulgaris (Chenopodiaceae)
(Bresler, 1904) and in the culture medium of growing tea callus tissue
(Ogutuga and Northcote, 1970b); 1,3,7,9-tetramethyluric acid; and 2-
methoxy-1,9-dimethyl-6,8-dioxypurine. 1,3,7,9-Tetramethyluric acid has
been reported to occur in extracts of tealeaves. Both of the latter com-
pounds have been reported to occur in young leaves of the following
species of the genus Coffea: C. liberica, C. arnoldiana, C. dewevrei var.
excelsa and C. dewevrei var. aruwimiensis (Wanner et al., 1975). (Accor-
ding to Wellman (1961) who has followed Chevalier's system, C. arnol-
diana and dewevrei are varieties of C. liberica, whereas C. excelsa is a
separate species.) The concentrations of 1,3,7,9-tetramethyluric acid and
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2-methoxy-1,9-dimethyl-6,8-dioxypurine were far from negligible, and
varied between 0.1 and 2% of the dry weight, depending on the age of the
plant. In C. arnoldiana they were also found in the fruit at a concentration
of 0.1%. They were not found in twenty-three other Coffea species stu-
died by the authors. In plants where the two methylxanthines occur, it has
been suggested that they are the first products of caffeine catabolism
(Wanner et al., 1975).



5. Biosynthesis of
methylxanthines in plants

The fact that caffeine and other methylxanthines are found in so many
plant species raises the question of how and why these substances are
formed. Are they produced by a separate metabolic pathway, or as by-
products of nucleic acid metabolism? Is the production of methylxanthi-
nes of value to the plants? These and other questions are dealt with in
excellent recent reviews on the biosynthesis and metabolism of caffeine
and related purine alkaloids in plants (Suzuki et al., 1992; Baumann,
1996; Ashihara and Crozier, 1999).

Many investigators have shown that formation of the ring nucleus of
caffeine follows the classical scheme of purine nucleotide biosynthesis
(for references, see Kihlman, 1977; Ashihara and Crozier, 1999). Howe-
ver, two pathways for biosynthesis of the methylated caffeine molecule
have been discussed, one proceeding directly from the pool of purine
precursors via xanthine to caffeine, the other suggesting caffeine to be
formed during the catabolic breakdown of nucleic acids via 7-
methylguanosine, 7-methylxanthine, and theobromine. The early interpre-
tation of experimental data suggesting nucleic acids as precursors in caf-
feine biosynthesis (Ogutuga and Northcote, 1970a,b; Suzuki and Taka-
hashi, 1976a) has been abandoned. The results of more recent investiga-
tions, using tea and coffee as experimental material, have led to a general
consensus that the purine skeleton of purine alkaloids is derived almost
exclusively from the purine nucleotides AMP, GMP, and/or IMP. These
nucleotides may be converted to xanthosine monophosphate (XMP).
Most investigators are of the view that XMP is subsequently degraded to
xanthosine, which may be methylated to 7-methylxanthosine (Negishi et
al., 1985a, 1985b, 1992; Suzuki et al., 1992; Fujimori and Ashihara,
1993; Ashihara et al., 1996a). It is not until this point that the sugar resi-
due is enzymatically removed and 7-methylxanthine is produced.

The last part of the caffeine biosynthesis pathway, the methylation of
the ring nucleus, has been traced backwards step by step from caffeine.
As purine alkaloids are xanthine derivatives, methylation may be perfor-
med at the nucleotide (XMP), nucleoside (xanthosine), or nucleobase
(xanthine) levels. Recent experiments with cell-free preparations from tea
and coffee leaves indicate that N-methyltranferases involved in caffeine
biosynthesis can use xanthosine and mono- and dimethylxanthines as
methyl acceptors (Kato et al., 1996, 1998). Available evidence indicates
that xanthosine, 7-methylxanthine, and theobromine are the in vivo
methyl acceptors. There is, however, one report which proposes that
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XMP, rather than xanthosine, is the methyl acceptor in coffee leaves
(Schulhess et al., 1996). Xanthine is a weak methyl acceptor, yielding
only trace quantities of 3-methylxanthine (Negishi et al., 1985b; Kato et
al., 1996).

The results of studies with radiolabelled precursor molecules and cof-
fea plant and tea plant leaves strongly suggest that the major route from
xanthosine to caffeine is xanthosine — 7-methylxanthosine — 7-
methylxanthine — theobromine — caffeine (for references, see Ashihara
and Crozier, 1999). In addition to the main pathway, some minor routes
(over paraxanthine and 3-methylxanthine) might also function (Kato et
al., 1996). For example, theophylline may be salvaged for the synthesis of
caffeine via a 3-methylxanthine — theobromine — caffeine pathway, at
least in young tea leaves (Ashihara et al., 1997).

Similar to its role in the methylation of nucleic acids, L-methionine
serves as a methyl-group donor in caffeine biosynthesis (Andersson and
Gibbs, 1962; Inoue and Adachi, 1962; Ogutuga and Northcote, 1970a). In
order to function as a methyl donor, methionine must be converted into
an activated form, S-adenosyl-L-methionine (SAM). In the presence of
appropriate N-methyltransferases, SAM readily donates its methyl-group
to suitable acceptors. The activities of 7-methylxanthine N-
methyltransferase and theobromine N-methyltransferase, which catalyse
the second and third methylation steps in the main pathway, were first
demonstrated in crude extracts from tea leaves by Suzuki and Takahashi
(1975a). The first methylation enzyme, xanthosine N- methyltransferase,
which catalyses the formation of 7-methylxanthosine from xanthosine,
was demonstrated in tealeaf extracts by Negishi et al. (1985b).
Methyltransferase activity with a similar effect has also been found in
green coffee beans (Roberts and Waller, 1979). Some of the genes coding
for enzymes participating in purine and methylxanthine biosynthesis have
been identified and cloned, and a number of the catalyzing enzymes puri-
fied (Ashihara and Crozier, 1999). It can be noted that several enzymes
related to the de novo purine pathway and caffeine biosynthesis are loca-
ted in chloroplasts (Kato et al., 1998; Ashihara and Crozier, 1999). The
biosynthesis of caffeine, as understood today, is shown in Figure 3.

Although caffeine may still be regarded, at least in short-term experi-
ments, as the end product of a long biosynthetic pathway, it can be cata-
bolized by both tea and coffee plants. It has been reported that caffeine
has a metabolic half-life of only a few months in tea plants. Caffeine is
degraded at a variety of rates in different species of higher plants via a
series of demethylation steps that are in a different sequence than the
methylation steps of the biosynthesis pathway from xanthosine. There is
evidence of diversity in the caffeine catabolism pathways operating in
different plant species. In some species of Coffea,

Figure 3. Metabolic pathways illustrating both the biosynthesis of caffeine from puri-

ne nucleotides and the catabolism of purine nucleotides to CO, and NH; in leaves of
Coffea arabica.
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caffeine undergoes further methylation and oxidation rather than being
demethylated (Mazzafera et al.,1991; Ashihara and Crozier, 1999).

The results obtained by Ashihara et al. (1996b) demonstrate that ca-
tabolism of caffeine in leaves of the coffee plant, C. arabica, involves a
caffeine —theophylline — 3-methylxanthine — xanthine pathway.
Xanthine is then further degraded in the conventional purine catabolism
pathway (via uric acid, allantoin, and allantoate) to CO, and NH;. The
very slow degradation of caffeine compared with that of theophylline
indicates that the conversion of caffeine to theophylline is a major rate-
limiting step in the catabolism of caffeine, and provides a ready explana-
tion for the high endogenous caffeine content of C. arabica leaves (Ashi-
hara et al., 1996b). It is now clear that theophylline is associated primari-
ly with caffeine biodegradation, whereas theobromine is involved in both
biosynthesis and biodegradation of caffeine. The caffeine catabolism is
not included in Figure 3.
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The caffeine biosynthesis and biodegradation reactions occur more ra-
pidly within immature than mature fruit. Both immature and mature cof-
fee fruits and leaves degraded caffeine to theobromine, theophylline, N°-
methylxanthine, N7-methylxanthine, xanthine, allantoin, allantoic acid,
and urea (Kalberer, 1965; Suzuki and Waller, 1984a; Ashihara et al.,
1996b). When Suzuki and Waller (1984b) studied the pattern of formati-
on of theobromine, theophylline, and caffeine in coffee berries during the
growth stages of the bean, they found evidence that theophylline arises
from the caffeine breakdown in excised mature coffee berries. The level
of theophylline in mature and ripened fruit is twenty to fifty times that
found in the immature green fruit of Coffea arabica.

Intracellular levels of xanthosine and methylxanthines in young, matu-
re, and aged tealeaves are 200-2000 times lower than that of caffeine
(Ashihara and Crozier, 1999). Therefore, they have frequently not been
detected in biochemical studies. The observations explain to some extent
the rather sporadic reports of methylxanthines other than caffeine,
theobromine, and theophylline in plants. Nonetheless, the pool sizes of
intermediates involved in caffeine biosynthesis are comparable to those
of intermediates in other metabolic pathways.

Since high concentrations of caffeine inhibit mitosis and cell plate
formation in plant cells, coffee embryos have specific strategies of avoi-
ding caffeine autotoxicity (Friedman and Waller, 1983). Observations
indicate that cell division in root tips begins only after the latter are pus-
hed away from the caffeine-rich endosperm by the elongation of the hy-
pocotyls, and then is maintained though cell elongation. In the embryonic
cotyledons, caffeine is introduced for the most part after cell division is
completed. Thus, coffee seedlings can avoid the autotoxic effects of en-
dogenous caffeine by separating between sites where mitosis is occurring
and those where caffeine is stored. This is achieved in root tips by a sepa-
ration in space, and in the cotyledons by a separation in time (Friedman
and Waller, 1983).

The transport of caffeine in small amounts from leaf to leaf, and in
larger quantities from the pericarp to the seed has been demonstrated by
the application of doubly labelled caffeine to C. arabica (Baumann and
Wanner, 1972). It is plausible, in keeping with many other secondary
metabolites, that caffeine and some purine alkaloids are stored in vacuo-
les (Wink, 1997a).



6. Occurrence of methylxanthines
in food plants, beverages and
pharmaceuticals

During several centuries man has enjoyed food and beverages containing
stimulating ingredients such as methylxanthines. This chapter presents
the most important food sources of methylxanthines, as well as the phar-
maceuticals containing caffeine, which are commonly used in the Nordic
countries. The food sources are presented in alphabetical order, beginning
with products naturally containing methylxanthines: cocoa, coffee,
guarand, maté, tea, and yoco. The most abundant methylxanthine is caf-
feine, a substance present in the majority of hot beverages consumed
today (Table 4). Thereafter, foodstuffs and drugs with added synthetic
caffeine are mentioned. It should be stressed that certain older data on the
methylxanthine content of various food products should be interpreted
with care, since the chemical techniques used to identify and quantify the
compounds were inadequate.

Table 4. Important sources of caffeine (Gilbert, 1984).

Source Country of origin Cultivation sites Plant part used Products

CACAO POD

Theobroma cacao Mexico Brazil, West Africa Seed Cocoa, chocolate pro-
ducts’

COFFEE BEAN

Coffea arabica Ethiopia Brazil, Colombia Seed Coffee

Coffea canephora Arabia Africa, Seed Coffee

Indonesia

Coffea liberica Liberia Africa Seed Coffee

GUARANA PASTE

Paullinia capana Brazil Brazil Seed Guarana bars,

Paullinia sorbilis beverages

COLA NUT

Cola acuminata West Africa West Africa Seed Chewing nuts

Cola nitida Cola tea
Soft drinks Energy drinks

MATE

llex paraguariensis South America South America Leaf Mate
Paraguayan tea
Yerba mate

TEA

Camellia sinensis China China, India Leaf, bud Tea

YAUPON

llex cassine North America Not cultivated Leaf, berry Cassina

llex vomitoria

YOCO

Paullinia yoco South America South America Bark Yoco infusion

"The main methylxanthine in chocolate products is theobromine.
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6.1. Cocoa

6.1.1. The cacao tree

The cacao tree, Theobroma cacao, is believed to have originated in the
forests of the Amazon and Orinoco areas. Mexican and Central American
Indians first cultivated it, but it was Linné (Linnacus) who named the
cacao tree Theobroma, which means ‘food of the gods’. Early mythical
legends indicate that the Mexican Indians used cacao in their religious
rites. The cacao beverage used by the Aztecs consisted of ground-cured
beans whipped up in hot water, flavoured with pepper and other spices.
Christopher Columbus brought the first specimen of cacao beans to Spain
as a souvenir from his fourth voyage. By 1580, it was in common use in
Spain. A century later, cocoa was well known in most European coun-
tries.

The predominant methylxanthine in 7. cacao is theobromine. Only
small amounts of caffeine, approximately 10-15 % of the concentration of
theobromine, and traces of theophylline are found in cocoa. Studies by
Hammerstone et al. (1994) have shown that the seeds of eleven other
Theobroma species contained tetramethyluric acid rather than theobromi-
ne as the principal methylxanthine, as did 9 Herrania species with a simi-
lar morphology. None of these are used for the production of cocoa and
chocolate.

The developmental variation in purine alkaloid content during matura-
tion of Theobroma cacao seeds was studied by Bucheli et al. (2001). The
major methylxanthine in cacao seeds, theobromine, started to accumulate
at 125 days after pollination and the level increased thereafter to become
about 2% of defatted material (the cocoa powder fraction). Caffeine was
detected only towards the end of seed maturity, presumably as a result of
the activation of N-methyltransferase enzyme that methylates theobromi-
ne to caffeine. In the two studied cacao varieties theobromine made up
78% and 86% of the methylxanthine content in the mature seeds (Bucheli
et al., 2001). These observations confirm earlier findings (Timbie et al.,
1978).

6.1.2. Production areas

The cacao tree requires a warm and humid climate. The tree takes seven
years to mature and produces for twenty years, with an annual yield of
around fifty to sixty pods. The ripe and colourful melon-like cocoa pod
ripens in about six months, with a pulp that is sweet and citrus-like.

The major producers of cacao beans include the African, South East
Asian and Central and South American countries (Willson, 1999). The
Ivory Coast dominates among global producers and produced 1 409 000
tonnes - about 60 % of the total output in 1999/2000. The Ivory Coast,
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together with Ghana and Indonesia, produce nearly three quarters of the
world's cocoa production, which was 3 073 000 tonnes in 1999/2000
(Table 5).

6.1.3. Fermentation and drying of cocoa beans

When the pods are ripe, they are cut from the tree by hand. The harvested
pods are cut open and the fresh seeds (twenty to forty per pod) with adhe-
ring pulp is taken out and fermented in a heap or a box. The fermentation
period is four to six days, followed by drying the beans, which is usually
done by placing them in direct sunlight for about one week (Feldman,
1998). The fresh unfermented seeds contain 1.8-3.8% theobromine and
0.1-0.8% caffeine on a dry weight basis (Senanayake and Wijesekera,
1971; Chevalley, 1976; Fincke, 1989). The amount of the individual
methylxanthines produced is dependent on the genotype of the cacao tree.
For example, African cacaos contain less caffeine and more theobromine
than cacaos from South America (Matissek, 1998).

During fermentation, the methylxanthine concentration based on dry
weight decreases due to leakage from the seeds into the pulp. Hadorn
(1980) measured the theobromine and caffeine content of well defined
non-roasted, fermented, hand-shelled cocoa beans and found average
values of 2.90% theobromine and 0.23% caffeine on a dry weight basis in
beans from Africa (n=7). Beans from Asia contained 2.33% theobromine
and 0.62% caffeine (n=7), and beans from Latin and South America
2.56% theobromine and 0.65% caffeine (n=24).

6.1.4. Production of cocoa mass and cocoa butter

The fermented and dried cocoa beans are roasted to develop the flavour,
often for about 40 minutes at 100°C to 220°C (Feldman, 1998). The roa-
sted beans are broken up and the thin shell is removed by winnowing.
The remaining kernels of the beans, the so-called nibs, are crushed bet-
ween grinding stones to produce cocoa mass, sometimes also called

Table 5. Leading cocoa bean producers in the world (1000 tonnes) in 1999/2000 (ICCO
Annual Report for 1999/2000, London; http://www.icco.org/anrep.htm, 2002-08-15).

Producing countries 1999/2000
Ilvory Coast 1,409
Ghana 437
Indonesia 410
Nigeria 165
Brazil 124
Cameroon 115
Ecuador 95
Papua New Guinea 47
Malaysia 45
Colombia 38
Dominican Republic 37
Mexico 37
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cocoa liquor. The nib consists of 55% cocoa butter and 45 % solid mate-
rial coming from the plant cells. Due to the heat generated as a result of
grinding, the cocoa butter melts and can be separated. The water content
is very low, less than 2%. Cocoa mass is used for the production of cho-
colate, cocoa powder and cocoa butter.

Based on a study performed by Zoumas and co-workers (1980) it can
be concluded that cocoa mass varies considerably as regards caffeine and
theobromine content. The caffeine contents were between 0.06 and 0.42
% with an average of 0.2% w/w, whereas the theobromine contents were
between 0.8 and 1.7 %, with the average being 1.2 % w/w.

6.1.5. Preparation of cocoa powder

As stated above, the pressing of the cocoa mass removes the cocoa butter
and produces a "pressing cake" containing between 10 and 22% fat. Co-
coa powder is produced by finely grinding the pressed cake. Thus, cocoa
powder is a product comprised of between 80-90% fat-free dry matter of
cocoa and between 10-22% cocoa butter. Cocoa powders contain higher
amounts of theobromine and caffeine than cocoa mass, because these
components are present in the non-lipid portion of the cocoa mass. Since
cocoa powders may be produced from cocoa mass from different cacao
beans, the caffeine and theobromine content can vary considerably
(Fincke, 1989). In a German study of eighty-eight samples of cocoa
powder, the theobromine content varied from 1.8 to 3.8 %, with the
highest seen in products from Western Africa, and the lowest seen in
products from the Pacific. The caffeine content varied from negligible
levels, predominantly in Western African products, to 0.99% in products
from the Pacific and South America (Fincke, 1989). Hadorn (1980), De
Vries et al. (1981) and Shively and Tarka (1984) reported similar levels
in an analysis based on five, eighteen, and eight products, respectively.
Slightly lower levels were reported by Zoumas et al. (1980).

6.1.6. Production of dark chocolate

Dark chocolate is produced from cocoa mass, cocoa butter, and sugar.
The cocoa mass content is at least 30 %. The most common type of dark
chocolate in the Nordic countries contains 40% cocoa mass. There is also
a dark chocolate containing up to 70% cocoa mass, but this product is
considered exclusive, and is sold only in small quantities. Since theobro-
mine and caffeine occur in the cocoa mass, this type of eating chocolate
has the highest amount of theobromine and caffeine per serving. Howe-
ver, as indicated, the level of the methylxanthines can vary considerably
in dark chocolate, depending on the amount of cocoa mass used in the
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production. Samples reported by Zoumas et al. (1980). contained on ave-
rage 4 600 (3 600-6 300) mg theobromine per kg and 700 (200-1 700) mg
caffeine per kg chocolate. Camargo et al. (1999) reported an average
caffeine content of 870 mg/kg (range: 733-967) in dark chocolate pro-
ducts.

6.1.7. Production of milk chocolate, white chocolate and chocolate
confectionary

Mixing sugar, cocoa butter and powdered milk with cocoa mass produces
milk chocolate. Commercially produced milk chocolate contains between
10 and 15 % cocoa mass. Milk chocolate contains about 1 600 mg
theobromine and 250 mg caffeine per kg (Shively and Tarka, 1984).
Others have made similar observations (Table 6).

White chocolate contains sugar, milk powder, and cocoa butter but no
cocoa mass, and is therefore considered free from methylxanthines (Kraft
Freia Marabou, 1998).

Chocolate confectioneries, pralines, and similar products are made
with a shell or covering of dark or milk chocolate. The chocolate consti-
tutes between 25% and 50% of the total product. When the product is
covered with milk chocolate, the chocolate shell/covering contains 10%
cocoa mass, whereas a cover with dark chocolate contains 40% cocoa
mass.

6.1.8. Consumption of cocoa and chocolate foods

With consumption levels of 10.1 kg, Switzerland was one of the countries
having the highest per capita consumption of chocolate confectioneries in
the world in 2000. The corresponding figures for Belgium and France
were 6.0 and 5.2 kg, respectively. Among the Nordic countries, Iceland,
Norway and Denmark had the highest per capita consumption of chocola-
te confectionery - 9.5 (data from 1997), 8.6 and 8.1 kg, respectively
(Table 7 and 8). Sweden had a per capita consumption of chocolate con-
fectioneries of 5.8 kg, while Finland had 4.7 kg. Regarding Swedish con-
sumption, the shares of various confectionery products during the late
1990s were: tablets and rolls 27 %, countlines 32 %, pralines 28 %, and
dragees and other types 13 %. Around 80% of tablets, rolls, countlines
and pralines were filled, while the rest were unfilled.

Table 6. Theobromine and caffeine contents in 1 kg of milk chocolate.

Milk chocolate Reference
Theobromine (mg) Caffeine (mg)
1600 250 Shively and Tarka (1984)
1530 220 Zoumas et al. (1980)
(1.350-1 860) (50-540)
- 300 Morgan et al. (1982)
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Table 7. Consumption of chocolate confectionery in USA and some European coun-
tries in 2000 (CAOBISCO IOCCC Statistical Bulletin Review - 2000, Brussels;
http://www.caobisco.com/, 2002-08-15).

Country Consumption of chocolate confectionery
(kg per capita)
Switzerland 10.1
Austria 9.1
Ireland 8.8
Germany 8.2
Norway 8.1
Denmark 8.0
United Kingdom 7.9
Belgium 6.0
Australia 5.9
Sweden 5.8
United States 5.3
France 5.2
Netherlands 4.8
Finland 4.7
Italy 2.8
Greece 2.3
Japan 1.8
Spain 1.5
Portugal 1.2
Brazil 1.0

Trends in the consumption of cocoa and chocolate confectionery during
the 1990s in Iceland and Sweden are shown in Table 8 and 9.

06.1.9. Methylxanthine content in hot cocoa, chocolate milk and other
chocolate products as consumed

Hot cocoa is prepared by mixing cocoa powder and sugar with hot milk
or water. Chocolate milk is prepared by suspending cocoa powder in
milk, and is generally consumed cold.

Table 10 shows the theobromine and caffeine contents of hot cocoa

and chocolate milk reported in the literature. The theophylline content in
these beverages is neglectable. It is generally not known where the beans
used to prepare the cocoa powder for these beverages have been produ-
ced.
MAFF (1998) investigated the methylxanthine levels in eighteen pow-
dered hot chocolate drinks in the United Kingdom, and found theobro-
mine levels between 13 and 89 mg/cup (mean, 55 mg/cup). The caffeine
concentrations in the drinks were between 0.8 and 6.2 mg/cup. Theophyl-
line levels were 1.2 mg/cup or below, with a mean content close to 0.4
mg/cup. Some of the other investigations referred to

Table 8. Consumption of coffee, tea, cocoa, and chocolate confectionery
_(kg/person/year) in Iceland 1990-1997 (Johanesson, personal communication).

Product 1990 1993 1994 1995 1996 1997
Coffee, roasted 7.5 7.8 7.3 75 7.7 71
Tea 0.2 0.3 0.2 0.3 0.1 0.1
Cocoa (unsweetened) 1.4 1.1 1.0 1.2 1.0 0.9
Chocolate confectionery | 10.3 9.5
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Table 9. Consumption of coffee, tea, and cocoa (kg/person/year) in Sweden 1990-
1999 (Statens Jordbruksverk, 1997, 2001).

Product 1990 1993 1994 1995 1996 1997 1998 1999
prel. prel.

Coffee, roasted 9.0 8.5 8.7 7.5 8.4 7.7 7.5 7.5

Tea 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Instant coffee and tea 0.2 0.3 0.2 0.1 0.2

Cocoa (unsweetened) 0.3 0.3 0.3 0.3 0.4

Cocoa (sweetened), 1.2 1.1 1.0

drinking chocolate and

chocolate sauces

in Table 10 recorded somewhat higher methylxanthine contents. The
average theobromine content in the listed studies was 57 mg/cup.
The corresponding average caffeine level was 5 mg/cup.

Three investigations have analysed the methylxanthine content of
chocolate milk (Table 10). Similar results were found in all studies
(Zoumas et al., 1980, Morgan et al., 1982, MAFF, 1998). The average
theobromine and caffeine contents in the listed studies were 39 and 3
mg/cup, respectively.

Chocolate cakes, cookies and other homemade foods containing cho-
colate vary in their methylxanthine content (Table 11). Some of the data
given by Shively and Tarka (1984) confirm observations on caffeine con-
tent previously reported by Morgan et al. (1982). The latter investigators
found that a piece of chocolate cake on average contains13.8 mg caffeine,
a nut fudge brownie 7.7 mg caffeine, and half a

Table 10. Mean caffeine and theobromine content in hot cocoa and chocolate milk.

Chocolate beverage Theobromine Caffeine Reference
(mg/150 ml) (mg/150 ml)

HOT COCOA

18 brand average 55 (13-89) 3.5 (0.8-6.2) MAFF (1998)

Cadbury's drinking 65.8 7.0 Scott et al.

chocolate (1989)"

(n=3)

Cadbury's cocoa 39.0 1.6 Scott et al.

(n=3) (1989)"

Cocoa from mix 62.3+13.9 4.1+2.3 Blauch and Tarka, 1983

(n=9) (39.5-78.4)

Cocoa from mix No data 6 Institute of Food Technology
(1983)

5 brands, mean 65 (54-94) 4 (2-10) Zoumas et al.
(1980)

Cocoa No data 8.1 (6.3-10.6) Bunker et al.

(n=5) (1979)"

CHOCOLATE MILK

6 brands, average 41 (21-56) 2.3 (1-3) MAFF (1998)

Chocolate milk No data 4.7 Morgan et al.
(1982)"

4 brand average 36 (22-62) 3(1-4) Zoumas et al.
(1980)"

Mean Mean
theobromine content caffeine content
Hot cocoa 57 5
Chocolate milk 39 3

") Data adjusted to 150 ml.
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Table 11. Average theobromine and caffeine content per serving of chocolate foods
prepared from home recipes (Shively and Tarka, 1984). The amount of each food per
serving was not stated.

Food Theobromine Caffeine
(number of samples) (mglservingl) (mglserving_)
Chocolate brownies (n=16) 57 7
Chocolate brownies (with frosting) (n=16) 102 13
Chocolate brownies (n=16) 24 3
Fudge cake (n=14) 96 14
Dark chocolate cake (n=14) 109 14
Sour cream chocolate cake (n=15) 73 9
Chocolate chip biscuits (n=20) 67 8
Chocolate cupcakes (n=30) 63 8
Chocolate frosting 724 90
Fudge frosting (n=14) 72 9
Chocolate custard ice cream (n=8) 159 20
Chocolate cream pie(n=8) 91 11
Chocolate cream pie (n=8) 84 10
Chocolate pudding (n=6) 125 16
Fudge (n=6) 224 28
Hot cocoa (n=5) 127 16
Chocolate shake (n=3) 250 31
Chocolate topping 255 32

cup of chocolate pudding 5.5 mg caffeine. They also reported that a 2/3
cup of chocolate ice cream contains 4.5 mg caffeine.

Craig and Nguyen (1984) reported on the average theobromine and
caffeine contents per serving of chocolate foods purchased on the open
market on the West Coast of the United States. In total, they analysed 79
commonly used household foodstuffs containing cocoa or chocolate.
They found amounts that were only about one third of the amounts repor-
ted in Table 11.

MAFF (1998) analysed the methylxanthine content of six chocolate
bars and two chocolate mousses. Cocoa content in these products varied
between 20 % and 70 % cocoa solids from beans. Theobromine levels
ranged from 1300 to 10370 mg/kg, and caffeine levels from 110 to 710
mg/kg. Caffeine and theobromine levels were clearly related to cocoa
contents. The two chocolate mousses contained 390 and 650 mg
theobromine and 20 and 50 mg caffeine per kg product. Theophylline
levels in bars and mousses were below the detection limit.

06.1.10. Methylxanthine intake from chocolate foods and beverages

The daily per capita consumption of theobromine in the USA via
foodstuffs and beverages was estimated to be 39 mg in 1980 (IARC,
1991). Assuming that the caffeine content of chocolate is 10-15 % of the
theobromine content, this would correspond to approximately 4 mg caf-
feine/person/day. More recent data, from the United States and elsewhe-
re, is unfortunately not available.

Kraft Food Sweden (Lindblom, personal communication) has, howe-
ver, calculated the average caffeine intake from chocolate during the late
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1990s in Sweden. Approximately 20% of the chocolate consumed was
unfilled products (>95% milk chocolate), corresponding to 1.0
kg/person/year. The rest were filled products (a 1:1 ratio of milk chocola-
te:dark chocolate, 50% of products with 25% chocolate, and 50% with
50% chocolate), 4.1 kg/person/year. As shown in Table 12, the average
annual caffeine intake from chocolate was estimated at 720 mg per per-
son, corresponding to 2 mg/person/day.

As shown in Table 13, caffeine intake from chocolate foods and beve-
rages in relation to body weight seems to decrease with age (except for
children under 1 year of age). The highest weight-standardised intake was
found among younger people both in the United States and in the United
Kingdom. In the American study, children aged 1-5 and 6-11 years had
mean caffeine intakes of 0.16 and 0.13 mg/kg body weight from these
food products, respectively (Barone and Roberts, 1983). In the United
Kingdom, caffeine intakes from chocolate foods and beverages among
adults, who often prefer dark chocolate, were never above 0.02 mg/kg
body weight/day (Scott et al., 1989).

It should be pointed out that a negative correlation between caffeine
intake from chocolate and caffeine intake from coffee has been observed
in an American investigation (Scheiber et al., 1988). Coffee drinkers,
who already have a relatively high caffeine intake from coffee, had the
lowest intake of caffeine from chocolate. The daily caffeine intake from
chocolate among current coffee drinkers was 0.9 mg, whereas it was 1.1
mg among former drinkers, and 1.5 mg among those who never drank
coffee (Scheiber et al. 1988).

6.2. Coffee

The coffee plant Coffea arabica originates from the forests of Ethiopia
and Zaire. The plant was cultivated in the Middle East and it was in this
area that coffee as a beverage was first prepared. The custom of drinking
the beverage hot spread to Turkey, and then spread to the Eastern and
Northern African regions. At the beginning of the 17th century, the coffee
beverage spread to Europe, where the drink soon became very popular
(Graham, 1978).

Table 12. Calculated average annual caffeine intake from chocolate in Sweden at the
end of the 1990's (Kraft Food Sweden, personal communication).

Type of chocolate product Average amount of caffeine/year
Unfilled products 150 mg
Products filled with 25% milk chocolate 40 mg
Products filled with 50% milk chocolate 80 mg
Products filled with 25% dark chocolate 150 mg
Products filled with 50% dark chocolate 300 mg
TOTAL 720 mg
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Table 13. Mean caffeine intake from chocolate foods and beverages.

Age-group Caffeine from chocolate products | Country Reference

(years) (mg/kg bw/day)

<1 0.02 United States Barone and Roberts (1983)
1-5 0.16 United States Barone and Roberts (1983)
6-11 0.13 United States Barone and Roberts (1983)
12-17 0.08 United States Barone and Roberts (1983)
>18 0.03 United States Barone and Roberts (1983)
10-20 0.021" United Kingdom Scott et al. (1989)

21-40 0.004° United Kingdom Scott et al. (1989)

41-60 0.022 United Kingdom Scott et al. (1989)

61-80 0.012 United Kingdom Scott et al. (1989)

1)
Calculated with a mean weight of 52 kg (Lindgren et al., 1997).
2 Calculated with a mean weight of 70 kg.

6.2.1. Types of coffee

The genus Coffea is large, but the majority of coffee consumed comes
from the beans of one of the two most common species, Coffea arabica
and Coffea canephora, the latter often-called Robusta coffee (Willson,
1999). Today, Coffea arabica, the original species, is cultivated in almost
every coffee producing country. Almost 75 % of the coffee produced in
the world is Arabica coffee (coffee produced from Coffea arabica). Cof-
fea canephora is more tolerant, and can be cultivated under a wider range
of conditions than Coffea arabica, but it produces a bitter coffee with a
rather acrid taste. Arabica coffees contain less caffeine, are milder, and
are commonly considered better tasting than the coffee from Robusta
beans, which are mostly used in instant coffees. In a study of the caffeine
content in different plants, Somorin (1974) found a caffeine content of 1
558 mg in 100 g powdered Arabica beans (1.6 % of the dry weight). The
caffeine content of beans of Coffea canephora can be as high as 2.2 % of
the total weight. In countries with only a relatively recent tradition of
coffee drinking, the Robusta content in coffee can be as high as 50 %,
while in traditional coffee-drinking countries, the Robusta percentage is
much lower (International Coffee Organisation, 1991). Terada and Saka-
be (1984) reported a caffeine-content of 2.6% in instant coffee and 0.08%
in decaffeinated instant coffee. Coffea liberica beans are less commonly
used for coffee production (grown in Liberia, Surinam and Malaysia) and
contain about 1.4 % caffeine on a dry weight basis. Coffea racemosa is
grown on a very reduced scale in Mocambique, and Coffea dewevrei in
the Ivory Coast and Zaire. These species produce lower-quality beans,
which are only acceptable on the local market (Sondahl, 1989). Mazzafe-
ra and Carvalho (1992) studied the caffeine content of seeds of different
Coffea species and found that that the content varied from 0.4 to 2.4%.
Most cultivars of C. arabica contained 1.0-1.1% caffeine. In their study,
C. canephora contained 1.7% caffeine, while C. liberica contained 1.4%.
The methylxanthine content in the natural plant products is influenced by
the geographical location of its growth, the variety of plant, the climate,
and cultural practices (Graham, 1978).



Intake of caffeine and other methylxanthines... 49

6.2.2. Production

When the beans are ripe, they are harvested by hand or mechanically. The
pulp and coats of the harvested beans are peeled off by wet or dry
methods. The wet method is more demanding than the dry method, and
includes a fermentation process. This process highly influences the taste
and quality of the final product. The raw coffee beans are roasted at about
200°C for five to ten minutes to bring out the taste and aroma, and then
rapidly cooled. The roasted beans are finally ground and vacuum-packed.

Table 14 summarises the geographical areas of coffee production. The
major areas cultivating Coffea arabica are Brazil, Colombia, and other
countries in South and Central America. Brazil produced close to 22% of
the world production in 1996. Colombia, with 14% of the world produc-
tion, is the second most important producer. Coffea robusta is cultivated,
for example, in Indonesia and in many African countries, and Coffea
liberica in Liberia, but to a very limited extent. It accounts for less than 1
% of all cultivated coffee plants. In most coffee producing countries,
coffee represents a majority of the export income. In Kenya and Guate-
mala, it accounts for 30 % of export income, and in Colombia and Costa
Rica, 18 % and 15 %, respectively (Svensk Kaffe Information, 1993).

The first method of producing decaffeinated coffee was introduced by
a German company (Kaffee H.A.G.) in 1905 and was based on extraction
of caffeine from coffee seeds with organic solvents. The demand for de-
caffeinated coffee has increased since the early 1970s. In some countries,
it currently accounts for around one fifth of the market (Ashihara and
Crozier, 1999). Commercial decaffeination is now a sophisticated process
and, although it is not completely free of solvent residues, there have
been major improvements in the quality of the

Table 14. Production of coffee (in 1 000 tonnes) in 1996 (from FAO, 1996a).

Producing countries Production 1996
Brazil 1290
Colombia 822
Indonesia 431
Mexico 325
Uganda 257*
Ethiopia 230"
Guatemala 207
Vietnam 198*
India 180*
Ivory Coast 165
Ecuador 155
Philippines 149
Costa Rica 143
Honduras 131
El Salvador 126
Peru 107
Others 1016
World 5932

" Unofficial figure(FAO, 1996a)
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product in recent years. The latest methodology involves the use of su-
percritical fluid extraction with CO, to eliminate the health problems
posed by the toxicity of residues from solvents such as dichloromethane
(Ashihara and Crozier, 1999).

06.2.3. Genetic modification of Coffea species

Breeding programs for the genus Coffea are striving for genetic modifica-
tions, which alter the caffeine content, increase pest and disease re-
sistance, provide cold tolerance, confer cytoplasmic male sterility, confer
herbicide tolerance, etc. However, conventional breeding of Coffea speci-
es has limitations as far as coffee improvement, because of the genetic
barriers of chromosome number (some species are diploid, others te-
traploid), the presence of auto-incompatible alleles (diploid species), and
long breeding cycles. As a result, the introduction of genetic traits selec-
ted from wild outbreed species of the genus to cultivated species is quite
difficult. It requires the selection of plants with a specific trait from wild
populations followed by hybridisation and progeny evaluation, backcros-
sing and inter-specific crosses. When natural variation is missing, induc-
tion of variation by mutation breeding might be necessary. Further
complications are coffee’s lengthy period of fruit development, and the 2-
4 year bean-to-bean generation time, which make such traditional ap-
proaches costly and time consuming. Release of a new coffee variety has
been estimated to require a minimum of 24 years of continuous breeding
(Sreenath and Naveen, 1999). Furthermore, the resulting seed production
and distribution is insufficient in terms of satisfying the needs of coffee
growers.

To overcome the limitations of conventional breeding techniques for
the genetic improvement of coffee plants, interest has in recent years
turned to modern biotechnology approaches such as in vitro cell culture
and recombinant DNA techniques. These techniques can provide the
coffee breeder with additional tools for genetic improvement, particularly
the potential to multiply genotypes of superior value at a faster rate. Seve-
ral methods of in vitro regeneration and propagation have already been
optimised successfully. These methods include somatic embryogenesis
and scale-up of somatic embryogenesis using bioreactors and Erlenmeyer
flasks, apical meristem and axillary bud culture, induction and develop-
ment of adventitious buds, culture of zygotic embryos, anther/pollen cul-
ture, cell suspension culture, and protoplast culture. Those coffee regene-
ration systems, which were improved by using in vitro techniques, have
recently been reviewed (Sondahl, 1989; Carneiro, 1999).

The advances made to date in in vitro coffee techniques have allowed
for the manipulation of the coffee plant at the cellular and molecular le-
vels, making coffee a suitable crop for the application of biotechnological
breeding programmes, including genetic transformation. Most improve-
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ments wished for in coffee quality are attributable to improved agronomic
practices and processing that directly affects farm production costs and/or
increases yield (Sondahl, 1990). Disease and pest control in coffee plan-
tations can account for 10-20% of direct plantation costs. The most im-
portant fungal diseases are coffee leaf rust (Hemileia vastatrix), coffee
berry disease (Colletotrichum coffeanum) and brown eye spot (Cercospo-
ra coffeicola). Other pests of agronomic significance for coffee bean pro-
duction include the coffee berry borer (Hyposthenemus hampei), the
white stem borer (Xylotrechus quadripes), the leaf miner (Perileucoptera
coffeela), and root nematodes (Meloidogyne sppp., Pratylenchus spp.).
The release of new coffee cultivars resistant or tolerant to such pathologi-
cal agents will greatly increase crop yields and provide significant eco-
nomic benefits to the farmer (Sondahl, 1990).

Development of new cultivars with increased efficiency for nutrient
absorption and utilisation, and increased resistance to herbicides and en-
vironmental conditions (mineral toxicity, drought, cold temperatures) are
also greatly desirable (Sondahl, 1990). Since preliminary hybridisation
studies have demonstrated hybrid vigour in coffee, the development of
hybrid seeds between Coffea arabica and Coffea canephora is being ex-
plored.

Traits related to improved processing that could be targeted though
genetic modification of the coffee plant include uniformity of maturity, a
shorter maturation cycle, enhanced total soluble solids, larger and more
uniform bean size, and improved bean density and texture. In addition,
the two qualities that directly affect the end-user, the coffee drinker, are
aroma and taste. Caffeine content of beans is also a major consideration.
Beans with both high and low caffeine-content may be desirable, albeit to
different market sectors. Free sulphur-containing amino acids (cysteine
and methionine) in the bean may contribute to the formation of aroma. It
may be possible to select for cell lines with increased intracellular pools
of these amino acids. Unfortunately, very few genes that encode proces-
sing and consumer qualities have been identified.

Plant regeneration via in vitro tissue culture is a basic system for
achieving genetic transformation, and there have been many reports in-
volving somatic embryogenesis in coffee plants (Staritsky, 1970; Hatana-
ka et al., 1999; Menéndez-Yuffa and de Garcia, 1996). However, data on
successful genetic transformation of coffee are limited. The first report on
a successful transformation of the coffee plant appeared early in the
1990s. In 1991, Ocampo and co-workers observed the infection of coffee
hypocotyls by wild type Agrobacterium strains, a soil bacteria known to
naturally infect and transform various plant species. The infection incited
tumours that were able to grow on chemically defined medium without
hormones. Although Agrobacterium tumefaciens-mediated transformati-
on seems to be hindered by an extremely low infection rate of coffee
plant material (Ocampo and Manzanera, 1991), this observation indicated
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the potential to use Agrobacterium to transform coffee. The same year,
Spiral and Petiard reported that coffee protoplasts, co-cultivated with
Agrobacterium tumefaciens carrying a kanamycin resistance gene
(NPTII) and a visual marker gene (GUS = 3-glucuronidase), and allowed
to develop into callus tissue, expressed the GUS activity (Spiral and Pé-
tiard, 1991; Spiral and Pétiard, 1993). However, early studies revealed
that expression of transgenes in transformed Coffea cells varied (Grézes
et al., 1993). Using another transformation system, Barton et al. (1991)
electroporated Coffea arabica protoplats in suspension culture in the pre-
sence of plasmids carrying the kanamycin resistance gene (NPTII). Sub-
sequently, they were able to induce callus formation, and the production
of embryos and plantlets from the electroporated protoplasts. By using
Southern blot analysis, the authors detected the introduced trait in trans-
formed tissue, but only in one regenerated plantlet that subsequently died
due to its feeble root system. Genetic transformation of Coffea species
with Agrobacterium species has also been reported by Feng et al. (1992)
and Freire et al. (1994). Spiral and co-workers subsequently reported that
somatic embryos of different coffee species (C. canephora, C. arabica
cv. Caturra and one interspecies hybrid “Arabusta”) infected with Agro-
bacterium rhizogenes were able to develop either calli, with direct secon-
dary transformed somatic embryos, or roots (Spiral and Pétiard, 1993;
Spiral et al., 1993). Although the efficiency of transformation was low,
the GUS marker gene could be detected from regenerated transformed
plantlets by the histochemical B-glucuronidase assay. These observations
were subsequently confirmed by Sugiyama et al. (1995). A few years
later, plantlets were also produced from somatic embryos transformed via
Agrobacterium tumefaciens (Leroy et al., 1997). Van Boxtel et al. (1995)
reported transient expression of the GUS marker gene following the deli-
very of foreign DNA into leaves of micro cuttings, somatic embryos, and
suspension cultures of Coffea arabica, Coffea canephora, and Arabusta
(a hybrid between the two species) by particle acceleration technology
(with a “gene gun”). The author stressed the critical use of tissue in order
to obtain success in the regeneration of plants from protoplats.

In 1998, Madhova Naidu and co-workers succeeded in transforming
cells of leaf explants of Coffea canephora by co-cultivating the plant
tissue with Agrobacterium tumefaciens. Calli, expressing the transferred
kanamycin resistance and GUS marker (B-glucuronidase) genes were
produced from the transformed explants. From the resulting transformed
explants, somatic embryos could be induced. Subsequently, transgenic
plants of Coffea canephora were produced from embryogenic calli (from
leaf explants) co-cultured with Agrobacterium tumefaciens containing
genes coding for B-glucuronidase, hygromycin phosphotranferase (HPT)
and neomycin phosphotransferase (Hatanaka et al., 1999). Somatic em-
bryos were formed from the tranformed calli, and small plantlets with
roots and shoots were regenerated. Both the roots and shoots of plantlets
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exhibited strong 3-glucuronidase activity. The GUS and HPT genes were
solidly integrated into the genome of the coffee plants.

Recently, insect-resistant transgenic coffee plants (Coffea canephora
and Coffea arabica) containing a synthetic Bacillus thuringiensis gene
(crylAc) were produced, rendering the coffee plants resistant to the cof-
fee leaf miner (Leroy et al., 1999, 2000). The transformed plants were
regenerated from transformed somatic embryos obtained by co-
cultivating somatic embryos of the two plant species with Agrobacterium
tumefasciens containing the crylAc gene. The transformation rendered
the coffee plants resistant to the coffee leaf miner, which has an economi-
cally important impact on coffee production in East Africa and Brazil.
More than 100 transformed coffee plants from independent transformati-
on events were obtained for each coffee genotype. The results of this
study open the way for new opportunities of improving the coffee speci-
es, not only for other agronomic traits but also for traits with technologi-
cal interest, such as low caffeine content.

Molecular biology offers the ultimate technology along with
biotechnology, when the aim is to transform and regenerate plantlets in
order to provide coffee plants capable of fulfilling specific agronomic,
processing, and consumer needs. Molecular biology in this respect
includes gene tagging, gene isolation, and cassette construction. The
identification and isolation of useful genes is still one of the most limiting
factors in applying this technique on a more routine basis. The classical
method for gene identification is based on applying reverse transcriptase
on RNA, which is limited to genes that produce abundant amounts of
RNA and proteins. A more recent method of gene identification is based
on transposons (gene tagging), which now permits the isolation of any
genes within a plant as long as the transposon system is applicable. Once
the gene is isolated, the next step is to construct a proper cassette
expression system with proper initiating and stop sequences and an
efficient promotor. Site or organ specific promotors are now being
developed in such a way that the expression of an inserted gene can be
restricted to one plant organ or tissue. This level of specificity can be
very useful for coffee, since resistance genes for disease insects or
herbicides can be directed to vegetative parts only (leaves, stems, roots),
thus avoiding the cherry tissues. Inversely, genes that can affect cherry
qualitative properties can be targeted to coffee fruits, leaving vegetative
parts unaffected. As regards these perspectives, the recent cloning of a
coffee seed specific promoter (Marraccini et al., 1999) is an important
contribution towards further developments.

The expression of new gene products is the most frequent goal in mo-
lecular programs. However, in some cases the benefit involves turning
on silent genes (or enhancing low expressing genes) or turning off
undesirable genes. Types of new genes to be inserted in coffee will
depend on the specific interest, i.e., agricultural, processing, or consumer
benefits.
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0.2.4. Preparation of the beverage

Coffee (referring to the heated beverage made from coffee beans) can be
prepared in a number of different ways. The type of coffee used when
preparing the beverage is determined by individual taste and is influenced
by the mixture of different coffee beans, different grounds, and different
roasting. Preferences for different methods of coffee preparation vary
around the world, as does the volume of coffee consumed on each occa-
sion. Instant coffees seem to be very popular in the United States, while
people in the Scandinavian countries mostly consume drip coffee or boi-
led coffee. These preparation methods are almost totally restricted to
Northern Europe. Some people drink their coffee with milk and sugar,
while other prefers to consume it strictly black. The way coffee is consu-
med can also vary during the day (Debry, 1994). Different methods of
coffee preparation are explained and described by Damicis and Viani
(1993), and Debry (1994) and are summarised below.

Boiled coffee

50 to 70 grams of ground coffee is used per litre of water.

The coarsely ground, light-roasted coffee is infused in hot water for at
least 10 minutes. The coffee is then consumed, in cups usually ranging
from 150 to 190 ml, without separating the grinds from the beverage.

Espresso

6 to 8 grams of finely ground, medium to dark-roasted coffee is extracted
with seething water at a pressure of 8 to 12 bars for at least 15-25 se-
conds. The volume of the cup can differ between countries. In Italy the
volume of a cup is 25-50 ml and in France and Switzerland it is 150 ml.

Dripolated/Filtered coffee

Boiling water is poured over finely ground coffee in a paper filter. The
types of roasting of coffee used for this method of preparation differ bet-
ween countries; light-roasted in North America; medium-roasted in the
United Kingdom, Sweden, and Switzerland; dark-roasted in France and
Belgium. There may also be differences in the amount of coffee used:
North America 28-40 g/l and other countries 50-70 g/l. The volume of the
cups usually used for this type of coffee is 150-190 ml. This is the
method most frequently used in the Nordic countries, and the coffee be-
verages prepared here are often stronger than in other countries.

Infusion

Coarsely ground coffee is infused in boiling water for a few minutes.
Coffee in North America is very light-roasted and the amount used is 28-
40 g/1, whereas coffee used in northern Europe and Australia is 55-65 g/l
medium-roasted. After infusion, the grounds are removed by pouring the
beverage though a screen strainer.



Intake of caffeine and other methylxanthines... 55

Mocha coffee

Medium to dark-roasted, finely ground coffee is used in a Neapolitan
coffee maker. Hot water is forced though the coffee, and the beverage is
served in cups of about 50 ml (Italy and Spain: 6-10 g coffee/cup).

Percolated coffee

Boiling water is recirculated though the coffee until the desired strength
of the beverage is obtained. Coffee used is coarsely ground, in North
America lightly roasted 28-40 g/, and in the United Kingdom medium
roasted 60 g/l. Cup volume is between 150 and 190 ml.

Soluble/Instant coffee

1.5-3.0 grams of coffee powder are dissolved into 150-190 ml of hot wa-
ter to obtain the beverage.

Greek coffee/Turkish coffee

5 grams of medium to darkly roasted, finely ground coffee is placed in 60
ml boiling water until foaming occurs. The hot beverage is served in cups
between 40 and 60 ml in volume. In the Middle East 5 to 10 grams of
sugar is added before consumption of the coffee.

6.2.5. Amount of coffee sold in different countries

Table 15 shows the volume of coffee sold in select European countries
during the period 1990-1995. Germany was the largest market, but in
France and Italy large amounts of coffee were also sold during this pe-
riod. Overall the total amount of coffee sold in Europe has been fairly
constant. This is, for example, illustrated by the trade figures for Den-
mark and Sweden. Whereas the volume sold has decreased in Finland
during the 1990s, it has increased in Norway.

6.2.6. Per capita consumption of coffee

Since the early 1970s the Nordic countries, aside from Iceland, have had
the highest coffee consumption per capita in the world, with around 10
kg/person/year. A small decrease in the per capita consumption has oc-
curred since the late 70s and the early 80s. In comparison, it can be men-
tioned that the per capita consumption of coffee in the United States
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Table 15. Volume of coffee (1000 tonnes) sold in Europe 1990-1995 (Consumer Euro-
pe, 1996).

Country 1990 1991 1992 1993 1994 1995
Austria 64 63 58 50 42 42
Belgium 62 62 63 63 64 64
Denmark 35 35 39 37 36 37
Finland 51 50 51 51 47 42
France 178 182 181 184 186 188
Germany 341 359 362 360 360 362
Greece 34 33 32 33 34 35

Italy 159 161 164 166 167 168

Ireland 5 5 6 6 6 6
Luxembourg 3 3 3 3 3 3
Netherlands 86 87 87 87 88 88
Norway 34 36 37 37 36 41
Portugal 25 28 30 30 26 27
Spain 70 69 68 67 70 68
Sweden 76 78 76 76 75 75
Switzerland 59 59 60 57 57 57
United Kingdom 53 56 54 53 50 47

and the United Kingdom in 1994 were 4.5 kg and 2.4 kg, respectively
(Lavazza Training Centre Internal Data, 1994, http://sovrana.com/chart.
htm, 2002-08-15).

Coffee consumption in Finland is among the highest in the world. Du-
ring the last decade the consumption has dropped (Table 16), and is now
approximately at the same level as the other Scandinavian countries. The
data on coffee consumption in Finland presented in Table 16 does

06.2.6. Per capita consumption of coffee

Since the early 1970s the Nordic countries, aside from Iceland, have had
the highest coffee consumption per capita in the world, with around 10
kg/person/year. A small decrease in the per capita consumption has oc-
curred since the late 70s and the early 80s. In comparison, it can be men-
tioned that the per capita consumption of coffee in the

United States and the United Kingdom in 1994 was 4.5 kg and 2.4 kg,
respectively (Lavazza Training Centre Internal Data, 1994,
http://sovrana.com/chart. htm, 2002-08-15).

Coffee consumption in Finland is among the highest in the world. Du-
ring the last decade the consumption has dropped (Table 16), and is now
approximately at the same level as the other Scandinavian countries.

Table 16. Consumption of coffee and cola drinks (kg/person/year) in Finland 1990-
1998 (Elintarvikeliitto, 1998).

Product 1990 1993 1994 1995 1996 1997
Coffee, roasted 10.2 10.2 9.5 8.3 9.7 9.2
Soft drinks

cola drinks 9.01 9.53 11.42 14.39 14.67 15.96
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Table 17. Consumption of coffee and soft drinks (kg/person/year) in Norway 1990-
1998 (www.kaffe.no/presseservice.htm, 2000-06-02; Meltzer, personal communica-
tion).

Product 1990 1993 1994 1995 1996 1997 1998 1999
Coffee, raw 10.5 10.5 10.1 9.7 10.1 9.4 9.5 9.9
Soft drinks 95 113 111 114 119

cola drinks 62 61 68

others 49 53 51

The data on coffee consumption in Finland presented in Table 16 does
not include consumption of instant coffee, which was used by only 1 to
2% of the Finnish population.

The per capita intake of coffee in Norway is shown in Table 17. The-
se data are based on raw coffee instead of roasted coffee, the preferred
type of coffee being C. arabica (98% of the market). The per capita intake
of caffeine free coffee in Norway was 0.016 kg/person in 1996, 0.032
kg/person in 1997, and 0.027 kg/person in 1998 (Meltzer, personal com-
munication). A slight reduction in coffee intake has occurred during the
1990s. In 1997 men in Norway consumed 501 g/day, and women 449
g/day (Johansson and Solvoll, 1999).

In Iceland the per capita coffee intake has been between 7.1 and 7.8
kg during the period 1990 to 1997 (Table 8).

The consumption of roasted coffee increased from 8 kg to over 11 kg
per person in Sweden between 1960 and 1976, but has since then decli-
ned (Statens Jordbruksverk, 1997). Table 9 shows the consumption of
coffee, tea and cocoa in Sweden during the period 1990-1996. The rise in
coffee prices in 1994 and 1995 led to a considerable reduction in coffee
consumption. After the prices were reduced in 1996, the consumption
increased to 8.5 kg per person and year, returning to approximately the
same level as seen in the early 1990s.

Viewed based on a number of cups per day (Table 18), the consump-
tion was 3.8 cups in Finland, 3.7 cups in Sweden, and 3.5 cups in Norway
and Denmark in 1991 (Svensk Kaffe Information, 1993). Table 19 shows
Finnish data the on frequency of coffee consumption among various age
groups of men and women in 1997 (Helakorpi et al., 1997). It can be
noted that 10% of men and 5% of women consume 9 or more cups of
coffee/day.

Table 18. Daily per capita intake of coffee in different countries in 1991 (Svensk Kaffe
Information, 1993).

Country Number of cups of coffee Country Number of cups of coffee
Finland 3.8 France 1.9

Sweden 3.7 USA 1.6

Norway 3.5 Italy 1.5

Denmark 3.5 Japan 1.0

Netherlands 3.3 Australia 0.9

Germany 2.6 United Kingdom 0.8

Belgium 2.4
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Table 19. Frequency of coffee consumption among Finnish men and women in 1997
(Helakorpi et al., 1997).

Consumer group Non- | 1-2 cups/day | 3-4 cups/day | 5-6 cups/day | 7-8 cups/day 9 or more
consumers cups/day

Men, 15-24 years 33.8 27.8 19.4 12.2 2.7 4.2
Men, 25-34 years 11.3 14.5 28.6 25.8 7.1 12.7
Men, 35-44 years 5.2 16.2 25.5 30.1 9.9 13.2
Men, 45-54 years 6.8 12.6 30.6 30.1 9.3 10.7
Men, 55-64 years 9.9 22.0 28.9 24.3 6.6 8.2
Men, total 12.3 18.1 26.9 25.2 7.4 10.1

Women, 15-24 years 46.8 3.1 16.1 5.1 1.7 0.3
Women, 25-34 years 22.2 31.0 23.3 17.3 4.3 2.0
Women, 35-44 years 9.0 18.8 30.0 29.0 9.0 4.0
Women, 45-54 years 55 21.7 34.6 26.0 8.4 3.7
Women, 55-64 years 6.5 30.4 425 17.0 2.0 1.6
Women, total 15.0 22.3 28.2 22.2 6.4 5.9

06.2.7. Patterns of coffee consumption

In an American survey, 62 % reported consumption of coffee on a weekly
basis (Hughes et al., 1997). Some of the coffee drinkers only consumed
coffee prepared in a particular way, whereas others did not discriminate
between types of coffee. Among coffee users, 73 % consumed filtered
coffee, 17 % percolated, and 29 % instant coffee. In another American
study, 78.2 % of the surveyed population was identified to be consumers
of caffeinated coffee. Within this population, 16.4 % consumed decaffei-
nated coffee (Scheiber et al., 1988).

Habits of drinking social beverages change over time. In the United
States, the percentage of consumers (region not specified) drinking coffee
decreased from 77.3 % in 1957 to 56.3 % in 1982. People generally con-
sume regular coffee, i.e. caffeine-containing coffee. The highest daily
intake of regular coffee in the United States, 2.45 cups, was recorded in
1962. This decreased to 1.33 cups in 1982, and had again increased to 1.6
cups in 1991 (Table 18) (Svensk Kaffe Information, 1993). Instant coffee
has become more popular with time, peaking in 1972. In 1982, people in
United States on average consumed 0.56 cups of instant coffee per day.
Decaffeinated coffee became more and more popular between 1957 and
1982. In 1982, an American on average consumed 0.38 cups of decaffei-
nated coffee per day.

Filtered or brewed coffee is the most popular type of coffee in the
Nordic countries. This is illustrated by Finnish data (Vartiainen et al.,
1998). As shown in Table 20, a very large majority of the population
from the various regions of Finland prefers filtered coffee to other types
of coffee. This preference is the same for both genders. The variation
shown in Table 20 reflects the geographical differences in coffee con-
sumption.

In Norway, the habit of drinking coffee and tea has been studied in re-
lation to length of education. Interestingly, although there was no clear
difference in the habit of coffee consumption (all types summed up)
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Table 20. Type of coffee preferred by the Finnish population (Vartiainen et al., 1998).
The range in consumer choice is due to differences between various counties of

Finland.

Product consumed % males % females
Filter coffee 82.7 - 86.4 80.2 - 871
Boiled coffee 1.3-78 1.8-8.1
Instant coffee 0.8-4.6 0.9-3.9
Other types of coffee 0.0-13 05-1.5
Non-drinkers of coffee 5.1-9.0 5.6 —-10.2

depending on the length of education, consumption of boiled coffee
was more common among people with a shorter education than among
those having a longer education (Johansson and Solvoll, 1999). This fin-
ding fit rather well with the observation that boiled coffee is more popu-
lar on the countryside than in the cities. Another finding among Norwe-
gian coffee consumers was a negative correlation to the frequency of
exercise — the more people exercised the less coffee they consumed.
People who tended to consume healthy food to a larger extent preferred
tea to coffee than people who did not seek this type of food (Johansson
and Solvoll, 1999).

6.2.8. Coffee consumption related to age

In a British nation-wide study the percentage of people (adults) consu-
ming coffee was shown to rise with age (Gregory et al., 1990). Among
people aged 16-24 year, coffee was consumed by 67 %. In the age groups
25-34 years and 35-49 years, 82% and 86 % of the population consumed
coffee, respectively. Out of people from the highest age bracket, 81%
were coffee consumers.

In an American study on coffee consumption between 1957 and 1982,
the most frequent coffee consumers were found in the age group 30 to 49
years. However, during that period consumption decreased from 3.7 to
2.7 cups per day in this group. During the same time period, the coffee
consumption among children aged 10 to 14 years decreased from 0.19 to
0.03 cups per day. Altogether, the general trend of a decreased coffee
consumption during the studied time period was most evident among
children and young adults, and least marked among older persons (Gil-
bert, 1984).

Table 21 shows the consumption of coffee, tea, and soft drinks
(g/person/day) in Norway. The data are obtained from Johansson and
Solvoll (1999), a dietary survey on men and women ranging from the
ages of 16-79 from all parts of Norway. Women below 20 years of age
only consumed on average 90 g/day. The intake was 268 g/day in women
aged 20-29 years, 484 g/day in women aged 30-39 years and 568 g/day in
women aged 40-49 years. Older women consumed somewhat less coffee.
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Table 21. Intake of coffee, tea and soft drinks (g/day) in Norwegian men and women
of various age (Johansson and Solvoll, 1999).

Product Men Men Men Men Men Men Men

16-19 20-29 30-39 40-49 50-59 60-69 70-79
Coffee 99 393 629 645 611 549 387
Tea 110 139 156 160 166 170 198
Soft drinks 613 573 380 224 153 133 112
Product Women Women Women Women Women Women Women

16-19 20-29 30-39 40-49 50-59 60-69 70-79
Coffee 90 268 484 568 508 457 416
Tea 117 236 279 232 241 204 252
Soft drinks 462 397 292 184 134 79 105

6.2.9. Coffee consumption in relation to gender

In the British dietary survey by Gregory et al. (1990) a slightly higher
coffee consumption could be seen for women than for men - 82 % as
compared to 79 %. The five other studies that have specifically reported
on gender differences in coffee consumption have all observed a slightly
higher coffee consumption among males than among females (Scott et
al., 1989; Gilbert, 1984; Scheiber et al., 1988; Solvoll et al., 1989; Jo-
hansson and Solvoll, 1999). The Norwegian data are shown in Table 21.

As already mentioned in section 6.2.6., there was no difference bet-
ween Finnish men and women regarding any preference of the type of
coffee consumed (Table 20).

6.2.10. Time and place of coffee consumption

In 1990, 72%, 70% and 54% of coffee was consumed at home in United
States, Japan and Germany, respectively (D’Amicis and Viani, 1993).
The workplace comes next, with 17%, 19% and 24%, respectively, fol-
lowed by other locations such as restaurants, coffee shops, bars etc.

In the United States, it is common to drink coffee during meals. In the
American study mentioned above, a daily mean of 0.88 cups of coffee
was consumed at breakfast, 0.36 cups at other meals, and 0.66 cups bet-
ween meals.

Scheiber et al. (1988) found fewer Americans consuming coffee on
weekends than on weekdays. 61 % reported drinking coffee on weekdays,
and 56 % on weekends. The relative amounts of coffee consumed on
these occasions differed as well. On weekends, 18.3 % consumed more
than 5 cups of coffee, but on weekdays this number increased to 23.1 %.

In the United Kingdom, only small differences in coffee consumption
were found between different geographical areas (Gregory et al., 1990).

The consumption of coffee is obviously influenced by several factors,
including sex, age and the time of the day. Manners of preparing coffee
and the amounts of coffee consumed differ throughout the world.
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6.2.11. Methylxanthine content in coffee as consumed

Using reports from the European Coffee Federation (ECF, 1990) it is
possible to obtain information concerning the types of coffee consumed
in Europe. Northern European countries belong to a group of countries
where C. arabica accounts for more than 70% of the beans in coffee —
(100% of the coffee beans in Sweden and Finland, and close to 100% in
Norway come from this species). Consumers from a second group of
countries use around 50% C. arabica. France, Italy, the Netherlands and
the United Kingdom are examples of countries belonging to this group. In
the third group of countries, including Spain and Portugal, more than
50% of the consumption is C. canephora (robusta coffee).

Many coffees are mixtures of various grinds, each with specific caf-
feine content. Therefore, the type of mixture will influence the caffeine
content of the final beverage. The particle size of the ground coffee will
also have a strong influence on the caffeine content of the beverage. More
caffeine tends to be extracted from finely ground coffees than from more
coarsely ground, presumably due to the relatively larger surface area ex-
posed to the hot water (Bunker et al. 1979). The method of preparation
also has a major impact on the caffeine content in the consumed bevera-
ge, as has the brewing time. Not unexpectedly, the more coffee used to
prepare the beverage, the stronger the coffee gets, and the more caffeine
it contains. As mentioned previously, the caffeine content is also influen-
ced by the Coffea species used for coffee production.

Gilbert and co-workers (1976) looked at data on caffeine contents in
coffee published between 1952 and 1974. A wide range in caffeine con-
tent was found. Ground coffee ranged from 88 to 190 mg/cup and instant
coffee from 30 to 80 mg/cup. Table 22 summarises the results of studies
on the caffeine content of instant, percolated and filtered coffee published
since 1976. Some of the individual studies are discussed in the following
text.

Scheiber et al. (1988) provided data on the caffeine content per cup of
several beverages in the United States (volume 5 oz, close to 150 ml).
Instant coffee had mean caffeine content of 60 mg, and drip and percola-
ted coffees 115 mg and 85 mg per cup, respectively. Based on these ave-
rages in caffeine content for various types of coffee, the investigators
calculated the average caffeine content of a cup of coffee in the United
States to be 87 mg/cup. Using average caffeine content in coffee to calcu-
late caffeine exposure might, however, lead to false conclusions. If, for
example, an individual consumes mainly drip coffee, using the mean
caffeine content of coffee to calculate the caffeine intake will underesti-
mate the exposure. This illustrates the danger of not taking the method of
coffee preparation into consideration.

Even higher caffeine levels in coffee than the levels reported by
Scheiber et al. (1988), were reported by the US Expert Panel on Food
Safety and Nutrition. They stated a caffeine content of 110-150 mg/150
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Table 22. Caffeine content (mean) in coffee beverages prepared by different methods
in different countries. Volume of cup standardised to 150 ml. Number of samples
studied (n) is indicated when information is available.

Studied population Caffeine content (mg/cup) Reference
Instant Percolated Filtered
us 49 65 93 Gilbert (1976)"?
15-84 29-176 33-113
(n=21) (n=11) (n=14)
us 66 118° 142° Bunker et al. (1979)
61-70 105-125 137-146
(n=5) (n=4) (n=2)
us 58.9 73.3 Morgan et al.(1982"
us 60.0+6.4 Nonautomatic | Nonautomatic | Blauch and Tarka (1983)
46.7-67.6 107.5+10.3 124.1+11.5
(n=8) 93.0-129.5 106.0-144.8
(n=10) (n=7)
Automatic Automatic
117.0£11.4 136.6+17.4
99.0-134.2 109.5-163.5
(n=9) (n=10)
us 60 85 115 Scheiber et al. (1988)’
Canadian 47.7° 84.2° Stavric et al. (1988)’
(n=10) (n=27)
Canadian 445 56.2 54.5 Stavric et al. (1988)1
12.5-71.9 23.5-88.2 26.2-111.1
(n=10) (n=10) (n=13)
Australia 27/48/68 Shirlow et al. (1983)
(n=22/75/23)
Australia 42.8+15.4 50.1£11.9 Lelo et al. (1985)'
8.0-92.2 25.1-75.3
(n=75) (n=37)
British 60 3 Barone and Roberts (1984)’
British 48.245.6 99.8+66.7 Scott et al. (1989)
(n=4) 55.5-197.3
(n=3)
British 43.2 27 MAFF (1998)
31.5-51 15.8-32.3
(n=16) (n=8)
South African 63.1 Galasko et al. (1989)
Mean: 53 Mean: 84 Mean: 103

1

) 2) 3)
Caffeine content recalculated to cup of 150 ml; Medianfaffeine content instead of mean; Filtered coffee and percola-

)
ted (bre;/ved 10 min) beverages brewed non-automatically; Not included when calculated mean due to comment by

author; Coffee prepared in the laboratory; % Coffee prepared commercially.

ml cup of coffee prepared by the drip method in the United States, and a
caffeine content of 64-124 mg/150 ml cup for percolated coffee (Institute
of Food Technologists, 1983).

Data from two Australian studies (Shirlow, 1983; Lelo ef al., 1985)
agree fairly well. When individuals in the study by Shirlow (1983) made
their own instant coffee, not unexpectedly, beverages with a broad diffe-
rence in caffeine content were found. The cup used by the volunteers had
a volume of 150 ml, and they used the same type of coffee and spoon.
The caffeine content in the coffee powder was estimated to 3.5 g per 100
g coffee. Most of the prepared coffees (almost 63 %) had medium
strength with mean caffeine content of 48 mg. Weak and strong coffees
were prepared by an almost equal number of persons and had mean caf-
feine contents of 27 mg and 68 mg, respectively.

Lelo et al. (1985) reported the caffeine content of coffee beverages of
various volumes, prepared by different persons at different places and



Intake of caffeine and other methylxanthines... 63

times. The caffeine content of instant coffee ranged from the very mode-
rate amount of 12.5 mg per drink to the considerably higher amount of
169.0 mg per drink. The mean value of all 75 coffee drinks was 60.4 mg
(42.8 mg per 150 ml). Brewed coffee ranged from 39.8 to 110.4 mg per
drink, with a mean of 80.1 mg per drink (50.1 mg per 150 ml). However,
when calculating the mean caffeine content of brewed coffee, the method
of preparation was not taken into consideration.

Although prepared the same way an equal volume of different brands
of coffees can contain different amounts of caffeine. Thus, when Scott et
al. (1989) in a British study investigated the caffeine content in four
brands of instant coffees, caffeine contents between 42.7 and 56.0 mg per
cup of 150 ml were found. The mean caffeine content was 48.2 mg/cup.
The wvariation in caffeine content between various blends of percolated
and filter coffees was even larger, being between 55.5 and 197.2 mg per
cup of 150 ml, with the mean caffeine content calculated at 99.8 mg/cup.
In this investigation, instant coffees had a caffeine content half of that of
percolated and filter coffees.

MAFF (1998) investigated the methylxanthine levels in coffee pro-
ducts in the United Kingdom. Caffeine levels of 31.5-51 mg per 150 ml
cup were found in 16 instant coffees, corresponding to a mean caffeine
level of 43.2 mg/150 ml cup. In agreement with earlier observations that
reported a caffeine content of 2.2+0.8 mg/cup in decaffeinated instant
coffees (Blauch and Tarka, 1983), MAFF found two decaffeinated cof-
fees to contain 1.5 and 1.7 mg caffeine per 150 ml cup, respectively.
Theobromine and theophylline contents in regular and decaffeinated
instant coffees were similar and low (means, 0.2 mg/cup of 150 ml). In
filtered and percolated regular coffees the caffeine levels ranged from
15.8 to 32.3 mg/cup (mean, 27 mg/cup). These caffeine concentrations
are considerably lower than those reported in earlier reports. The bevera-
ges in this study were prepared using 2.6 g of coffee, while most consu-
mers typically use 2.3-11.3 g coffee/cup of 150 ml. Only low levels of the
other methylxanthines were found in percolated and filtered coffee.

Stavric et al. (1988) investigated the caffeine content of coffee prepa-
red both in Canadian households and in Canadian commercial establish-
ments and laboratories. Instant coffee prepared at home contained bet-
ween 13-72 mg caffeine/cup (150 ml), with the mean being 44.5 mg per
cup. Drip coffees contained levels between 26 mg and 111 mg caffeine
per cup, with the mean being 55 mg per cup. Percolated coffee had a
mean caffeine-content of 56 mg/cup and ranged between 24 mg and 88
mg/cup. At commercial establishments the caffeine content for 16 diffe-
rent drip coffees ranged between 48 mg and 156 mg/drink, with the mean
caffeine content per 150 ml cup being 84 mg. For instant coffee of diffe-
rent brands prepared in the laboratory, the mean quantity of caffeine in a
150 ml cup was 48 mg; the content in the different brands ranged from 32
mg to 64 mg per cup.
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Recently, Verheijen (1999) analysed the caffeine content of 155 sam-

ples of coffee collected in commercial establishments and workplace
cafeterias in Iceland during June and July 1999. Figure 4 shows that most
samples contained between 400 and 600 mg caffeine per litre, correspon-
ding to between 60 mg and 90 mg caffeine per 150 ml. Three coffee sam-
ples are not included in the Figure. They contained 242 mg, 419 mg, and
509 mg caffeine per cup (150 ml).
Verheijen (1999) also used the four most common Icelandic coffee
brands to test the reproducibility of coffee machines in brewing experi-
ments. A cup of coffee on average contained 84 mg caffeine. Since the
amount of ground coffee used for the coffee production was standardised,
it could be calculated that 13.8 mg caffeine was extracted from each gram
of coffee.

The available information tells us that different individuals are expo-
sed to different amounts of caffeine though their consumption of coffee.
The mean value of caffeine content in a 150 ml cup of coffee in the studi-
es reported in Table 22 is 53 mg for instant coffee, 84 mg for percolated
coffee, and 103 mg for filtered (brewed) coffee. It should be noted, ho-
wever, that most data in Table 22 originates from the United States, and
North American coffee seems to be less concentrated than the typical
coffee prepared in the Nordic countries.

When drinking coffee, the consumer ingests several hundred different
compounds in addition to caffeine, and no doubt coffee contains several

Figure 4. The caffeine content of 152 samples of Icelandic coffee collected in
commercial establishments and workplace cafeterias during the summer of 1999
(Verheijen, 1999).
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other compounds yet to be identified. Important compounds in coffee
have been reviewed by Viani (1993). The majority of these have no effect
on the consumer besides stimulating the senses (by contributing to the
specific aroma) and possibly contributing to general nutrition. However, a
few of the compounds in coffee might have advantageous or adverse
effects if their intake is high enough. The methylxanthines, and particular
caffeine, are examples known for both their positive (e.g. contributing to
alertness) and adverse effects (e.g. resulting in difficulties to sleep).

6.2.12. Methylxanthine intake from coffee

The per capita caffeine intake from coffee in the world was 38 mg/day in
1981/82. In the United States, Canada, Sweden, and the United Kingdom
the corresponding intakes were 125, 128, 340, and 84 mg/day, respective-
ly (Gilbert, 1984). No later data on per capita intake is available.

Two British studies and three American studies have tried to determi-
ne the individual caffeine intake from coffee. In 1983 Scott and co-
workers studied 174 British males and females, and found that coffee
consumption led to a daily average caffeine intake of 198 mg per person.
Some years later, Gregory et al. (1990) investigated the total intake of
coffee during one week in a substantially larger British test population.
They observed a total quantity of 3 398 g of coffee beverage consumed
during the seven-day recording period. Using the data of Barone and
Roberts (1984) and Scott et al. (1989) for caffeine content of British cof-
fee, a daily caffeine intake of 268 and 323 mg could be estimated, respec-
tively.

The estimated daily intake of caffeine from coffee in adults as seen in
the three American studies was found to be in the region of 250 to 300
mg per person. Whereas Scheiber et al. (1988) reported that coffee drin-
king resulted in a caffeine intake of 298.5 mg/day in the United States,
Hughes et al. (1997) reported a mean caffeine intake from coffee of 229
mg/day among 202 consumers in Vermont. Young people have a lower
caffeine intake from coffee than older people. On an mg/kg body weight
basis, an American test population of children aged 6-11 year ingested
0.10 mg/kg, whereas those aged 12-17 years ingested 0.16 mg/kg body
weight (Morgan et al., 1982).

In the study by Scheiber ef al. (1988) mentioned above, 16.4 % of the
United States test population consumed decaffeinated coffee. A Canadian
investigation has shown that close to one third of decaffeinated coffees
prepared commercially actually contain low concentrations of caffeine
(Stavric et al., 1988). Thus, people who try to avoid caffeine probably are
exposed to the substance without their knowledge.

In a Norwegian dietary study of 11,912 males and 12,328 females, the
mean number of cups of coffee consumed by males and females were 4.7
and 4.3 per day, respectively (Solvoll et al., 1989). In this study a cup of
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coffee was estimated to contain approximately 115 ml coffee. Based on
the assumption that a 150 ml cup of coffee contains 100 mg caffeine
(Kurppa et al., 1983; Olsen et al., 1991), this frequency of consumption
leads to a caffeine intake of 360 mg/day in females and 330 mg/day in
males.

Hemminki ez al. (1988) studied coffee consumption among Finnish
youths between 1977 and 1985. For 18-year-old girls and boys the mean
number of cups consumed per day was 2.3 and 3.1, respectively. This
coffee consumption approximately corresponds to a caffeine intake of
230 and 310 mg caffeine/day, respectively (calculated from a caffeine
content of 100 mg/150 ml cup according to Kurppa et al. (1983) and Ol-
sen et al. (1991).

For the period of one month in 1997, the National Food Administrati-
on in Sweden invited all blood donors in Visby, the main city of the
county of Gotland, to participate in a study that among other parameters
investigated the coffee consumption of this particular Swedish population
segment (Thuvander et al., 2001). Of the 202 persons who accepted the
invitation, 198 gave enough information to be included in the study. In
addition to giving information on how often study participants consumed
coffee, they also indicated as to whether they mainly consumed filtered
(dripolated), boiled, or instant coffee. The use of decaffeinated coffee was
not investigated, nor was the strength of the coffee consumed. Only 5%
of the females and 0.7% of the males did not drink coffee. The majority
of males and females consumed mainly brewed (filter) coffee (Table 23).
Consumption was higher in males than in females. Among participants
aged 30-59 years, the average male consumed between 600 and 650 ml
coffee/day, whereas the average female had a lower coffee consumption,
415-540 ml/day, with coffee intake being dependent on age (Table 23).
Assuming that a 150 ml cup of brewed coffee contains 103 mg caffeine
(average in Table 21), males aged 30-59 years would be exposed to 412-
446 mg caffeine, and females of the same age group to 285-371 mg caf-
feine. Although males drank significantly more coffee than females, the
caffeine exposure from coffee, calculated on per kg body weight basis,
was only slightly higher in males than in females. The participant with
the highest intake of coffee consumed 2240 ml a day (1 538 mg caffeine).
Sixteen percent of the participants consumed more than 900 ml cof-
fee/day, or 618 mg caffeine/day.
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Table 23. Average caffeine intake from coffee among blood donors of Gotland, Swe-
den, 1997.

Type of coffee Age group Sex (sample size) Intake of coffee Caffeine exposure
(ml/day) (mg/kg BW/day)

Filter coffee -29 years male (n=5) 672.0+584.4 6.34+5.19
-29 years female (n=2) 2812+394.2 3.2244.51
30-39 years male (n=36) 654.7+481.7 5.52+4.41
30-39 years female (n=11) 518.0+240.0 5.39+2.51
40-49 years male (n=46) 637.0+321.8 5.3412.72
40-49 years female (n=22) 414.8+268.8 4.21+2.84
50-59 years male (n=30) 602.1+£313.1 5.01+2.69
50-59 years female (n=16) 539.6+278.9 5.43+2.59
60- years male (n=4) 583.3+220.6 4.86+2.03
60- years female (n=2) 350.0+297.0 3.56+3.46

Boiled coffee all ages male (n=6) 840.0+537.8 6.25+3.35
all ages Female (n=3) 328.9+362.1 2.81+3.20

Instant coffee all ages male (n=5) 504.0+276.9 4.62+2.41
all ages female (n=1) 933.3 14.1

Mixed types of coffee all ages male (n=5) 774.7+860.2 6.5616.89
all ages female (n=0) - -

6.3. Guarana

Guarana is the most stimulating of all caffeine-containing beverages. It is
derived from the nut-shaped and eye-like seeds of the climbing vines or
sprawling shrubs Paullinia cupana and Paullinia sorbilis native to the
central Amazon Basin.

As these two plants are very similar they are now usually considered
to be races of the same species. The high caffeine content of the seeds, 2-
6%, is responsible for the strong stimulating effect of the beverage.
Guarana also contains low quantities of theophylline and theobromine
(Baltassat et al., 1985; Belliardo et al., 1985; Bempong et al., 1993).

There is an unexpectedly large difference in the caffeine content of
various tissues or organs of the fruits and seeds of guarana (Baumann et
al., 1995). The bulky, soft and mealy aril is completely devoid of any
methylxanthines. As expected, the caffeine content is highest in the coty-
ledons, the seeds (4.28%), and distinctly lower in the seed coats (1.64%).
The septa contained 0.67% caffeine and the pericarp only 0.02%. Both
theobromine and theophylline are minor alkaloids in all tissues, except
for theobromine in the pericarp, where it is the main alkaloid (0.20%).

The plants are cultivated in a small area (6 000 ha) of the Amazonas
near Manaus, just south of the equator (Erickson et al., 1984). The In-
dians used guarana long before the Europeans came to Brazil.

The seeds are picked as soon as a few fruits open. The ‘white of the
eye’, botanically an aril of mealy consistency, is rubbed off manually,
and the seeds are gently roasted to facilitate the removal of the glossy,
tough, and dark brown seed coat. The kernels are then ground and crus-
hed in a hard wood mortar and mixed with water into dough. This dough
is then formed into long reddish-brown or brownish-black sticks and
dried to a nourishing food, well suited for storage in the hot and humid
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climate (Baumann et al., 1995). A more comprehensive description of
guarand preparation is given by Kihlman (1977).

For use as a beverage, the pasta guarana is powdered and the powder
is prepared with hot or cold water, like cocoa, and sweetened. Owing to
the high tannin content (2-5%), the beverage is slightly bitter, astringent
and acid. But it has no marked odour.

In recent years, industrially processed guaranéd has gained popularity
as an ingredient of carbonated beverages (soft drinks) and as an herbal
stimulant, not only in Brazil but also in the United States and in Europe.
In particular the recent introduction of high caffeine sodas based on
guarand has drawn attention to this natural product. There are several
differences in the processing of guarana seeds for traditional and in-
dustrial use. For example, the seed coats are removed prior to roasting
during traditional procedures, while they are retained in the powders ob-
tained from industrial manufacturers. Other differences involve the
roasting of the seeds and the drying process of the guarana paste (Meurer-
Grimes et al., 1998). There is no use of guarana in the Nordic countries
that resembles the traditional use of the plant. Instead, guarana in this part
of the world is mostly found in energy drinks and smart drinks, in which
guarand extracts are used as an important ingredient. Chemical analytical
studies of commercial products sold in solid dosage form indicate that a
number of these products contain less than the declared quantity of
guarand, or may not even contain authentic guarana at all (Carlson and
Thompson, 1998).

Table 24 shows the caffeine, theophylline and theobromine contents in
various guarana samples and products obtained in Brazil, or purchased on
the open market in Brazil, Italy, the United Kingdom, the United States
and Germany. Whereas guarana seeds contain high amounts of caffeine
and small quantities of theobromine and theophylline, the quantity of
these methylxanthines in commercial products varies from sample to
sample. Many of the products contain caffeine as the major alkaloid, with
traces of theophylline and theobromine. Numerous sodas and syrups con-
tained up to ten times more theobromine than caffeine, indicating that
these products are adulterated with cocoa, the major source of theobromi-
ne.

Until now no decaffeinated guarana products have been available on
the Nordic market. However, a method using supercritical carbon dioxide
for extraction of caffeine from wet guarana seeds has been developed. It
took around 8 h for the method to extract most of the caffeine present in
the seeds of smallest particle size, which is quicker than with conventio-
nal organic solvents presently used for decaffeination (Mehr et al., 1996).



Table 24. Content of caffeine, theophylline and theobromine (% dry weight or mg/100 ml) in various guarana samples and products collected in Brazil, or purchased on the
open market in Brazil, Italy, the United Kingdom, the United States or Germany.

Sample type (number) Caffeine content Caffeine content Theophylline content Theophylline content Theobromine conent Theobromine content Reference

% dry weight mg/100 ml % dry weight mg/100 ml % dry weight mg/100 ml
Seeds (n=2) 3.0-3.7 0-0.03 0.01-0.02 Meurer-Grimes et al., 1998
Seeds (n=1) 4.6 Bempong et al., 1993
Seeds (n=3) 3.98-4.79 0-0.25 0.02 Baltassat et al., 1985
Seeds (n=4) 4.28 0.007 0.015 Baumann et al., 1995
Seeds (n=2) 4.33-4.42 0.18 0.035-0-039 Carlson and Thompson, 1998
Seed coat (n=1) 5.1 0 0.06 Meurer-Grimes et al., 1998
Seed coat (n=2) 3.69-4.31 0-0.15 0.04-0.06 Baltassat et al., 1985
Seed coat (n=4) 1.64 0.005 0.027 Baumann et al., 1995
Guarana sticks (n=2) 2.0-4.2 tr. 0-0.02 Meurer-Grimes et al., 1998
Guarana sticks (n=2) 3.82-4.30 Bempong et al., 1993
Guarana sticks (n=1) 2.44 0.007 0.033 Carlson and Thompson, 1998
Powder (n=8) 1.6-6.6 tr.") - 0.06 tr. —0.03 Meurer-Grimes et al., 1998
Powder (n=2) 3.53-4.04 Bempong et al., 1993
Powder (n=5) 2.95-3.75 0.006-0.13 Belliardo et al., 1985
Powder (n=2) 4.08-4.44 0-0.02 0.03-0.04 Baltassat et al., 1985
Powder (n=2) 0.5-2.6 0.006-0.01 0.01-0.016 Willetts et al., 1994
Powder (n=5) 4.02-9.14 0.005-0.048 tr. —0.051 Carlsson and Thompson, 1998
Powder in capsule (n=1) 3.53 Bempong et al., 1993
Tincture (n=3) 0.04-11.0 tr.— 0.48 0.01-0.18 Meurer-Grimes et al., 1998
Drink mix (n=2) 0.02-0.07 0 0 Meurer-Grimes et al., 1998
Gel cap (n=2) 1.9-4.7 tr. —0.03 0.02 Meurer-Grimes et al., 1998
Capsule (n=2) 3.2-45 0.025-0.03 0.022-0.044 Willetts et al., 1994
Gel capsules (n=5) 0-8.27 0-0.003 0-0.024 Carlson and Thompson, 1998
Comfits (n=1) 0.91 0.08 Belliardo et al., 1985
Gum (n=1) 0.4 0 0 Meurer-Grimes et al., 1998
Tablet (n=1) 3.8 0.02 0.02 Meurer-Grimes et al., 1998
Tablet (n=1) 1.20 0.01 Belliardo et al., 1985
Tablet (n=2) 1.5-2.6 0-0.01 0.002-0.015 Willetts et al., 1994
Tablet (n=9) 0.52-5.30 0-0.005 0-0.016 Carlsson and Thompson, 1988
Elixir (n=1) 3.52 (wiv) Bempong et al., 1993
Syrup (n=5) tr. - 364 0-23 tr. - 2293 Meurer-Grimes et al., 1998
'Guarana' beverage (n=1) 7.5 0.06 Marx and Maia, 1990
Carb.? beverages (n=15) 8-54 tr.-2 tr. - 366 Meurer-Grimes et al., 1998
Carb? beverages (n=2) 8.3-17.4 0-0.02 0-0.004 Carlson and Thompson, 1998
Carb® beverages (n=3) 1.4 Camargo and Toledo, 1999
Carbonated diet 0.8 Camargo and Toledo, 1999
beverages (n=3)
Carb? beverages (n=9) 0.9 Camargo et al., 1999
Carbonated diet 1.1 Camargo et al., 1999
beverages (n=3)
Carb® beverage (n=1) 9.6 Vergnes and Alary, 1986
Carb.? beverages (n=5) 0.5-128 0.02-1.0 0-1.0 Willetts et al., 1994
Others (n=2) 0.6-2.8 0 0-1.6 Meurer-Grimes et al., 1998
Others (n=1) 422 0 50 Meurer-Grimes et al., 1998

1) tr = traces; 2) carb = carbonated



70 Intake of caffeine and other methylxanthines...

6.4. Maté

Maté, also called Paraguayan tea, is produced from the leaves of /lex
paraguariensis (also called llex paraguayensis), which accumulate signi-
ficant amounts of caffeine - between 0.4 and 2% (Graham, 1978; Gilbert,
1984; Vergnes and Alary, 1986; Mazzafera, 1994; Carlson and Thomp-
son, 1998; Salana et al., 1999). Early studies on the occurrence of the
methylxanthines caffeine, theobromine and theophylline in /. paragua-
riensis have been reviewed by Alikaridis (1987). Later studies show that
the amounts are strongly affected by the agronomic conditions under
which the plants have been grown. Thus, extracts from plants grown in
shadow areas contain at least three times higher amounts of caffeine and
theobromine than extracts from plants unprotected from light (Esme-
lindro et al., 2004). Young /. paraguariensis leaves also contain 0.08-
0.10% theobromine and less than 0.02% theophylline (Mazzafera, 1994;
Carlsson and Thompson, 1998). The method of drying harvested leaves
may influence the extractability of methylxanthines. The longer the sto-
rage of dried mate leaves the lower is the caffeine and theobromine con-
tent (Esmelindro et al., 2004). Among the first to use maté were the Qui-
chas, the aboriginal population of Peru, who believed that the beverage
had the property of stimulating resistance to fatigue. Later, the Jesuits
undertook the cultivation of the plant. Today large quantities of 1. para-
guariensis are grown in Southern Brazil, Argentina and Paraguay and the
maté beverage are consumed daily by about 20 million people in South
America, most of it in Argentina. However, the per capita consumption is
highest in Paraguay and Uruguay.

The botany of I. paraguariensis, the history of maté consumption, the
chemical composition of maté, the production of the maté beverage, and
the use and physiological effects of maté has been reviewed by Bartsch
(1998). The following description on how maté is used is given by Che-
ney (1947): Processing of maté involves a series of distinct steps, specifi-
cally: cutting, toasting, breaking, drying, threshing (beating), sifting,
aging and manufacturing. Bitter maté (‘cimarron’ or ‘chimarro’) is bre-
wed in a gourd without sugar. If sugar is added it makes sweet maté
(‘maté dulce’ or ‘maté doce’). Maté tea or ‘Te de Yerba’ is prepared like
Chinese or Indian tea in a teapot by pouring boiling water on the leaf
fragments. Tea maté should have rather large leaf fragments and the
quantity per cup should be about twice that required for ordinary tea.
Maté-tea is the form used in cities, whereas cimarron brewed from finely
ground leaves mixed with a few twig fragments is preferred by the people
of the rural districts and by the cowboys of the pampas.

The extraction of methylxanthines from mate leafs is influenced by,
temperature, pressure, and presence of co-solvents. This has been adequa-
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tely shown for supercritical carbon dioxide extraction with ethanol as co-
solvent (Saldana et al., 1999, 2002). In mate preparation these factors are
standardised. Samples of five types of maté leaf, obtained from retail
outlets in the United Kingdom and Germany, and beverages consequently
prepared from them, were analysed for caffeine, theobromine and purine
alkaloid-like compounds (Clifford and Ramirez-Martinez, 1990). Two
products produced brown extracts and infusions with 1.84 and 1.42%
total alkaloid content (on a dry weight basis), corresponding to 31 and 18
mg purine alkaloids per cup of beverage. The other three leaf samples
produced green extracts and infusions with higher alkaloid contents —
2.68,2.21 and 1.73%, corresponding to 50, 36 and 29 mg per cup, respec-
tively. Around two thirds of the methylxanthines were caffeine, and close
to one-third theobromine. No theophylline was found. Whether the diffe-
rences in extracts were due to the drying process to which the samples
had been subjected or arose from the use of leaves of different /lex speci-
es was not known. Camargo et al. (1999) analysed maté products on the
Brazilian market for caffeine content. They found beverages prepared
from tea bags (n=9) to contain only 2-16 mg caffeine/150 ml cup (avera-
ge 10 mg/cup), whereas even less was found in beverages prepared from
leafs (n=9), 1-7 mg caffeine/cup (average 5 mg/cup).

Available information indicates that maté prepared in the normal way
contains less caffeine than regular tea, and only small amounts of
theobromine and theophylline. Gilbert (1984) suggested an average daily
intake of 85 mg caffeine in Paraguay and Uruguay.

Mazzafera (1997), however, came to a rather different conclusion af-
ter having analysed 18 samples of mate tea infusions prepared according
to the methods used by the gauchos (cowboys) of South America. The
caffeine samples were heated at 85°C for 30 minutes, centrifuged and the
supernatant filtered. A cup of infusion prepared in this way typically con-
tained between 0.29 and 0.79 mg caffeine per ml. Since the cup (‘cuia’)
used to drink maté is fairly large (around 250 ml) in relation to cups used
for coffee, and the regional habit of maté consumption often implies the
consumption of two ‘cuia’, this would correspond to an intake of 260 mg
caffeine. Thus, compared to other caffeine-containing beverages, con-
sumption of herbal mate tea prepared according to the gauchos” method
provided a higher intake of caffeine.

According to Saldana et al. (2002), a high intake of mate can provoke
irritability, loss of sleep, cerebral depression, and nervous tremor.

6.5. Tea

Tea is produced from leaves of the perennial shrub Camellia sinensis, and
is the most widely consumed non-alcoholic beverage in the world becau-
se of its taste, aroma, and effects on well-being. The information reported
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lately that tea is good for your health does not reduce its popularity. Tea-
leaves contain substantial amounts of caffeine, small amounts of
theobromine, and traces of theophylline (Cloughley, 1981). Several wor-
kers have observed that caffeine contributes to the briskness of black tea
(Obanda et al., 1997). The genus Camellia includes more than 82 species.
When Nagata and Sakai (1984) examined the caffeine content of 23 of
these species, they found caffeine in the young leaves of first flush shoots
from only three species. Understandably, most data are available from
studies on C. sinensis. In certain other species, theobromine was the pre-
dominant methylxanthine. Thus, information on C. sinensis cannot be
used to draw conclusions on the amount of caffeine and other methyl-
xanthines in other Camellia species.

Camellia sinensis occur in two variants, C. sinensis var. assamica and
C. sinensis var. sinensis, with the latter divided into Chinese and Japanese
subgroups. In an extensive investigation of 1500 cultivars, Takeda (1994)
found that the young leaves of first flush shoots of Assam tea (var. assa-
mica) on average contain 4.1% (range: 2.7-5.5%) caffeine. Young leaves
of China tea (var. sinensis) and Japan tea (var. sinensis) contain 3.1%
(range: 1.6-4.6%) and 2.9% (range: 1.9-3.9), respectively.

6.5.1. Types of tea

There are five main groups of tea: green, paocong, oolong tea, pu-erh (red
teas), and black tea. The oxidation-state of the tea flavonols accounts for
the most important differences between these products. In green tea the
flavonols are reduced. During the preparation of pu-erh and black tea
they are oxidised, a process known as fermentation. Paochong and oolong
tea are products where the flavonols are only partially oxidised. Flavou-
red teas are produced by spraying the crushed leaves with flavour extract,
or by mixing them with stabilised flavours in solid form prior to distribu-
tion. Instant tea, a powdered extract of tealeaves, is directly dissolved in
water. This type of tea is primarily consumed and manufactured in the
United States (Graham, 1978). Caffeine-free tea contains negligible
amounts of caffeine, but may contain as much theobromine and theophyl-
line as regular tea (MAFF, 1998).

When black tea is manufactured, plucked tea is subjected to withering
under ambient conditions. The goal is to achieve a moisture-content of
720 g/kg or less over a period of 18-21 h. After withering, the leaves are
macerated repeatedly, using a Crush, Tear and Curl (CTC) machine, and
fermented at an ambient temperature (22°C) for 90 minutes. Fermentation
is terminated by drying, using a miniature fluid bed dryer.

The different methods of manufacturing of thevarious tea products,
account for the marked difference in their chemical compositions.
Although the various steps of production influence the caffeine content,
there is not a pronounced change in caffeine content during production of
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either black or green tea (Astill et al., 2001). Caffeine, however, seems to
be very quickly extracted into the infusion, around 80-90% being extrac-
ted in boiling water within 30 seconds (Hodgson et al., 1999; Lakenbrink
et al., 2000).

6.5.2. Production

The total production of tea in the world has increased so that the pro-
duction level in 1994 was 1.5 times that of 1978. One reason for this de-
velopment could be that the tea plant is less sensitive to cultivation pro-
blems such as frost and diseases than the coffee plant (Gilbert, 1984).
China and India grew more than 50 % of the world total tea production in
1996 (Table 25). Black tea accounts for over 75 % of the world produc-
tion of tea, green tea for approximately 22%, and oolong tea for the re-
maining part of the world production. Oolong tea is mainly manufactured
in Taiwan and China (Graham, 1978).

Decaffeinated tea is currently produced by solvent/supercritical fluid
extraction (Ashihara and Crozier, 1999).

6.5.3. Genetic modification of Camellia sinensis

The tea plant (Camellia sinensis) is rather difficult to transform. One
reason is that regeneration of whole plants from tea protoplasts in tissue
culture is difficult. However, it is possible from stem tissues or cotyle-
dons. Although the rate is low, Agrobacterium is able to infect the tea
plant and deliver its extrachromosomal DNA. Xi et al. (1997) and Kon-
war et al. (1998) reported that hairy roots develop in in vitro derived calli,
shoots and leaves of tea infected with Agrobacterium rhizogenes (also
after the bacteria had been eliminated). By applying acetosyringone to tea
plant tissue, Matsumoto and Fukui (1998) were able to demonstrate that
Agrobacterium tumefaciens co-cultured with leaf explants mediated

Table 25. Tea production (1000 tonnes) in 1996 (from FAO, 1996c).

Production countries Production 1996
India 715*
China 609
Kenya 255
Sri Lanka 246*
Indonesia 169
Turkey 124
Japan 90*
Iran 56
Bangladesh 48
Vietnam 40*
Argentina 40
Malawi 37
Georgia 34
World 2633

* Unofficial figure (FAO, 1996¢)




74 Intake of caffeine and other methylxanthines...

gene transfer to the plant tissue. Acetosyringone is a phenolic compound
produced by wounded plant tissue that stimulates the transfer of T-DNA
from Agrobacterium to plants. Transformed calli could be produced from
the leaf explants. Similarly, genetic transformation was induced in soma-
tic embryos infected with Agrobacterium tumefasciens (Mondal et al.,
1999). The highest transformation efficiency was observed in intact unin-
jured embryos; a maximum transient expression of the marker gene (GUS
= B-glucuronidase) of 40-48% was observed when sucrose rather than
acetosyringone was used as an inducing agent and when embryos were
co-cultivated for five days on a medium of pH 5.8.

Recently, the caffeine synthase gene from tea leafs was cloned by Ja-
panese scientists (Kato et al., 2000). The caffeine synthase gene catalyses
the final two steps in the caffeine biosynthesis pathway. The cloning of
the gene is an important advance towards the development of transgenic
caffeine-deficient Camellia sinensis and Coffea arabica plants though
antisense messenger RNA technology or gene silencing.

6.5.4. Amount of tea sold in different countries

The United Kingdom is the main tea market in Europe (Table 26), ac-
counting for around 50% of the total European market. Other large mar-
kets in Europe are Germany, Ireland and Russia. The Nordic market is
not very impressive.

06.5.5. Per capita consumption of tea

Ireland’s per capita consumption of tea was 3.21 kg in 1993 (Table
27). Three years earlier the per capita consumption was 2.6 kg in the Uni-
ted Kingdom and 2.08 kg in Turkey. China consumed 0.34 kg, and the
United States 0.35 kg tea per capita (Anonymous, 1995;
http://www.teatime.com/tea/consumption.html, 2000-04-13).

Table 26. Quantity of tea sold on the European market - in 1000 tonnes (Consumer
Europe, 1996).
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Table 27. Yearly per capita consumption of tea (in kg) in major consuming countries

1990
Country Tea consumption
(kg)
Ireland 3.21
United Kingdom 2.60
Turkey 2.08
Syria 1.67
Iran 1.46
Sri Lanka 1.27
Marocco 1.15
Egypt 1.14
Japan 1.04
Pakistan 0.95
Poland 0.8
India 0.63
CIs? 0.46
USA 0.35
China 0.34
Sweden 0.3°

1) 2)
Consumption data from 1993;

Commonwealth of Independent States; 3 Statens Jordbruksverk, 1997.

Anonymous, 1995. http://www.teatime.com/tea/consumption.html, 2000-04-13.

The majority of the tea consumed in the United States, around 65 %, was
in the form of ice-tea preparations. In other countries, tea is generally
consumed as a hot beverage (James, 1991).

The per capita consumption of tea in Sweden has been constant at 0.3
kg/year between 1990 and 1996 (Table 9), corresponding to approximate-
ly 0.38 cups of tea/day. The per capita consumption of instant tea, to-
gether with instant coffee, during this same period has fluctuated between
0.1 and 0.3 kg/year (Statens Jordbruksverk, 1997). In Finland the majori-
ty of the population do not consume tea (Table 28). Of those who do con-
sume tea, most drink only 1-2 cups/day (Helakorpi et al., 1997).

Two recent reports have documented how common it is to drink tea.
The habit differs between countries. In a dietary survey in the United

Table 28. Frequency of tea consumption among Finnish men and women in 1997
(Helakorpi et al., 1997).

Consumer group Non-consumers 1-2 cups/day 3-4 cups/day 5 or more
cups/day
Men, 15-24 years 63.7 33.2 3.1 0.0
Men, 25-34 years 67.8 24.7 6.4 1.1
Men, 35-44 years 69.9 26.0 2.7 1.4
Men, 45-54 years 66.0 26.0 6.8 1.1
Men, 55-64 years 59.5 31.6 6.9 2.0
Men, total 65.6 28.1 5.2 1.1
Women, 15-24 years 53.2 38.9 5.6 2.3
Women, 25-34 years 52.4 39.7 6.8 1.1
Women, 35-44 years 59.0 31.9 6.9 2.1
Women, 45-54 years 61.5 31.1 5.5 1.8
Women, 55-64 years 58.8 34.0 5.9 1.3
Women, total 57.3 34.8 6.1 1.8
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Kingdom, a test population of individuals aged 16-64 years over a period
of seven days reported their consumption of tea at home and at commer-
cial establishments (Gregory et al., 1990). Around 88 % of the test popu-
lation consumed tea. The average total intake during the seven-day repor-
ting period was 4.15 litres of tea beverage. Tea consumption seen in the
British test population (including all age groups) was slightly higher than
coffee consumption. Among 16-24 year olds, tea was consumed by 77 %
of subjects, whereas in individuals aged 25-34 years and 35-49 years, tea
was consumed by 86 and 90 %, respectively. In the oldest age brackets
the percentage of tea consumers included nearly 96 % of the participants.

In contrast to the situation in the United Kingdom, only 24 % of the
Americans studied by Hughes et al. (1997) consumed tea on a weekly
basis.

06.5.6. Tea consumption related to gender and geographical region

In a British dietary survey tea consumption was equally popular among
males and females; 88 % from each gender consumed tea (Gregory et al.,
1990). However, according to Scott et al. (1989) the caffeine intake from
tea was slightly higher for British females than for males. The consump-
tion of tea did not differ between various geographical regions of the
United Kingdom (Gregory ef al., 1990).

Table 28 shows Finnish data on the frequency of tea consumption in
1997 (Helakorpi et al., 1977). The data is split up into various age groups
of males and females. It can be noted that tea is slightly more preferred
by females than by males, but the beverage is not very popular. Only
around 5% of the Finnish population consume three or more cups of tea
per day.

6.5.7. Caffeine content in raw material and tea sold on the market

Tea is made from the fresh green shoots of the tea plant Camellia sinen-
sis. This plant is found in two variants, C. sinensis var. sinensis (China)
and C. sinensis var. assamica (Assam), which differ significantly in caf-
feine content. Thus, the fresh green leaves from Assam teas are generally
higher in caffeine (mean = 4.1%) than Chinese cultivars (mean = 3.1%)
(Takeda, 1994). As Assam cultivars are commonly used for production of
black tea, and China cultivars for production of green tea, black teas on
average contain higher amounts of caffeine than green teas (Astill et al.,
2001). However, there is a considerable variation in caffeine content bet-
ween various types of tea.

The caffeine content of tealeaves and non-brewed tea is not only in-
fluenced by genetic, but also by seasonal, climatic, and agronomic and
horticultural factors (soil, water, minerals, fertilizers, etc.), as well as age
of the tealeaves. Cloughley (1981) found that high levels of caffeine were
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associated with high growth rate in shoots. The caffeine concentration
also varied among different shoot parts, being much higher in leaf and
younger tissue than in the stem. It also seemed that the caffeine level in
leaves could be influenced by environmental factors, such as the use of
fertilising agents. An increased application of nitrogen and potassium
fertilisers resulted in increased caffeine levels in leaves (Cloughley,
1981). Consequently, the caffeine level in the raw material depends on
the plant variety, the cultural methods, the harvesting season, and the
plant parts investigated. All of these factors contribute to the caffeine
level in the crushed product used to brew tea.

In addition to the factors mentioned above, the degree to which the tea
is fermented during tea manufacturing also influences the caffeine con-
tent of the marketed tea. In studies on a Taiwanese Camellia sinensis
hybrid, Lin and co-workers (1998) made the interesting observation that
fermentation had no significant influence on the level of caffeine when
the degree of fermentation was low (10%, corresponding to paochong tea,
and 25% corresponding to oolong tea). At higher degrees of fermentation
(85%, black tea), however, a significantly increased level of caffeine was
noted. Thus, in their study, the caffeine content of black tea was twice as
high as the amount seen in green tea. Whereas the level of caffeine in-
creased during tea fermentation, theobromine and theophylline were pro-
gressively lost.

The caffeine content of black teas commonly used for tea brewing in
the United Kingdom (n=11) were reported to be between 22 and 28 mg/g
dry matter (Khokhar and Magnusdottir, 2002). Lin and co-workers (1998)
analysed several commercial tea samples, including green (non-
fermented tea), paochong (partly fermented tea), oolong (partly fermen-
ted tea), pu-erh (fermented tea), and black (fermented) Chinese, Japanese,
and Taiwanese teas for their caffeine, theobromine, and thephylline con-
tent. The caffeine content in the dry tea varied between 5.2 and 17% in 15
commercial Chinese green tea products (average 7.73%). Lesser amounts
of theobromine (0.6%) and theophylline (0.08%) were found. One pulve-
rised green tea powder produced from dried fresh tea leaves contained
7.1% caffeine, 0.4% theobromine and 0.04% teophylline. Similar
amounts were found in 13 Japanese green tea products — the average con-
tent of caffeine, theobromine, and theophylline being 7.7%, 0.3%, and
0.06%, respectively. Nine samples of Chinese Oolong and Paochong tea
products (semifermented teas) on average contained 6.4% caffeine, 0.3%
theobromine, and 0.04% theophylline, and seven samples of pu-erh tea
(which, like black tea, is fermented) on average contained 7.7% caffeine,
0.6% theobromine, and 0.03% theophylline.

Similarly, Fernandez et al. (2002) analysed 13 samples of green tea,
27 samples of black tea and 5 samples of red tea. On a dry weight basis
green tea contained between 1.5 and 3.9% caffeine, between 0.01 and
0.20% theobromine, and non-detectable levels of theophylline, black tea
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between 3.0% and 4.9% caffeine, 0.05% and 0.46% theobromine, and
non-detectable and 0.049% teophylline, and red tea between 2.4% and
3.9% caffeine, 0.11% and 0.30% teobromine, and 0.036% and 0.046%
teophylline.

Obanda and co-workers (1997) reported that the green leaves of 15
clones of tea grown in Kenya contained between 2.76 and 4.97% caffei-
ne. MAFF (1998) found mean caffeine content of 2.2 (range: 1.7-2.8%)
in regular bagged tea, and 1.24% (range: 1.2-1.3%) in loose tea, respecti-
vely. Similar levels of caffeine in leaf teas, between 2.73 and 4.1%, had
also been found in 21 commercial teas from Sri Lanka, China, Zimbabwe
and India (Kaplan et al., 1974). French workers found Russian, Chinese,
Vietnamese and Ceylonese tea to contain between 2.6 and 3.3% caffeine
(Vergnes and Alary, 1986), whereas Camargo and Toledeo found bet-
ween 0.76 and 1.74% in black tea purchased on the Brazilian market. In
bags with decaffeinated tea, the mean caffeine content was 0.32 % (ran-
ge: 0.03-0.82%).

06.5.8. Influence of preparation method on caffeine content of beverage

As with coffee, the smaller the particle size of the crushed tea leaves, the
higher the level of caffeine extracted during preparation of the tea beve-
rage. This probably depends on the relatively larger surface area of the
crushed smaller particles compared to their volume. It has also been
shown that the extraction of caffeine in loose tea increases with brewing
time (Bunker et al., 1979).

The temperature of the water used to prepare the tea beverage also af-
fects the caffeine content. The warmer the water is, the more caffeine is
dissolved in the water (Stavric et al., 1988). If milk is added to the tea
infusion, the concentration of methylxanthines in the cup is reduced be-
cause the total volume is increased.

6.5.9. Methylxanthine content in tea infusions

Table 29 summarises data on the caffeine and theobromine content of
brewed tea published during the last twenty years. Some of the individual
studies are discussed in the following text.



Table 29. Mean caffeine and theobromine content in bag and leaf tea. If not stated otherwise the volume of a cup was 150 ml.

Studied population Caffeine content Theobromine content Reference
(mg/cup) (mglcup)
Bag Leaf Bag Leaf
us 27 (8-91)° Gilbert (1976)
(n=37)
us 30 2 Graham (1978)
us 28 (1 min) 31 (1 min) Bunker et al. (1979)
47 (5 min) 40 (5 min)
us 34.5' Morgan et al. (1982)
us 55.0+7.6 (n=7) (5 min)" 2.7+0.8 Blauch and Tarka, 1983
us 42 41 (30-48) Barone and Roberts
(1983)
us 40 Schreiber et al. (1988)
us 30 30 Barone and Roberts (1996)
Australian 46 Shirlow (1983)
Australian 26.8+13.7 (9.1-51.0)’ Lelo et al. (1985)
(n=14)
British 41.3 (32.1-51.6) 41.7 (38.7-47.4) 22 25 Scott et al. (1989)
(n=6) (n=3) (0.8-3.2) (2.2-2.8)
British 48.9 (5 min) 15.3% (5 min) 3.3 (5 min) 1.0 (5 min) MAFF (1998)
(3.8-64.5) (14.3-15.8) (1.5-4.7) (0.9-1.1)
(n=14) (n=3) (n=14) (n=3)
British 36.2 (26.6-45.5) Astill et al., 2001
(n=8)
Canada 22.7 Watkinson and Brief (1985)
Canada 35.1 (2 min) 28.3 (2 min) 2.2 (2 min) 2.2 (2 min) Stavric et al. (1988)
60.45 (5 min) 44.3 (5 min) 3.7 (5 min) 3.4 (5 min)
Brazil 35 (32-36) (n=12) Camargo et al. (1999)
South Africa 44.1 (n=7) Galasko et al. (1989)
Mean: 40° [ Mean: 36" Mean: 3.1* Mean: 2.2°

D) Methylxanthine content recalculated to cup of 150 ml; 2) Median methylxanthine content instead of mean; 3) Noted by authors as a very low value and therefore excluded from mean; 4 Mean value calculated from 5 minutes methylxanthine
content when two brewing times are given.
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Gilbert (1976) reported caffeine contents of tea infusions of low, medi-
um, and high strength to be 6, 22, and 60 mg/cup. On average, the tea
contained 29 mg caffeine/cup. In 1979 Bunker and co-workers reported
that a longer brewing (steeping) time of green, black, and oolong teas
increases the amount of caffeine extracted from the tealeaves. In bagged
black tea the range in caffeine content after 1 minute of brewing was 21-
33 mg/cup, after 3 minutes, 35-46 mg/cup, and after 5 minutes, 39-50
mg/cup. After 1 minute of brewing, the caffeine content in two samples
of green tea was 9 and 19 mg/cup, after 3 minutes 20 and 33 mg/cup, and
after 5 minutes 29 and 36 mg/cup. In general, the mean caffeine content
of beverages from green bag tea was lower than that from the same
brands of black tea. Oolong tea had a mean caffeine content of 13 mg/cup
after 1 minute of steeping, 30 mg/cup after 3 minutes of steeping, and 40
mg/cup after 5 minutes of steeping. In green loose tea, the investigators
made the observation that the same amount of caffeine was extracted
from the different brands per gram of tealeaves. Black loose tea had a
mean of 40 mg per serving, and green loose tea a mean of 35 mg per ser-
ving after 5 minutes of steeping. The Japanese loose green tea had the
lowest caffeine content, 20 mg per serving.

Amounts of caffeine (45.9 mg/cup) and theobromine (2.3 mg/cup) si-
milar to those reported by Bunker et al. (1979) in brewed tea were found
by Blauch and Tarka (1983) in seven brands of American-packed tea
brewed for 5 min. Two imported black bag teas had caffeine contents of
55.8 and 52.2 mg/cup, and theobromine contents of 3.7 and 3.0 mg/cup,
respectively. Brewing of orange and spice tea, and mint-flavoured tea for
1 min (as suggested by the manufacturer) produced an herbal tea with
only around half the caffeine content of traditional black tea. One brand
of decaffeinated tea was found to contain less than 1 mg caffeine/cup and
around 0.3 mg theobromine/cup (Blauch and Tarka, 1983).

Also Stavric et al. (1988) investigated the influence of brewing time
on the caffeine and theobromine content of different brands of bagged
and loose tea. The caffeine contents in beverages from bagged tea were
between 32.3 and 37.4 mg/cup when brewing time was 2 minutes. Caf-
feine content varied between 59.9 and 61.1 mg/cup when brewed for 5
minutes. Similarly, the theobromine content depended on the brewing
time, but the amounts were substantially lower (Table 29). No significant
differences in caffeine and theobromine content between different brands
of bagged tea were found, while different lengths of brewing time signifi-
cantly influenced the methylxanthine content of the beverage. The theo-
phylline content was very low, and was therefore not reported. The
caffeine and theobromine content of beverages prepared from seven types
of leaf teas varied significantly. After 2 minutes of brewing, the caffeine
contents per cup were between 18.6 and 34.5 mg. After 5 minutes of
brewing, the caffeine was found to be between 30.7 and 51.1 mg/cup.
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One brand brewed for 2 minutes contained more caffeine than another
brand brewed for 5 minutes.

MAFF (1998) analysed the methylxanthine content in 26 tea products.
Caffeine concentrations in tea infusions made from 14 bags ranged from
3.8 to 64.5 mg/cup (mean: 48.9 mg/cup). Theobromine levels ranged
from 1.5 to 4.7 mg/cup (mean: 3.3 mg/cup), whereas theophylline levels
were 0.3 mg/cup or lower. In infusions made from 3 samples of loose tea,
the caffeine levels ranged from 14.3 to 15.8 mg/cup (mean: 15.3 mg/cup).
Theobromine and theophylline levels were 0.9-1.1 mg/cup and 0.05-0.08
mg/cup, respectively. The caffeine levels in infusions made from two
samples of decaffeinated tea bags were 0.8 and 3 mg/cup. In one "low
caffeine" product a caffeine content of 18.8 mg/cup was discovered.
Theobromine and theophylline levels in the low caffeine and decaffeina-
ted products were of the same order as those in the regular bagged teas
(2.3-4.0, and 0.15-0.23 mg/cup, respectively). At the end of the 1970s
Graham (1978) reported that tea infusions contained no more than 1 mg
theophylline per cup.

Fernandez et al. (2000) reported the caffeine content of black teas
from a variety of origins to range between 25.7 and 34.2 mg/g. One sam-
ple of decaffeinated tea contained 2.7 mg caffeine per gram (Khokhar and
Magnusdottir, 2002).

The average content (n=8) of caffeine in black tea prepared according
to instructions from tea bags was 241 mg per litre, with a variation bet-
ween 177 and 303 mg/l. The corresponding figure for green tea was 125
mg/l. Green tea prepared from loose leaf was less strong in relation to
caffeine content, 93 mg/l (Astill et al., 2001).

Bonoli et al. (2003) used a newly developed analytical technique to
quantify the level of methylxanthines in bottled green tea drinks on the
Italian market and infusions prepared from bagged green tea. Only low
levels of the methylxanthines were found. A 150 ml cup of the tea infusi-
ons (5 minutes of brewing time) contained 15 mg caffeine and less than
0.5 mg theobromine. No theophylline was detected. The amounts of
methylxanthine in the bottled green tea drinks varied significantly bet-
ween products: the caffeine content from traces to 73 mg/l; the theobro-
mine content from traces to 10 mg/l; and traces of theophylline. In
agreement with these observations, Khokhar and Magnusdottir (2003)
reported green teas (n=7) to contain lower caffeine contents than black
teas, having contents between 12 and 20 mg/g (Khokhar and Magnusdot-
tir, 2002). Fernandez et al. (2000) reported higher caffeine contents in
green tea, between 8 and 34 mg/g.

Instant teas are particularly popular in the United States. The five stu-
dies which investigated the caffeine content of instant teas, reported bet-
ween 20 and 28.3 mg/cup of beverage. Thus, Thomas J Lipton Inc. repor-
ted 20 mg/cup (personal communication), Barone and Roberts (1983) 28
mg/cup (range: 24-31), Morgan et al. (1982) 24.4 mg/cup, Fernandez et
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al. (2000) 37.6 mg/cup (range: 36.9-38.3), and MAFF (1998) between
26.5 and 29.5 mg/cup in three types of instant tea. In the latter investiga-
tion, theobromine and theophylline levels ranged from 1.2-1.5 and 0.1-
0.2 mg/cup, respectively.

A single study reports measurement of the caffeine content in iced tea.
In a volume of 360 ml, two brands of iced tea contained 22 and 36 mg
caffeine, respectively (Bunker et al., 1979).

All fruit-flavoured teas (n=6) examined by Khokhar and Magnusdottir
(2002) contained between 24 and 25 mg caffeine per gram. This could
have been expected as all samples were of the same brand (Pickwich) and
presumably reflects the addition of different flavours to a common tea
base.

Herbal teas are generally considered to contain very limited amounts
of caffeine (Bunker et al., 1979). However, Stavric and co-workers
(1988) measured the amounts of caffeine and theobromine in an herbal
tea brewed for 5 minutes, and found 31.2 and 9.0 mg per cup, respective-
ly. The types of herbs were not specified.

6.5.10. Methylxanthine intake from tea infusions

In 1981/1982 the per capita caffeine intake in the world from tea was 30
mg/day. In the United States, Canada, Sweden, and the United Kingdom
the corresponding intakes were 35, 79, 34 and 320 mg/day, respectively
(Gilbert, 1984).

The huge difference in caffeine intake from tea between American
consumers and British consumers has been confirmed in studies on indi-
viduals. Scott et al. (1989) studied 174 British consumers and found that
the average caffeine intake from tea was 159+150 mg/day. The highest
intake, 255+£179 mg/day, was found among the oldest consumers. This
level of intake among older consumers resulted in tea contributing more
to the caffeine intake than coffee in this age group. In all other age
groups, the contribution from tea to overall caffeine intake was lower
than the contribution from coffee. For children and young adults aged 10-
20 years, the caffeine intake from tea was 120£141 mg/day, and for
people aged 21-40 and 41-60 years, it was 138+£144 and 167£143
mg/day, respectively.

Lower caffeine intakes from tea were reported in the American studi-
es. Scheiber et al. (1988) reported that tea contributed to a caffeine intake
of 35.6 mg/day in current coffee drinkers in the United States, whereas
the contribution of caffeine from tea in former coffee drinkers and in
those who never had consumed coffee were 57.9 and 44.2 mg/day, re-
spectively. Hughes and Oliveto (1997) reported a mean total caffeine
intake from all beverages of 186 mg/day among a studied population in
Vermont, Canada. Around 10% of this intake came from tea. Among tea-
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consumers the mean intake was 63 mg/day, close to 1 mg/kg body
weight/day.

Among 6-11 year old American youngsters, the intake of caffeine
from tea was higher than the intake from coffee (Morgan et al., 1982).
The caffeine intake from tea was 0.41 mg/kg/day.

In Sweden, the per capita consumption of tea was 0.3 kg dry product
in 1996, corresponding to 0.38 cups of tea beverage per day (Statens
Jordbruksverk, 1997). Assuming a caffeine content of 31 mg/cup (Table
29), this would correspond to a caffeine intake of approximately 15
mg/day.

6.6. Yaupon or cassina tea

llex cassine and llex vomitoria, growing in North America, have been
traditionally used to prepare a beverage. It was known in the sixteenth
century that the natives of Florida prepared a beverage, which they called
‘yaupon’ from the leaves and shoots of this plant. The beverage, also
known as Cassina tea or ‘black drink’, never became popular among the
white settlers, and is not used today (Kihlman, 1977). However, during
the American civil war, when coffee and tea were hard to get, this beve-
rage became popular again. The plant used to prepare Yaupon is also
known as Cassina, Chistmas berry tree, or the North American tea plant.
It is not known whether cassina tea contains caffeine.

6.7. Yoco

Yoco is made from the bark of the wild plant Paullinia yoco. It is used as
a stimulant by Indians living in a small part of southern Colombia or in
the adjacent regions of Ecuador and Peru. Of all caffeine-containing be-
verages, yoco is the one with most limited use. However, in the area whe-
re it is used, it is one of the most important plants in the diet of the In-
dians, although it is a stimulant, not a food. The bark of the yoco plant
contains 2.7% caffeine.

This quotation on the preparation of yoco is taken from Schultes
(1942): ”In the preparation of the beverage from the yoco stems, the epi-
dermis, cortex and phloem (all of the softer tissues external to the xylem)
are rasped. The scraps of material thus obtained are squeezed to express
the caffeine-bearing sap into cold water. After extraction, the remains of
the rasped tissues are discarded. Yoco is never made with hot water. In
this respect it differs markedly from Paullinia cupana and other caffeine-
yielding plants, for the extraction of caffeine from these plants is usually
accomplished with warm or hot water.
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Each dosage of yoco consists of the expressed sap of approximately
90-100 grams of rasped material served in a ‘jicara’, a bowl made from
the fruit of Crescentia cujete. One or two ‘jicaras’, each half full of the
beverage, are sufficient to allay all sensations of hunger for at least three
hours and to supply muscular stimulation.”

6.8. Kola

This caffeine-containing stimulant falls within a special category since it
is usually used in its solid form (chewed), rather than for the preparation
of a beverage. Although the carbonated soft drinks marketed under the
name of colas are flavoured with extracts of the kola nut, most of their
caffeine content is due to added synthetic caffeine (see section 6.9).

Kola is the dried cotyledons of the seeds of species belonging to the
genus Cola of the family Sterculiaceae. The plants are evergreen trees,
usually of small or moderate size. Most species of the genus Cola have
seeds that are hard and inedible. Of the six species with edible seeds, four
are of importance: (1) Abata (C. acuminata), the kola favoured by the
people of the Yoruba country in southern Nigeria; (2) Gbanja (C. nitida),
the main kola of commerce; (3) Owé (C. verticillata), a kola nut of infe-
rior quality; (4) Abidum (probably C. verticillata), used medicinally, and
(5) the bamenda kola (C. anomala) grown in the high Cameroons. Only
Abata and Gbanja, that is, the kola nuts of C. acuminata and C. nitida, are
extensively consumed and therefore economically important (Kihlman,
1977).

Cola acuminata is the kola nut used ceremonially and socially by the
Yoruba people of western Nigeria and valued by them above all others.
The main kola of commerce is Gbanja or Goro, the kola nut of C. nitida.
The chewing of goro-nuts is a widespread and almost universal habit in
northern Nigeria, which has to some extent been compared with tea drin-
king or cigarette smoking of western countries. Like C. acuminata
amongst the Yorubas, C. nitida in the north has its social and ceremonial
uses (Russel, 1955).

Thanks to its content of caffeine and theobromine, gbanja kola is a
sustainer and stimulant, and it enables the user to travel long distances
without fatigue, allowing him to endure food and water shortage (Russel,
1955). In addition to being grown in West Africa, with Nigeria as the
world’s largest producer of kola nuts, it is extensively cultivated in the
West Indies and South America as well.

As shown in Table 4, around 1.5% of the dry weight of kola nuts is
caffeine. Similar amounts of caffeine (1.38-2.24%) were found by Bel-
liardo and co-workers (1985) in three samples of kola seed powder. Two
samples of powder produced from a Cola nut extract contained 0.76 and
8.9% caffeine, respectively (Belliardo et al., 1985).
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6.9. Cola drinks and other caffeinated soft drinks

In addition to being chewed, kola nuts are also used in other ways. Nuts
are dried and exported to North America and Europe, where they are used
for beverages and pharmaceutical purposes. Kola furnishes the base for
many cola soft drinks. However, the amount used for flavouring would
provide only a few milligrams of caffeine per 7-oz (210 ml) cola bottle.
Therefore, in order to make the beverages popular, synthetic caffeine is
added (Kihlman, 1977).

Other soft drinks than those based on a cola extract have also been
produced. Soft drinks, not regarded as cola drinks, require labelling that
indicates caffeine has been added to the beverage. According to a recent
EU directive (2002/67/EC), on a beverage containing more than 150 mg
caffeine per litre, the message “High caffeine content” must appear on the
label in the same field of vision as the name under which the product is
sold. The message shall be followed, in brackets, by the caffeine content
expressed in mg/100 ml. Thus, it might be hard for the consumer to get
information on the quantity of caffeine that has been added to soft drinks
with contents below 150 mg/1.

6.9.1. Soft drink consumption

The consumption of soft drinks varies substantially between countries.
The higher the consumption of soft drinks, the less the consumption of
coffee.

According to Gilbert (1984) the United States per capita consumption
of all soft drinks increased by 231% between 1960 and 1980, with the
major part of this increase attributed to caffeinated sodas. Leading caffei-
ne-containing soft drinks accounted for 85 % of the soda market in the
early 1980s. In 1982 the per capita consumption of soft drinks in the Uni-
ted States was 149 litres per year, whereas it was 68 litres in Canada. In
Sweden the annual per capita consumption of mineral water and soft
drinks (including caffeinated drinks) increased from 27 litres in 1960 to
about 66 litres in 1996 (Statens Jordbruksverk, 1997).

Although the per capita intake of soft drinks is high in the United Sta-
tes, far from all Americans consume these beverages. In a survey 47 % of
a test population (with a mean age of 38.4 years) consumed soft drinks at
present, and 23 % had formerly consumed soft drinks (Hughes and Olive-
to, 1997).

Soft drink consumption in the United States varies over the day. A
twenty years old study indicates that out of the group representing
children aged five to eighteen years, 1.8 % consume soft drinks for break-
fast and 9.2 % drink it later in the morning. During the day, the consump-
tion is higher - 38 % drink soft drinks at lunch, and 37 % later in the af-
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ternoon. Almost half of the test population had soft drinks at dinner, and
over 40 % consumed it later in the evening (Barone and Roberts, 1983).

6.9.2. Caffeine source and content in soft drinks

Estimating the quantity of caffeine ingested from soft drinks is usually
much simpler than estimating the caffeine intake from tea and coffee.
Since soft drinks are sold in bottles or cans of known size, the volume
consumed is most probably that of the bottle or can. Bottles and cans
commonly contain the same quantity of liquid. Because the different soft
drinks are made from special recipes, the variation in caffeine content
within a certain brand is minimal. The problem of estimating caffeine
intake from soft drinks is therefore reduced to determining the numbers
and types of soft drinks consumed, and to obtain information on their
exact caffeine content.

Among soft drinks, cola beverages contain the most caffeine. The ori-
gin of the caffeine in these drinks, however, mainly comes from caffeine
being supplied as a food additive. The caffeine coming from the kola nut
accounts for less than 5 % of the total caffeine content in these soft drinks
(Institute of Food Technology, 1983). The stated reason for adding caf-
feine to the drink is that the extract from the cola nut loses most of its
caffeine content during cleanup.

When six brands of cola beverages and two other brands of soft drinks
were analysed for caffeine by Bunker et al. (1979), they found that 12 oz
(360 ml) of the beverage (a can) contained between 32 and 65 mg caffei-
ne. According to the authors, there has been an increase in the caffeine
content of cola beverages during the 1970s. These figures agree fairly
well with 1983 data from the National Soft Drink Association, Institute of
Food Technologies in Washington D.C. (Chou, 1992).

Monte and Ashoor (1985) quantified the caffeine content of twenty-
five different soft drinks. The studied beverages ranged in caffeine con-
tent from slightly over 50 mg per bottle to non-detectable amounts (in
most non-cola drinks). The cola drinks usually contained between 30 and
40 mg caffeine per bottle. Among non-cola drinks, very high caffeine
content was found in Sunkist Orange, 38 mg per bottle (360 ml). Similar
levels were found by Darragh et al. (1979) in three out of six different
soft drinks.

In 1998 MAFF investigated the caffeine levels in cola and miscella-
neous drinks. The caffeine concentrations in 32 samples of diet and regu-
lar cola ranged from 10 to 77 mg/bottle (360 ml). In the 4 colas labelled
as caffeine-free, no caffeine was detected. Theobromine and theophylline
levels were negligible. The caffeine contents in Mountain Dew and
Mountain Dew Diet, defined as miscellaneous drinks, were 44 mg/bottle.
Theophylline levels were 0.5 and 0.4 mg/bottle, and detectable only in
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these miscellaneous drinks. None of the miscellaneous drinks contained
detectable amounts of theobromine.

Similarly, Verheijen (1999) investigated the caffeine content of 19
samples of soft drinks available on the Icelandic market. The caffeine
content in a serving of the various soft drinks (360 ml) ranged from 20 to
52 mg, with the highest amount being found in Mountain Dew and cola
beverages from international companies Local brand products contained
less caffeine.

In agreement with the studies presented above, Camargo and Toledo
(1999), and Camargo et al. (1999) found between 20 and 48 mg caffeine
per can (360 ml) in 12 samples of cola drinks on the Brazilian market.
Vergnes and Alary (1986) found 41 mg caffeine in a corresponding
amount of Coca-Cola on the French market. In the latter study, Pepsi-
Cola only contained 26 mg caffeine.

Table 30 shows the caffeine content in 6 of the most commonly con-
sumed caffeinated soft drinks. The caffeine content in diet versions of the
beverages was comparable to the caffeine content in the original brands.

6.9.3. Caffeine intake from soft drinks

Most information on caffeine intake from soft drinks comes from North
America. Gilbert (1984) estimated the per capita intake of caffeine from
caffeinated soft drinks to be 35 mg/day in the United States, and 16
mg/day in Canada.

In 1982 Morgan and co-workers reported that American children aged
5-18 years consumed 33%17.7 mg caffeine from soft drinks on each

Table 30. Caffeine content in some of the most commonly consumed caffeinated soft
drinks. The caffeine content is expressed as amount in a can, 360 ml (12 oz).

Caffeine (mg/can) in Reference
Coca cola Tab Pepsi Diet Pepsi Dr Pepper Dr Pepper
Diet

64.7+0.3 49.4+4.3 43.1+0.1 60.9+1.5 54.2+1.7 Bunker et al.
(1979)

45.0 46.5 38.4 36.0 39.6 39.6 Morgan et al.
(1982)

32.4+0.41 41.6+0.82 35.1+£0.51 31.41£0.43 37.1£0.94 Monte and

(n=6) (n=6) (n=6) (n=6) (n=6) Ashoor
(1985)

37.6 (n=3) traces'(n=3) | 25.6 (n=3) 26.9 (n=3) Galasko et
al. (1989)°

32.4 (n=3) 23.4 (n=3) Scott et al.
(1989)°

33 (n=2) 38 (n=2) 36 (n=2) 40 (n=2) 43 (n=2) MAFF (1998)

34 42 31 31 38 42 Mean*

1) 2)
Probably incorrect, when compared to results in other studies; The caffeine contents in this study are higher

throughoutgnd may not represent reliable data forAthe respective soft drinks. Number of samples analysed per brand was
not stated; Caffeine content adjusted to 360 ml; Data from Bunker et al. (1979) excluded. For the mean content in
Table 30 the data of Galasko et al. (1989) was also excluded.
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occasion of consumption. The average daily intake from soft drinks du-
ring a seven day period was 9.8+12.6 mg. Scheiber et al. (1988) stated a
caffeine intake of 19.1 mg/day from soft drinks for American people who
also consume coffee. The caffeine intake from soft drinks for former
coffee users was higher, 27.3 mg/day, whereas people who never consu-
med coffee had the highest caffeine intake from soft drinks, 31.9 mg/day.
These data show that the caffeine intake from soft drinks is higher for
people who consume less of other caffeine-containing beverages.

A considerably lower daily caffeine intake from soft drinks has been
reported in the United Kingdom (Scott et al., 1989). The British test po-
pulation (n=174, age 10-80 years), including both consumers and abstai-
ners of soft drinks, ingested 0.47+2.19 mg caffeine from soft drinks daily.

In Denmark the seven-day average daily intake of caffeine from soft
drinks was 14 mg, with the highest intake being 35 mg (Barone and Ro-
berts, 1996).

6.9.4. Soft drink consumption and caffeine intake in relation to gender
and age

Soft drink consumption may differ between men and women. Solvoll ef
al. (1989) reported that males in Norway consumed more soft drinks than
females. Males who did not consume coffee, consumed soft drinks 2.4
times a week, whereas females from the same category consumed soft
drinks 2.0 times during a week.

The consumption of soft drinks often differs between agegroups.
Table 31 shows the caffeine exposure from soft drinks in people of diffe-
rent ages in Australia, Denmark, the United Kingdom, and the United
States.

Table 31. Mean daily caffeine intake from caffeinated soft drinks in Denmark, the
United Kingdom and the United States (Barone and Roberts, 1983; Barone and Ro-
berts, 1996; Scott et al., 1989), in mg/day/kg body weight.

Age-group

Australia® Denmark? United Kingdom? United States®
>1 0.02
1-5 0.3 0.42 0.34
6-9 0.3 0.27
6-11 0.21
10-14 0.8"° 0.3 0.26
12-17 0.16
15-19 0.2 0.26
18 and older 0.03
20-24 0.2 0.20
25-34 0.2 0.21
35-49 0.1 0.12
50 and older 0.1 0.06-0.09

"Age-group 10-15 years' ? Consumers only; * Consumers and abstainers.

In Denmark the highest daily caffeine intake from soft drinks, 0.3
mg/kg body weight, was found among children aged 1-14 years. People
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aged 15-34 years ingested 0.2 mg caffeine/kg, and those over 35 years 0.1
mg/kg.

Barone and Roberts (1996) reported the mean daily caffeine intake
from soft drinks, adjusted to body weight, for British soft drink consu-
mers of various ages. The highest intake, 0.42 mg/kg, was found among
1-5 year olds. Children aged 6-9 years ingested 0.27 mg/kg, and 10-19
year 0.26 mg/kg. The caffeine intake from soft drinks decreased within
higher age groups. People aged 20-24 years ingested 0.20 mg/kg, 25-34
years 0.21 mg/kg, and 35-49 years 0.12 mg/kg. Older persons consumed
below 0.1 mg caffeine/kg.

The data in Table 31 on the caffeine intake from soft drinks (per kg
body weight) in the United States is the daily average for consumers as
well as abstainers (Barone and Roberts, 1983).

6.10. Energy drinks

A new type of caffeinated beverage entered the market a few years ago.
These beverages are called energy drinks, and may contain much higher
amounts of caffeine than the well-known cola soft drinks. The purpose of
consuming these drinks is to obtain energy, and they are frequently mar-
keted as "revitalising" and "stimulating" beverages.

6.10.1. Consumption of energy drinks and caffeine intake

Most of the drinks referred to in this section are distributed in cans with a
volume of 250 ml, and are therefore probably often consumed in this
quantity. Consumption of a can of a brand containing 320 mg caffeine per
litre results in a caffeine intake of 80 mg. This is a quantity similar to the
caffeine content in a cup of percolated coffee (Burg, 1975, Gilbert, 1984,
Stavric et al., 1988), and indicates that consumption of energy drinks can
give a substantial contribution to total caffeine intake.

Even in 1996, when the products were rather new on the market, 93.6
% of the pupils in a German school knew about the new caffeinated
drinks. More than half of the population interviewed (53.3 %) reported to
have tasted the drinks. 3 % of the consumers drank 1 to 7 cans/week and
23 % consumed 1 can/week (Viell et al., 1996). The youngest adolescents
in the investigation, aged 10-13 years, had tasted the drinks as well,
although consumption was clearly related to age and gender. The fact that
a fraction of the population consumes high amounts of new (caffeinated)
drinks and the fact that very young children also drink them, indicate,
according to the authors, that the consumption pattern ought to be studied
more closely.

The consumption of energy drinks among young people in Sweden
was investigated in a survey designed by the Swedish National Food
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Administration (unpublished data). This investigation was carried out via
the Internet in November 2001, and involved a total of 1089 young males
and females aged 16-25 years from all of Sweden. The participants were
asked how often they consumed energy drinks, how much they consumed
on each occasion, and if their consumption had been affected by media
reports concerning energy drinks. The reason for asking the last question
was that reports appeared at the time in newspapers on the adverse effects
presumed to be related to the intake of energy drinks.

More than half of the test population (on average 54 %; 67% females,
35% males) reported that they never consumed energy drinks. 31 % of
the consumers in the study drank energy drinks no more than once a
month. It was apparent that males were responsible for the greatest part of
the consumption. 7 % of the participating males consumed energy drinks
1-3 times weekly in comparison with 1% of the females in the study. A
very low percentage of study participants reported consumption every
day or every week (1% and 6%, respectively).

45 % of the consumers in the study drank one can or less, while 8%
consumed two cans, and 2% three or more cans on each occasion. Males
consumed more cans at each occasion than women.

Three quarters of the study participants reported that their consump-
tion was unaffected by news in the media concerning energy drinks (Na-
tional Food Administration, unpublished data).

6.10.2. Possible future consumption

Because energy drinks are relatively new products on the market, one can
imagine that the main consumers are, and will be, teenagers and young
adults. These groups of people are commonly open-minded, and are not
afraid to try new products such as these. In Sweden, many bars and re-
staurants serve alcoholic drinks containing the energy drink Red Bull. As
a result, even more people will consume this beverage, and thus be expo-
sed to high amounts of caffeine with or without their knowledge.

6.10.3. Caffeine content in energy drinks

The caffeine, which occurs in energy drinks, can be a natural product
from plants such as guarana or the kola nut (MAFF, 1998), but it is more
often added to the drink as a synthetic compound for various reasons. In
Sweden energy drinks with caffeine contents of 135 mg per litre or less
can be sold like ordinary soft drinks. Energy drinks containing higher
concentrations of caffeine cannot be sold without special permission.
Table 32 shows the maximum allowable caffeine content or the actual
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Table 32. Energy drinks sold with special permission on the Swedish market 1998.
Drinks are usually sold in 250 ml containers. Values within brackets show the caffei-
ne contents of these products as determined by MAFF (1998).

Type of energy drink Caffeine content Theobromine content
(mg/l) (mg/l)1

Black Booster (A & B)' 320 (143, 318)" 0.2

Blau Sau 320 0.3

Blue jeans 320

Bullit 240

Coolfire 320

Dark Dog Lemon 320

Dynamite 320 (295) (not detected)

Erectus Guarana 300

Flying Horse 320 (316) (not detected)

GUVI® 250 (324) 0.2

Hype Energy MFP 320 (313) (not detected)

Cranberry & Raspberry®

Hype Energy MorningRush, Grapefruit3 320 (311)

Hype Energy 320 (291) (not detected)

Night Boost, Peach®

Hype Energy 320 (318) (not detected)

Passion attack, Passion fruit®

M-150 320

Mississippi 320

Red Bull 320 (314) (not detected)

Red Bull (Thailand) 320

Red Energy 320

Red Kick® 320 (349) (not detected)

Rio Amazon Guarana Breeze® 240 (185) (not detected)

Semtex 144

Semtex Forte 320

Shark 320

Speed Unlimited 320

Top Secret 238

Warp (4)3 320 (304) (not detected)

1) 2 3)
Data from MAFF (1998); Container size; 330 ml (MAFF, 1998); Contains guarana.

caffeine content of energy drinks sold with special permission on the
Swedish market in 1998.

MAFF measured the caffeine content in 26 energy drinks. The caffei-
ne content ranged from 0.1 to 87 mg/can of 250 ml, with a mean of 60
mg/can and a median of 73 mg/can. All but one brand contained over 28
mg/can, and most had significantly higher levels than cola soft drinks.
Theobromine and theophylline levels in these energy drinks were much
lower than caffeine levels (<0.03-1.6 mg/can, and <0.03-0.3 mg/can,
respectively).

Verheijen (1999) analysed five brands of energy drinks on the Icelan-
dic market and found all five to contain around 30-33 mg caffeine per can
(250 ml), corresponding to 117-133 mg/litre. Thus, all samples were be-
low the maximum limit of 135 mg per litre.

A drink called Lucozade, promoted as a tonic for ill and recuperating
patients, is sold as an energy drink in South Africa. According to Galasko
et al. (1989) it contained 62 mg caffeine per can of 360 ml, a very large
quantity for a soft drink. Its label reads inter alia that it is particularly
useful during pregnancy and breast-feeding. These are conditions in
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which many women wish to be very restrictive in their caffeine consump-
tion. There was no indication on the bottle that the beverage contained
high quantities of caffeine. The same was true for bottles sold in Ireland
and Great Britain.

MAFF (1998) found a caffeine-content of 32 mg/can in Lucozade.
Another version of the drink, Lucozade NRG, contained only 0.07 mg
caffeine per can.

6.11. Smart drinks

Smart drinks belong to an even newer group of beverages, once restricted
to techno clubs and rave parties. Smart drinks emerged as a part of the
rave culture to keep dancers active for hours on the dance floor (Steven
Rose. http://www.damicon.fi/sd/nsa-sd-article.html, 2002-08-15). The
present definition of smart drinks is very vague. It may be used to denote
a beverage consumed to increase memory capacity and cognitive perfor-
mance. It can also be a health drink, full of vitamins, ginseng, and other
ingredients thought to increase physical and mental wellbeing. In either
case, the beverage often contains substances or extracts with reviving
effects, like caffeine.

Smart drinks may contain a wide range of more or less controlled in-
gredients, for example, nutrients that supply precursors and cofactors
used by the body in the production of neurotransmitters (Steven Rose.
http://www.damicon.fi/sd/nsa-sd- article.html, 2002-08-15). The intel-
lect and memory is believed to be stimulated as a result. Plant extracts,
like guarana, kava-kava, and ginseng are common ingredients.

Among synthetic versions of natural products, amino acids have be-
come popular. Antioxidants, such as vitamins C and E and carotenoids
(precursor to vitamin A) are added to protect against oxidative damage,
whereas B vitamins, choline and lecithin may be added, aiming at in-
fluencing the neural system.

6.11.1. Consumption of smart drinks

The smart drink industry sells its products as a healthy alternative to caf-
feine-, nicotine-, and alcohol-containing stimulants. The smart drink buyer
is described as health-conscious, active and young, or at least young at
heart. Smart drink consumers want to live maximally active lives without
compromising with their vitality and health. Smart drinks are mostly sold
to younger people, but older people are said to slowly be catching up.

6.11.2. Caffeine content in smart drinks

It is possible to infer that smart drinks contain caffeine and other methyl-
xanthines, since products from plants containing caffeine are the basis of
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most smart drinks. Thus, guarana often provides the smart drink with a
variety of methylxanthines, among them caffeine. The effect of guarana
is said to be similar to that of caffeine, but with a slower and more lasting
effect (Smartbomb.com. http://www.mg.co.za/mg/news/ smartdrl.htm,
2000-04-13).

All smart drinks listed on the Internet site Smartbomb.com (Smart-
bomb.com. http://www.mg.co.za/mg/news/ smartdrl.htm, 2000-04-13)
contained caffeine from natural sources such as tea, kola nuts, and guara-
na. With the exception of a very limited Icelandic study (Verheijen,
1999), the levels of caffeine in smart drink products are unknown. The
Icelandic study quantified the caffeine content of four alcoholic bevera-
ges. Two types of soda stream contained 45 mg/l, a type of smart drink
tablet 67 mg/l and a 'wild brew vodka guarana drink' (4% alcohol) 177
mg/l.

6.12. Caffeinated water

Caffeinated waters are a relatively new type of beverage. The water can
be consumed as it is, or it can be used to increase the caffeine level in
coffee and tea.

6.12.1. Caffeine content in caffeinated water

The caffeine content of six different brands of caffeinated water was pro-
vided at the Internet site 'The caffeine page' at the late 1990's (Source of
literature not specified. http://andes.ip.ucsb.edu/~krend/caffeine.html,
1998-03-14). Most of these types of water were said to contain an amount
of caffeine about equal to that of cola soft drinks (Table 33). The highest
amount of caffeine was found in Edge 20. This water contained 290 mg
caffeine per litre. Nitro Water and The Buzzwater Company have thereaf-
ter launched similar products to those mentioned in Table 33. Nitro Water
is spring water containing 56 mg caffeine per one-half litre bottle (http:
/Iwww .nitrowater.com/ drink.htm, 2002-08-15). The Buzzwater Compa-
ny sells two types of water with added caffeine: Premium Certified Natu-
ral Spring water with 100 mg caffeine per bottle (500 ml), and Rocket
Fuel. The first of these products contains amounts of caffeine equivalent
to one large coffee or three and a half dark colas. Rocket Fuel is illegal in
the United States because it contains 200 mg caffeine per bottle (500 ml).
The company advertises the "product as not being for caffeine amateurs
but for connoisseurs who need the immediate power, strength and compe-
titive edge in sports, work or life and find that sometimes to achieve one's
life-goals, sleep is overrated. This product is definitely an alertness aid
and no helmets are safe ..." (http://www.buzzwater.com, 2002-08-15).
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Table 33. Caffeinated water and their caffeine content
(Source of literature not specified. http://andes.ip.ucsb.edu/~krend/caffeine.html,
1998-03-14).

Caffeinated waters Caffeine content
(500 ml) (mg)

Edge 20 145

Java Water 125

Krank 20 100

Aqua Blast 90

Water Joe 70

Aqua Java 60

6.13. Pharmaceuticals

According to Shirlow (1983) caffeine has been therapeutically used as a
cardiac and bronchial stimulant and in the treatment of infant apnoea and
a variety of skin disorders. In addition, Shirlow (1983) mentions the use
of caffeine in analgesics, diuretics, allergy relief preparations, alertness
compounds, and weight-control agents and in the treatment of migraine.
In Sweden the main use of caffeine in pharmaceuticals is found in
analgesics, and in drugs for migraine treatment and in preparations with
central stimulating properties.
Theophylline is to some extent used in the treatment of asthma (SBU,
2000). Theobromine has earlier been used for pharmaceutical purposes.
For example, Graham (1978) mentions theobromine for treatment of diu-
resis in the United States.

6.13.1. Caffeine content of pharmaceuticals

Table 34 lists pharmaceuticals containing caffeine available on the Nord-
ic market during 1997-1998. The amount of caffeine usually present in
these pharmaceuticals is 50 or 100 mg/tablet, or about 2-3 mg/ml mix-
ture.

Graham (1978) pointed out that the caffeine content in non-
prescription drugs in the United States might range from 15 to 200 mg
per tablet. According to the author, this can result in a significant caffeine
intake for some individuals.

In 1986, 51 analgesics were available on prescription in the United
Kingdom. Of these, 12 contained a mean caffeine content of 26 mg. Ac-
cording to Scott et al. (1989), 36 % of the 'over the counter' preparations
of systemic analgesics in the United Kingdom in 1985 contained caffeine.
The mean caffeine content was 35 mg.
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6.13.2. Consumption of pharmaceuticals and caffeine intake from such
products

Many people use caffeine-containing pharmaceuticals during limited
periods of their lives. But not all are aware of the increased caffeine inta-
ke the consumption of these drugs can give.

Caffeine intake, after a maximum dose used for therapy, has been cal-
culated for the caffeine-containing pharmaceuticals, and is presented in
Table 34. Doses ranging from 200 to 600 mg/day are registered for diffe-
rent migraine preparations, while analgesics can provide caffeine contri-
butions of 150-400 mg/day. Pharmaceuticals taken with the purpose of
giving strength, so-called tonics, have lower caffeine contents, resulting
in intakes ranging from 90 to 112.5 mg/day (Medical Products Agency,
1998). Thus, it is clear that pharmaceuticals may provide a considerable
contribution to the total intake of caffeine. If more than one caffeine-
containing drug is used at the same time, the caffeine intake from phar-
maceuticals alone can be substantial.

There seems to be very little point in calculating averages in caffeine
intake from drugs, since people use pharmaceuticals individually and
sporadically. Nonetheless, there is data on this from Iceland. The per
capita intake of caffeine from pharmaceuticals was found to be 35.53
mg/day in Iceland in 1998. This amount was lower than the amounts con-
sumed between 1989-1997, which was between 35.60 and 41.21 mg/day
(Johannesson, personal communication). In the United States, the caffei-
ne intake from caffeine-containing pharmaceutical drugs may be from 30
to 200 mg/day if a single dose is administered. Sometimes further doses
are taken and then, consequently, the intake is increased (Institute of
Food Technologists' Expert Panel on Food Safety and Nutrition, 1983).

Scheiber et al. (1988) presented values of average caffeine intake
from drugs in current coffee drinkers, former drinkers, and those who
never drank coffee in the United States. The intakes were 10.3 mg, 21.6
mg and 13.9 mg, respectively. None of these differences were statistically
significant.

Finally, it should also be mentioned that caffeine is used in skin care
products, as caffeine easily absorbs (around 20%) via the dermal route.
Although amounts corresponding to a cup of coffee (100 mg) may be
absorbed in a person of 60 kg after applying a cream with 3% caffeine to
half of the body surface (Moksnes, 2001), none of the epidemiological
studies discussed in chapters 11-17 have included caffeine exposure from
skin care products when calculating the total caffeine exposure.
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Table 34. Registered caffeine-containing pharmaceuticals in Denmark (2000), Finland (1997),
Iceland (1998), Norway (1998), and Sweden (1997), and the possible daily caffeine intake
from these products.

Pharmaceutical Marketed in Caffeine Total caffeine intake for user
(mg/tablet or mg/ml) at maximum dose (mg/day)

Analgesics, antipyretics

Antineuralgica N 50 200
Bamyl - caffeine tablets S 50 300
Bamyl - S - caffeine effervescent tablets S 50 300
Coldrec tablets F 15 150
Fanalgin N 50 300
Fenazon-koffein N 100 600
Finnrexin C-300 powder F 30 120
Finnrexin C-300 Neo powder F 30 120
Fortal C-200 tablets F 50 250
Hota powder F 50 150
Kodamid1 DK 50 300
Koffein-fenazon DK 50 400
Koffisal DK 50 400
Magnecyl - caffeine tablets S 50 300
Magnecyl - caffeine effervescent tablets S 50 300
Optimal tablets F 100 300
Panadol Comp. tablets F 65 390
Pervitin tablets F 50 300
Pika 7 tablets F 32.5 97.5
Posivil capsel F 25 150
Ring tablets F 50 300
Seliran tablets F 50 150
Somadril Comp tablets’ 1S 32 256
TREO effervescent tablets DK, F, I, S 50 300-400
TREO lemon effervescent tablets S 50 300
TREO Comp effervescent tablets’ S 50 400
Antihistaminic

Lergigan Comp tablets' S 50 500
Central stimulating

Dolvipar tablets | 50 ?
Dolvipar suppositories | 50 ?
Koffazon tablets I, S 50, 100 300-600
Koffazon dose powder S 100 600
Koffein rec. tablets 100mg S 100 600
Letigen' DK 200 600
Migraine treatment

Anervan tablets' F,ILN, S 50 200-250
Anervan s;uppositories1 F,N,S 100 200-500
Cafergot tablets’ F,N, S 100 400-600
Cafergot suppositories1 F, S 100 300
Cafergot comp. Capsels DK, F 100 300-600 ?
Ergokoffin ' DK 100 600
Gynergen comp. Suppositories ! DK, | 100 300 2
Tiredness

Koffinatin Tablets | 50 ?
Caffeine tablets F 100 300
Cofi-tablets F 100 300
Tonic

Astratonil forte mixture S 25 112.5
Ferritamin mixture S 2 90
Lixir mixture S 3 90
Lixir S mixture S 3 90
Vitatonin mixture S 2 90
Vitatonin forte mixture S 2.5 112.5
Vitamin B supplements

B-tonin N 1.45 435
Malvitona mixture’ S 1.65 99

" Prescription drug; 2 In Denmark not exceeding 500 mg/month; 3 Not exceeding 3 000 mg/month.

Source: Lakemedelsverket, 1998; Pharmaca Fennica, 1997; Meltzer and Johannesson, personal communication
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6.14. Conclusion on occurrence of methylxanthines in
food plants, beverages and pharmaceuticals

With the exception of soft drinks and energy drinks that are sold in bott-
les and cans of defined sizes and containing regulated levels of added
caffeine, it is very difficult to estimate the caffeine content of a standard
serving of caffeine-containing beverages. The amount of caffeine present
in one cup of cocoa, coffee and tea, or the drinks guarana, maté and yoco
(less consumed in the Nordic countries), depends on a number of factors
that differ from individual to individual. Among these factors can be
mentioned the species of the plant used to prepare the beverage, how the
plant material has been treated, the particle size of the used plant mate-
rial, the method and time used to prepare the drink, the temperature of the
water used during preparation, and the size of the cup from which the
beverage is consumed.

Not taking all the factors that influence the caffeine content of a beve-
rage consumed by an individual into consideration allows for an estima-
tion of the caffeine content of a standard serving of different beverages.
These data are shown in Table 35.

The consumer is exposed to methylxanthines not only though bevera-
ges, but also though consumption of chocolate products and pharma-
ceutricals. The average caffeine intake from chocolate during the late
1990s has been calculated to be around 2 mg/person/day in Sweden.
Chocolate is also often used in cakes, cookies and desserts, but the
amounts and type of chocolate used varies. One serving of a chocolate
cake or chocolate biscuits may contain around 75 mg theobromine and 10
mg caffeine.

The exposure to caffeine (or theophylline) though pharmaceuticals va-
ries very much from individual to individual, and depends on the type of
medicinal preparation used. The daily caffeine intake for users of a drug
used in the treatment of migraine at the maximum dose level may be 600
mg, and is commonly 200-400 for other types of drugs containing caffei-
ne. Although the per capita intake of caffeine from medical preparations
is a very artificial exposure parameter, it has been calculated in Iceland
and found to range from 36 to 41 mg/day during the 1990s.

Table 35. Average contents of caffeine in various beverages commonly consumed in
the Nordic countries.

Beverage Caffeine content per serving | Theobromine content per serving | Volume per serving
Hot cocoa 5 57 150 ml
Chocolate milk 3 39 150 ml
Instant Coffee 53 150 ml
Brewed (dripolated) 103 150 ml
coffee

Guarana Variable Low variable
Maté 33 Low 150 ml
Tea 38 3 150 ml
Soft drinks/Cola drinks | 36 0 360 ml
Energy drinks 80 0 250 ml







7. Total caffeine exposure

Total caffeine intake may differ considerably between individuals of
the same nationality, but only a few studies have investigated individual
caffeine intake. Most estimates are on the population level. The estimated
average caffeine exposure in different countries is presented in Table 36.

Shirlow (1983) estimated the average caffeine intake in Australia by
interviewing 4,757 persons on their frequency of consumption of instant
and brewed coffee, tea, and soft drinks. With the exception of the caffeine
content of instant coffee, which was measured by the investigators in
drinks prepared by the study participants, information on caffeine content
of the beverages was taken from Gilbert (1976). An average caffeine
intake of 240 mg caffeine/day was found.

Subsequently Lelo et al. (1985) quantified the consumption of caffei-
ne-containing foods and measured the plasma caffeine, theophylline,
theobromine, and paraxanthine concentrations over 24 hours in 17 adults
in Australia. The test population was selected based on their moderate to
heavy caffeine intake. The caffeine content of all coffee and tea bevera-
ges consumed by the study participants was determined and used to cal-
culate their actual caffeine consumption over a day. The estimated mean
daily caffeine intake of these high consumers of caffeine-containing be-
verages was 462.9£172.8 mg/day. According to the authors, tea, brewed
coffee, and instant coffee accounted for 11%, 29.4%, and

Table 36. The total daily caffeine exposure from foods and beverages in some coun-
tries.

Average caffeine exposure | Country Population size | Caffeine sources Reference

and/or range (mg)

462.9"° Australia | 17 Coffee, tea Lelo et al. (1985)

240 Australia | 4,757 All foods Shirlow (1983)

238 Canada Per capita All foods Gilbert (1984)

49-1022 Canada 58 Coffee, tea Stavric et al. (1988)

490%3 Denmark All foods Barone and Roberts (1996)
280%3 UK All foods Barone and Roberts (1996)
444 UK Per capita All foods Gilbert (1984)

327 UK 142 All foods James et al. (1989)
(0-1055)

359 UK 174 All foods Scott et al. (1989)

211 USA Per capita All foods Gilbert (1984)

186 USA 202 Coffee, tea, soft drinks | Hughes et al. (1997)

210° USA All foods Barone and Roberts (1996)
227° USA All foods Kalow (1993)

156.0-301.6 USA 2,714 All foods Scheiber (1988)

186 USA All foods Graham (1978)

171 Brazil 600 All foods Camargo et al., 1999

425 Sweden Per capita All foods Gilbert (1984)

1) 2)
Heavy consumers; Calculated on consumers only; * Recalculated from mg/kg body weight for a person of 70 kg.
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59.5% of the total caffeine intake among coffee and tea consumers. No
significant difference was found between the reported (usual) coffee and
tea intake and the intake measured by plasma concentration. The highest
plasma concentrations of methylxanthines were found late in the evening
(caffeine 9.69 pg/ml) - concentrations that commonly are considered to
be associated with pharmacological effects.

The two reports on caffeine exposure in Canada give complementary
information. Gilbert (1984) estimated the per capita intake from all food
sources in 1982/1983 to be 238 mg/day. Studying the caffeine intake
from coffee and tea among 58 Canadians, Stavric and co-workers (1988)
observed a large inter-individual variation; between 49 and 1022 mg/day.

Most studies on caffeine exposure come from the United States, where
the total caffeine exposure generally is a little lower than in otherwise
comparable countries. Gilbert (1984) estimated the per capita intake of
caffeine from all food sources in USA to 211 mg/day in 1982/1983. A
similar estimate was given by Barone and Roberts (1996). More than a
decade later, these authors suggested a mean daily intake of 3 mg/kg bo-
dy weight for American consumers. For a person of 70 kg this is equiva-
lent to 210 mg caffeine/day. For heavy users of caffeine-containing beve-
rages the daily caffeine intake ranged from 350-490 mg. Only a few stu-
dies have focused on the caffeine exposure of specific age-groups. Kalow
(1993) reported a mean caffeine intake of 227 mg/day among 18-year-old
consumers in the United States (see also the last part of this section),
whereas Graham (1978) stated that consumers 18 years old and older had
a mean caffeine intake of /86 mg/day. People with the highest caffeine
intake come close to 563 mg/day (Graham, 1978).

In a study based on 202 adults in Vermont, subjects were interviewed
by telephone and in person about their usual weekly consumption of cof-
fee, tea and soft drinks (Hughes and Oliveto, 1997). The caffeine contents
of these food products were taken from the literature. Caffeine from cho-
colate and medications were not assessed because the contribution to
overall caffeine intake was believed to be low. The mean adjusted caffei-
ne intake was 186 mg/day.

In a larger study by Scheiber et al. (1988), based on 2,714 American
adults, of whom 78.2 % were current coffee drinkers, the mean daily
intake of caffeine from all sources was 363.5 mg for coffee consumers.
The average total caffeine intake for former coffee drinkers from all sour-
ces was 106.8 mg, and for those who never drank coffee the total intake
was 90.6 mg. Usually, coffee consumers had the lowest caffeine intake
from non-coffee sources.

Camargo and co-workers (1999) estimated the daily caffeine intake
from dietary sources in the city of Campinas in Brazil. The 600 partici-
pants in the study were selected from consumers who shopped at various
supermarkets at different times over a period of five days. Slightly more
than two thirds were 20 years of age or older. Although the investigators
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tried to reduce selection phenomena, the manner of selecting the partici-
pants must have influenced the outcome of the study. Individual total
daily intake of caffeine was estimated from the consumption data of cof-
fee, tea, chocolate products, and soft drinks generated by the survey, as
well as the caffeine levels determined in the identified products. Accor-
ding to this investigation, Brazilians seem to consume relatively low
amounts of caffeine, on average 171 mg/day, with coffee being the main
dietary source of caffeine. There was no difference in caffeine intake
between males and females in this study, and no correlation between
smoking and coffee consumption. Expressed as exposure per kg body
weight, coffee, tea, chocolate products and carbonated beverages accoun-
ted for median individual daily intakes of 1.90, 0.32, 0.19 and 0.19 mg/kg
body weight, respectively. Approximately 4.3% of the studied population
were exposed to more than 8.0 mg caffeine/kg body weight from coffee,
and only 12% of more than 1.0 mg/kg body weight from tea. High expo-
sures to caffeine from chocolate products and soft drinks were very rare.

In Europe, caffeine intakes have been estimated in the United King-
dom, Denmark, and Sweden. Whereas coffee consumption gives the
highest contribution to caffeine intake in the Scandinavian countries, tea
gives an equally high contribution in the United Kingdom.

Gilbert (1984) estimated the per capita intake of caffeine in the United
Kingdom from all food sources in 1982/1983 to be 444 mg/day. Other
investigators have reported lower average caffeine intakes. Barone and
Roberts (1996) estimated caffeine intake to be 280 mg/day for an average
consumer. For high consumers of caffeine-containing beverages the inta-
ke can be as high as 525 mg/day. Two studies in the United Kingdom
investigated the caffeine intake in small population groups. In one of
these studies, based on 142 adults, caffeine intake was found to vary bet-
ween 0 and 1,055 mg/day, with a mean of 3271210 mg/day among the
174 studied adults (Scott et al., 1989). In the latter study, coffee was the
major dietary source of caffeine, accounting for 55 % of the per capita
intake. 44% of the per capita intake was derived from tea. Caffeine intake
from cola drinks and chocolate accounted for less than 4.4 %.

In the Nordic countries people are generally considered to have a
higher coffee consumption than people elsewhere, and coffee consump-
tion provides the predominant contribution to caffeine intake. Gilbert
(1984) estimated the per capita intake of caffeine from all food sources in
Sweden to be 425 mg/day in 1982/1983. The average intake of caffeine in
Denmark has been estimated to be 490 mg/day (Barone and Roberts,
1996). High consumers of caffeinated beverages in Denmark ingested
1,043 mg caffeine per day.

Verheijen (1999) made a partial estimation of the average daily caf-
feine intake in Iceland. He concluded that coffee is the main source of
caffeine in the Icelandic diet, contributing with approximately 340 mg
caffeine in adult people (15-80 years). Other contributions to the total
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caffeine intake come from soft drinks (22 mg), energy drinks (less than 1
mg), and tea (6 mg).

It is easy to underestimate caffeine intake in children because of the
comparatively low consumption of coffee, which is the beverage with the
highest relative amount of caffeine. However, children often consume
large amounts of tea, chocolate candies, and caffeinated soft drinks that
may contain significant amounts of caffeine. Because children have lower
body weight and different rates of metabolism, it is important to establish
the amount of caffeine that children actually are exposed to (Kalow,
1993). Available information is summarised in Table 37.

Within the Bogalusa Heart Study, dietary intake (24-h recall) of in-
fants and children was recorded in a biracial population (60% white and
40% black) with the help of parents. Also teenagers, 13, 15 and 17 years
old, gave information on their diet. The information was used to calculate
the caffeine intake (Arbeit et al., 1988). Whites consumed significantly
more caffeine than blacks as early as at 1 year of age and persisted at a
higher intake level from 2 to 17 years. The daily caffeine intake in white
boys 0.5, 2, 4, 10, 13 and 17 years old were on average 12, 95 67, 58, 138
and 147 mg, respectively (data not shown in Table 34). On a per kilogram
body weight basis, 2- and 3-year-old children consumed the greatest
amounts of caffeine, that is, about 2 to 4 times the amounts that were
consumed by adolescents. Significant sex differences occurred for the
older teenagers. The most frequent sources of caffeine were regular

Table 37. Total daily caffeine exposure in children of different nationalities.

Caffeine exposure Country Caffeine sources Reference
(mg) (mg/kg b.w.)
1.3 Australia All foods Gilbert (1984)
<2.5 Denmark All foods Gilbert (1984)
230 (girls) Finland Coffee Hemminki et al. (1988)
310 (boys)
<3 UK All foods Gilbert (1984)
37.4 USA All foods Morgan et al. (1982)
2.1-11.9 (Y2y0) 0.3-1.5 (*2y0) USA All foods Arbeit et al. (1988)
22-44 (1 yo) 2.2-4.6 (1 yo)
35-95 (2 yo) 2.5-7.8 (2 yo)
41-94 (3 yo) 2.8-6.4 (3 yo)
39-72 (4 yo) 2.3-4.5 (4 yo)
22-62 (10 yo) 0.7-2.0 (10 yo)
26-138 (13 yo) 0.6-2.8 (13 yo)
26-108 (15 yo) 0.5-2.0 (15 yo)
45-147 (17 yo) 0.7-2.5 (17 yo)
29 USA All foods Kalow (1993)
12.3 (7 yo) 0.44 (7 yo) USA All foods Ellison et al. (1995)
13.9 (8 yo) 0.46 (8 yo)
17.9 (9 yo) 0.53 (9 yo)
24.8 (10 yo) 0.68 (10 yo)
1 USA All foods Barone and Roberts (1996)
28 (median) USA All foods Goldstein and Wallace (1997)

carbonated beverages, chocolate-containing foods, and tea. Mean intakes
of caffeine for 10-year-olds were consistent from 1973 to 1982.
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Four other studies on caffeine intake among children in the United
States give relatively similar quantities regarding average daily intake.
Goldstein and Wallace (1997) found a median daily caffeine intake from
all foods of 28 mg among 175 schoolchildren aged 11-12 years. Seven-
teen percent of the children regularly consumed 100 mg caffeine or more
per day. Kalow (1993) reported a similar figure, 29 mg/day, among
children aged 6-17 years, whereas Morgan et al. (1982) found a mean
daily caffeine intake of 37.4 mg/day in 1,135 children aged 4-18 years. In
the latter study, 98 % of the children consumed caffeine-containing
foods. If the average value was calculated only from subjects consuming
caffeine-containing foods and the days when caffeine was consumed, the
mean daily caffeine intake would be 47.9 mg. Tea gave the highest
contribution to caffeine intake, followed by soft drinks, in this study.
There was a considerable variation in caffeine intake between indivi-
duals, with some consuming an amount as high as 250 mg caffeine per
average day.

The estimation of caffeine exposure in epidemiological studies is
usually based on dietary recall, a methodology subject to random error
for more reasons than one. To circumvent some of the problems related to
dietary interviews, collection of saliva for chemical analysis of caffeine
has been investigated. This methodology has particular advantages for
children, as it does not require repeated venipunctures, as would be ne-
cessary in order to obtain plasma levels. The methodology was tried in
the Framingham Children’s Study, a longitudinal study on cardiovascular
risk behaviours in young children. The current caffeine intake in Ameri-
can children (aged 8-11 years) was judged in this cohort based on both
reported dietary intake and caffeine concentration in saliva. A prelimina-
ry report based on dietary data on 78 children and on salivary caffeine
data from the initial 24 subjects showed that the average intake was 19
mg/day (0.57 mg/kg body weight/day), mainly from soft drinks (55%),
dairy products (16%), and baked goods (16%). There was a wide range of
caffeine concentrations in saliva, with an overall mean of 0.74 pM/litre.
The relationship between dietary intake of caffeine and salivary levels
seems to be modest (Ellison et al., 1993).

In following up the previous study Ellison et al. (1995) investigated
the caffeine intake in 96 schoolchildren (58 boys and 38 girls) on the
American East coast. The children were between 6 and 10 years old and
the caffeine intake estimated from 3-day food diaries. The calculated
caffeine intake was on average based on data from 7.4 days per child. A
total of 1 057 foods containing caffeine were identified on the food dia-
ries. Strangely enough none of the children consumed coffee. Soft drinks
furnished 55% of the caffeine, and chocolate 38%. Mean caffeine intake
were comparatively low for these children, being for 7-year-olds 12.3
mg/day; for 8-year-olds 13.9 mg/day; for 9-year-olds 17.9 mg/day; and
for 10-year-olds 24.8 mg/day. The increased intake with age was also
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significant after adjusting for body weight. The mean of caffeine in boys
was 0.51 mg/kg body weight and in girls 0.45 mg/kg.

In agreement with the data of Ellison et al. (1993), Barone and Ro-
berts (1996) reported a mean daily intake of caffeine of less than 1 mg/kg
body weight in American children younger than 18 years.

Barone and Roberts (1996) have also reported on the mean caffeine
intake outside the United States. In Australia it was 1.3 mg/kg body
weight among children aged 10-15 years, in the United Kingdom 3 mg/kg
body weight among infants and children, and in Danish children less than
2.5 mg/kg body weight. Hemminki and co-workers (1988) estimated the
caffeine intake in Finnish youths in an investigation of their coffee use. In
1981 18-year-old Finnish females on average consumed 2.3 cups of cof-
fee per day. The corresponding consumption for 18-year-old males was
3.1 cups per day. Assuming a caffeine content of 100 mg per cup these
18-year-olds consumed 230 mg and 310 mg caffeine per day from coffee
alone. Since young people often drink soft drinks and cocoa in addition to
coffee, the total caffeine exposure among Finnish youth is expected to be
considerably higher.

7.1. Caffeine intake among pregnant women

It is far from easy to draw conclusions from surveys based on relatively
small sample sizes. However, two observations have been made concer-
ning pregnant women in the United States in relation to caffeine intake.
Their intake of caffeine during pregnancy is about half of that of the ge-
neral population, and they consume less than they did before pregnancy
(Barone and Roberts, 1996). Barone and Roberts (1996) reported a 20-22
% reduction in caffeine intake during pregnancy. This reduction was
mainly due to reduced coffee consumption, which occurs early on in
pregnancy, to a large extent within the first and second trimester (Dlu-
gosz and Bracken, 1992). It is not known whether the change in caffeine
intake has a biological reason or if it is a result of responding to advice.
However, it is clear that a number of women experience nausea during
pregnancy. In 1987/1988 the mean daily caffeine intake from coffee was
168 mg for females weighing 64.7 kg - the average weight among preg-
nant women in the United States (Barone and Roberts, 1983).

Similar observations have been made in two earlier American studies.
In the study done by Graham (1978), three quarters of the studied preg-
nant women consumed coffee, on average 1.7 cups per day, which cor-
responds to 144 mg caffeine per day calculated on all women. The 99th
percentile was 676 mg caffeine per day, an amount equivalent to that in
7-8 cups of coffee. When caffeine intake was calculated based on all
women, the caffeine intake from drinking coffee was 196 mg/day. Also
Watkinson and Fried (1985) observed that coffee consumption was redu-
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ced during pregnancy. The reduction was a result of coffee being consu-
med less often and in smaller quantities during pregnancy. Coffee was the
major caffeine source in this population. Nonetheless, 90-95 % of the test
subjects consumed caffeine from some source during pregnancy, and 2 %
consumed over 400 mg/day.

Higher intakes of caffeine during pregnancy than those seen in the
United States have been reported from the United Kingdom and Den-
mark. But even in these cases the intake of caffeine during pregnancy was
lower than before pregnancy. In the United Kingdom, caffeine intake
from all food sources during pregnancy in 1988 was 3.4 mg/kg body
weight or 220 mg per day (Barone and Roberts, 1993). In 1991, Danish
pregnant women ingested a mean of 375 mg caffeine per day or 5.8 mg
caffeine/kg body weight. Mean caffeine intake from coffee for the hea-
viest users was 12.8 mg/kg or 828 mg/day. Table 38 summarises informa-
tion on caffeine intake by pregnant women in different countries.

7.2. Caffeine intake and lifestyle

The huge difference in caffeine intake observed between individuals can
be interpreted being subject to influence from different environmental
factors. In Norway coffee consumption has been claimed to be associated
with lifestyle (Solvoll et al., 1989). Higher coffee consumption in the
United Kingdom has been associated with younger age and a higher soci-
al class and education level. Results from the Second National Health and
Nutrition Examination Survey indicate differences in caffeine sources
among American people in different life situations. Subjects who ingest
caffeine from tea were more likely to be female, less educated, younger,
non-Caucasian, and to have a comparatively low consumption of alcohol.
People obtaining most of their caffeine intake from coffee were older,
Caucasian, heavier alcohol drinkers, and had higher incomes (Klesges et
al., 1994). The typical Canadian heavy caffeine user in the study by Wat-
kinson and Fried (1985), however, had a lower family income, less edu-
cation, more children and was a habitual cigarette smoker. These results
indicate that the major caffeine source may differ among people with
different lifestyles.

Table 38. Daily caffeine intake among pregnant women.

Caffaine intake (mg) Country Reference

375 Denmark Barone and Roberts (1996)
168 USA Barone and Roberts (1983)
144 USA Watkinson and Fried (1985)
220 UK Barone and Roberts (1983)

" Recalculated from mg/kg body weight for a woman of 64.7 kg (Barone and Roberts, 1983).
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7.2.1. Smoking and alcoho!l

Several investigations from different countries have studied the rela-
tionship between caffeine intake and the uses of cigarettes and alcohol.
Many of the studies have disclosed positive correlations between use of
these substances. For example, Hughes and Oliveto (1997) found that
American smokers had a higher caffeine intake than ex-smokers, who in
turn ingested more caffeine than non-smokers. One hypothesised expla-
nation as to why smokers might consume more caffeinated beverages is
that smoking enhances caffeine metabolism. Hence smokers must con-
sume more caffeine than non-smokers to receive a similar serum level
(Klesges et al., 1994). Smoking may also act as a behavioural stimulant,
producing an increased use of caffeine, alcohol, or other psychoactive
substances. There is also a possibility that the relationship between caf-
feine and smoking may be coincidental and linked to similar situational
factors like stress (Scott et al. 1989).

A correlation between dietary caffeine intake and smoking was also
indicated also in a German study on 422 males and 315 females aged 20
to 64 years (Brasche et al., 1998). Non-smokers of both genders drank
significantly less coffee than smokers. On average, non-smoking men and
women drank 401 and 388 ml coffee per day, whereas smokers drank 457
and 491 mg/day, respectively. The tea consumption was lower in non-
smokers than in smokers, but the difference was not significant.

Enhanced caffeine metabolism in smokers as an explanation for the
positive correlation between caffeine intake and cigarette smoking is
questioned by studies indicating that the relationship between smoking
and caffeine may differ depending on whether the source of caffeine is
tea or coffee. The results of the Second National Health and Nutrition
Examination Survey in the United States indicate that smokers are much
more likely to drink coffee. Cigarette smoking and caffeine intake from
coffee were positively correlated to total exposure to caffeine. In contrast,
smokers were not more likely to consume tea (Klesges et al., 1994). Simi-
lar data have been reported by Jarvis (1993). On the other hand, it seems
likely that it is the non-methylxanthines of coffee (but not tea), which
induces the enzymes that have caffeine as a substrate.

The association between coffee consumption and alcohol intake is al-
so complex. In the United States, Scheiber et al. (1988) found that coffee
consumption is correlated with alcohol consumption in a crude analysis,
adjusting only for age. If tea consumption and age were both controlled
for, the correlation between alcohol and coffee was no longer significant.
Tea consumption and alcohol intake were significantly negatively corre-
lated when controlled for age and coffee consumption.

Only a few studies have specifically analysed the correlation between
caffeine intake and smoking or alcohol consumption in the Nordic coun-
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tries. In Norway, Solvoll et al. (1989) reported a positive correlation bet-
ween the habits of drinking coffee and smoking.

Smoking is a confounding factor in many of the studies reviewed in
this report. Norwegian investigators have touched upon the question
whether pregnant smokers eat differently from pregnant non-smokers
(Trygg et al., 1995).

It is well known that smoking during pregnancy represents a health
hazard to the foetus, affecting the duration of pregnancy and foetal
growth and development. It has been assumed that the nutrition of the
foetus is compromised by the combined effect of carbon monoxide-
induced hypoxia and reduced placental blood flow caused by the vaso-
constrictive effect of nicotine (Ahlsten, 1988). Norwegian investigators
have shown that smoking could also indirectly affect the nutritional status
of the mother. In this study, two 3-day dietary records were collected
during the 17" and 33" week of pregnancy from 821 pregnant women
(Trygg et al., 1995). The smokers (mean consumption 9.8 cigarettes/day)
consumed significantly less than non-smokers of bread, cakes and coo-
kies, vegetables, fruits and berries, cheese, yoghurt, low fat milk, juice
and tea. But smokers consumed more meat, margarine, whole milk, soft
drinks and coffee than the non-smokers on both occasions. Among the
food items, coffee came out as the strongest predictor of smoking. Similar
differences have earlier been recognised between non-pregnant smokers
and non-smokers (Morabia and Wynder, 1990; Larkin et al., 1990; Nut-
tens et al.,, 1992). The authors concluded that the diet of the pregnant
smokers in the Norwegian study was less nutritious than that of the non-
smokers throughout pregnancy and contained significantly less protein,
carbohydrate, dietary fibre, thiamin, riboflavin, vitamin C, calcium and
iron as compared with the non-smokers. However, the reason for smokers
having a less nutritious diet is not known. It has been speculated that
smoking affects the smell and taste, thereby influencing the food choice,
but it has also been argued that smokers take dietary advice less seriously
than non-smokers.

The development of aversions to or cravings for ingested items during
pregnancy is a well-known phenomenon, although the causes of these are
not well understood. Interviews of 250 women concerning dietary chan-
ges during their pregnancies were undertaken by Hook (1978) immediate-
ly after delivery. Of women who regularly drank coffee or alcoholic
items prior to conception, almost 30% reported a significant drop in in-
gestion during pregnancy. For coffee this change was attributed primarily
to “endogenous” factors e.g., provocation of nausea or a loss of taste for
the beverage. Concern regarding maternal or infant health was the most
frequent reason for decrease in alcoholic beverages, although endogenous
factors were also mentioned. Soda beverages were also ingested less fre-
quently. Chocolate was one of the foods for which cravings were fre-
quently cited.
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7.3. Methods and problems to estimating caffeine intake

The amount of methylxanthines, primarily caffeine, ingested by people
can be estimated in different ways. The methods that give more reliable
estimates are often much more difficult to perform. Information on the
import or sale of caffeine-containing foods gives a very rough estimate of
caffeine exposure in a country. Using this type of trade statistics in com-
bination with the average content of caffeine in the product to calculate
per capita caffeine intake gives information that is more useful but far
from good. Patterns of caffeine consumption among population groups
and individuals can be investigated in epidemiological studies. These are,
however, often based on food-frequency questionnaires, a methodology
which does not easily allow for a focused investigation of caffeine intake
(Scheiber et al., 1988).

The plasma concentration of methylxanthines may be measured to
estimate the methylxanthine exposure, but this possibility has not been
used very often. The plasma levels can be compared to the reported caf-
feine intake from a sub-sample of the tested population, thereby provi-
ding an estimate of the self-reporting ability of the tested population. A
problem with many biomarker studies is that the number of participants
often is relatively small, and that there usually is only a single biological
sample taken per participant, leading to the question of whether the sam-
ples are representative for the subjects or not. For example, the consump-
tion of coffee, tea, and cocoa usually varies widely over time. It differs
between seasons and even between the various days of a week (week-
day/weekend difference).

7.3.1. Caffeine content analysis

When evaluating reported caffeine contents, the method used to obtain
these values must be considered. There are several methods to determine
the caffeine levels in foods and beverages, and over time more simple and
accurate methods of analysis, such as HPLC, have been developed. When
estimating caffeine intake, data on caffeine content obtained using new
and more precise analytical techniques are more likely to give the true
caffeine content. Many older methods that have been used to analyse
chocolate products for methylxanthines are, for example, unable to sepa-
rate caffeine and theobromine. Data derived from measurements using
such techniques tended to result in too high concentrations of the studied
methylxanthine being registered (Zoumas et al., 1980).

7.3.2. Self-report reliability

When estimating caffeine intake, researchers are often forced to trust self-
reported intake estimates from study participants. This is often the only



Intake of caffeine and other methylxanthines... 109

way, since the number of participants must be relatively large to obtain
reliable information. In some surveys, additional studies are performed to
validate the self-report reliability among the test subjects (Scheiber et al.
1988, Solvoll et al., 1989, Hughes et al., 1997). James and co-workers
(1989) studied the caffeine concentration in salivary samples from test
subjects, and found the levels to be significantly correlated with self-
reported caffeine intake. However, a substantial imprecision in measure-
ment could be discerned, indicating that the results should be interpreted
with caution. Self-reported information on brewing time and the amount
of beverage left in the cup after consumption has also been found unre-
liable (Hughes et al., 1997).

Kennedy et al. (1991) examined the relationship between self-reported
intake of caffeine from foods and the actual plasma concentrations of
caffeine and its major metabolites. The caffeine intake was estimated
based on information regarding the consumption of caffeine-containing
beverages and caffeine contents of these beverages obtained from the
literature. Plasma levels of caffeine and its metabolites were compared to
intake estimates obtained though interviews. The actual plasma con-
centrations correlated poorly with the caffeine intake reported by the test
participants. The poor correlation could be the result of a number of fac-
tors such as failure to estimate volume or caffeine concentration of the
beverage, consumption of caffeine-containing non-investigated foods,
individual differences in caffeine clearance, or poor memory.

It is necessary to distinguish between the reliability of self-reporting in
retrospective and in prospective ("diary") studies. The prospective studies
are ongoing, and allow considerable practice for the test subjects to
improve self-report accuracy over time. In retrospective questionnaires,
the respondents usually do not receive any training to improve their self-
reporting ability, and the reports are typically brief and general.

7.3.3. Consumption reported as number of cups

Very often in epidemiological studies and in larger intake studies the
caffeine exposure is measured in terms of consumed cups of coffee, tea,
and cocoa. This estimation is rather rough, since the caffeine concentra-
tion of the beverage and the cup volume can differ considerably.

When consumption is reported in number of cups, the actual contribu-
tion of caffeine to adverse health effects may be hard to distinguish (Gil-
bert et al., 1976). The number of cups consumed has been identified as a
poor index of the caffeine intake - only 42% of the variability in caffeine
intake depended on differences in number of cups (Lelo et al., 1985).

Although coffee contains a relatively high amount of caffeine, it is not
possible to approximate total caffeine intake solely by caffeine intake
from coffee. The contribution from other caffeine-containing foods, beve-
rages, and drugs has to be accounted for. In the United Kingdom, for
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example, the caffeine intake may mainly emanate from tea rather than
from coffee. Soft drinks and cocoa may be the major contributors to caf-
feine intake among children and teenagers. The actual caffeine exposure
may be considerably increased if pharmaceutical drugs containing caffei-
ne are used. Hughes and Oliveto (1997) noted that if caffeine intake were
estimated only from coffee consumption, the mean caffeine intake would
be underestimated by more than 50 mg in 24 % of the test subjects.

Stavric and co-workers (1988) also showed that the number of cups of
coffee is a poor measure of total caffeine intake. These investigators
showed that 39 % of subjects consuming 3 cups of coffee would
overestimate their consumption, and 36 % would actually have consumed
more caffeine than the amount estimated.

7.3.4. Volume variation of consumed cup

In the case of hot beverages, the drink is often prepared and consumed in
cups or mugs of no standardised size. The volume of the beverage con-
sumed at each occasion is individual and can vary widely (Table 39).
Barone and Roberts (1996) claim that a usual cup has a volume from 20
to 190 ml, depending on geographic location. Scheiber and co-workers
(1988) have studied the type of beaker, mug or cup, and the amount of
beverage actually consumed. A mug was estimated to contain 1.5 times
the volume of a cup. Mugs were mostly used among the heavy coffee
consumers, who altogether representing 35 % of the population sample.
63 % of the subjects drank from cups exclusively. About 15 % of the
respondents in their survey also left 20 % of the beverage, but this was
found to have less influence on caffeine intake than cup size.

Cup size can be a problem when comparing caffeine intake in diffe-
rent studies. For example, Solvoll et al. (1989) assumed a cup to contain
115 ml of beverage, whereas Bunker and Williams (1979) assumed it to
contain 150 ml. The different volumes will of course lead to different
estimates in caffeine intake. Lelo et al. (1985) observed that almost 60 %
of the variability in caffeine intake estimated in their study could be
ascribed to differences in volume (mainly due to cup size) and strength of
the coffee consumed. When preparing their own beverages at home or at
work, people tend to pour more of the beverage into the cup than do
commercial establishments (Stavric et al., 1988). There is also a conside-
rable difference between individuals in the amount poured into a cup or
beaker (Gilbert et al., 1976). The volume of percolated coffee showed
greatest variation, while the volumes of drip or filtered coffee varied less.
The median cup sizes of drip or filter and instant coffee were the same
(Table 39).
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7.3.5. Misclassification of test subjects

The way different subgroups are defined when data are analysed statisti-
cally may be a source of error. Hughes and Oliveto (1997) claimed that
many of the non-users of caffeine in epidemiological and clinical studies
are former users who might have stopped the consumption due to adverse
health effects. These former users, placed in the non-user group, might
produce false-negative results when considering adverse effects of caffei-
ne on health.

7.3.6. Time limited surveys

Considerable variations in coffee intake have been reported during diffe-
rent seasons of the year and also during various periods of life. This has
to be taken into consideration when asking about caffeine intake. The
difference in consumption between weekdays and weekends must also be
taken into account to get a more reliable estimation of the average daily
consumption. Higher coffee consumption has been reported on weekdays
than on weekends (Scheiber et al., 1988). Thus, for example, if intake
estimates are based on data from weekdays only, there could be a signifi-
cant overestimate in caffeine exposure.

Table 39. Differences in volume of beaker in consumption of tea and coffee.

Caffeine source Volume of serving (ml) Reference

mean range
Household coffee 223.6+55.3 25-330 Stavric et al. (1988)
(n=38)
Household tea 215.3+51.1 89-355 Stavric et al. (1988)
(n=20)
Commercial coffee 170.8+7.6 130-205 Stavric et al. (1988)
Coffee club 233.6+30.6 170-280 Stavric et al. (1988)
Instant coffee 218.5+36.3 100-320 Lelo et al. (1985)
(n=75)
Brewed coffee 238.7+38.0 170-290 Lelo et al. (1985)
(n=37)
Tea (n=14) 208.9+34.8 180-320 Lelo et al. (1985)
Instant coffee 226.7 170-285 Gilbert et al.
(n=21) (1976)
Drip or filter coffee 216.7 170-255 Gilbert et al.
(n=14) (1976)
Percolated coffee 208.3 140-285 Gilbert et al.
(n=11) (1976)
Tea 213.3 115-300 Gilbert et al.
(n=37) (1976)

7.4. Total intake of theobromine and theophylline

The main sources of theobromine are cacao and/or products containing
cacao, as well as tea. Cacao and products containing cacao have appro-
ximately ten times as much theobromine as caffeine.
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The biological effects produced by a specific amount of theobromine
is much more pronounced when the compound is administered as a more
or less pure drug, than when the equivalent amount is given in the form of
a cacao product. It is not known whether the reduced physiological effect
of theobromine in the form of cacao products in comparison to the pure
substance is to be attributed to the presence of tannins, the coating in a fat
emulsion or to other circumstances. Even after high consumption of cho-
colate no striking or even detrimental effect of theobromine is noticeable,
even in the case of children (Fincke, 1965).

There are very few data on the daily per-capita consumption of
theobromine for various age groups. There are data on theobromine inta-
ke in the United States via foodstuffs and beverages in 1980, which resul-
ted in an estimated daily per-capita intake of 39 mg (IARC, 1991).



8. Pharmacokinetics of
methylxanthines

Because methylxanthines exert several pharmacological actions, which
may be therapeutically used, it is only natural that their absorption, fate
and excretion in the mammalian organism have attracted special interest.
Since this report deals with the assessment of epidemiological studies
evaluating the relationship between intake of methylxanthines and adver-
se effects on women and their foetuses, this chapter is heavily focused on
human pharmacokinetics. Some information is also given on the pharma-
cokinetics of various types of experimental animals. Although bacteria
and fungi have been found to be capable of degrading methylxanthines,
degradation of methylxanthines by these organisms is not further mentio-
ned in the report. It should be noted that the majority of the studies on
absorption, distribution and metabolism of methylxanthines have been
performed with pure compounds, not with foods containing these
substances.

8.1. Absorption and distribution in man

In adult humans, caffeine and the other methylxanthines are rapidly and
essentially completely absorbed from the gastrointestinal tract and distri-
buted into body tissues in approximate proportion to their water content.
The apparent volume of distribution is around 0.5 I/kg for caffeine, 0.3-
0.7 I/kg for theophylline, and 0.6-0.8 I’kg for theobromine (Yesair et al.,
1984). These data are consistent with distribution of the methylxanthines
into all tissues in the body. When a substance distributes into total body
water, i.e. is in equilibrium with all tissues, the apparent volume of distri-
bution is approximately 0.6 l/kg. Caffeine crosses the placenta, enters
gonadal tissue and is secreted into milk (see, section 8.3). Caffeine, and
to a lesser extent theophylline, also diffuses though the blood/brain bar-
rier (Somani et al., 1980). There is no accumulation of caffeine in any
tissue or organ (for references see Kihlman, 1977; Graham, 1978; Gilbert,
1976; ACSH, 1981; von Borstel, 1983; Yesair et al., 1984).

The peak plasma level of caffeine is reached within 30 min after con-
sumption of the pure compound. After an oral dose of 5 mg/kg body
weight, an average maximum plasma concentration of 10 pg/ml was
found in 10 healthy male volunteers, aged 19-30 years (Blanchard and
Sawers, 1983). If we assume that one cup of coffee contains 100 mg of
caffeine, a dose of 5 mg/kg (300-350 mg for a 60-70 kg person) cor-



114 Intake of caffeine and other methylxanthines...

responds to about 3 cups of coffee. After the ingestion of one cup of
strong coffee, the peak blood plasma level of caffeine appears to be in the
order of 6 ug/ml (Gilbert, 1976). Weinstein and co-workers (1972) obser-
ved a peak plasma concentration of 30 pg/ml in 8 human volunteers, who
over the period of one month had taken 4 tablets of caffeine per day, each
tablet containing 200 mg of caffeine.

Although peak plasma levels of 10 pg/ml and above are not unusual,
the concentration of caffeine in plasma does not stay that high for very
long. The half-life of caffeine in the blood plasma of adult humans is
normally about 3-6 h (Figure 5), with females often having a shorter half-
life than males. One of the reasons for the rather wide variation in half-
life for caffeine in humans is that different doses of caffeine have been
studied. The metabolism of caffeine is dose-dependent (Denaro et al.,
1990; Kaplan et al., 1997). In one study where the metabolism of very
small doses of radio-labelled caffeine was studied concomitantly with
substantially higher doses of non-labelled caffeine, it was observed that
the half-life of caffeine after dosing with placebo, 4.2 mg caffeine/kg
body weight, and 12 mg caffeine/kg body weight was 4.0, 6.1 and 8.7
hours, respectively (Danero et al., 1990). Similarly, Kaplan et al. (1997)
observed dose-dependent pharmacokinetics of caffeine in a randomized,
double blind single-dose crossover study with 250 and 500 mg caffeine.

The half-life of caffeine at the lower dose, 3.94 hours, was shorter
than at the double dose, where it was 4.74 hours. The dose-dependent
metabolism of caffeine results in the non-linear accumulation of caffeine
and metabolites in the body, and may partly explain the inter-individual
and within individual responses to caffeine-containing beverages and
foodstuffs. It is possible, however, that the peak level in plasma may shift
in time by increasing the dose of caffeine, since it is known that the drug
affects gastric emptying and intestinal motility.

The half-life of caffeine in human plasma is, however, dependent on a
number of other factors, such as age, hormonal status, smoking habits and
the presence of other drugs (see, section 8.2). Thus, in the foetus and
newborn, which do not possess the liver enzymes that metabolise the
drug, caffeine has a much longer half-life. In the newborn it is close to 4
days (Aldridge et al., 1979). Due to the hormonal changes resulting from
the use of oral contraceptives or the hormones that accompany pregnan-
cy, the half-life of caffeine in plasma is prolonged to about 10 h under
these conditions (Yesair et al., 1984; Berger, 1988). Caffeine elimination
is essentially unchanged during the first trimester of pregnancy, which is
the period of greatest risk for the development of morphologic anomalies.
The rate then slows progressively to one-half and then to one- third that
in the non-pregnant state during the second and third trimesters, respecti-
vely (Aldridge et al., 1981; James and Paull, 1985). Patients with severe
liver failure clear caffeine slowly from the plasma, as do persons with a
moderate daily alcohol intake. An intake of 50 g alcohol per day prolongs
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the half-life of caffeine by 72% and diminishes caffeine clearance by
36% (George et al.,, 1986). These results demonstrate that alcohol, in
amounts commonly consumed, strongly inhibits the caffeine metabolism.
In contrast, the plasma half-life of caffeine is shorter than the ‘normal’ 3-
6 h in premature and full- term newborns and in young children, in nor-
mally ovulating women, and in adult smokers (in comparison to non-
smokers) (Figure 5). The reason for these variations are probably imma-
ture, inhibited, or induced biotransformation systems. For references to
original articles on this subject, see Aranda et al. (1979a), ACSH (1981),
von Borstel (1983), Brazier et al. (1983), Yesair et al. (1984) and Pons et
al. (1988).

A "normal" concentration of caffeine in tissues of consumers of caffeine-
containing beverages has been found to be in the range 0.2-2 ug/ml (von
Borstel, 1983). Although individuals vary greatly in their sensitivity to
heavy doses of caffeine, toxic symptoms, such as severe restlessness and
muscular tension and twitching, do not begin to appear until concentra-
tions rise higher than 30 pg/ml (Rall, 1980). Fatal poisoning in man by
ingestion of caffeine is rare (Curatolo and Robertson, 1983). The short-
term lethal dose of caffeine in adult humans appears to be about 5to 10 g
in a normal sized person. One cup of coffee contains approximately 0.1 g
caffeine.

Since most data on methylxanthine absorption, distribution, and meta-
bolism have been produced after ingestion of pure compounds, Mumford
and co-workers (1996) compared caffeine and theobromine absorption
after oral administration of capsules, cola beverages and

Figure 5. Average caffeine elimination (half-life) from plasma in humans as a function
of age.
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chocolate candy. In comparison to capsules, caffeine absorption from
cola and chocolate was delayed, and produced lower maximum caffeine
plasma concentrations (around 75%), which peaked at 1.5-2.0 h after
treatment. The maximum caffeine plasma concentration was around 2
pg/ml after consumption of capsules, 1.57 pg/ml after consumption of
cola, and 1.50 pg/ml after consumption of chocolate candy. Theobromine
plasma concentrations peaked at 6.72 pg/ml approximately 3 h after cap-
sule administration. In comparison to capsules, theobromine absorption
from chocolate was more rapid, and produced higher maximum theobro-
mine plasma concentrations, which peaked (8.05 pg/ml) approximately 2
h after treatment. Although absorption is delayed, the results suggest that
an ordinary dietary portion of cola or chocolate may result in plasma
levels of biological significance (Mumford et al., 1996).

Theophylline and its derivatives have earlier been used in the treat-
ment of many different conditions. Nowadays theophylline is mainly
used for treatment of apnea in pre-term infants. Theophylline also has
proven efficacy as a bronchodilator in asthma, and formerly was conside-
red first-line therapy. It now has been relegated to a far less prominent
role, primarily because of the modest benefits it affords, its narrow thera-
peutic window, and the required monitoring of drug levels (Hardman et
al., 1996). Like caffeine, theophylline is readily absorbed orally - 96% in
2 h (Ogilvie, 1978). After passing the placenta, theophylline uses the
neonate as a pharmacokinetic deep compartment, with slow elimination
of the drug. The neonate serum half-life was found to be 10.6-15.0 h
(Dasta, 1979). Theophylline also passes into amniotic fluid and breast
milk. When theophylline passes into breast milk, the human infant recei-
ves less than 10% of the maternal dose (Yurchak and Jusko, 1978).

8.2. Metabolism in the adult human being

Less than 2 % of the ingested caffeine is excreted unchanged in the urine.
At least 98 % is transformed in the liver by demethylation, oxidation at
the 8-position in the purine ring, or ring opening between positions 8 and
9 to yield di- and monomethylxanthines, tri-, di-, and monomethyluric
acids, and various methylated uracil derivatives (Arnaud and Welsch,
1980; Arnaud 1984, Kalow 1985). Only 1-3 % is excreted in faeces (Ar-
naud, 1985). The four different primary biotransformation products of
caffeine being formed in humans and the six being formed in rodents are
shown in Figures 6 and 7. Most of these metabolites are further metaboli-
sed to secondary and to tertiary metabolites. The most
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Figure 6. Metabolism of caffeine in humans. The major metabolic route is indicated
by bold arrows.
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important first step in the biotransformation of caffeine in man is the
removal of the 3-methyl group to yield 1,7-dimethylxanthine or para-
xanthine. Metabolism of caffeine to paraxanthine usually represents al-
most 80 % of the primary caffeine metabolism (Callahan et al., 1982;
Callahan et al., 1983), but different factors affecting this reaction may
change the kinetics of caffeine metabolism. Paraxanthine is further oxidi-
zed to 1-methylxanthine and 1,7-dimethyluric acid, or is acetylated to 5-
acetyl-6-formylamino-3-methyluracil (Callahan et al., 1982, Branfman et
al., 1983; Tang et al., 1983; Kalow, 1985). A substantial part of the 1-
methylxanthine formed is hydroxylated to 1-methyluric acid. In human
urine paraxanthine represents about 11 % of the total metabolites of caf-
feine, 1,7-dimethylxanthine 14 %, 1-methylxanthine 24 %, 5-acetyl-6-
formylamino-3-methyluracil 10 %, and 1-methyluric acid 28 % (Cornish
and Chistman, 1957; Branfman et al., 1983; Tang et al., 1983; Callahan et
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al., 1982; Callahan et al., 1983). Minor primary metabolites of caffeine
are theobromine, theophylline, and 1,3,7-trimethyluric acid, which are
formed in reactions of 1-N-demethylation, 7-N-demethylation, and 8-
hydroxylation, respectively. The peak plasma concentrations of these
caffeine metabolites occur hours after the peak level of caffeine is rea-
ched. For example, the highest level of theophylline is reached between
7.5 to 24 h after ingestion of caffeine (Sved et al., 1976). Some of these
products are further metabolised. The two compounds 3-methylxanthine
and 1,3-dimethyluric acid is formed from theobromine, and 7-
methylxanthine from theophylline. However, all together they represent
only about 20 % of the total urinary metabolites of caffeine in the average
human being.

Kiyohara and co-workers (1999) recently made an interesting obser-
vation when they noted an inverse association between coffee consump-
tion and serum concentration of uric acid in a large study of middle-aged
Japanese males. No such correlation was observed between consumption
of green tea and uric acid level in serum. It is not known whether it is
caffeine, caffeine metabolites, or other components of coffee that results
in the redistribution of caffeine metabolites in serum, in this study obser-
ved as a reduced level of uric acid in the blood.

Our knowledge about the enzymology of caffeine metabolism in man
(Table 40) has increased during recent years (Kalow, 1985; Berthou et
al., 1988, 1991; Butler et al., 1989; Fuh et al., 1992; Tassaneeyakul et al.,
1994; Chung and Cha, 1997). CYP1A2 is the most essential enzyme in
the metabolism of caffeine, although other CYP enzymes, flavin monoo-
xygenase, and N-acetyltransferase are also involved in its metabolism
(Kalow, 1985; Butler et al., 1989; Berthou et al., 1991; Fuh et al., 1992;
Tassaneeyakul et al., 1994; Chung and Cha, 1997). The role of CYP1A2
has been nicely demonstrated with CYP1A2 deficient knockout mice,
whose half-life of caffeine is seven times longer, and whose metabolic
pattern of caffeine is changed compared to mice expressing the CYP1A2
enzyme in the normal manner(Buters et al., 1996). CYP2E1, CYP3A4
and mutant CYP2D6 are three other CYP enzymes able to metabolise
caffeine, but with lower affinity for the compound, and, therefore, have
roles at physiological relevant caffeine concentrations in

Table 40. Enzymes involved in primary metabolism of caffeine in humans (Butler et
al., 1989; Berthou et al., 1991; Fuh et al., 1992; Tassaneeyakul et al., 1994; Chung and
Cha, 1997). Caffeine is oxidised in four primary reactions in humans: N1-, N3- and N7-
demethylation of caffeine and 8-hydroxylation of caffeine. A — symbolise no catalytic
activity and ++++ a very high catalytic activity of the enzyme.

Enzyme

N1-demethylation

N3-demethylation

N7-demethylation

8-hydroxylation

CYP1A1

+

+

++

CYP1A2

++

++++

+

CYP2D6met

+

+

CYP2E1

+

+

CYP3A4

flavin mono-oxygenase

+

O [ I N
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human beings. However, compared to CYP1A2, these enzymes are quan-
titatively less important (Tassaneyakul et al., 1994; Berthou et al., 1991).
The fifth enzyme in humans that can oxidise caffeine is CYP1Al. Howe-
ver, this enzyme is usually nearly absent in the liver, but may be induced
by compounds acting via the Ah-receptor, as, for example compounds
occurring in tobacco (Parkinson, 1996). The flavin monoxygenase is able
to catalyse N1- and N7-demethylations of caffeine, but not the other pri-
mary reactions, whereas all N-acetyltransferases except N-
acetyltransferase 2 are unable to conjugate acetyl groups to caffeine (Ka-
low, 1985; Hardy et al., 1988; Chung and Cha, 1997). N-acetyltransferase
2, on the other hand, forms 5-acetylamino-6-formylamino-3-methyluracil
by acetylating paraxanthine (Kalow 1985; Ohsako and Deguchi, 1990;
Grant et al., 1991). Human beings are divided into poor and extensive
acetylators of paraxanthine. Caffeine is used as a probe to classify indivi-
duals to either of these two groups. Thus, it can be concluded that several
enzymes are involved in the metabolism of caffeine, but quantitatively
CYP1A2 is the key and most important enzyme in the metabolism and
kinetics of caffeine. This conclusion is strengthened by in vitro observati-
ons of caffeine metabolism in a battery of human cytochome P-450
isoenzyme transformed human B-lymphoblast cell lines (Hu et al., 1996).

It is noteworthy that CYP1A1, CYP1A2, CYP2Dmet and CYP2E1
are able to catalyze several different types of primary metabolic reactions
of caffeine. The product pattern produced by CYP1A2 from rats, mice
and humans acting on caffeine is different (Fuh et al., 1992). Human
CYP1A2 predominantly N3-demethylates caffeine to paraxanthine and
produces less than 15 % other products. Paraxanthine is also the major
product in the catalytic reaction of mouse CYP1A2 but here theobromine
represents about 25 %, and theophylline and 1,3.7-trimethyluric acid
together about 10 % of the total metabolism. The rat CYP1A2, however,
metabolises caffeine to equal parts paraxanthine and theobromine (about
40 % each), less than 20 % theophylline, and only a few per cent 1,3,7-
trimethyluric acid. The different types of caffeine degradation profiles via
CYP1A2 are probably the main reason for the different metabolic pattern
of caffeine between species.

Both environmental and host factors may alter the caffeine metabo-
lism (Grant et al., 1983; Kalow 1985). Firstly, cigarette smoking, exposu-
re to polychlorinated biphenyls, or to rifampicin drugs has been shown to
increase caffeine metabolism, thereby reducing its half-life (Kalow, 1985;
Zevin and Benowitz, 1999). Since they all induce CYP1A2 enzymes in
humans, the mechanism for the increased caffeine metabolism is increa-
sed amounts of CYP1A1 and CYP1A2 in the liver. In agreement with this
notion, other CYP1A enzyme inducing xenobiotics, like omeprazol, cau-
se a similar type of effect (Nousbaum et al., 1994; Kinizig-Schippes et
al., 1999). Secondly, a prolonged half-life of caffeine is observed when
the catalysis via CYP1A2 is reduced, either due to inhibition by the si-
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multaneous presence of specific CYP1A2 xenobiotic inhibitors or due to
reduced amount of the enzyme being present in the liver (Kalow, 1985).
Of course, diseases that have damaged the liver may also decrease caffei-
ne metabolism. This has been reported to be the case with liver cirrhosis,
viral hepatitis, and alcohol-induced fatty liver (Kalow, 1985). Pregnancy
and use of oral contraceptives are also known to increase the half-life of
caffeine, due to decreased expression/activity of CYP1A2 in the liver
(Kalow, 1985). The half-life of caffeine has been reported to increase
seven times during pregnancy (Kalow, 1985). Thirdly, partly due to the
genetic traits in humans, an inter-individual variation of caffeine metabo-
lism exists (Kalow, 1985; Hardy et al., 1988). Caffeine acetylation is used
as a probe method to determine if an individual is a rapid or a slow acety-
lator, although it is actually the acetylation of paraxanthine that is quanti-
fied. Among Scandinavians, 36 - 49 % are rapid acetylators of caffeine
(Wadelius et al., 2000). As a result of slow acetylation (in comparison to
fast acetylation) the amount of 5-acetyl-6-formylamino-3-methyluracil is
decreased in urine and the amount of 1-methylxanthine and 1-methyluric
acid is increased. Slow acetylators seem to have a longer half-life of caf-
feine than fast acetylators. Polymorphism of CYP1A2 is not known but
there is probably a Gaussian type of distribution of this enzyme in the
human population.

No difference in CYP1A2-dependent caffeine metabolism could be
found during the menstrual cycle in healthy women (Zaigler et al., 2000).
When the spectrum of caffeine metabolites in the urine from pregnant
women was compared with the spectrum in urine from the same women
after pregnancy or with the spectrum in urine from (other) non-pregnant
women, it was noted that the pregnant women produced smaller amounts
of 1-methylxanthine and 1-methyluric acid, whereas they tended to excre-
te more of the other metabolites (Scott et al., 1986; Tsutsumi et al., 2001).
It was suggested that the observations were a result of hormonal influen-
ces on the hepatic caffeine metabolising enzymes. CYP1A2 activity
decreased not only in late pregnancy, but also in early and middle preg-
nancy. Similarly, the metabolic rate ratio for N-acetyltransferase 2 in the
early phases of pregnancy was significantly lower than after delivery
(Tsutsumi et al., 2001). The longer plasma half-lives for caffeine in wo-
men on oral contraceptives, referred to above, were mainly attributed to
lower plasma paraxanthine levels over the first 48 h after dose admini-
stration (Callahan et al., 1983). The removal of the 3-methylgroup from
caffeine to then form paraxanthine was still the preferential path of meta-
bolism in these women, but the rate of demethylation was slower.

There are more studies on the pharmacokinetics of theophylline than
there are on theobromine, probably because the former is used for the
treatment of asthma. The biological half-life of theophylline intrave-
nously injected into adult volunteers ranged from 1.4 to 7.9 h, reflecting a
rather broad inter-individual difference in the elimination rate of this
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methylxanthine (Ellis et al., 1976). Kadlec et al. (1978) found a mean
half-life of 4.9 h for theophylline elimination in a population of 54
children who were between three months and six years old and were gi-
ven the compound orally. The half-life was much longer, 30 h, in six
premature newborn children 3 to 15 days old (Aranda et al., 1976). The
main pathway of theophylline metabolism in adult humans agrees fairly
well with the pathway of caffeine metabolism. Thus, based on a number
of studies, the average amount of the most important products found in
human urine after theophylline ingestion were unchanged theophylline
(11%), 1,3-dimethyluric acid (38%), 1-methyluric acid (19%), and 3-
methylxanthine (16%) (Tserng et al., 1981). Whereas 3-methylxanthine
and 1,3-dimethyluric acid were found to be end products, 1-methyluric
acid was produced from 1-methylxanthine. In premature newborns an
additional metabolic pathway, N-methylation of theophylline to caffeine,
has been demonstrated. The amount of caffeine recovered in urine and
plasma of infants amounted to 10-20% of the total metabolic products.
The major urinary metabolite of these infants was 1,3-dimethyluric acid
but substantial amounts of 1-methyluric acid was also found. This obser-
vation indicates that ring oxidation at C-8 readily occurs in these subjects
(Tserng et al., 1981). These findings of theophylline metabolism have
been confirmed in studies on premature new-borns, a young infant,
children and adults (Bonati et al., 1981).

Shively and co-workers (1985) studied the disposition of theobromine
in 12 normal men who had been given the compound orally. The plasma
half-life was somewhat longer than that of caffeine, being around 10 h.
72 h after ingestion, 18% was found in urine as unchanged theobromine,
42% as 7-methylxanthine, 20% as 3-methylxanthine, 10% as 7-
methyluric acid, and 10% as 6-amino-5[N-methylformylamino]-1-
methyluracil. Similar observations were made by Rodopoulos et al.
(1996). The latter investigators also studied the metabolism of theobro-
mine in saliva. In addition to theobromine, 7-methylxantine and 3-
methylxanthine were consistently found. Small amounts of 6-amino-5[N-
methylformylamino]-1-methyluracil and 7- methyluric acid were also
detected. The levels of theobromine were similar in plasma and saliva,
whereas the saliva concentration of 7-methylxantine and 3-
methylxanthine was 2/3-3/4 of that in plasma. In total, the studies of Ro-
dopoulos et al. (1996) indicated that N3-demethylation of theobromine
accounted for most of the urinary metabolites (58+7%), with N7-
demethylation (27+6%), C-8 oxidation of 7-methylxantine (224+4%), and
the formation of 6- amino-5[N-methylformylamino]-1-methyluracil being
other important metabolites in urine.

When considering the possible genetic hazards involved in the con-
sumption of caffeine-containing beverages, it is important to note that
caffeine is able to enter the gonads and foetus, where it reaches about the
same concentration as in plasma. As stated by Goldstein and Warren: ”If
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a man or woman drinks coffee or strong tea several times daily, his (or
her) germ cells are bathed in a caffeine solution of fluctuating concentra-
tion, estimated as equivalent to a continuous exposure at about 1 pg/ml”
(Goldstein and Warren, 1962). Fabro and Sieber (1969) found that caffei-
ne is able to pass from the maternal plasma into the uterine secretion,
penetrating the blastocyst before implantation.

8.3. Methylxanthines during pregnancy, in the foetus, and
in the newborn

As mentioned above, the half-life of caffeine is doubled or tripled during
pregnancy due to the hormonal changes that take place in the body of the
woman. Similarly, the half-life of caffeine in saliva increases from an
average of 3 h for non-pregnant women to 10.5 h during the last 4 weeks
of pregnancy (Knutti et al., 1982). The prolonged half-life results in the
accumulation of caffeine in the body, unless the consumption is reduced
appropriately. The increase is, however, progressive, and may in part be
apparent during the first phase of pregnancy. The significantly increased
half-life of caffeine during pregnancy is expected to significantly increase
the tissue concentration of caffeine. It has been calculated that the tissue
level amount increases by three when the half-life of caffeine is increased
from 4 to 12 h. Thus, adverse effects of caffeine could be produced after
the consumption of less than eight cups of coffee (Knutti et al., 1982).

8.3.1. Methylxanthine exposure of the foetus

Because methylxanthines readily cross the placenta, the exposure of the
foetus to methylxanthines is dependent on the consumption habits of the
pregnant woman. As 0.2-2 pg/ml is a normal concentration of caffeine in
the tissue of consumers, similar or higher amounts could be expected to
be present in the foetus.

Caffeine metabolism was studied in human liver microsomes from
foetuses, neonates, infants and adults (Cazeneuve et al., 1994). The for-
mation of dimethylxanthines (paraxanthine, theophylline and theobromi-
ne) was significantly less in foetuses, neonates and infants than in adults,
as observed previously in vivo, whereas the formation of 1,3,7-
trimethyluric acid (C-8 hydroxylation) was not significantly different
between the age groups. In the foetal samples, the production of total
dimethylxanthines, as well as the individual metabolites paraxanthine and
theobromine, decreased significantly with increasing gestational age.
Only CYP3A has previously been detected in human foetal livers; neither
CYP1A1 nor CYP1A2 were present, suggesting that the metabolic path-
ways of caffeine depend on CYP3A at this stage of development, and that
this metabolism is not very efficient.
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Most measurements of foetal exposure have been done at the time of
delivery by analysing the umbilical cord blood. Eleven of seventy-nine
pre-term infants had detectable caffeine concentrations ranging from 1.1
to 3.7 pug/ml (mean: 2.5+£0.8) in cord blood (McCulloch et al., 1989).
Cafteine has also been detected in the majority of blood samples from the
cord blood of infants in full-term pregnancies (Dumas et al., 1982; Van't
Hoff, 1982; Honsky and Emory, 1987). Amounts commonly detected are
at a level of a few pg/ml. In one of these studies, where the women on
average ingested 290230 mg caffeine per day, a quarter of the babies
had a plasma caffeine concentration greater than 3.0 pg/ml, which was
the minimum concentration reported to stimulate respiration (Van't Hoff,
1982). The highest caffeine concentration measured was 12 pg/ml, which
could be compared to the lowest concentration suggested to give rise to
toxicity, which is 50 pg/ml. Similar data were reported by Honsky and
Emory (1987) in cord blood serum taken at the birth of 40 full-term in-
fants. They found an average of 1.2 pg caffeine per ml (range: 0.065-5.69
pg/ml). The studied women reported a mean intake of 45.9 mg caffeine
on the day of testing, and 49.0 mg on the day before testing.

One example which illustrates that the caffeine level in the newborn
(umbilical cord blood) is dependent on the life-style of the mother invol-
ves the observation that the mean caffeine plasma concentration was lo-
wer in women using cocaine than in women not using this drug (Demp-
sey et al., 1998).

Caffeine has not only been detected in cord blood but also in the me-
conium, a dark greenish mass of desquamated cells, mucus, and bile that
accumulates in the bowel of a foetus and is discharged shortly after birth
(Baranowski et al., 1998). The average amount of caffeine detected in
such material was 21.9+10.0 ng/g (range 10-45 ng/g).

A case involving a premature infant with an unusually high concentra-
tion of transplacentally acquired caffeine was reported by Khanna and
Somani (1984). On the fifth day after birth, the caffeine concentration in
the serum of this infant was 40.3 pg/ml, and at birth it must have been
considerably higher. In spite of this high concentration, no evidence of
toxicity was observed. The mother of this infant drank 24 cups of coffee
per day during pregnancy. Blood samples drawn on the tenth day after
delivery revealed a caffeine concentration of 14.6 png/ml. In the postpar-
tum period, the mother was drinking less than six cups of coffee per day.

There is very little data on theophylline and theobromine. Haley
(1983) has reviewed the earlier pharmacokinetic studies involving
theophylline. Interestingly, Aranda et al. (1979b) observed that the pre-
dominant pathway of theophylline metabolism in the foetus seems to be a
methylation reaction producing caffeine, rather than a demethylation
reaction producing paraxanthine. In their study, liver explants from foetu-
ses produced caffeine when incubated with theophylline.
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8.3.2. Methylxanthine exposure of the newborn

Since a high proportion of newborn babies are breast-fed, considerable
attention has been directed towards neonatal exposure to methylxanthines
(caffeine in particular) via breast milk. It has been shown that the time
courses for caffeine and its primary degradation products in milk parallel
their respective serum time profiles (Stavchansky et al., 1988; Oo et al.,
1995). Tyrala and Dodson (1979) reported that peak concentrations of
caffeine in serum and breast milk were attained 60 minutes after the oral
intake of caffeine. The peak concentration in milk was lower than in se-
rum. Caffeine was associated with the cream layer of the milk, and corre-
lated with the butterfat content. Breast milk collected during the first hour
after the mothers consumed 1 cup of coffee (with 150 mg caffeine) con-
tained approximately 1.5 pg/ml caffeine, that is, around 1% of the
amount ingested by the mother. These observations were confirmed by
Berlin et al. (1984) on studies of fifteen lactating women and their nur-
sing infants (between 2 weeks and 9 months old). The mothers ingested
various but known amounts of a caffeinated beverage. Caffeine was de-
tected in saliva and breast milk from 11 of the 15 women as soon as 15
minutes after consumption. Peak levels in milk (2.09-7.17 pg/ml) and
saliva (1.24-9.22 pg/ml) were achieved within 1 hour, and the potential
exposure of the nursing infant to caffeine was 0.06 to 1.5% of the mater-
nal dose estimated (based on a consumption of 720 ml breast milk per
day). On average elimination half-lives were 4.0+3.7 h for saliva and
6.1+4.4 h for milk. Oo et al. (1995) reported a 5.5+1.8 h half-life for caf-
feine in breast milk six to twenty-eight weeks post partum. The cor-
responding half-lives of paraxanthine, theobromine, and theophylline
were 6.7+2.8 h, 124£2.5 h and 8.2+3.7 h, respectively (Oo et al., 1995).
Other investigations have confirmed that the longer half-lives for
theobromine and thephylline in breast milk as compared to caffeine. Ber-
lin (1981) determined the half-life of theobromine in saliva and breast
milk after consumption of a single chocolate bar. The mean saliva half-
life from ten mothers was 9.80 hours, a figure that correlates well with
data published by Drouillard et al. (1978). The half-life in milk was 14.7
hours. Yurchak and Jusko reported a 4.0 hour half-life of theophylline in
breast milk, with the peak level occurring one to three hours after the
intake of theophylline. Whereas theophyllline in plasma to 50% was
bound to proteins, there was essentially no binding to proteins in milk.
Using the data of Oo et al. (1995) on the pharmacokinetics of methyl-
xanthines in mother’s milk, and assuming neonatal milk consumption to
be 150 ml/kg/day, the newborn would ingest an equivalent of 18% of the
maternal caffeine dose (on a body weight basis). Around 7% of this 18%
would be caffeine. Aranda et al. (1979a) and Le and Billon (1987) repor-
ted slightly lower estimates for caffeine. Since the demethylated metabo-
lites of caffeine possess considerable pharmacological activity (Soyka,
1979; Karlsson et al., 1985), and the newborn may accumulate methyl-
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xanthines due to the slow metabolism of particularly caffeine, the impact
of their ingestion by the newborn following maternal caffeine should be
addressed further (Oo et al., 1995). Data on caffeine excretion into breast
milk similar to the data reported by Oo et al. (1995), were obtained by
Ryu (1985a, 1985Db).

In a 3 day study on lactating mothers from different ethnic and socio-
economic backgrounds who were given no specific dietary advice, the
methylxanthine levels in breast milk were 0.46-0.65% of the ingested
amount of caffeine, 60% of the ingested amount of theophylline, and 3.4-
5% of the ingested amount of theobromine (Blanchard et al., 1992).
Although caffeine is excreted to a limited extent in breast milk, and the
dose of caffeine presented to the infant is generally regarded as small (i.e.
<5% of maternal dose), clinical concern continues to focus on the inabili-
ty of the neonate to metabolise caffeine. The newborn and, in particular
the premature newborn, is at greater risk of accumulating caffeine compa-
red to adults, since a newborn’s ability to metabolise methylxanthines
may not be fully developed.

In cases of repeated consumption of caffeine-containing beverages by
the mother, the amount of caffeine accumulated by the baby depends on
several factors. These factors are the average caffeine concentration in the
mother’s serum and breast milk while nursing, the amount of milk inge-
sted by the baby, the absorption of caffeine by the infant, and, most im-
portant, the baby’s rate of caffeine elimination. Caffeine elimination in
newborns varies from one infant to another, and is very slow in the pre-
mature or full-term newborn human infant (Tyrala and Dodson, 1979; Le
Guennec and Billon, 1987; Parsons and Neims, 1981).

There is no real consensus on the amount of caffeine, which is absor-
bed by the infant from breast milk (for references, see Nehlig and Debry,
1994a, 1994b). According to the studies of Blanchard et al. (1992), an
infant weighing 4 kg would absorb only 3.0 mg methylxanthine/kg body
weight/day. Those quantities are well below the dose of caffeine used in
apnea therapy. Analytical data show that methylxanthines can be detected
in the infant’s serum only if the mother has ingested a relatively large
quantity of the compounds (Ryu, 1985a). Usually the amount of caffeine
ingested is considered too small to induce any measurable clinical effects.
Yet irritability and insomnia are observed in some breast-fed babies when
their mothers have ingested coffee, beverages and/or medication with a
high caffeine content (Rivera-Calimlin, 1977; Hill et al., 1977; Bailey et
al., 1982; Lawrence, 1989).

Less than one month after delivery, Ryu (1985b) measured the caffei-
ne content of breast milk in 9 lactating women who ingested known
amounts of caffeine over 9 days (5 days 750 mg/day, 4 days 0 mg/day),
and in the serum of their infants. On the fifth day, breast milk contained
on average 4.3 ug caffeine/ml milk (range: undetectable — 15.7 pg/ml),
and the sera of the infants contained 1.4 pg/ml (range: undetectable —2.8
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pg/ml). The reduction in the serum level of caffeine in the infants was
modest after the mothers” four days on a caffeine free diet. When similar
studies were performed on two older infants, the caffeine concentration in
milk consumed at the end of the caffeine diet period was 13.4 and 28.6
pg/ml, respectively. At that time the concentration in infants’ sera was
undetectable in one newborn and 3.2 pg/ml in the other. Caffeine could
not be detected in breast milk or in the infant serum of these two subjects
after four days on a caffeine free diet.

Le Guennec and Billon (1987) have reported data that indicate that the
normal maturation process of caffeine metabolism by hepatic cytochome
P-450 is inhibited or repressed in breast-fed infants as compared to for-
mula-fed infants. At an age of 47 to 50 weeks, the breast-fed infants had a
caffeine half-life of 76+13 h, whereas that of formula-fed infants was
21£28 h. The corresponding values for infants 51 to 54 weeks old were
5449 h and 16+13 h, respectively. Thus, some components of human
milk (free fatty acid, lipase activity, or other factors) may inhibit or re-
press the postnatal normal maturation process of caffeine metabolism.

Aldridge and co-workers (1979) studied the concentration of caffeine
and its metabolites in the urine of breast-fed newborns as a function of
age. During the first month of life, caffeine accounted for more than 85%
of the identifiable products in urine. Caffeine remained the predominant
component for the first 3 months, but its percentage gradually decreased
to the adult value of less than 2% by the age of 7 to 9 months. The change
was a result of increased metabolite production. The adult metabolite
pattern of partially demethylated xanthines and ureates was attained by 7
to 9 months. The data indicate that the approximately 4 days long half-
life of caffeine characteristic of the newborn depends in large part on a
slow urinary excretion of the unchanged drug, since there is little or no
metabolism. The subsequent decrease in the half-life to about 4 h by the
age of 8 months correlates closely with the rise in metabolite production.

As a consequence of the slow metabolism, the steady-state concentra-
tions of caffeine reached in the newborn may approach maternal con-
centrations despite the fact that the infant receives less than 10% of the
maternal dose via nursing (Oo et al., 1995). However, neonatal risk asses-
sment should consider not only the dose of the parent drug, but also the
exposure/dose of active metabolites and the ability of the neonate to clear
xenobiotics.

The best current example of the clinical importance of the develop-
ment of hepatic xenobiotic cytochome P450s is CYP1A2 (Oesterheld,
1998), which is strongly related to the metabolism of caffeine and
theophylline. Several CYP isoforms are involved in the metabolism of
caffeine and theophylline (Gu et al., 1992). Although CYP1A2 is not
present in any quantity during foetal life (Ratanasavanh et al., 1991),
foetal tissue can demethylate caffeine in vitro (Cazenauve et al., 1994).
CYP3A7 may be the cytochome enzyme responsible, as both the level of
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CYP3A7 and the demethylation capacity decline in late pregnancy (Ca-
zeneuve et al., 1994; Kitada et al., 1987). Clinical documentation for
CYP1A2’s gradual emergence in the early months of postnatal life is
widely available because theophylline and caffeine are extensively used
for the treatment of apnea in premature deliveries, newborns, and infants.
In premature infants, caffeine is only metabolised to theophylline and is
to a large extent excreted unchanged in the urine (Berthou et al., 1988).
When CYP1A2 develops after the third to fifth month of life (Sonnier
and Cresteil, 1998), N-3 and N-7 demethylations begin, and the infant
demonstrates the metabolic pattern that characterises mature hepatic me-
tabolism (Berthou et al., 1988; Kraus et al., 1993; Cazencuve et al.,
1994). Hydroxylation capability matures as early as one month in some
children, and may be higher in infants than in adults. N-1 Demethylation
is unchanged throughout the first 19 months of life (Carrier et al., 1988).
Why the N-1 demethylation pathway and N-7 demethylation pathway
should differ in maturation despite being serviced by the same CYPs is
not known, but may be related to the different catalytic rates for dissimi-
lar reactions (Oesterheld, 1998). In addition to the caffeine metabolites
that characterise the adult, a new uracil derivative in premature infants, 6-
amino-5-[N-methylformylamino]-1,3-dimethyluracil, has been identified
(Gorodischer et al., 1986).

Data on theophylline clearance support the CYP maturation process
summarised for caffeine above. In newborns, theophylline is handled via
two processes: it is cleared by the kidney as unchanged drug, and it is
methylated at the 7 position to caffeine (Troger and Meyer, 1995). Clea-
rance of theophylline reaches adult values 4 to 5 months postnatally, and
is primarily related to the maturation of the CYP1A2 pathway (Kraus et
al., 1993). Theophylline metabolism is greatest from 3 to 5 years of age,
and decreases by 50% between 8 and 16 years of age before reaching
adult capabilities (Troger and Meyer, 1995).

The methylation of theophylline to caffeine has been shown in new-
born infants receiving therapeutic doses of theophylline orally for the
treatment of apnea (Bory et al., 1978, 1979; Boutroy et al., 1979a, 1979b;
Bada et al., 1979). In adults receiving a similar theophylline therapy for
apnea, only about 6% of the theophylline dose is converted to caffeine
(Tang-Liu and Riegelman, 1981). In the newborn, caffeine will accumu-
late, but in the adult, the caffeine produced is subsequently metabolised
further to a series of degradation products.

8.4. Absorption and distribution in experimental animals

A number of pharmacokinetic studies have also been performed with
experimental animals. The results of a subjective selection of these phar-
macokinetic studies are summarised in Table 41. The data in the table
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agree fairly well with what has been stated above for humans. Thus, the
data show that (1) the absorption of caffeine from the gastrointestinal
tract is rapid and complete; (2) the absorbed caffeine is distributed in
various tissues in approximate proportion to their water content; (3)
within the tissues caffeine is rapidly broken down, with the biological
half-life varying from 0.8 to 2 h in rats to 11 to 12 h in squirrel monkeys,
and pigs - the half-lives in mice, hamsters, rabbits, and monkeys laying in
between; (4) the main metabolite in the tissues appears to be 1,7-
dimethylxanthine, i.e. paraxanthine (the concentration of paraxanthine
never exceeding that of caffeine), whereas the degree of degradation and
the degradation products excreted in the urine seem to vary considerably
between the different species studied: the smallest amount (1%) of un-
changed caffeine is found in humans, the largest (9%) in the rat; (5) there
are differences between strains.

The long biological half-life of caffeine in pigs, and squirrel monkeys
has different causes. Whereas in the pig the large fat deposits retain caf-
feine, the squirrel monkeys appear to have some enzymatic defect, which
makes them incapable of metabolising caffeine effectively (Burg et al.,
1974).

Galli et al. (1975) injected radiolabelled caffeine to pregnant rats, and
observed the compound and metabolites diffuse into foetal tissues and
accumulate in the foetal brain.

8.5. Metabolism in experimental animals

Most studies of caffeine breakdown in mammals other than humans
have been performed in the rat. Similar metabolic reactions to those in
humans seem to occur in experimental animals. Caffeine was eliminated
by first-order kinetics in humans, monkeys, rabbits, rats and mice (Bonati
et al., 1984-85). However, there are quantitative differences, and additio-
nal metabolic reactions of caffeine occur in experimental animals such as
rat, mouse and hamster (Figure 7). Firstly, in rats, mice, and hamsters the
metabolic pathway via paraxanthine is still the major one but quantitati-
vely less important than in humans, because in rats about



Table 41. Caffeine metabolism in mammals. References are given within brackets.

Species

Absorption
from gastrointestinal
tract

Distribution

in tissues

Concentration after ‘normal’ consumption in:

Plasma Ovary, testis and fetus

Preimplantation blasto-
cyst

Biological
half-life (h)

Main

metabolite(s) in tissues

Main metabolite(s)

in urine (% of ingested caffeine)

rapid and complete

(1

0.5-5 pg/ml
(1,2)

Same as plasma (2)

3.5 hin plasma

(1

1,7-dimethylxanthine
(3)

1-methyluric acid, 28%
1-methylxanthine, 21%
5-acetylamino-6-amino-3-methyluracil,
13%

1,7-dimethyluric acid, 9%
1,7(3)-dimethylxanthine, 8%

a diaminouracil metabolite, 5%
1,3-dimethyluric acid, 3%
3-methylxanthine, 3%

unchanged caffeine, 2% (4)

Mouse

Rapid and complete
(5, 14)

Appears in all tissues
within 5 min. Distributed in
proportion to tissue water
only at 1 h after dosage,
entering and leaving
various organs at different
rates (5)

3 h maximum in
organ (5)

1,7-dimethylxanthine
()

polar metabolites, 28.7%
1,7-dimethylxanthine, 16.9 %

amino 1,3,7-trimethyl ruacil derivative,
11.6%

1-methyluric acid, 9.8%
1,3-dimethyluric acid, 7.9%
1-methylxanthine, 7.2%
1,7-dimethyluric acid, 7.0%
trimethyluric acid, 5.6%

amino 1,7-dimethyl uracil derivative, 1.7%
1,3-dimethylxanthine, 0.8%
trimethylallantion, <0.5%

unchanged caffeine, 2.2% (14)

Rat

Rapid and complete
(14)

Very rapid (7)

0.8-2 h depen-
ding on dose
(7.8)

amino 1,3,7-trimethyl ruacil derivative,
22.6%

1,7-dimethylxanthine, 18.2%
trimethyluric acid, 9.7%
1,3-dimethylxanthine, 8.1%

polar metabolites, 7.9%

1-methyluric acid, 6.5%
1-methylxanthine, 5.8%
trimethylallantoin, 5.4%
1,3-dimethyluric acid, 5.3
1,7-dimethyluric acid, 4.1%

amino 1,7-dimethyl uracil derivative, 3.0%
unchanged caffeine, 3.1% (14)

Chinese
hamster

Rapid and complete
(14)

Small quantities appear in
all tissues (14)

1,7-dimethylxanthine, 25.6%
1-methylxanthine, 12.5%

amino 1,3,7-trimethyluracil derivatives,
11.9%

amino 1,7-dimethyl uracil derivative, 10.6%
1-methyluric acid, 10.5%

polar metabolites, 10.5%

trimethyluric acid, 7.2%




Species

Absorption
from gastrointestinal
tract

Distribution

in tissues

Concentration after ‘normal’ consumption in:

Plasma Ovary, testis and fetus

Preimplantation blasto-
cyst

Biological
half-life (h)

Main

metabolite(s) in tissues

Main metabolite(s)

in urine (% of ingested caffeine)

1,3-dimethyluric acid, 5.3%
1,7-dimethyluric acid, 2.7%
trimethylallantoin, 1.0%
1,3-methylxanthine, 0.7%
unchanged caffeine, 1.0% (14)

Rabbit

2.35 pug/ml (10)

2.49 ng/g (10)

Pig

Rapid and complete

(k]

In approximate proportion
to water content (11)

12 hin plasma

(a1

unchanged caffeine, 6% (11)

Dog

In approximate proportion
to water content (1)

5 hin plasma

(1

3-methylxanthine, 30%
1,3-dimethyluric acid, 30%
1-methyluric acid, 22%
1,7-dimethyluric acid, 6%
theobromine, 3%
1,3,7-trimethyluric acid, 3%
paraxanthine, 1.6%
1-methylxanthine, 1.5%
theophylline, 1%
7-methyluric acid, 1%
unchanged caffeine, 1% (12)

Squirrel
monkey

11 h (13)

1,7-dimethylxantine
(13)

1,7-dimethylxanthine, 5-16%

acid metabolites including 1-methyluric
acid, 1,3-dimethyluric acid and products of
more extensive catabolic transformation,
40%

unchanged caffeine, 4-6% (13)

(1) Axelrod and Rechenthal, 1953; (2) Goldstein and Warren, 1962; (3) Warren, 1969; (4) Callahan et al., 1983; (5) Burg and Werner, 1972; (6) Burg and Stein, 1972; (7) Czok et al., 1969; (8) Aldridge et al., 1977; (9) Arnaud, 1976b; (10) Fabro
and Sieber, 1969; (11) Cunningham, 1970; (12) Aldridge and Neims, 1980; (13) Burg et al., 1974; (14) Arnaud, 1985
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40 % of caffeine is metabolised via paraxanthine, in mice about 60
%, and in hamsters 50 % (Arnaud, 1976a; Arnaud, 1985). In humans
about 80% is metabolised by this route (Callahan et al., 1982, 1983).
Secondly, no 6-amino-5(N-formylmethylamino)-1,3-dimethyluracil is
formed in humans, whereas this metabolite represents as much as 22 % of
the products of caffeine metabolism in the rat, and 10% in the mouse and
hamster (Arnaud, 1985). Thirdly, in humans only 1-2 % of caffeine is 8-
hydroxylated to 1,3,7-trimethyluric acid, whereas in the mouse and ham-
ster the amount is 5-8 % and in rat even more caffeine is degraded by this
mechanism. In the rat, 1,3,7-trimethyluric acid is further metabolised to
trimethylallantoin, so that this pathway represents 15 % of the total caf-
feine metabolism (Callahan et al., 1982, 1983; Arnaud, 1985). Fourthly,
the rat, mouse and hamster metabolise caffeine to hydrophilic products
not found in humans (Callahan et al., 1982, 1983; Arnaud, 1985). In mice
B-N-glucuronide of paraxanthine constitutes as much as 22 % of all caf-
feine metabolites in urine (Arnaud et al., 1986; Arnaud, 1987). Fifthly,
and in contrast to the situation in humans, sulphur-containing metabolites
of caffeine have been detected in experimental animals. After the admini-
stration of caffeine, a [7-(1,3-dimethylxanthinyl)] methyl methylsulpho-
xide was identified in urine from horses, rabbits, rats, and mice (Kamei et
al., 1975). In addition, in urine from mice a[7-(1,3-dimethylxanthinyl)]
methyl methylsulphide and o[7-(1,3-dimethylxanthinyl)] methyl methyl-
sulphone were found (Rafter and Nilsson, 1981). However, Arnaud
(1985) did not find these sulphur metabolites in the urine from mice, rats,
or hamsters, and he stated that their amount is less than 1% of the total
amount of caffeine. On the whole, toxicokinetic parameters showed clo-
ser similarity between humans and monkeys than between monkeys and
rabbits, rats, and mice (Bonati et al., 1984-85). In rats, mice, and hamsters
caffeine metabolism is more diverse than in humans.

Studies on beagle dogs have shown that the metabolism of caffeine in
2-day old puppies is limited but increases substantially during the first
days of life. Close to 18 percent of orally administered caffeine was ex-
creted in urine in 2-day old puppies, but this fraction was reduced to 6
and 1% in 8- and 15-day old dogs (Aldridge and Neims, 1980). A similar
limited capacity to metabolise caffeine in newborn animals has been de-
tected in vitro in liver slices during postnatal development in the rat
(Warszawski et al., 1981). Thus, this situation seems to resemble the situ-
ation in humans.

Further metabolism of the caffeine-metabolites theobromine, para-
xanthine and theophylline has been studied in rats both in vivo and in
vitro. 24 h after the oral administration of theobromine to rats, around
50% of the urinary activity was unchanged theobromine. The other major
metabolite ~ was  4-amino-5-(N-methylformylamino)-3-methyluracil
(36%), which also has been detected in human urine (Arnaud and
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Figure 7. Metabolites formed in mice, rat or hamster from caffeine in addition to the
metabolites shown in Figure 6.
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Welsch, 1979a). Demethylation leads to 7-methylxanthine (6%), 7-
methyluric acid (4%), and 3-methylxanthine and 3-methyluric acid,
which together made up 5.8% of the activity. Other metabolites were 3,7-
dimethyluric acid and low amounts of dimethylallantoin and N-
methylurea (Arnaud and Welsch, 1979a).

Chemical analysis of whole urine 24 h after tail vein injection of para-
xanthine in rats showed that unchanged paraxanthine was the most com-
mon compound (52%), followed by I1-methyluric acid (21%), 1,7-
dimethyluric  acid  (15%), 4-amino-5-(N-methylformylamino)-1-
methyluracil (15%) and 1-methylxanthine (11%) (Arnaud and Welsch,
1979b).

Theophylline metabolism has been studied both in vivo and in vitro in
rats. The quantitatively most important metabolites produced in vivo were
1,3-dimethyluric acid and 1-methyluric acid. A tissue survey utilising
tissue slices demonstrated that the metabolism is localised only in the
liver, and subcellularly to the microsomal system (Lohmann and Miech,
1976).



9. Pharmacological and
toxicological actions of
methylxanthines

— a short overview

A detailed discussion regarding the pharmacological actions of methyl-
xanthines is beyond the scope of this report. Excellent reviews have been
written by Nehlig et al. (1992), Sawynok and Yaksh (1993), Fredholm
(1995), Sawynok (1995), Garrett and Griffiths (1997) and Fredholm et al.
(1999). This chapter will shortly review general aspects of the pharmaco-
logical and toxicological actions of methylxanthines in man. No data
from studies in experimental animals will be discussed.

The review primarily deals with the pharmacological effects of caffei-
ne, as the majority of available studies have been devoted to this methyl-
xanthine. Less has been published on the pharmacological effects of
theophylline and, particularly, theobromine in foods, which is clearly
reflected in this review.

In order to understand the pharmacological effects of methylxanthi-
nes, a general introduction to the theories of molecular mechanisms of
action is given.

9.1. Mechanisms of methylxanthine action

Several mechanisms of action of caffeine and related metylxanthines
have been proposed (Daly, 1993; Sawynok and Yaksh, 1993; Garrett and
Griffiths, 1997). Initially it was postulated that the pharmacological ef-
fects of these compounds were due to the inhibition of phosphodiesterase
activity (Sawynok and Yaksh, 1993; Chou and Benowitz, 1994). Howe-
ver, this is not a likely mechanism, since the serum concentrations of
metylxanthines resulting from intake of caffeine-containing beverages
and foods is much lower than the serum concentrations that are required
in order to inhibit this enzyme (Chou and Benowitz, 1994).

Another proposed mechanism of action — induction of mobilisation of
calcium — could be criticised for the same reason (Fredholm, 1995). The
most important mechanism of action of caffeine seems to be a competiti-
ve antagonism for adenosine receptors. This mode of action is currently
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believed to account for most of the pharmacological effects of caffeine
(Chou and Benovitz, 1994, Fredholm, 1995, Fredholm et al, 1999).

9.1.1. Antagonism on adenosine receptors

Adenosine, an N-glycoside of adenine, is a normal cell constituent.
The chemical structure of the purine part of the molecule, adenine, re-
sembles that of caffeine. Adenosine is not only involved in nucleic acid
metabolism but also in many other reactions in the cell. Interestingly,
caffeine generally has the opposite pharmacological effect of adenosine
(Garrett and Griffiths, 1997), Table 42.

Adenosine interacts with four different receptors, called the A;, Aja,
Ajp and Aj receptors. Upon activation, these receptors affect the cellular
concentration of cyclic AMP via adenyl cyclase in the cell membrane.
Activation of the high affinity receptor A; generally leads to inhibition of
adenyl cyclase via a guanyl nucleoside binding protein called Gi, whereas
activation of the low affinity A, receptor stimulates adenyl cyclase via
another guanyl receptor binding protein called Gs (Fredholm, 1995,
Fredholm et al, 1999). Thus, the Al and A,a receptors partly mediate
opposing actions at the cellular level (Fredholm, 1995 and Fredholm et al,
1999).

Cyclic AMP acts as a second messenger. By activating a cAMP de-
pendent kinase, selected proteins in the cell are phosphorylated. Phospho-
rylation/dephosphorylation of proteins is a way to regulate a number of
different cellular functions (Fredholm, 1995). In addition to the effects on
cyclic AMP, adenosine may also influence signal transduction via modu-
lation of K™ and Ca*" channel activity in neural and non-neural tissue
(Fredholm, 1995).

Caffeine is a non-selective antagonist of adenosine interaction with
the A; and A, receptors (Figure 8). Inhibition constants (K;) in the range

Table 42. Opposing pharmacological actions of caffeine and adenosine analogues
(Garrett and Griffiths, 1997).

Physiological function Caffeine Adenosine
influenced
CNS Increases spontaneous electrical Decreases spontaneous electrical
activity activity
Enhances neurotransmitter release Inhibits neurotransmitter release
Convulsant activity Anticonvulsant activity
Stimulates locomotor activity Depresses locomotor activity
Increases operant response rates Decreases operant response rates
Heart Positive inotropic/chonotropic effects Negative inotropic/chonotropic effects
Renal Diuresis; stimulates renin release Antidiuresis; stimulates renin release

Peripheral vasculature
Central vasculature

Dilation
Constriction

Constriction
Dilation

Gastrointestinal

Increases gastric secretion

Respiratory Relaxes bronchial smooth muscle Constricts/dilates bronchial smooth
muscle
Adipose Stimulates lipolysis Inhibits lipolysis
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Figure 8. Effect of caffeine on different biochemical targets in relation to its level in
humans. Note that caffeine is able to significantly block adenosine effects on A,
(most potent) and A, receptors already at the low concentrations achieved after a
single cup of coffee. To inhibit cyclic nucleotide breakdown via inhibition of
phosphodiesterase, 20 times higher concentrations are required; to block GABA,
receptors, 40 times higher concentrations; and to mobilise intracellular calcium de-
pots, concentrations of 100 times higher are needed. These latter levels are unlikely
to be reached in humans by any form of normal use of caffeine-containing beverages
(modified from Fredholm, 1980).
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27-55 uM have been reported for caffeine on the A; receptor, and in the
range 46-50 uM at the A,, receptor (Sawynok and Yaksh, 1993). A
plasma concentration of caffeine in this range may be expected after an
intake of approximately two to six cups of coffee/day. Somewhat lower
inhibition constants (K; for the Al receptor 8.5-14 uM and for the Aja
receptor 11-25 uM) have been reported for theophylline, thus indicating
that theophylline is slightly more potent as an adenosine receptor antago-
nist than caffeine (Sawynok and Yaksh, 1993).

From these observations it can be concluded that a plasma concentra-
tion of 10-100 M methylxanthines is required to cause antagonism of
the adenosine receptors (Garrett and Griffiths, 1997). This plasma con-
centration approximately corresponds to an intake of between 1 and 10
cups of strong coffee (150-1500 mg caffeine) in the ordinary (non- preg-
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nant) consumer. Binding of methylxanthines to the adenosine receptors is
actually the only known mechanism that is relevant at the serum levels
achieved by intake of caffeine/theophylline via foods and beverages (Gar-
rett and Griffiths, 1997). Adenosine receptor antagonism has also been
implicated in the indirect action of caffeine on dopamine receptors (Gar-
rett and Griffiths, 1997). This is due to the fact that adenosine and dopa-
mine receptors exert opposing effects on the same nerve cells in the brain
(Fredholm et al. 1999).

9.1.2 Influence on dopamine activity

Some of the behavioural effects of caffeine have been proposed to be
mediated by dopamine, because caffeine induces several behaviours that
are similar to those induced by amphetamine and cocaine, whose actions
are known to be dopaminergically mediated (Garrett and Griffiths, 1997).
Caffeine enhances dopaminergic activity presumably by competitive
antagonism of adenosine receptors that are co-localised and functionally
interact with dopamine receptors. Behavioural effects similar to those
induced by dopaminergic agents like cocaine and amphetamines have
been observed in pre-clinical studies on experimental animals after treat-
ment with caffeine (Garrett and Griffiths, 1997). These behavioural ef-
fects include increased locomotor activity, increased rotational behaviour,
drug discrimination and self-administration. It has also been observed
that caffeine may potentiate behavioural effects induced by other
substances. The additional observation that dopamine receptor antago-
nists can block behavioural effects induced by caffeine also supports the
hypothesis that dopamine receptors may be involved in the modifying
effect of methylxanthines on behaviour (Garrett and Griffiths, 1997).

It should be noted that for the time being, human data showing poten-
tiation and antagonism of the effects of caffeine by dopamine antagonists
are lacking. On the other hand, caffeine produces subjective, discrimina-
tive stimuli and reinforcing effects that in some respects are similar to
these observed following the administration of dopaminergic agents (Gar-
rett and Griffiths, 1997).

9.1.3 Mobilisation of intracellular calcium and inhibition of
phosphodiesterase activity

Caffeine is able to mobilise calcium ions (Ca"™) from intracellular storage
sites in skeletal and cardiac muscle and neural tissue (Sawynok, 1995).
By promoting the translocation of calcium though the plasma membrane
and sarcoplasmatic reticulum, caffeine may lower the excitability thres-
hold and prolong the duration of the active period of muscle contraction
(Nehlig et al., 1992). However, it seems unlikely that the mobilisation of
intracellular calcium represents an important mechanism of action for
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caffeine in muscles, because the caffeine concentration required to induce
this effect (>1 mM) is much higher than the concentration reached in
body fluids following the consumption of foods and beverages containing
methylxanthines (Nehlig et al., 1992; Sawynok, 1995). On the other hand,
this mechanism of action might constitute a relevant explanation for cer-
tain toxic effects of caffeine, such as seizure production.

Caffeine may inhibit a number of phosphodiesterases, one of the most
important being adenosine cyclase, producing cyclic AMP (cAMP) (Sa-
wynok, 1995). As mentioned in the introduction to this chapter, it is unli-
kely that inhibition of phosphodiesterases is the mechanism for the phar-
macological effects of caffeine, as concentrations of 0.1 to 1 mmol caf-
feine per litre are required in the tissue to produce this effect. The
estimated caffeine dose necessary to produce this plasma concentration in
man has been estimated to between 1 500 and 15 000 mg, which would
correspond to at least 10 to 100 cups of coffee (Garrett and Griffiths,
1997).

It has, however, been proposed that the inhibition of phosphodiestera-
ses by caffeine specifically may contribute to the stimulation of cardiac
activity and relaxation of bronches and trachea (Sawynok, 1995).

9.1.4 Summary of mechanism of action

The most important mechanism of action of caffeine seems to be a com-
petitive antagonism for the adenosine receptors. This mode of action is
currently believed to account for most of the pharmacological effects of
caffeine (Chou and Benovitz, 1994; Fredholm, 1995)

9.2. Pharmacological effects of the metylxanthines

As already mentioned in the introduction to this chapter, most published
data concern caffeine. As a consequence, it is primarily the pharmacolo-
gical effects of caffeine that will be reviewed in this section. If published
data concerning theophylline and theobromine in foods exist, they will be
mentioned.

9.2.1. Tolerance and dependence

Before reviewing the pharmacological effects of caffeine, the concept of
tolerance and dependence will be briefly mentioned. Tolerance to some
pharmacological effects of methylxanthines will develop rapidly (within
hours to a couple of days) when caffeine (and presumably theophylline)
is consumed on a regular basis (Chou and Benowitz, 1994; Hardman et
al., 1996).

It is known that tolerance develops to some, but not all, pharmacolo-
gical effects of caffeine. Tolerance develops at least to the cardiovascular
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effects of caffeine, while the development of tolerance to the effects of
caffeine in the central nervous system is equivocal, although adaptive
changes take place in the brain (Fredholm et al., 1999). For example, the
blood pressure increasing effect of caffeine shows virtually complete
tolerance, the stimulant effects show partial tolerance, whereas the effects
on sleep show little tolerance (Fredholm et al., 1999).

It is possible that the wide inter-individual variation in pharmacologi-
cal responses to caffeine may partly be accounted for by what is regarded
as tolerance. The inter-individual variation may also be due to variation
between individuals in the metabolism of caffeine (Abbott, 1986). The
mechanism of development of tolerance during long-term exposure to
caffeine is not yet completely understood. One possibility is an increased
number of cellular adenosine receptor sites being produced, which thus
influences the sensitivity to adenosine (Abbott, 1986).

Termination of the intake of caffeine after daily ingestion of the com-
pound during a long period results in withdrawal symptoms. The level at
which withdrawal symptoms occur is corresponds to the amount of caf-
feine in approximately 2.5 cups of coffee per day (Silverman et al.,
1992). The well-known major abstinence symptoms that are described are
headache and increased fatigue. Anxiety, impaired psychomotor perfor-
mance, and nausea/vomiting have also been reported (Chou and Beno-
witz, 1994). At the molecular level, an exaggerated adenosine response
has been proposed as a likely mechanism to explain the symptoms of
withdrawal (Abbott, 1986). It can be noted that withdrawal symptoms
have also been observed also in newborn infants whose mothers ingested
large quantities of coffee during pregnancy (Nehlig et al., 1992). For
more details, see chapter 15.

9.2.2. Effects on the Central Nervous System (CNS)

The primary pharmacological effect of methylxanthines is stimulation of
the central nervous system (Abbott, 1986). Caffeine and theophylline are
regarded as potent stimulants of the CNS, while theobromine is virtually
inactive in this respect. In comparison with caffeine, theophylline exerts a
more profound and potentially more dangerous stimulation of the CNS
(Hardman et al., 1996).

Stimulation has commonly been described as increased arousal and
vigilance, relief from fatigue and increase in sleep latency, improved
performance (decreasing of psychomotor reaction time), and improved
mood (Abbott, 1986). Apart from these mainly beneficial effects, high
exposure to caffeine and theophylline may produce signs of nervousness
or anxiety, restlessness and insomnia, tremors, and hyperethesia (Hard-
man et al., 1996). These effects of caffeine and theophylline on the CNS
could be characterised as fairly modest, and to a great extent seem to
depend on the individual genetic constitution of metabolising enzymes
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(Nehlig et al., 1992). The human CNS does not seem to develop tolerance
towards these stimulant effects of caffeine, although dependence and
withdrawal symptoms have been reported (Nehlig et al., 1992).

A review on the psychopharmacological profile of caffeine is avai-
lable (Battig and Welzl, 1993).

9.2.3 Effects on the cardiovascular system

In many ways, both caffeine and theophylline have prominent effects on
the cardiovascular system (Hardman et al., 1996). As these effects are
complex and sometimes even antagonistic, it may be difficult to predict
the resulting effects. Generally, the following acute effects of caffeine
and theophylline on the cardiovascular system have been reported in in-
dividuals who have not developed tolerance: a modest increase in blood
pressure (both systolic and diastolic), an effect on heart rate (bradychar-
dia or tachycardia depending on dose), and neuroendocrine effects such
as release of adrenalin, noradrenalin and renin (Hardman et al., 1996).

It is known that tolerance towards the cardiovascular effects of caffei-
ne and theophylline develops rapidly (Fredholm, 1984). Thus, the effects
on the cardiovascular system seem to be transient, and disappear after
long-term ingestion of caffeine. Consequently a moderate coffee con-
sumption is not believed to exert persistent effects on the cardiovascular
system very much above normal daily fluctuations (Fredholm, 1984).
Intake of high doses of caffeine and theophylline, on the other hand, will
result in tachycardia with systemic cathecolamine release at very high
levels, and sensitive persons may experience arrhythmias (Hardman et
al., 1996).

9.2.4 Effects on the respiratory system

The primary effect of caffeine on the respiratory system is to increase the
respiratory rate, probably by sensitising the medullary centre to carbon
dioxide (Benowitz, 1990). Both caffeine and theophylline have been used
for treatment of idiopathic apnoea in premature infants (Sawynok, 1995).
In asthmatic patients, caffeine and to an even greater extent theophylline
increase bronchodilation (Benowitz, 1990). As large doses of caffeine
(which can be associated with toxicity of the CNS) are required in order
to achieve the bronchodilating effects, caffeine is not used in the treat-
ment of asthma (Benowitz 1990). Therefore, theophylline is the preferred
methylxanthine for the treatment of bronchial asthma (Abbott, 1986).

9.2.5 Effects on the renal system

Caffeine, theophylline, and theobromine increase the renal excretion of
sodium and water. The most pronounced diuretic effect is exerted by
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theophylline. Increased diuresis is brought about by an increased glome-
rular filtration rate and inhibited reabsorbtion of sodium and water.
Theophylline and caffeine increase sodium excretion by enhancing renin
release from the kidney (Fredholm, 1984). Renin indirectly stimulates the
production of aldosterone, the hormone responsible for regulating the
balance between sodium and potassium. Tolerance to the diuretic effect
develops after long-term use, which is important to note as it suggests
that chronic intake of caffeine/theophylline will not affect blood pressure
secondarily via an increased level of renin (Fredholm, 1984).

9.2.6 Effects on the gastrointestinal tract

Caffeine has been shown to stimulate gastric secretion of hydrochloric
acid and pepsin (Abbott, 1986; Chou and Benowitz, 1994). These effects
have, however, also been reported after intake of decaffeineated coffee,
which indicates that other components of coffee than caffeine may also
be of importance for the enhancement of gastric secretion (Abbott, 1986).
In some studies it has been observed that caffeine and coffee may decrea-
se the pressure of the lower oesophagal sphincter (Abbott, 1986).

9.2.7 Effects on metabolism and nutritional balance

Caffeine and theophylline are known to increase circulating cathecolami-
nes, predominantly epinephrine, and to influence plasma renin activity,
free fatty acids, cortisol, metabolic rate, and glucose (Benowitz, 1990;
Cooling, 1993). In addition, increased calciuria and inhibited absorption
of iron and other essential trace elements have been reported after caffei-
ne exposure (Abbott 1986). Very little is known about the long-term ef-
fects that may be associated with these observations — it has been specu-
lated that high chronic exposure to methylxanthines may contribute to the
development of osteoporosis (Etherton and Kochar, 1993). However,
most published studies have not shown any consistent effect of caffeine
consumption on the incidence of bone fracture (Bruce and Spiller, 1998).
In this context, it may be noted that high amounts of caffeine during
pregnancy in some cases have resulted in hypokalemia and even paralysis
(Appel, 2001; Young, 2001; Matsunami, 1994). The symptoms resolved
when caffeine intake was stopped.

9.2.8 Other possible relevant pharmacological effects in relation to
pregnancy

The possible effects of intake of caffeine via beverages on lactation will
be discussed in chapter 15. In chapter 16 maternal intake of caffeine in
relation to possible effects on children's behaviour will be discussed.
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9.3 Toxicological effects of the methylxanthines

9.3.1 Acute toxicity

At higher doses caffeine may cause a number of different effects, inclu-
ding anxiety, tension, headaches, insomnia, nervousness, loss of appetite,
diarrhoea, dizziness, irritability, decrease in hand steadiness, and analge-
sia. These symptoms can occur after either a long-term or a short-term
ingestion, and are similar to symptoms often encountered in anxiety neu-
rosis. This condition is generally known as “caffeinism” and can be ob-
served at dose levels greater then 7-8 mg/kg body weight/day or 500-600
mg/day in adults (corresponding to approximately five cups of coffee)
(Abbott, 1986). The plasma concentration associated with untoward ef-
fects have been reported to be >30 pg/ml (150 umol/L) (Sawynok, 1995).
In addition, a variety of toxic effects of caffeine related to the cardio-
vascular system and gastrointestinal system may appear. Among the ef-
fects are hypotension, palpitations, tachycardia, arrhythmias, flushing and
marked circulatory failure, nausea, diarrhoea, epigastric pain, and occa-
sionally peptic ulcer and haematomesis (Abbott 1986).

The estimated lethal dose of caffeine in man is approximately 140—
170 mg/kg body weight, equivalent to 8-10 grams/day (corresponding to
approximately 60 to 100 cups of coffee) (Ritchie, 1970, Abbott, 1986;
Sawynok, 1995). Fortunately, fatal poisoning associated with caffeine
exposure is not common (Eteng et al., 1997; Sawynok, 1995; Holmgren
et al., 2004).

9.3.2 Chronic toxicity

A variety of adverse effects have been suggested to be related to the ex-
posure to methylxanthines via foods and beverages. However, it is gene-
rally very difficult to assess whether it is caffeine or another methyl-
xanthine, or, in fact, other concomitant exposures that are responsible for
the adverse effects observed. Common confounding factors in reports of
this kind are smoking and/or alcohol consumption. Thus, these factors
also have to be carefully considered in the assessment of factors giving
rise to chronic toxicity.

It may be mentioned that the relationships between exposure for
methylxanthines and myocardial infarction, serum cholesterol levels,
psychiatric disturbances, and synergistic effects with sympathomimetic
drugs have been discussed. As a discussion of these issues are beyond the
scope of this report, the interested reader could consult 'Caffeine &
Health' (James, 1991) and 'Coffee and Health (Debry, 1994) for reviews.
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9.3.2.1 Mutagenicity

The potential health effects of methylxanthines have been investigated for
over three decades in a variety of model systems including human popu-
lations. Caffeine is probably one of the most extensively studied naturally
occurring dietary chemicals. One question, which has received a great
deal of attention involve the potential genotoxic properties of caffeine
and the other methylxanthines. To better understand whether it is the
methylxanthines themselves that exhibit genotoxic effects, or whether it
occurs in combination with other agents, thousands of research studies
have been reviewed by other researchers e.g. Timson (1975), Kihlman
(1977), Legator and Zimmering (1979), Tarka (1982), Rosenkranz and
Ennever (1987), Kihlman and Andersson (1987), IARC (1991), and
D’Ambrosio (1994). In addition, there are reviews on the teratogenic and
antimutagenic effects of caffeine and the other methylxanthines (Clarke
and Shankel, 1975; Nehlig and Debry, 1994b)

The evaluations have utilised data from a number of prokaryotic and
eukaryotic cell culture model systems, as well as in vivo systems. They
have investigated the effects of caffeine and the other methylxanthines
alone or in combination with other physical and chemical agents on many
aspects of cell division, chromosome stability, toxicity, and mutagenicity.

The results from the few animal models that have been used indicate
that caffeine at doses ten times higher than would be consumed by hu-
mans, causes significant increase in the frequency of spontaneous chro-
mosomal alterations but only in animals with dietary folate deficiency
(perturbing nucleotide pool balances). However, these special experimen-
tal conditions make it difficult to extrapolate the animal data to humans
(D’Ambrosio, 1994). Furthermore, the apparent lack of mutagenic activi-
ty of theophylline and theobromine in humans may, according to Timson
(1972), be due to the fact that the antimitotic threshold is the same as the
mutagenic threshold, so that any mutant cells produced are unable to
reproduce. The net effect is therefore non-mutagenicity.

Using in vitro model systems, caffeine even at mM doses does not ap-
pear to be genotoxic in many experimental systems. Only when certain
genotoxin-exposed cell types are exposed to these high concentrations of
caffeine in the G, phase of the cell cycle does caffeine appear to enhance
the cytogenetic effects of the genotoxins (Kihlman and Andersson, 1987).
Mechanistic studies indicate that caffeine interacts in different ways with
the DNA structure and DNA metabolism. A possible mechanism for the
potentiating effect of chromosome damage could be that caffeine reduces
the delay during the G, phase that is necessary to repair genotoxin-
induced DNA damage before the cell enters cell division. In the presence
of high concentrations of caffeine, the damaged cells that have not yet
repaired the damage are forced into cell division, where they express their
damage as chromosomal aberrations that subsequently may result in cell
death or other types of biological effects.
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Nonetheless, the published data on the mutagenicity and genotoxicity
of theobromine and caffeine were analysed by the Carcinogen Prediction
and Battery Section (CPBS) method (Rosenkranz and Ennever, 1987). In
spite of some positive responses in various short-term tests, these analy-
ses did not predict a potential for causing cancer by virtue of a genotoxic
mechanism as regards theobromine. Caffeine, on the other hand, clearly
has a potential for genotoxic carcinogenicity according to the CPBS
method. Rosenkranz and Ennever (1987) also evaluated the predictive
performance of cost-effective test batteries consisting of selected combi-
nations of four assays. They found that the predictions were similar to
those derived when all available test results were considered. It is reassu-
ring that no carcinogenic effects (see next section) have been observed in
experimental animals despite the indication by the CPBS method that
caffeine might be a genotoxic agent.

The dietary exposure of humans to methylxanthines results in much
lower doses than those required to induce responses in short-term tests.
The peak serum levels in humans is often in the micromolar range, which
is 10 to 1000 times lower than the levels used in animal and cell culture
models. This pronounced difference in exposure level makes it difficult to
interpret the potential effect of methylxanthines at the dietary levels.
Thus, it seems unlikely that caffeine is genotoxic in humans at the doses
generally reached by dietary intake of caffeine-containing beverages and
foods.

9.3.2.2. Carcinogenicity

In 1991, the International Agency for Research on Cancer (IARC) eva-
luated the carcinogenic potential of the methylxanthine-containing beve-
rages coffee, tea and maté, as well as the individual methylxanthines caf-
feine, theophylline and theobromine. Since the beverages contain many
different potential carcinogenic compounds (although the concentrations
are low) and this report deals with the methylxanthines, only IARC's
conclusions on the potential risks of consuming coffee, tea and maté will
be mentioned. For coffee IARC (1991) concludes that there is limited
evidence in humans that coffee drinking is carcinogenic in the urinary
bladder, and that there is evidence suggesting the lack of carcinogenicity
from coffee drinking as seen in the human female breast and in the large
bowel. However, there is inadequate evidence in humans that coffee
drinking is carcinogenic in the pancreas, ovaries and other body sites.
IARC (1991) also found that there is inadequate evidence for carcinoge-
nicity in humans caused by tea drinking and limited evidence for carcino-
genicity caused by hot maté drinking in humans. No data were available
on the drinking of cold maté.

Five years after the IARC report was published, Nehlig and Debry
(1996) published a review of the human and animal data linking coffee
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consumption and cancer. The situation had not changed substantially
during those five years.

IARC (1991) also evaluated caffeine, theophylline, and theobromine
for carcinogenicity.

Studies in experimental animals.

Caffeine had been tested for carcinogenicity in five studies in rats by oral
administration. In two of these studies (Takayama and Kuwabara, 1982;
Moh et al., 1984), no significant difference in the incidence of tumours at
any site was found. The other three studies (Yamagami et al., 1983; Jo-
hansson, 1981; Brune et al., 1981) were found to be inadequate for eva-
luation (IARC, 1991). All studies on oral and intraperitoneal administra-
tion of caffeine to mice were found inadequate for evaluation. In one
study (Wiirzner et al., 1977a, 1977b), decaffeinated coffee to which caf-
feine was added was tested by oral administration to rats; overall, no in-
crease in the incidence of tumours at any site was observed as compared
to appropriate controls (IARC, 1991).

No data were available from studies on the carcinogenicity of
theophylline and theobromine in experimental animals.

A number of short-term carcinogenicity studies in model systems have
been performed. Administration of caffeine in combination with known
carcinogens resulted in decreased incidences of lung tumours in mice
treated with urethane, of mammary tumours in rats treated with
diethylstilboestrol, and of skin tumours in mice treated with ultraviolet
light or cigarette-smoke condensate. Caffeine did not influence the inci-
dence of bladder tumours induced in rats by N-nitroso-N-butyl(4-
hydroxybutyl)amine in three experiments, or, in another study, of pan-
creatic tumours induced in rats by 4-hydroxyaminoquinoline-1-oxide
(IARC, 1991).

In one short-term carcinogenicity study of questionable quality, intra-
peritoneally injected theobromine reduced the number of lung tumours
induced by urethane in mice (Nomura, 1983). When theophylline was
substituted for theobromine, no influence on the lung tumour frequency
and multiplicity was found (Nomura, 1983). In a separate study, mice that
had a theophylline solution applied to their ears and were then exposed to
ultra-violet light developed a lower frequency of skin tumours than mice
that were exposed to the vehicle for theophylline and ultra-violet light
(Zajdela and Latarjet, 1973, 1975, 1978a, 1978b).

In humans.

Martin et al. (1988) examined the effect of caffeine consumption on mor-
tality from cancer at all sites among the 10 064 participants in the Hyper-
tension Detection and Follow-up Program in the USA after four years of
follow-up. The exposure to caffeine was estimated from questionnaire
data giving information on the consumption of coffee, tea and medicinal
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drugs. No information on the consumption of cocoa, chocolate, and soft
drinks was available. The unadjusted relative risks showed no association
between caffeine consumption and mortality from cancer or any other
cause.

Among the more extensively studied cancer types, three are more
strongly associated with consumption of methylxanthines than other ty-
pes. These are breast cancer, cancer in the lower urinary tract (mainly
bladder cancer), and prostate cancer.

The idea that caffeine might be involved in the actiology of breast di-
sease was proposed by Minton et al. in 1979. These investigators reported
that women with benign breast disease who abstained from methyl-
xanthines experienced resolution of the symptoms of breast disease more
frequently than did women who did not abstain from methylxanthines.
Ten years later, an association between coffee and tea consumption and
breast cancer mortality ratios was reported after adjusting for dietary fat
(Phelps and Phelps, 1988). Most studies did not show a correlation, ho-
wever. Although using various information to calculate the methylxanthi-
ne intake, four case-control studies of breast cancer and methylxanthine
consumption (Lubin et al., 1984, 1985; Schairer et al., 1987; Rohan and
McMichael, 1988; Iscovich et al., 1989) were unable to find an associati-
on to breast cancer. In a separate study, with a totally different design,
Pozner et al. (1986), however, noted that women with moderately or
well-differentiated breast tumours had higher intakes of coffee (all types),
caffeinated coffee, decaffeinated coffee, cola, and tea.

Reviews on the relationship between the consumption of methyl-
xanthine-containing beverages and the risk of developing breast cancer
have been published (Lubin and Ron, 1990; Welsch, 1994). They conclu-
de that results from studies on benign and malign breast disease have
been inconsistent, with some investigators observing a positive associati-
on, others no association, and some a negative association.

Bladder cancer is another cancer type that has been suspected to be re-
lated to methylxanthine exposure. In a Danish case-control study a weak
association was found between cancer of the urinary bladder and caffeine
intake from coffee and tea (Jensen et al., 1986). The association was sig-
nificant in men after adjustment for consumption of beer and soft drinks,
age, and smoking.

IARC (1991) noted that caffeine and coffee consumption is highly
correlated in most of the population studies, making it very difficult to
separate the two exposures in epidemiological studies. It is therefore not
possible to adequately evaluate the effect of caffeine per se. IARC (1991)
concluded that there is inadequate evidence for carcinogenicity in humans
and experimental animals of caffeine, theophylline and theobromine.
Therefore these methylxanthines were not classified as to their carcino-
genicity to humans.
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After the IARC (1991) report was published, Slattery and West (1993)
observed an increased risk for prostate cancer in older men with a high
intake of theobromine (11 to 20, or over 20 mg per day). This observation
was made in a case-control study on males with prostate cancer in Utah,
in the United States. The Utah population from which cases and controls
were recruited predominantly comprised Mormons or members of the
Church of Jesus Chist of Latter-day Saints. Caffeine intake was unrelated
to prostate cancer risk. The finding that high intakes of theobromine may
be associated with an increased risk for prostate cancer in older men
needs further exploration in studies with a wider range of theobromine
exposure and more males with aggressive tumours.



Evaluation of epidemiological
studies






10. The epidemiological
instrument with special reference
to nutritional questions

Epidemiological studies are often used to test hypotheses on the associa-
tion between dietary components and disease. In this review it is the as-
sociation between intake of caffeine or caffeine-containing beverages or
drugs and various conditions related to pregnancy or the foetus that has
been scrutinized (the outcome variable). Depending on the type of epi-
demiological study, the quality of the data that are used to calculate asso-
ciations between exposure and effect varies.

Epidemiological studies may be observational studies or intervention
studies. The types of observational studies are, in ascending order based
on their scientific value: 1) cross-cultural and cross-sectional studies, 2)
case-control studies, 3) nested case-control studies, and 4) cohort studies.
Intervention studies in the form of randomized controlled trials (RCT)
have an even higher scientific value and use an experimental design. The
strengths and weaknesses of these different types of epidemiological stu-
dies are shortly described and discussed below.

The exposure variables in the majority of the observational studies
that form the basis for these studies are the intake of caffeine-containing
beverages, foods and drugs and/or the intake of caffeine in the subjects'
diet. Hence, the methodology is dominated by studies of dietary habits.
The exposure variables may also include the concentration of caffeine or
caffeine metabolites in body fluids (plasma and breast milk). The
weaknesses inherent in the methodology of studies of dietary habits that
are important in judging the scientific value of the studies will be descri-
bed and discussed in section 10.2. "Methodology for Studying Dietary
Habits".

The outcome variable is the clinical event (the disease) diagnosed ac-
cording to predetermined criteria.

10.1. Types of epidemiological studies

Cross-cultural studies compare the exposure levels and prevalence of the
investigated condition in populations from different cultural backgrounds.
Cross-sectional studies examine this relationship in a defined population
at a particular point in time. Essentially, studies of these types aim at
generating a hypothesis. The data are obtained from official statistics on
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morbidity or mortality, and dietary information is obtained from food
balance sheets. Otherwise, the studies involve as many representative
groups as possible. The scientific weight of the evidence of these studies
is usually limited, since individual differences and confounders usually
cannot be adequately noted or considered.

Because of the inborn weaknesses in these types of observational stu-
dies, cross-cultural and cross sectional studies have received very little
emphasis in terms of forming the final conclusion as to whether a rela-
tionship is present or not between the variable representing caffeine ex-
posure and the conditions studied.

In case-control studies, the researcher identifies a number of cases
with certain parameters to be tested for their relationship to the specific
condition. Defining suitable criteria for the inclusion and exclusion of
individuals from the study is important. For each case, the researcher
attempts to find one or more controls that are free from symptoms from
the studied condition, but otherwise fulfil the same inclusion criteria. The
number of cases varies widely among the different studies, and must be
taken into consideration during evaluation. The odds ratio (OR) is calcu-
lated, which is a measure of the relative incidence of the condition at
different exposure levels (set at 1.00 at the lowest level), and determines
significance with a 95% confidence level, or "p for trend". An ideal study
would be one that could describe the dietary habits at the time when the
pathological process began - a point in time that is highly improbable to
identify. One can only hope that the diet during the course of the studied
condition did not change substantially from the diet at the time when
monitoring was started.

"Well-chosen controls" is a key phase when determining the scientific
value of a study. The controls should represent all of the population who
do not suffer from the disease being studied. Necessarily, this involves
individuals who are not affected by the question under investigation. Ma-
ny people are not motivated enough to participate. This problem is pro-
bably greater than usual when the controls are asked to report on their
dietary habits. There is a risk that people with "good" habits are more
willing to participate in a control group than people who know or believe
they have "poor" habits. Hence, there is a risk for bias toward better die-
tary habits among the controls than in the population they are supposed to
represent.

It is usual to match controls from patients at the inpatient or outpatient
clinic where the cases are selected (obviously, from those patients who
are free from the condition being studied). Dropout is usually quite low
among hospital controls, since patients are used to being asked about
many things, and believe that their answers may contribute toward their
own treatment (Kelly et al., 1990). Controlling of "confounders" is usual-
ly better here than in other control subjects. Nevertheless, the use of such
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control objects has been criticised mainly because they do not constitute a
representative sample of the population.

The dropout rate is usually high if the controls are selected by the "di-
gital dial" method, a common method in the United States. This method
involves selecting the controls among those in the population whose te-
lephone numbers begin with the same three or more digits as the telepho-
ne numbers of the cases. The method was originally used in marketing
analysis, and is thought to identify controls and cases with similar social
backgrounds. However, the dropout rate is high when subjects are asked
to report on their dietary habits (Hartge et al., 1984). The most represen-
tative controls are those selected randomly from the census registry, whe-
re the dropout rate tends to be low.

If a chemical analysis of body fluids or tissue is included in the study,
the specimen in the cases is usually obtained after the onset of the studied
condition. Hence, one cannot eliminate the possibility that the concentra-
tion levels are a result of the condition, not the cause of it. Such analyses
are of questionable value in case-control studies.

In a cohort study, a large number of people are invited to participate
who fulfil predetermined inclusion criteria (apart from being free from
the disease under study). They also must be willing to participate
throughout the study period, usually for many years. Specific exposure
variables are surveyed at the outset of the study, e.g. intake of caffeine
and/or consumption of caffeine-containing beverages and drugs. Often
body fluid samples (blood and breast milk) are taken and frozen for later
analysis. Subjects who contract the condition in question during the study
period are registered (and are documented according to predefined clini-
cal events). The prevalence of known and suspected confounders among
the subjects is also registered.

A typical cohort study attempts to determine the relative risk (RR) for
the onset of the studied condition among those exposed to a variable
being studied, e.g. coffee consumption in relation to the non-exposed
population. When it concerns nutritional epidemiological cohort studies
such as those estimating an association between the dietary intake of caf-
feine and a particular condition, all of the subjects might be "exposed",
and, therefore, the "non-exposed" group is represented by the tertile,
quartile, or quintile of the cohort with the lowest intake, RR=1.00.

Those who accept participation are not always representative of the
population. For example, they may be generally more interested in nutri-
tional issues and therefore have better dietary habits. Hence, the distribu-
tion of exposure variables may be less, and this bias can reduce opportu-
nities of demonstrating an actual association. Also, those who agree to
participate may differ from the population at large, e.g. concerning li-
festyle and social and genetic factors. These confounders are often not
measured, and therefore cannot be adjusted for. Nevertheless, it should be
stressed that cohort studies are superior to other observational studies,
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since the exposure variables are determined long before the clinical event
occurs. A longitudinal prospective study, however, allows many more
observations of the subjects, a factor that may be important to the outco-
me of the study.

However, cohort studies also have many weaknesses, e.g. many of
those invited do not agree to participate, or there may be a higher dropout
rate of dropout than expected during the study, requiring dropout analy-
sis. A common weakness in cohort studies is that data from a single dieta-
ry examination or a single blood test are linked to a clinical event that can
occur much later. One cannot ignore the possibility that dietary intake
may have changed in an unknown but meaningful way among an
unknown number of participants during the course of the study. Therefo-
re, it is beneficial if the dietary survey and sampling of blood and tissue
are repeated during the course of the study, even allowing for potential
seasonal variations. This has occurred in some of the cohort studies re-
viewed. However, it is notable that the results from these complementary
surveys are often neither reported nor considered in the analysis.

Body fluid or tissue analyses are usually not performed before the end
of the study. Storage at the temperature -20°C was common in the past,
but meant that many substances were destroyed during storage, even after
6 months. Storage at temperatures of at least -70°C is necessary for sam-
ples to retain their scientific value (Edmonds and Nierenberg, 1993). The
storage temperature is not critical for caffeine, which is rather stable, but
could have been for potential confounders studied.

After the conclusion of an original study (e.g. devoted to the preventi-
ve effects of beta-carotene on breast cancer development), researchers
quite often decide to use the raw data to estimate the intake of other food
constituents, such as caffeine in relation to breast cancer or even other
conditions (e.g. colorectal cancer, fertility). This is understandable, con-
sidering the work and cost involved, but can be scientifically questioned
since the dietary study designed many years ago was, or should have
been, focused on covering the subjects' consumption of the most impor-
tant sources of beta-carotene, but probably was not equally as thorough as
far as caffeine sources in the diet was concerned. Furthermore, the inclu-
sion criteria should probably have been different.

Generally, the cohorts in nested case-control studies are selected and
studied in the way described above. When a sufficient number of cases
have been found, their dietary history and plasma/tissue samples are ana-
lysed. This also concerns the selected matched controls for the cases in
the cohort. By design, it is a longitudinal, prospective study. The analysis,
however, does not reveal the relative risk of the exposed in relation to the
unexposed, but is retrospective and reports odds ratios for the incidence
of disease at various levels of exposure.

Intervention studies with a randomized and controlled design (a ran-
domized controlled trial (RCT)) have the highest scientific value. Here, it
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is decided what the subjects will eat - usually in the form of dietary sup-
plements (caffeine) or placebo, and the outcome is measured in terms of
clinical events. There must be a large number of participants, and subjects
must be randomly allocated to the study group or control group. The stu-
dy must continue for several years. Placebo tablets and potential side
effects must be designed so that neither the subjects nor the investigators
know which substance is given to the subject. However, potential toxic
effects must be revealed so the trial can be discontinued in time. The
doses of tested substances should not be at pharmacological levels, nor
should they be so low that variations in the content of the diet would have
an impact. Compliance must be measured though plasma analyses and
counts of tablet consumption. The results from an RCT of caffeine in
tablet form cannot necessarily be applied directly to caffeine in food,
since interaction with other nutrients may play a decisive role in the stu-
died effects. There is no large intervention study available relating caftei-
ne intake to the main outcome variables reviewed.

10.2. Methodology for studying dietary habits.

The methods that have been used in the reviewed analytical studies pub-
lished since the middle of the 1970s on the role of caffeine or caffeine-
containing beverages in influencing fertility, birth weight, rate of pre-
term delivery, spontaneous abortion and birth defects, and effects on foe-
tuses and children are similar and often identical to the methods used in
descriptive studies. They are briefly presented here, but their weaknesses
and strengths are discussed more thoroughly in section 10.1., which ad-
dresses the methodology of the various types of analytical studies.

10.2.1. Methods used in descriptive dietary studies

Individual dietary studies have been used for over 100 years to survey the
consumption of foodstuffs and estimate the intake of energy and nutrients
within geographically defined populations, specified by, e.g. gender, age,
and social status. The general results are presented for the entire group,
using mean or median values and the usual measures of distribution. Fin-
dings are compared to the recommended daily intake for the population.
Such studies describe the nutritional situation in a population and the
results can be used in developing dietary information.

The methods used in these studies (Bingham et al., 1994) are usually
retrospective and based on interviews concerning consumption during the
past day (24-hour recall) or a longer period, usually the past year (dietary
history), or are done with a more comprehensive self-administered dieta-
ry questionnaire (food frequency questionnaire, FFQ). Some prospective
methods require the subjects, for a certain number of consecutive days, to
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either register all consumption in household measures (usually a 7-day
food record), or weigh all components (7-day weighted food record), or
duplicate the portions of all food consumed and place the extra portion in
a container for later chemical analysis (double portion technique).

All of these methods require dedicated subjects. Dietary habits are
highly personal and are often not shared with others. The continual and
often contradictory information, not least in the media, concerning good
and poor dietary habits and the relationship between diet and disease
increases the risk in retrospective studies for conscious and unconscious
discrepancies between real and reported beverage and food consumption
(Sorensen et al., 1994). In prospective studies, it increases the risk for
overly deviant dietary habits during the registration (Bingham, 1987) or
collection period (Isaksson, 1993), not least for reasons of convenience.

Participants often find it difficult to give precise answers concerning
portion size and how often they eat or drink a particular food or beverage,
no matter how honest they want to be. Apart from the unavoidable bias
regarding the fact that particularly obese individuals regularly underre-
port food intake (Prentice et al., 1986; Hultén et al., 1990; Heitmann,
1993; Heitmann and Lissner, 1995), the information from others can be
expected to deviate randomly from reality (at least if it is not sweets and
other unwholesome foods), since the estimated mean or median values
and measures of distribution should be reasonably close to the actual
values. They should, however, apply if the group studied is sufficiently
large, if the obese subjects do not comprise a major portion of the group,
and if the research team is qualified for the task.

Equally good consistency between the actual and estimated intake of
energy or individual nutrients is, however, not self-evident. The food
tables used in conversions from foodstuffs to nutrients have sources of
error. This does not affect macronutrients as much as micronutrients and
secondary metabolites such as caffeine. Here again, the individual discre-
pancies should be random. The content of caffeine may differ conside-
rably among servings in different geographic regions. Factors influencing
the caffeine intake from foods and beverages have been extensively
discussed in chapter 6 of this review. National food tables cannot take
such information into account, and therefore bias cannot be excluded.

10.2.2. Methods in analytical studies - association between diet and
studied condition/disease

The level of precision required for individual dietary histories is higher in
analytical studies than in descriptive studies. In a cohort study, it is not
group data which is of interest but individual data, particularly data on the
few individuals in the group (often less than 1% and rarely over 3% of
the subjects) who contract the disease in question during the course of the
study. In the statistical analysis, they are distributed across 3 to 5 groups
of equal size whose limits are determined by the participants in the co-
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hort. Since no one knows who will contract the disease at the onset of the
study, the demand for precision applies to all subjects, even though the
number of participants is large.

In case-control studies, the total number of participants is substantially
lower (although the number of cases assembled may be clearly larger)
than in a cohort, but one must also consider confounders. To secure that
as many subjects as possible are placed correctly when assigning the 3 to
5 groups, one must require the same level of precision on individual data,
for both the cases and controls, as required in cohort studies.

The systematic review of nutritional epidemiology articles on the as-
sociation between caffeine and the studied conditions has heightened the
suspicion that the precision of the methods used is deficient to the extent
that the significance of the positive or negative associations reported must
be questioned. This can be illustrated by using several examples from the
reviewed literature. Of course, as regards the statistical axiom "regression
toward the mean" in either type of study, an association between the ob-
servation variable and the exposure variable that is statistically significant
despite imprecise measures would be even more significant if the measu-
res were more precise. It is regrettable that some studies missed the op-
portunity to show real associations, since the authors did not place ade-
quate demands on precision by using methods developed for descriptive
studies. Not only do they create uncertainty about the overall assessment
of the literature and raise demands for further study, they have also cost
substantial sums in research resources and manpower that could have
been benefited better-designed research projects.

The requirements for precision that should be placed on studies are so
great that one can ask if it is possible to conduct epidemiological studies
using dietary methods, particularly when the interest concerns microele-
ments such as caffeine. Namely, the precision of collected dietary data
does not depend only on the subjects' participation. The research instru-
ment has equal or even greater importance.

Non-prospective methods (other than validation instruments, see be-
low) in analytical studies are not used since they are too resource deman-
ding for both the investigators and the subjects. Furthermore, as mentio-
ned earlier, they influence dietary habits so that these deviate from the
normal consumption pattern. Many of the studies reviewed here have
used the 24-hour recall method to collect dietary data. They have all been
found (Bingham et al., 1994) to be of low scientific value - hopes of fin-
ding a real association between disease and consumption at a point in
time very much earlier (sometime years) is rather optimistic. Most of the
reviewed studies used a FFQ as the survey instrument, the benefits and
weaknesses of which are discussed in greater detail below.
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10.2.3. Food Frequency Questionnaire (FFQ)

This method requires the subjects to fill in a standard questionnaire that
covers a range of foodstuffs, systematically classified into food groups.
The respondent can choose from among several alternatives for each food
item. Portion size is usually given in household measures that correspond
to a presumed standard portion, or several different portion sizes are gi-
ven.

The design of the FFQ determines the scientific value of the study.
Unfortunately, the descriptions in the literature are usually not thorough
enough to be able to render a fair judgement. In many cases, the
questionnaires have been developed by other research groups for other
target groups, exposure, and/or outcome variables (e.g, Rimm et al.,
1992; Willett et al., 1985; Block et al., 1986), and are described as
"slightly modified" without defining the modification.

Time period. The information usually applies to the subject's con-
sumption habits during the past 9 months. Some studies have been based
on data from 5 to 10 years ago, or even further back in time, but only in
exceptional cases can they be given a scientific value (Sorensen et al.,
1994).

The number of food items that appear in a questionnaire varies widely,
e.g. from 20 to 200. Of course, a questionnaire that covers only a few
dozen items must be very well designed in order to show the individual
and actual intake of a specific dietary component, and cannot be applied
in any other context. Despite the wealth of detail, larger questionnaires
are usually developed with the intent to specifically quantify an investiga-
ted exposure variable. Therefore, they cannot be directly applied in esti-
mates of other dietary components. Using coffee and tea consumption as
the sole beverages or foods to estimate caffeine intake may be quite accu-
rate for some consumers but totally wrong for others. Furthermore, the
content of caffeine in beverages and food varies widely. One example
from another area of research, which clearly demonstrates the problem
with FFQs, is the 1986 Nurses' Health Study. The questionnaire if this
study includes 53 B-carotene containing foods, of which 38 have such a
low content that they are not interesting in this context - 5 to 10 kg of a
random assortment of these items contain no more [-carotene than 100
grams of carrot. However, the questionnaire lacks at least 25 foods rich in
B-carotene that should be represented in a survey intended to test hy-
potheses on the preventive effects of these antioxidants.

Unfortunately, questionnaires must present a wide range of frequency
alternatives. But even questionnaires with as many as 9 alternatives -
from "never" to "4 to 6 cups per day" have weaknesses. The alternative "2
to 4 cups/week" is in the midrange, and is an attractive choice in conjunc-
tion with a standard portion, e.g, "half a cup of coffee", both for those
who consume a small half a cup 2 times per week and for those who en-
joy a large half cup 4 times per week. The latter consumes 8 times as
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much as the former, but both are noted in the same column and are ente-
red into the computer program with a consumption that is less than half
and nearly 3 times greater than the actual consumption. This has no im-
portance if the subject's vitamin E intake is calculated, but can be decisi-
ve if the study concerns caffeine.

If the questionnaire presents 3 portion alternatives, possibly including
weight information or photographic representation, the estimates should
be closer to reality than if only the "standard portion" concept were used
and presented in household measures, e.g, one-half cup. One should con-
sider that a questionnaire with 125 food stuffs, 9 frequency alternatives,
and 3 portion sizes forces the subject to choose between 125 x 9 x 3 =
3275 alternatives. It is a reasonable assumption that filling in such a
questionnaire is tedious and involves a risk that the answers become in-
creasingly imprecise, particularly when the process takes place in the
home. (This is less of a problem if a qualified interviewer administers the
questionnaire.)

In some epidemiological studies (but rarely in the studies reviewed in
this report), a proxy is interviewed, i.e. the husband/wife or other relative
to the person interviewed, concerning the outcome variable. Reasonably,
they provide less precise responses on quantity and frequency, and much
of the information tends to cluster around the middle alternatives (Samet,
1989; Metzner et al., 1989).

10.2.4. Food tables and other sources of error

Consumption information in FFQ questionnaires is going to be
translated into the exposure to a number of nutrients, minerals and secon-
dary metabolites using national tables (now computerized) on foodstuffs.
Numerous studies were started during the 1970s and 1980s when many
food tables lacked information on the prevalence of caffeine in food.
Many of the early table values are based on less-specific analytical
methods. It is not possible to determine the importance this might have
for individual data, but it generally lowers the scientific value of older
studies. Later studies have had access to more complete tables. The fact
remains that many FFQs are incomplete. What is clear is that the table
values never take into account the individuals’ preferences as to how
strong they like their coffee, tea or chocolate drinks to be. Questionnaires
also frequently omit information on the type of coffee preparation and the
habit of mixing the coffee with milk is not asked about, nor, cup size, etc.
(see chapter 6 for more examples). If information is missing concerning
the demands placed on this aspect, the studies are difficult to assess.

A source of error always remains, regardless of the precision of the
data collection, namely the discrepancy between the actual intake and that
calculated from information in the food tables used. For example, the
amount of caffeine in confectionery varies substantially by geographic
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location (e.g. different persons having different preferences for various
types of chocolate). The nearly limitless trade with foodstuffs means that
the individual consumer does not know where products come from.
Furthermore, very few FFQ would even consider this factor, or the poten-
tial effects that food processing has in industry and in the home. Further-
more, one cannot ignore the fact that the level of absorption in the intesti-
ne can vary among individuals, and can depend on interactions with other
food components. Combined, these factors could have a decisive impact
on particular cohort studies where only a few percent of all subjects
contract the disease.

10.2.5. Validating dietary studies

In many of the studies reviewed, the authors state that the methodology
has been validated with satisfactory results. A few studies describe the
procedure in greater or lesser detail.

Usually they have allowed a subgroup of participants to conduct a 7-
day (possibly weighed) food record that is designated as "a golden stan-
dard", despite the knowledge we have about its impact on dietary habits,
and then they compare their own "simpler" method with this “standard”.
They measure concurrence with the reference method and express the
strength by a correlation coefficient. It is hardly remarkable that it is
found to be significant, but by no means does it suggest that the estimated
quantities of different foodstuffs and nutrients are the same in their own
method as in the reference method.

A somewhat more acceptable validation method is the one where the
reference method data is divided into a number of equally large classes,
probably quintiles, where the boundaries are established. Naturally, one's
method is better if more data cluster in the same class as in the reference
method and less data cluster in the most distant class. In the few valida-
tion studies of this type, which have been presented in sufficient detail
(e.g. Rimm et al., 1992) only 40% to 50% of the subjects have clustered
correctly in the lowest and highest quintiles, which is hardly sufficient for
a "passing grade".

English epidemiologists (Bland and Altman, 1986) have shown that a
real validation test should show, in quantitative terms, how much one's
own method differs from the reference method. This requires a reference
method that measures the true value and uses a methodology other than
the applied dietary study method, i.e. a biochemical or physiological
method. To date there are only two well-documented methods (but
neither of these have been used in the reviewed studies), namely a 24-
hour urinary nitrogen output that can give the true value of protein intake
at the group level (Isaksson, 1980; Bingham and Cummings, 1985), and
the double-labelled water method (Coward, 1991) which gives the true
value for energy expenditure (and is equal to energy intake in weight
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stability). Agreement in the data between one's own method and these
methods as regards intake of protein and energy does not necessarily
guarantee that the method yields correct values for all other dietary com-
ponents as well. However, poor agreement suggests that one's own
method is deficient, and/or that the subjects do not provide correct infor-
mation about their consumption. Both of the methods have revealed that
obese individuals regularly underreport their consumption (Hosmer and
Lemeshow, 1989; Heitmann, 1993; Heitmann and Lissner, 1995).

Estimating a cut-off value for energy intake (Goldberg et al., 1991),
i.e. the lowest value for an individual's energy needs, provides opportuni-
ties to assess the methodology or to identify underreporting in published
studies. This is established at 1.35 x BMR (basal metabolism, calculated
from height and weight), where 1.35 expresses the lowest normal physi-
cal activity level (PAL value). Unfortunately, information about the
subject's height, weight, and energy intake is seldom found in the revie-
wed studies, but where such information is available and gives an estima-
tion of the PAL value (e.g. Stampfer et al., 1993), a value of only 1.2
raises many questions.

10.2.6. Specific compounds in foods as exposure variable

The many, and difficult-to-overcome, sources of error discussed above
give reason to doubt that current dietary study methods can provide suffi-
ciently specific data for each study participant on the consumption of
food items containing a specific compound to allow analytical studies of
this dietary component's role in influencing adverse conditions.

Therefore, this raises the question as to whether analysis would be
more informative if it remained at the foodstuffs level, and, in this report,
primarily concerned the consumption of caffeine-containing beverages.
Of course, even this information is associated with sources of error,
which applies both to the type of foodstuff and the frequency and quanti-
ty of consumption. However, it eliminates the most serious sources of
error in converting to caffeine intake. Another advantage is that such an
analysis does not isolate a particular component, but looks at the possible
effects of the "orchestra of compounds in coffee" in association with other
components in the diet. The distinguishing variable would mainly be the
consumption frequency. Even an incomplete FFQ, as regards the mul-
tiplicity of caffeine sources, should be able to satisfactorily distinguish
between high and low consumers of coffee or tea.

Nonetheless, this report in depth reviews the epidemiological studies
which explore a possible relationship between the intake of caffeine or
caffeine-containing foods and beverages and adverse effects on the preg-
nancy that have been published since the middle of the 1970s. The effects
studied include influence effects on: (1) fertility, (2) spontaneous abor-
tion, (3) birth defects, (4) pre-term delivery, (5) foetal growth retardation,
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(6) foetal behaviour, and (7) on neonates, infants and children. The
weaknesses and strengths of the various studies are presented in detail in
chapter 11-17.



11. Caffeine intake and fertility

Many investigators have studied the question as to whether caffeine could
influence fertility. It has been addressed both in experimental mechanistic
studies and in epidemiological research. There are several plausible bio-
logical mechanisms though which caffeine could exert an effect on fertili-
ty (Hatch and Bracken, 1993), but none are consistently well studied.

In women, caffeine could directly affect ovulation though alterations
in hormone levels. It has been reported that caffeine consumption is in-
versely correlated with levels of estradiol in both pregnant and perimeno-
pausal women, and positively correlated with levels of sex hormone-
binding globulin (London et al., 1991; Petridou et al., 1992). Caffeine has
been associated with increased severity of pre-menstrual symptoms,
which, in turn, may have a hormonal aetiology (Rossignol, 1985). Prolac-
tin levels may also be altered, which might result in a disruption of ovula-
tion (Casas et al., 1989).

The length of time for the conceptus to travel from the fallopian tube
into the uterus could also be affected by caffeine, either though hormonal
effects on tubal cilia or by the relaxation of smooth muscle. Since the
endometrium is receptive to the fertilised conceptus for a limited time
period, alterations in tubal transport time may affect the process of im-
plantation (Takizawa and Mattison, 1983).

Additionally, caffeine may affect the viability of the fertilised ovum.
Caffeine has been found to penetrate the blastocyst prior to implantation
in rabbits (Hirsh, 1984). If this results in abnormalities of the developing
embryo and it also occurs in humans, this could increase the risk of early
pregnancy losses prior to clinical recognition of pregnancy, which would
result in a seemingly delayed conception.

An additional possibility is that some other component of caffeine-
containing beverages may be responsible for the observed effects. Phy-
tooestrogens, naturally occurring substances with estrogenic activity,
have been identified in coffee, and have been linked to reduced fertility in
some animal species (Fredericks et al., 1981). It has also been suggested
that tannic acid, which is present in coffee and tea, may be associated
with reduced fertility (Cramer, 1990).

While the maternal role in chemically induced teratogenesis has been
well established, the importance of male involvement in such birth de-
fects has been less extensively investigated. For example, the induction of
male-mediated dominant lethal mutations by caffeine in mice remains
controversial (for references, see Beach et al., 1984).

Fifteen epidemiological studies have investigated the relationship
between caffeine intake and fertility. In studies of this type, it is crucial to
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know the caffeine intake at the time of conception attempts. However,
this has rarely been the case. Therefore, a common limitation in many
studies is that other time periods have been used as substitutes for the
suitable time period. Another problem is how well the calculated caffeine
intake describes the real intake. Caffeine intake has usually been calcula-
ted by summing up the amount of caffeine in coffee, tea and soft drinks
(cola beverages). The calculations have been based on the assumption
that on average a cup of coffee contains 100 mg caffeine, a cup of tea 50
mg caffeine and a can/drink of soft drink 40 mg caffeine. Not taking li-
festyle, culture, tradition, and behaviour into account when studying cof-
fee, tea and cola consumption obviously is expected to have some bearing
on the results, since these factors will determine how the beverages are
prepared and how they are consumed, and therefore influence caffeine
intake. Similarly, not including exposure of caffeine from medical prepa-
rations when calculating caffeine intake could be expected to influence
the result.

Fertility is typically defined as the occurrence of pregnancy within 12
months of regular unprotected intercourse. This definition originally was
intended to identify the time when couples should seek medical care for
infertility. Demography has distinct conceptual and methodological defi-
nitions for fecundity and fertility that contrast with the inconsistent use of
these terms by epidemiologists. Fecundity refers to the biological capaci-
ty to conceive, whereas fertility refers to the ability to reproduce or bear a
live born offspring. The fertility parameters in the studies summarised
below have varied, the most common criteria being: time to concep-
tion/time to pregnancy; fecundability; and pregnancy rate. Other criteria
are success of in vitro fertilisation and embryo transfer, and sperm quali-
ty.

Sections 11.1 to 11.7 in more detail present the epidemiological studi-
es on a possible relationship between caffeine intake and fertility. Our
conclusions based on a critical evaluation of these epidemiological studi-
es are presented in section 11.8. The most important results of the separa-
te studies are summarised in chronological and geographical order in
Table 43 (relationship between caffeine intake and time to pregnancy),
Table 44 (relationship between consumption of caffeine-containing beve-
rages and time to pregnancy), Table 45 (relationship between caffeine
intake and fecundability) and Table 46 (relationship between consump-
tion of caffeine-containing beverages and fecundability).

11.1. Caffeine intake and time to conception/pregnancy,
alternatively Caffeine intake and fecundability

Time to conception and time to pregnancy are common parameters for
fertility and seem to have been used in epidemiological studies without
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distinction. Generally, these time periods have been determined by a set
of questions, which ask when the studied women stopped using contra-
ception/protection, and questions on how many months it took before
they became (clinically) pregnant. The probability of becoming clinically
pregnant in each menstrual cycle, the fecundability, is a similar fertility
parameter used in many studies. One version of this parameter is the "fe-
cundability ratio", which is defined as group differences in fecundability
as measured by calculating the per-cycle probability of pregnancy for
exposed and unexposed groups, and expressing the results as a ratio
(Wilcox et al., 1988a).

Table 43 summarises the five retrospective studies that have investiga-
ted the relationship between caffeine intake and time to concep-
tion/pregnancy, whereas the eight studies that have presented data on
caffeine intake and fecundability are summarised in Table 45. Some of
the studies appear in both tables. Investigations on the relationship bet-
ween the consumption of specific caffeine-containing beverages and time
to conception/pregnancy, alternatively fecundability, are presented in
Tables 44 and 46, respectively.

For historical reasons we first describe one of the studies that related
caffeine intake to fecundability. This was the scientific report that started
the discussion on a possible relationship between caffeine intake and
fertility. It was published in 1988 and written by Wilcox and co-workers.
These investigators prospectively studied the association between con-
sumption of caffeine-containing beverages and the ability of 221 women
from North Carolina, the United States, to become pregnant. The study
base was a selection of women that agreed to participate in the study and
planned to become pregnant after stopping their use of birth control. The
study sample was a mixture of women who had never conceived and
women that had been pregnant before. The total caffeine intake was esti-
mated for the 104 women of the study base who did not become pregnant
in their first three months of trying by assuming standard quantities of
caffeine in brewed coffee, tea, and soft drinks. Instant coffee was estima-
ted to contain 65 mg caffeine per cup. Most of these women reduced their
caffeine intake after they had stopped birth control; mean intake decrea-
sed from 147 to 127 mg/day. The median, 105 mg/day (about one brewed
cup of coffee a day) was used to separate women into those with a lower
and those with a higher caffeine intake. After adjusting statistical calcula-
tions for factors that might contribute to an association between caffeine
intake and fecundability, the investigators made the remarkable observa-
tion that women with a "high" caffeine intake (approximately one cup of
brewed coffee per day) were half as likely to become pregnant (per cycle)
as women who ingested less (Table 45). A dose-response effect was pre-
sent. When data from all 221 enrolled women on caffeine intake before
trying to conceive were analysed, the adjusted mean fecundability ratio
for higher caffeine users was non-significant. The weaker overall associa-
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tion was suggested to be due to the lack of an association between caffei-
ne consumption and fecundability in the first two cycles after the women
stopped using birth control.

When Wilcox and co-workers in the original study investigated
whether any particular caffeine-containing beverage was responsible for
the altered fecundability (Table 45), a reduced fecundability ratio was
observed for coffee as well as for non-coffee sources of caffeine (Wilcox
et al., 1988a). In a latter report, Wilcox and Weinberg (1991) analysed
the intake of non-coffee beverages such as tea and caffeinated soft drinks.
Whereas tea had a negligible association to fertility, soft drinks were
surprisingly strongly related to lower fertility. A statistical evaluation of
the results showed that one caffeinated soft drink per day was associated
with a 50% reduction in the monthly chance of conception, after coffee
consumption, frequency of intercourse, and age were controlled for
(Table 46). Later studies have generally found no correlation between
intake of caffeinated soft drinks and fertility. Severe limitations of Wil-
cox’s studies include the small and poorly defined study base, and the
fact that only a subset of the women enrolled in the study provided data
on caffeine consumption during the time they were actually trying to
conceive.

The surprisingly strong effect of comparatively low daily intakes of
caffeine on fertility in the study of Wilcox et al. (1988), however, stimu-
lated many investigators to explore the relationship between caffeine
intake and fertility parameters. Four out of the five studies that have loo-
ked at the relationship between caffeine intake and time to concep-
tion/pregnancy (Table 43) have found a statistically significant rela-
tionship between these parameters, whereas two studies have found these
parameters to not be related. Three of the four studies that found an asso-
ciation between delayed conception and caffeine consumption were per-
formed in the United States. The fourth study was a European multi-
centre study that explored risk factors of infertility and included partici-
pants from Denmark, Germany, Italy, Poland, and Spain.

One of the American studies was large, and originally designed to
examine whether prior induced abortion affects future pregnancy outco-
me. This study comprised 1 909 (46 % of the study base) women who
were married to their first husband and who did not conceive while using
a method of birth control. When they later tried and succeeded at beco-
ming pregnant, the participants were interviewed during early pregnancy
about their daily caffeine intake from coffee, tea, and soft drinks during
the period between the date of conception and the date of the interview
(Hatch and Bracken, 1993). The investigators assumed that the cups used
for coffee and tea drinking were of equal size (150 ml) and estimated that
a cup of coffee contained 107 mg caffeine and a cup of tea 34 mg caffei-
ne. One serving of soft drinks (360 ml) was estimated to contain 47 mg
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caffeine. The average daily caffeine intake among the participants was as
low as 95.8 mg, with individual values ranging from 0 to 1 273 mg.

According to the statistical calculations, which were adjusted for most
recent method of birth control, parity, and cigarette smoking, women who
ingested 151 mg caffeine or more per day had a significantly delayed
time to conception in comparison to women having no intake of caffeine
(Table 43). None of the estimates for individual beverages (coffee, tea or
cola drinks) were statistically significant (Table 44). Caffeine intake was
found to have no influence on the fecundability ratio (the relative risk of
monthly probability of conception) before adjusting for confounding
factors. In these studies, the fecundability ratio was calculated from in-
formation on the caffeine intake of women who took longer than 12
months to conceive and women who conceived within 12 months of
stopping a birth control method by comparing exposed and unexposed
groups. However, caffeine was found to influence fecundability when the
method of birth control, parity, and cigarette smoking were adjusted for
(Table 45). Women who reported drinking over 300 mg/day of caffeine
had a 27% lower chance of conceiving during each cycle, and those who
reported drinking 1-150 or 150-300 mg/day had a 10% reduction in per
cycle conception rate compared with women who consumed no caffeine.
The study design had several limitations. In this study, like in many other
epidemiological studies of this kind, the frequency of intercourse of the
study subjects was unknown, and no information on the caffeine intake of
their husbands was available (compare section 10.3). It could also be
argued that the women might not have accurately recalled when they
stopped using birth control. The most serious limitation of the study was,
however, the potential for misclassification of caffeine intake due to the
estimation of beverage volume and beverage consumption during early
pregnancy, as opposed to during the time when the women were attemp-
ting to conceive.

The latter limitation was commented upon in a letter to the American
Journal of Epidemiology (Caan and Coates, 1994). In this letter Caan and
Coates presented results of a recently completed study in which 210 wo-
men who were attempting to conceive were surveyed each month for 12
months or until they reported a confirmed pregnancy. The results presen-
ted were on pregnancy status and intake of caffeinated beverages during
the previous month. The women were also asked about their caffeine
intakes in the month in which they became pregnant. Women who con-
ceived reported a caffeine intake in the month in which they became
pregnant that was 29.4 mg lower than the average of previous months.
Most women were less than 4 weeks post-conception at the time that they
reported decreases in caffeine intake. The fraction of women who redu-
ced their caffeine intake by more than 100 mg during the month in which
they became pregnant, (in comparison with their average caffeine intake
during previous months), was close to 33 percent among women that
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conceived in either their first or second month of trying, but only 10.4
percent among women who conceived in months 3-12 of trying. Thus, it
appears that women with shorter conception times were more apt to redu-
ce their caffeine intake than did women with longer conception times.
These data indicate that data collected for exposure periods after preg-
nancy confirmation will not reliably capture intakes from the relevant
exposure period, and will produce risk estimates that are biased by a sig-
nificant degree of misclassification.

The relationship between caffeine intake and delayed conception has
also been studied in the Reproductive Health Study. This is an eastern
American retrospective study of 1430 well-educated non-contracepting
parious women who were interviewed in 1989-1990 about their consump-
tion of caffeinated beverages (coffee, tea and soft drinks) during the first
month of pregnancy (Stanton and Gray, 1995). During the ten previous
years these women had had 2 501 pregnancies. The ten-years-long time-
period between pregnancy and time of interview may of course have re-
sulted in recall bias. As in the previous study, delayed conception was
defined as a waiting time to conception of more than 12 months of unpro-
tected intercourse, which conforms to the widely used definition of infer-
tility. It was assumed that the consumption levels of caffeine reported
during the first month of pregnancy reflected consumption levels before
pregnancy. After adjustment for potential confounders, there was no as-
sociation between caffeine consumption and risk of delayed conception
(>12 months) when pregnancies of all the women were taken into consi-
deration. However, using non-smokers who reported no caffeine con-
sumption as the referent group in the statistical calculations revealed a
significantly increased risk of delayed contraception in non-smokers (but
not in smokers) having the highest intake of caffeine (Table 43). The
trend in increased risk for delayed conception among non-smokers was
also statistically significant. The investigators proposed that a possible
explanation for the differential effect in smokers and non-smokers could
be that the caffeine metabolism is enhanced in the former group (Stanton
and Gray, 1995). When the caffeine intake was related to the probability
of pregnancy per menstrual cycle for all participants, a decreasing fecun-
dability with increased caffeine consumption was observed (Table 45). In
general, the more caffeine ingested, the lower the probability of pregnan-
cy. The trend of decreasing fecundability with increasing caffeine con-
sumption was statistically significant. At the highest caffeine intake
(>301 mg/day), the adjusted estimated fecundability for all women was
17 percent lower than for women who consumed no caffeine. Non-
smokers who consumed high levels of caffeine had a 26 percent lower
monthly probability of pregnancy compared with non-smokers who re-
ported no caffeine consumption (Table 45). Smoking reduced the fecun-
dability ratio, but the authors observed no significant effect of caffeine in
smokers (Stanton and Gray, 1995). The caffeine intake was low in the
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studied population (few women consumed more than 300 mg/day), and
referred to the first month of pregnancy. Some investigators have critici-
sed the conclusions drawn from sub-group analysis, when effects were
observed only in the subgroup but not in the entire material.

Because infertility has a multifactorial aetiology, it is understandable
that it might be difficult to establish a firm relationship between exposure
and probability of conception. To provide new insights into the causative
mechanisms of infertility, one American study investigated the effect of
caffeine intake in women who had been diagnosed with specific infertili-
ty disorders. This was a case-control study from the United States and
Canada, originally undertaken to examine the relation between contracep-
tive practices and a woman's ability to conceive. The caffeine intake was
investigated in 1 050 white women with primary infertility, diagnosed as
ovulatory failure, tubal disease, cervical factors, endometriosis, or idiopa-
tic infertility, and was compared to the intake of 3 833 white women who
during the period 1981-1983 had given birth to live-born children (Grod-
stein et al., 1993).

Caffeine exposure was estimated as in the previous studies, except
that only cola drinks were included among the caffeine-containing soft
drinks. The caffeine intake referred to the time period prior to the likely
onset of infertility; that is, the period prior to conception or the attempted
conception. A significant increase in the risk of infertility (inability to
conceive within 12 months of unprotected sexual intercourse or the failu-
re to deliver a live-born child) due to tubal disease and endometriosis was
observed for the upper levels of caffeine intake (Table 43). The elevated
risk of tubal infertility was observed for women consuming more than
233 mg of caffeine per day, in comparison with those who consumed 0-
100 mg/day. The corresponding intake that elevated the risk of endome-
triosis was 170 mg caffeine per day. The exact mechanism of these ef-
fects remains unclear. Caffeine intake was not related to infertility due to
ovulatory failure, cervical factors, or idiopatic infertility (Table 43). Due
to the traumatic endpoints studied, it is possible that infertile women
overestimated caffeine consumption in comparison with fertile women
who were instructed specifically to report only caffeine use before preg-
nancy. Limitations with the study were that cigarette smoking among
mothers was not quantified, that the likelihood of underreporting caffeine
intake might have differed between groups, and that the frequency of
intercourse was unknown. The missing information on cigarette smoking
was a drawback because of the correlation between smoking and coffee
consumption and the influence of smoking on caffeine metabolism
(Grodstein et al., 1993).

Only one of the studies relating caffeine intake to fertility has tried to
differentiate coffee consumption based on the participants habits of pre-
paring and drinking coffee. In this study, women aged 25-44 years from
five European countries (Denmark, Germany, Italy, Poland, and Spain)
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were randomly selected from population registers, census registers, and
electoral rolls to participate in the study. They were interviewed between
1991-1993 on their consumption of caffeine-containing beverages and
many other parameters at the starting time of unprotected sexual inter-
course, which could have been up to 31 years earlier (Bolumar et al.,
1997). Only 68 % of the 6 630 randomly identified women decided to
participate. Women who had been treated for infertility were not included
in the study population. Further exclusion resulted in a study limited to 3
187 women who reported that their first pregnancy was planned. The
caffeine intake from coffee was estimated from information on consump-
tion rate, as well as from ecological data on average cup size, types of
coffee mixtures, and brewing methods in each country (no individual data
were available). Thus, a cup of coffee contained 130 mg caffeine in
Denmark, and 115 mg in Germany and Southern Europe. It was assumed
that a cup of tea contained 50 mg caffeine and a drink of cola 40 mg caf-
feine. The average daily caffeine intake varied significantly between the
five populations in the study. Intake was 707 mg in Denmark, 353 mg in
Germany, 278 mg in Poland, 286 mg in northern Italy and 199 mg in
Spain.

Time between stopping a birth control method and conception increa-
sed with increasing levels of caffeine intake (Bolimar et al., 1997). After
adjustment was made for potential confounders, a significantly increased
odds ratio for time to first pregnancy >9.5 months (defined as subfecundi-
ty by the authors) was observed among women with an intake of more
than 500 mg of caffeine per day (Table 43). Similar results were obtained
when reported time to first pregnancy was >12 months (Table 45). When
the exposure was ascertained from coffee consumption, a similar
although not significant result was obtained after controlling for the same
set of confounding variables (Table 44). The associations were observed
consistently in all countries as well as for the most recent waiting time
episode. The authors carefully pointed out possible confounding factors,
and discussed the likelihood that these variables could have influenced
the result. It should be stressed, however, that it might be very difficult to
recall your consumption or habits many years back in time, and this
might have introduced a recall bias. Another problem with the statistical
analysis was that smoking was categorised into a small number of discre-
te groups (none, 1-11, 11+) rather than as a continuous variable, and that
alcohol consumption was not controlled for.

One of the two studies that reported no relationship between caffeine
intake and fertility was performed by Joesoef and co-workers (1990) in
North America between 1981 and 1983. These investigators studied both
2 817 women who had had no history of infertility and who delivered a
live-born child as a result of a planned pregnancy at one of seven institu-
tions, and 1 818 women that contacted the same institutions and had a
diagnosis of primary infertility. Both groups were interviewed with the
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same type of food-frequency questionnaire. In addition to standard
questions about consumption of caffeinated beverages, the questionnaire
also asked about consumption of decaffeinated coffee. Questions about
consumption of caffeine-containing beverages referred to the time period
when the women were not pregnant (Weinberg and Wilcox, 1990). The
quantity of caffeine consumed had little or no effect on the reported time
it took to conceive in fertile women who planned their pregnancy. For
each type of caffeinated beverage, aside from tea, time taken to conceive
was unrelated to increasing levels of consumption (Table 44). The mean
number of months to conception increased significantly with an increa-
sing consumption of tea. One of the authors has subsequently suggested
that it is the tannins in tea that are responsible for the reduced fertility
seen with a high intake of this beverage (Cramer, 1990). In the group of
women with primary infertility, an association between consumption of
caffeine-containing beverages and risk of infertility disappeared after an
adjustment for confounding factors. The monthly probability of concep-
tion (fecundability ratio) was similar for women consuming more than
233 mg caffeine per day and for women consuming less than that amount
(Table 45). Interestingly, the association between primary infertility and
consumption of decaffeinated coffee remained after an adjustment for
confounding factors (Joesoef et al., 1990). The odds ratio for drinking 1-2
cups of decaffeinated coffee per day was 1.5 and, for drinking more than
this, 2.5. This rather odd observation could not be explained.

The other negative study was a small prospective study performed on
the American west coast, in which 210 women who volunteered to parti-
cipate reported the consumption of caffeinated beverages and pregnancy
status monthly (Caan et al., 1998).

The mean total caffeine intake was very low in the studied group, only
610 mg per week. There was no significant decrease in fertility associated
with total caffeine, coffee, decaffeinated coffee, or caffeinated soda for
either moderate or high consumption (Tables 43 and 44). However, the
highest level of tea consumption (>0.5 serving/day) was significantly
associated with an increase in fertility, but this relationship was observed
only in pregnancy cycles 1 though 3. This very low tea consumption had
no influence on time to pregnancy in other studies. Therefore, it is pos-
sible that this finding was spurious or due to chance alone or, alternative-
ly, that tea consumption may be associated with other lifestyle characte-
ristics that could enhance fertility.

A group of studies have focused entirely on the relationship between
fecundability and caffeine intake. The Ontario Farm Health study was
originally designed to address the relation between pesticides and repro-
ductive health, and was based on information from families on grain
farms and fruit and vegetable farms. The data used to investigate the rela-
tionship between caffeine intake and fecundability was collected in 1991-
1992 (Curtis et al., 1997). Although close to 3 000 couples were identi-
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fied to fulfil the set criteria for inclusion, only 1 898 (64 percent) of these
completed the interview questionnaires. Over the previous 30 years, the
participating families reported 2 607 planned pregnancies. Almost all
respondents (both husband and wife) reported some caffeine intake at the
time of the interview, the only time period investigated. The time that had
passed between the date of conception and the questionnaire interview
was between 1 month and 26 years. Therefore, recall problems were a
severe limitation of the study, which might have led to misclassification.
The mean time between the time of the questionnaire interview and the
date of conception was 9 years. Among consumers of caffeinated bevera-
ges, close to one third of both men and women reported an intake of less
than 100 mg of caffeine per day. Another third consumed between 101
and 300 mg per day, one fifth between 301 and 500 mg and 12 percent of
women and 16 percent of men reported consuming more than 500 mg
caffeine per day. There was no relationship between caffeine intake and
fecundability (monthly probability of conception) for either men or wo-
men, and no dose-response in fecundability with an increase in caffeine
consumption (Table 45). Adjustment for confounding variables (e.g. ciga-
rette smoking, use of decaffeinated coffee, interaction between women’s
and men’s caffeine consumption) did not influence the final result. Ho-
wever, a possible, but questionable, association was noted between wo-
men’s coffee consumption and decreased fecundability (Table 46).

The Reproductive Health Study is a prospective observational study
on 124 women 23-41 years old and employed at two semiconductor
plants in the north-western region of the United States from May 1989 to
August 1991. Its purpose is to address the effects of semiconductor ma-
nufacturing on reproductive health. In this cohort, Hakim et al. (1998)
prospectively ascertained consumption of alcohol and caffeine for each
month of participation. The study participants delivered daily urine spe-
cimens and daily documentation of menstrual cycles and sexual activity
so that the full spectrum of conception could be ascertained during 678
menstrual cycles, including sub-clinical pregnancy losses. The data were
used to analyse the independent effects of alcohol and caffeine consump-
tion association on the probability of conception per menstrual cycle.

Conception was defined as the combination of live births, clinical
miscarriages and sub-clinical losses (because previous analyses had
shown caffeine consumption to have an equivalent effect on conception
probability regardless of outcome). To identify clinical miscarriages and
sub-clinical losses, estrogens were assayed to detect day of ovulation, and
hCG to detect pregnancy before implantation. The caffeine intake was
estimated from information on the consumption of coffee, tea and caffei-
nated soft drinks during the last month obtained at entry into the study,
and then at monthly intervals.

The adjusted odds ratio for rate of conception suggested a negative
association to caffeine consumption, but the statistical evaluation
revealed that the independent association was non-significant (Table 45).
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that the independent association was non-significant (Table 45). Further-
more, there was no significant trend. However, there were indications that
caffeine enhanced the negative effect of alcohol on conception in non-
smoking women. The study was based on a very limited number of wo-
men who had a very modest consumption of caffeine — 63% of the non-
smoking women consumed 1 cup of coffee per day or less. The influence
of their male partners on the conception rate (e.g. frequency of intercour-
se) was not controlled for.

In a Dutch prospective study (Florack et al., 1994) investigating the
influence of occupational and other environmental factors on early preg-
nancy failure, data was collected on the caffeine intake of 259 invited (by
letter) female non-medical hospital workers and their partners. Partners
consumed more caffeine (median = 700 mg a day) than participants (me-
dian = 375 mg a day). Not less than 155 women had already started
trying to conceive before enrolment in the study - 56 began trying already
more than 1 year before the initiation of the study. In the subgroup of 104
participants who was followed prospectively since they started trying to
conceive, 81 % became pregnant within 1 year. No support was obtained
for the hypothesis that a high caffeine intake had an adverse effect on
fecundability (Table 45). The strongest reduced fecundability was found
when partners drank more than 7 cups of caffeine drinks per day. Mode-
rate caffeine consumption (3-7 cups per day) was associated with a higher
fecundability than either low or high caffeine consumption. Of the caffei-
ne-containing beverages, only the tea consumption of participants in-
fluenced fecundability compared with that seen in non-drinkers of the
particular beverage (Table 46).

This prospective study might be influenced by three types of bias: se-
lection bias (less fertile couples were more likely to enrol in the study),
information bias (the prospective design resulted in information on the
caffeine intake for 155 women being gathered during the period they tried
to conceive, and for 104 women before this period) and confounding bias.
In this study, confounding bias could in particular result from missing
information on the frequency of intercourse and the fact that the study
population was restricted to a specific occupational group.

An invitation to participate in a study on caffeine intake and fecunda-
bility was given to 52 255 Danish trade union members who were 20 to
35 years old, lived with a partner and had no children. Of those who
accepted, 423 couples were recruited into the study after being checked to
fulfil rigorous inclusion criteria (Jensen et al., 1998a). The couples were
enrolled into the study when they discontinued birth control, and were
followed for six menstrual cycles, or until a pregnancy was clinically
recognised. Stringent criteria were used for exclusion of data from speci-
fic menstrual cycles (i.e. poor frequency of self-reported answers on the
monthly questionnaire, no intercourse from day 11 to 20 in the menstrual
cycle, azoosperma). Finally, 423 couples with 1 596 cycles were included
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in the analysis. At enrolment both partners were interviewed on personal
and demographic factors, and the men provided a semen sample. During
the study they completed a monthly questionnaire on changes in occupa-
tional exposures and lifestyle factors. Important parameters investigated
were smoking, alcohol, and caffeine intake. Each person’s daily caffeine
intake was estimated, assuming the content of caffeine to be 100 mg in
one cup of coffee, 50 mg in one cup of tea, 25 mg in one cup of chocolate
beverage, 100 mg in 250 ml cola and 12.5 mg in a 50g chocolate bar. The
effect of each investigated exposure was calculated separately for each
sex. The following variables were identified as potential confounders in
relation to pregnancy within the six menstrual cycles, and were, if requi-
red, controlled for in the statistical calculations: male and female smo-
king, females whose mother smoked during pregnancy, male and female
diseases of the reproductive organs, female alcohol intake, sperm con-
centration, duration of menstrual cycle, use of oral contraceptives as last
method of birth control, and female body mass index. Variables of poten-
tial interest but with no association to cycles to pregnancy were the centre
of enrolment, age of menarche, male body mass index and alcohol intake,
and age of both genders.

Almost all participants (97.5%) consumed caffeine daily, which made
comparison with unexposed participants impossible. The median daily
intake was 250 mg in women (5" and 95" percentiles: 43 and 819 mg),
and 423 mg in men (5™ and 95" percentile: 36 and 1 164 mg). Around
15% consumed chocolate beverages daily, and 40-45% reported no cola
consumption during an entire week. No adverse effect of caffeine on
fecundability among female and male smokers was found (Table 45).
Among non-smoking women, the point estimate of the fecundability ratio
decreased with increasing amounts of caffeine consumed after adjusting
for female body mass index and alcohol intake, diseases of the female
reproductive organs, semen quality, and duration of the menstrual cycle.
Although the 95% confidence intervals included unity at both 300-699
and >700 mg caffeine/day, and the point estimates, therefore, were sta-
tistically non-significant, a trend test was statistically significant (Table
45). Smoking women whose only source of caffeine was coffee (>300
mg/day) actually had a reduced fecundability ratio (Table 46). In males,
the same tendency for the point estimate was present after adjustment for
female body mass index, smoking and alcohol intake, diseases of the
male and female reproductive organs, and duration of the menstrual cycle
(Table 46). At the high dose in non-smoking men, more than 700 mg
caffeine/day, the 95% confidence interval of the fecundability ratio (when
comparing with caffeine intakes between 0 and 299 mg caffeine/day)
excluded unity (Table 45).

The strength of the study was that the chosen design allowed caffeine
intake to be estimated during each menstrual cycle before any knowledge
about an occurrence of pregnancy in the specific cycle was obtained. A
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weakness of the data was that very few participants were unexposed or
had a very low caffeine intake. Thus, if caffeine has a low threshold of
effect, it is possible that the study failed to reveal this. Another weakness
was that the frequency of intercourse was not analysed as a confounder,
simply because diary information on this parameter was missing among
couples who became pregnant in the first cycle (Jensen et al., 1998b).
That the male exposure had an effect on the fecundability ratio is rather
unexpected, and the data should be interpreted with care. Male exposure
could be mediated through an impact on semen quality or directly if the
caffeine content of seminal fluid is sufficient to interfere with conception
and implantation. However, the study found no association between caf-
feine intake and semen quality. The possible association between male
and female caffeine intake and decreased fecundability was found only
among non-smokers. According to the authors, their data, along with data
from other investigators, suggest that especially non-smoking women
who wish to achieve a pregnancy might benefit from reduced caffeine
intake (Jensen et al., 1998a).

Information on the relationship between consumption of caffeine-
containing beverages and time to conception has been presented in two
studies from the United States (Christianson et al., 1989; Alderete et al.,
1995). Christianson and co-workers scrutinised their own data collected
1959-1967 from 6 303 women interviewed early during pregnancy for
usual consumption before pregnancy of caffeinated and alcoholic bevera-
ges and use of tobacco. Their questionnaire also contained questions on
whether or not the woman had any trouble becoming pregnant (Van den
Berg et al., 1988). A preliminary analysis showed a dose-related effect of
coffee consumption and reported difficulties in becoming pregnant (Chis-
tianson et al., 1989). The women who were heavy coffee drinkers before
pregnancy (7 or more cups per day) had almost a doubled risk of
difficulty in becoming pregnant compared with women who drank little
or no coffee (Table 44). The results should be interpreted with care, since
the original questions in the questionnaire were not designed to answer
the questions asked in this study, and, therefore, were rather crude for the
performed calculations. A consequence was that adjustment for smoking
could only be performed qualitatively (smoker or non-smoker), not quan-
titatively.

During the first half of the 1960s 2 453 women living in the San Fran-
cisco East Bay area were recruited while receiving prenatal care to parti-
cipate in the Child Health and Development Studies (Alderete et al.,
1995). Of these women, 1 341 gave enough information on when they
last used contraceptives, and how much they smoked and drank coffee
before pregnancy, for the investigators to be able to use the information
to estimate the effect of coffee drinking on time to conception. Time to
conception was defined as the time interval between termination of
contraception and the gravida's last menstrual period as reported in inter-
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views. Among non-smokers, no reduced fertility was observed in coffee
drinkers compared with non-drinkers (Table 44). Coffee drinking also did
not increase the risk of delayed conception among smokers over the risk
posed by smoking itself. The most severe limitations of the study were
the facts that only women who became pregnant (for the first time) were
included in the study, and that 30 % of the primigravidas interviewed did
not report when they last used contraception. In the absence of this in-
formation they could not be included in the analysis (Alderete et al.,
1995).

Two studies focused solely on the relationship between consumption
of tea or coffee and fecundability/time to conception. In one of these, a
large Danish population-based survey of life-style factors and prolonged
time to pregnancy (subfecundity), the investigators estimated the associa-
tion between consumption of coffee and tea during the time period before
becoming pregnant and subsequent time to pregnancy. The required in-
formation was obtained from a questionnaire that was answered during
the last trimester of pregnancy and that asked for consumption of coffee
and tea, but not any other caffeine-containing foods (Olsen, 1991). Alto-
gether, 10 886 women who had not been treated for infertility and who
responded to the questionnaire satisfactory was included in the study. The
large size and the population-base are the main strengths of the study. In
the analysis, two cups of tea was assumed to be equivalent to one cup of
coffee; an assumption that might have led to misclassification (see,
Boltmar et al., 1997) . Among non-smokers, no association was found
between subfecundity (defined as a waiting time of 1 year or more from
cessation of contraception to achievement of pregnancy) and consump-
tion of coffee/tea (Table 44). For women who smoked and also consumed
at least 8 cups of coffee per day (or an equivalent amount of tea), a sta-
tistically significant increase in waiting for 1 year or more was noted
(Table 44). In addition to the non-complete knowledge on caffeine intake,
other factors not considered in the analysis may have confounded the
results. No data on previous sexually transmitted diseases or on frequency
and timing of sexual intercourse were available, something this study has
in common with most other related studies. Perhaps of more importance
was that coffee/tea consumption was measured as average intake prior to
delivery, and was therefore a proxy measure of the women’s intake in the
actual period in which she was trying to become pregnant.

A large American study on over 12 000 non-diabetic, non-asthmathic
post partum women from the Boston area has been used by many investi-
gators to explore the relationship between coffee consumption during the
first trimester and adverse outcome of pregnancies. The original informa-
tion, collected 1977-1980, was used to calculate the probability of 3 010
married women, who planned their pregnancy and who delivered a single
baby after 20 or more gestational weeks, becoming clinically pregnant in
each menstrual cycle (Williams et al., 1990). When the time to concep-
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tion was examined for different levels of daily coffee intake, it was noted
that this was longest for the 129 women who drank four or more cups of
coffee per day. Times for those drinking three, two, one or no cups of
coffee were similar but lower. Consumers of four or more cups of coffee
were consistently less likely to become pregnant than women who did not
drink coffee, also after adjustment for confounding factors (Table 46).
Within a menstrual cycle, women exposed to four or more cups of coffee
per day had only an 81% chance of conceiving as compared to unexposed
women. The adjusted estimated relative risk of failure to conceive within
one year was 80% higher among consumers of four or more cups of cof-
fee than in non-coffee drinkers (Table 46). A drawback of the calculation
was that the coffee consumption during the first trimester was used as a
proxy measurement for caffeine exposure during the time the women
were trying to conceive. If many women reduced their coffee intake du-
ring pregnancy, this misclassification of coffee consumption would unde-
restimate the true risk of exposure to coffee while attempting to conceive.



Table 43. Caffeine intake and time to pregnancy/conception.

Reference

Location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odds ratios
including 95% confidence interval
(NS = non significant)

Comments

Grodstein et al., 1993

Case-control
study

USA and
Canada

1 050 infertile women and 3
833 women who had recently
given birth

Time period prior to
the likely onset of
infertility.

Coffee, tea, cola
drinks

Infertility = inability to
conceive after 12
months

Infertility due to tubal disease
0 — 100mg/day* vs
>233* mg/day

Infertility due to endometriosis
0-100 mg/day * vs

170 mg/day * - 233*

>233 mg/day

Infertility due to ovulatory factor
0 — 100mg/day* vs
>233* mg/day

Infertility due to cervical factor
0 — 100mg/day* vs
>233* mg/day

Infertility due to idiopaty
0 — 100mg/day* vs
>233* mg/day

* figures recalculated from study

1.5 (1.1-2.0)

1.9 (1.2-2.9)
1.6 (1.1-2.4)

NS

NS

NS

Overestimation of caffeine consumption in
infertile women is possible. Cigarette smoking
among mothers was not quantified. Frequency
of intercourse unknown.

Hatch and Bracken,
1993

Cross-sectional study

USA

1 909 married pregnant
women (with previously
induced abortions)

Period between date
of conception and
inter-view (usually
before 15" week of
gestation)

Coffee, tea, soft drinks

Delayed conception =
inability to conceive
within 12 months

0 mg/day vs

1-150 mg/day
151-300 mg/day
>301 mg/day

NS
1.88 (1.13-3.11)
2.24 (1.06 - 4.73)

Misclassification of caffeine intake during the
time when attempting to conceive is possible.

Possibly poor recall of when birth control was
stopped. No information on frequency of inter-
course.

Stanton and Gray, 1995

Retrospective cohort
study

USA

1 430 well educated parious
women
2 501 pregnancies

First month of preg-
nancy (which was
assumed to reflect
pregnancy levels)
1980-1990

Coffee, tea, caffeina-
ted soft drinks

All

Non smoker, 0 mg/day vs

1-150, 151-300 and >301mg/day
Trend:

Smokers

NS
NS (p=0.06)

Smokers at all levels were at increased risk of delayed conception.

High levels of caffeine did not significantly increase the risk.

Trend:

Non smokers

Non smoker, 0 mg/day vs
1-150, 151-300 mg/day
>301 mg/day

Trend:

NS
NS (p=0.16)

NS
2.65 (1.38-5.07)
Stat. sign. p=0.02

Low caffeine intake in the studied population.




Reference

Location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odds ratios
including 95% confidence interval
(NS = non significant)

Comments

BolUimar et al., 1997

Retrospective
multi-center study

Denmark, ltaly
Germany, Spain, Po-

3 187 women (25 - 44 years)

randomly selected from
population registers

During starting time of
first episode.

Coffee, tea, cola
drinks

Time to pregnancy =
(subfecundity) = time
to first pregnancy >9.5
months

All

0-100 mg/day vs
101-300, 301-500 mg/day
>500 mg/day

Smokers only
0-100 mg/day vs

NS
1.45 (1.03-2.04)

Recall bias very likely.

Cigarette smoking categorised into a small
number of discrete groups instead of into a
continuous variable.

land >500 mg/day NS

Non-smokers only

0-100 mg/day vs

>500 mg/day NS
Caan et al., 1998 210 volunteers from the Each menstrual cycle [ Time to conception: A small study with a very low mean weekly

Kaiser Permanent Medical participants were <10.4 mg/day vs intake of caffeine.
Prospective cohort Program trying to conceive Regular coffee and tea | followed for 12 months
study decaffeinated coffee or until they became 10.5-106.8 mg/day NS
and tea, caffeinated pregnant >106.8 mg/day NS

USA

and diet sodas




Table 44. Intake of caffeine containing beverages and time to preg

nancy.

Reference

Location of study

Sample size and selection

Exposure period considered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odd ratios,
including 95% confidence interval
(NS = non significant)

Comments

Christiansson
etal., 1989

6 303 pregnant women
selected from the Child

Before pregnancy

Difficulty in becoming
pregnant

Coffee
<1 cup/day vs

Original questions in the questionnaire not
designed to answer the questions asked in

Health and Development 1-3 cups/day - 1.20 | this study. Poor adjustment for smoking.
Prospective longitu- | Study 4-6 cups/day - 1.88
dinal Coffee >7 cups/day - 1.96
study (no confidence intervals were given)
USA
Joesoef et al., 2817 fertile women and No information about Average time to Eertile women Effects of tea consumption subsequently
1990 1818 women with primary exposure period. conception suggested to be unrelated to time to
infertility. Regular coffee: Trend: NS | pregnancy (Cramer, 1990).
Retrospective multi- Coffee,
center case-control decaffeinated coffee, tea, Decaffeinated coffee: Trend: NS

study

cola drinks.

Tea: Trend: significant (p<0.01)
USA and Canada
Cola: Trend: NS
Infertile women
Decaffeinated coffee: "none” vs
1-2 cups 1.5 (p<0.05)
>2 cups 2.5 (p<0.05)
Williams et al., 1990 [ 3 010 non diabetic married First trimester of pregnan- | Time to conception Coffee Coffee consumption was only registered
women planning pregnancy cy 0 cup/day vs during 1% trimester, which could lead to
Cross-sectional study (Within one year of >4 cups/day 1.8 (1.1-3.0) | misclassification of exposure during con-
Coffee unprotected inter- ceiving time.
USA course)
Olsen, 1991 10 886 women Before pregnancy Time to pregnancy Coffee/tea, non-smokers Information on caffeine consumption was
(expressed as subfe- | 0-3 cups/day vs not complete. No information on frequency
Retrospective cohort Coffee, tea cundity) 4-7, > 8 cups/day NS | of intercourse.
study
Coffee/tea, smokers
Denmark 0-3 cups/day vs
4-7 cups/day NS

> 8 cups/day

1.35 (1.02-1.48)




Reference

Location of study

Sample size and selection

Exposure period considered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odd ratios,
including 95% confidence interval
(NS = non significant)

Comments

Hatch and 1 909 married pregnant Period between date of Delayed conception = | Coffee Misclassification of caffeine intake during
Bracken, 1993 women (with previously conception and interview inability to conceive None vs > the time when attempting to conceive is
induced abortions) (usually before the 15" within 12 months 1-150, 151-300, >300 mg/day NS | possible.
Cross-sectional study week of gestation) Tea
None vs Possible poor recall of when birth control
USA Coffee, tea, soft drinks 1-50, 51-100, >100 mg/day NS | was stopped. No information on frequency
Colas of intercourse.
None vs
1-50, 51-100, >100 mg/day NS
Alderete et al., 1995 [ 1 341 primigravida (only) Before pregnancy Time to conception = Coffee Only women who became pregnant were
from stop of Non coffee drinking and non smoking vs included. A high drop-out rate due to no
Prospective longitu- | the Child Health and Deve- contraception to last 1-3 cups and smoking 0, 1-9, 10-19 or information about last time using contra-
dinal lopment Study Coffee menstrual period >20 cigarettes NS | ception from 30 % of the primigravidas.
study
Results from >12 Non coffee drinking and non smoking vs
USA months vs <12 >3 cups and smoking 0, 1-9, 10-19 or
months >20 cigarettes NS

Bolumar et al., 1997

Retrospective multi-
center study (5
count-ries)

3 187 women between 25
and 44 years randomly
selected from population
registers.

During starting time of first
episode.

Coffee, tea and cola
drinks.

Time to pregnancy
>9.5 months

Regqular coffee
0 cups/day vs
>5 cups/day

1.40 (1.01-1.95)

Recall bias very likely.

Cigarette smoking categorised into a small
number of discrete groups instead of into a
continuous variable.

Caan et al., 1998

Prospective cohort
study

USA

210 volunteers from the
Kaiser Permanent Medical
Program trying to conceive

Each menstrual cycle

Regular coffee and tea
decaffeinated coffee and
tea, caffeinated and diet
sodas

Time to conception

Participants were
followed for 12
months or until they
became pregnant

Regqular coffee
0 servings/day vs

0.1-1, >1 servings/day
Decaffeinated coffee
0 servings/day vs
0.1-1, >1 servings/day
Regqular tea

0 servings/day vs
0.1-0.5 servings/day
>0.5 servings/day
Caffeinated soda

0 servings/day vs
0.1-0.5, >0.5 servings/day

NS

NS

NS
2.05 (1.09-3.88)

NS

A small study with a very low mean weekly
intake of caffeine.

Sign. relationship between tea consump-
tion and increase in fertility only observed
in pregnancy cycles 1 through 3.




Table 45. Caffeine intake and fecundability.

Reference

Location of study

Sample size and selection

Exposure period considered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odds ratios

including 95% confidence interval

(NS = non significant)

Comments

Wilcox et al., 1988

Prospective cohort
study

USA

104 women

(of 221) who did not
become pregnant in their
first three months

of trying

During the study (inter-
views at 0, 3 and 6
months)

Brewed coffee, instant
coffee, tea, caffeinated
soft drinks

Fecundability

defined as the proba-
bility of becoming
clinically pregnant in a
given menstrual

cycle

104 women
<105 mg/day* vs
>105 mg/day*

All 221 women
<105 mg/day* vs
>105 mg/day*

Estimated risk of infertility

<105 mg/day* vs
>105 mg/day*

* figures recalculated from the study

0.51 (0.35-0.75)

NS

4.7 (p<0.005)

Only a subset of the women provided data
on caffeine consumption during the concei-
ving time.

Small study base with a mixture of women
who had conceived previously and who
had not.

Joesoef et al.,
1990

Retrospective multi-
center case-control

study

USA and Canada

2817 fertile women and
1818 women with primary
infertility

No information about
exposure period.

Coffee,
decaffeinated coffee, tea,
cola drinks

Fecundability
ratio

<17 mg/day* vs
>233 mg/day*

1.03 (0.92-1.16)

* figures recalculated from the study

Hatch and
Bracken, 1993

1 909 married pregnant
women (with previously
induced abortions)

Period between date of
conception and interview
(usually before the 15"

Delayed conception =
inability to conceive
within 12 months

0 mg/day vs
1-150 mg/day
151-300 mg/day

0.90 (0.81-0.99)
NS

Misclassification of caffeine intake during
the time when attempting to conceive is
possible.

Cross-sectional study week of gestation) >301 mg 0.73 (0.61-0.88)
Possible poor recall of when birth control
USA Coffee, tea, soft drinks was stopped. No information on frequency
of intercourse.
Florack et al., 1994 259 women and their During the study. Time to pregnancy Women Small study base.

Prospective
Cohort study

The Netherlands

partners
planning pregnancy

Coffee, tea, cola

expressed as fecun-
dability = probability in
each cycle to become
pregnant

<400 mg/day vs
400-700 mg/day
> 700 mg/day

Partners

<400 mg/day vs
400-700 mg/day
> 700 mg/day

2.1(1.2:3.7)
NS

NS
0.6 (0.3-0.97)

Selection, information and confounding
bias possible.




Reference

Location of study

Sample size and selection

Exposure period considered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odds ratios
including 95% confidence interval
(NS = non significant)

Comments

Stanton and Gray,
1995

1 430 well educated
parious women.

First month of pregnancy
(which was assumed to

Fecundability =
probability in each

All women
0 mg/day vs

The caffeine intake was low in the studied
population.

2 501 pregnancies reflect pregnancy levels) cycle to become 1-150, 151-300 mg/day NS
Retrospective cohort pregnant >301 mg/day 0.83 (0.71-0.99)
study Coffee, tea, caffeinated Trend: stat. sign.
soft drinks
USA Non smokers
0 mg/day vs
1-150, 151-300 mg/day NS
>301 mg/day 0.74 (0.59-0.92)
Trend: stat. sign.
Smokers
0 mg/day non smoker vs
smokers consuming
0 mg/day 0.78 (0.62-1.00)
1-150 mg/day 0.81 (0.69-0.95)
151-300 mg/day 0.83 (0.69-0.99)
>300 mg/day NS
Trend: NS
Curtis et al., 1 277 farming couples: Information of the con- Fecundability = the Women Misclassification of consumption is pro-
1997 2,607 planned pregnan- sumption at the time of the | monthly probability of | 0 mg/day vs bable depending on recall problems
cies during the previous questionnaire conception 1-100, 101-300, 301-500 and
Retrospective cohort | 30 years 1991-1992 >500 mg/day NS
(Ontario Farm Family
Health) study Coffee, tea, cola Men
0 mg/day vs
Canada 1-100, 101-300, 301-500 and
>500 mg/day NS
Haakim et al., 1998 124 women employed in Each menstrual cycle Fecundability = N Non-smoking women Very small study base with women having
a semiconductor plant in probability in each 0-25 mg/day vs a low caffeine consumption.
Prospective cohort the Northwest of the Coffee, tea, caffeinated cycle to become 26-100, 101-300, >301 mg/day NS

study

USA

United States

soft drinks

pregnant




Reference

Location of study

Sample size and selection

Exposure period considered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odds ratios
including 95% confidence interval

(NS = non significant)

Comments

Jensen et al., 1998a

Prospective cohort
study

Denmark

423 couples who discon-
tinued birth control

Each menstrual cycle
Exposure data from 1992-
1995

Coffee, tea, cocoa, cola,
chocolate bars

Fecundability =
probability in each
cycle to become
pregnant

Non-smoking women (nsw)
0 — 299 mg/day vs
300-699, >700 mg /day
Smoking women (sw)

0 - 299 mg/day (nsw) vs
300-699, >700 mg/day
Non-smoking men (nsm)
0 - 299 mg/day (nsm) vs
300 - 699 mg/day

>700 mg/day

Smoking men (sm)

0 — 299 mg/day (nsm) vs
300-699, >700 mg/day

NS

NS

NS
0.56 (0.32-0.96)

NS

Original questions in questionnaires not
designed for the study.

Few participants were unexposed or had a
low intake. Frequency of intercourse
unknown.




Table 46. Intake of caffeine-containing beverages and fecundability.

Reference

Location of study

Sample size and selection

Exposure period considered

Sources of caffeine

End-point(s)

Results
Risk estimate adjusted odds ratios
including 95% confidence interval

Comments

Williams et al., 1990

Cross-sec-tional

3 010 non diabetic married
women planning pregnan-
cy.

First trimester of pregnan-
cy

Fecundability

Coffee

0 vs >4 cups/day 0.81(0.67-0.97)

Coffee consumption was only registered
during 1! trimester, which could lead to
misclassification of exposure during con-

study Coffee ceiving time.
USA
Wilcox and Wein- 104 women (originally During the study (inter- Fecundability Tea Only a subset of the women provided data
berg, 1991 221) trying to become views at 0, 3 and 6 defined as the proba- NS on beverage consumption during the
pregnant months) bility of becoming conceiving time.
Prospective clinically pregnant in a | One soft
cohort study Brewed and instant coffee, | given menstrual cycle | 1 drink/day 0.50 (p=0.01) [ Small study base with a mixture of women
tea, caffeinated soft drinks who had conceived previously and who
USA had not.
Florack et al., 1994 259 women and their During the study Time to pregnancy Tea Small study base.
partners expressed as fecun- 0 cups/day vs Selection, information and confounding
Prospective cohort planning pregnancy Coffee, tea ,cola dability (defined as 1-5 cups/day 1.9 (1.2-3.0) | bias possible
study probability in each >5 cups/day 3.2(1.3-7.7)
cycle to become Coffee
The Netherlands pregnant 0 cups/day vs
1-5, >5 cups/day NS
Cola
Trend: NS
Curtis et al., 1 277 farming couples: Information on consump- Fecundability Coffee Misclassification of consumption is pro-
1997 2 607 planned pregnan- tion at the time of the 0 cups/day vs >6 cups/day bable depending on recall problems.
cies that had occurred questionnaire. women: NS
Retrospective cohort | during the previous 30 men: NS
(Ontario Farm Family | years Coffee, tea, cola
Health) study Tea
0 cups/day vs >3 cups/day
Canada women: NS
men: NS
Cola
0 cups/day vs >2 cups/day
women: NS
men: NS




Reference

Location of study

Sample size and selection

Exposure period considered

Sources of caffeine

End-point(s)

Results
Risk estimate adjusted odds ratios
including 95% confidence interval

Comments

Jensen et al., 1998a

Prospective cohort
study

Denmark

423 couples who discon-
tinued birth control

Each menstrual cycle

Coffee, tea, cocoa, cola,
chocolate bars

Fecundability =
probability in each
cycle to become
pregnant

Coffee

0-299 mg/day vs >300 mg/day
Non-smoking women
Smoking women

Non-smoking men

Smoking men

Other beverages
All categories

NS
0.34 (0.12-0.98)
0.48 (0.24-0.97)

NS

NS

Prospective design is a strength. Original
questions in questionnaires not designed
for the study.

Few participants were unexposed or had a
low intake. Frequency of intercourse
unknown.
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11.2. Caffeine intake and pregnancy rate after induced
abortion

The evidence that legal induced abortion as presently practised has any
adverse effect on subsequent ability to conceive is scant. Early evidence
that abortion produces sterility comes from Europe and Japan (for refe-
rences, see Stubblefield et al., 1984), but more recent studies have found
no significant association between legal abortion and sterility (for refe-
rences, see Stubblefield et al., 1984). An American cohort study exami-
ned this issue by following 1 235 post-abortal women, 912 women that
had recently delivered, and 939 women from the authors’ gynecological
clinics for as long as 3.5 years. In this study base the investigators explo-
red the influence of caffeine intake on the pregnancy rate (per 1 000 per-
son months). Induced abortion status did not influence pregnancy rates in
this study, except for the fact that the women reporting three or more
induced abortions had a higher pregnancy rate. After controlling the oc-
currence of pregnancy for a number of independent factors, coffee con-
sumption was unrelated to pregnancy rate (Stubblefield et al., 1984).

11.3. Caffeine and menstrual function

The relationship between caffeine intake and menstrual function has been
investigated in a single study. This study was performed with 403 healthy
premenopausal women who belonged to Kaiser Permanente Medical
Care Program in 1990-1991 (Fenster et al., 1999). A telephone interview
collected information on the intake of caffeinated beverages, as well as
on other lifestyle, demographic, occupational, and environmental factors.
Subjects collected daily urine samples and completed a daily consump-
tion diary over a period of on average five menstrual cycles. Metabolites
of oestrogen and progesterone were measured in the urine, each cycle
was characterised as anovulatory or ovulatory, and a probable day of
ovulation was selected when appropriate. Women whose caffeine con-
sumption was heavy (>300 mg of caffeine per day) had less than a third
of the risk for long menses (>8 days) compared with women who did not
consume caffeine. Those whose caffeine consumption was substantial
also had a doubled risk for a short cycle length (<24 days); this associati-
on was also evident in those whose caffeine consumption was substantial
but who did not smoke. Caffeine intake was not strongly related to an
increased risk for an ovulation, a short luteal phase (<10 days), a long
follicular phase (>24 days), a long cycle (>36 days), or measures of
within-woman cycle variability.
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11.4. Caffeine and sperm activity

While the maternal role in chemically induced reduced fertility and tera-
togenesis has been well established, the importance of male involvement
has not been extensively investigated. As indicated below, there are theo-
retical reasons to assert that caffeine is able to influence fertility.

Beach and co-workers (1984) showed a close correlation between
blood and semen concentration of caffeine. After caffeine consumption as
tablets or coffee the peak level of caffeine was reached within around 1 h
in both types of fluid. After exposure to 400 mg caffeine, the concentra-
tion in semen reached a maximum value of 6 to 9.5 pg/ml, whereas an
intake of half that amount resulted in concentrations between 3 and 4
pg/ml. After reaching the peak, the concentration of caffeine declined in
both blood and semen over a period of several hours, indicating that ab-
sorption is rapid relative to elimination. The half-life of caffeine in blood
was 3.7+0.3 hours in this study, and that in semen 3.6=0.3 hours. It was
recognised in this study that a single dose of up to 400 mg caffeine failed
to affect the number of sperm or volume of semen produced in the ejacu-
late (Beach et al., 1984).

In the 1970s and 1980s it was recognised that incubation of human
semen with caffeine in vitro appears to increase the motility of both fresh
and previously frozen human spermatozoa (Schoenfeld et al., 1975; Schill
et al., 1979; Barkay et al., 1977; Barkay and Zuckerman, 1978, 1980;
Harrison, 1978; Schill et al., 1979; Harrison et al., 1980; Makler et al.,
1980; Levin et al., 1981; Aitken et al., 1983; Moussa, 1983; Jiang et al.,
1984; Prins and Ross, 1985; Ruzich et al., 1987; Cai and Marik, 1989).
Similar motility stimulating effects have been reported after exposure of
spermatozoa to other methylxanthines, such as theophylline, lysine-
theophylline and 3-isobutyl-1-methylxanthine (Jiang et al., 1984). Sper-
matozoal motility is a function of its metabolism, with exogenous hexose
driving glycolysis and producing ATP. Calcium and magnesium ions
mediate the appropriate ATP activity. The mechanism by which caffeine
stimulates sperm motility is thought to involve the inhibition of phospho-
diesterase activity, with a subsequent accumulation of cyclic nucleotides,
especially cAMP, within the sperm cells. Cyclic nucleotides are known to
stimulate sperm motility. The precise way in which elevated intracellular
cAMP levels induce an increase in motility is not clearly understood,
although the control of calcium ion fluxes across the sperm plasma mem-
brane is probably involved.

Although many studies have shown that caffeine increases the percen-
tage of motile spermatozoa and the velocity of sperm (Traub et al., 1982;
Ruzich et al., 1987), it has been claimed that the quality of movement is
not influenced (Aitken et al., 1983). On the other hand,

Prins and Ross (1985) observed that caffeine influences two motility
parameters of epididymal sperm: (1) it increases the percent motile
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sperm; and (2) changes the motility from non-progressive (“twitching”)
to progressive type, with forward drives of grades 2 to 4. Caffeine treat-
ment of frozen-thawed human spermatozoa also increases the number of
spermatozoa penetrating cervical mucus in unit time (Schill et al., 1979),
by increasing the frequency rather than the success of collisions between
spermatozoa and the cervical mucus interface (Aitken et al., 1983). Caf-
feine has to be continuously present for this effect to be expressed.

Early claims that incubation of spermatozoa with caffeine, especially
spermatozoa from infertile patients, appears to disrupt the normal archi-
tectural pattern of the sperm head (Harrison et al., 1980), have not been
confirmed in later studies with 7.2 mM caffeine (Barkay et al., 1984). In
the early studies there were indications that the elemental composition in
the caffeine-exposed spermatozoa was altered, in particular with relation
to the concentration of calcium and chlorine (Harrison et al., 1980).

The caffeine enhancement of sperm motility has been detected in the
concentration range 1-10 mM, and is dose-dependent. At 1 and 7-7.5
mM, caffeine stimulated the in vitro spermatozoa penetration of hamster
oocytes as measured by the sperm penetration assay (Rogers, 1981; Prins
and Ross, 1985), at least when previously frozen human sperm was used
(Cai and Marik, 1989). However, higher doses of caffeine (10 mM) have
been reported to be partly toxic (Aitken et al., 1983).

Only one investigation has come close to studying the relationship
between caffeine exposure in vivo and sperm activity. In this study, the
daily quantity of coffee consumed was the studied exposure variable.
Marshburn and co-workers (1989) examined semen parameters in 445
eligible subjects from an Eastern American infertility population (a total
of 546 subjects), stratified according to their level of coffee drinking,
cigarette smoking, and alcohol consumption. The control group was con-
sidered to be the subjects who did not use coffee, cigarettes, or alcohol.
The study demonstrated an association between coffee drinking with
certain changes in semen parameters - increase in sperm density and per-
centage of abnormal forms. However, the assessment of the effect of
environmental factors of male reproductive potential is made difficult by
the plethora of influences encountered in daily life that could confound
the detection of subtle changes in semen quality. For example, in this
study, subjects who drank more coffee tended to smoke more cigarettes.
Therefore, it is very difficult to single out a specific parameter being re-
sponsible for the observed effect in this study.

The effect of caffeine treatment (7.2 mM) of donor sperm on sperm
morphology and fertilising capacity was studied in a controlled study on
60 women (with infertile husbands) given frozen/thawed semen from
fertile donors for artificial insemination during 12 months (Barkay et al.,
1984). Caffeine treated sperm was used every second month. The patients
were inseminated on 3 to 4 consecutive days, starting 1 day before the
estimated time of ovulation. Frozen pellets of semen, either with or
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without caffeine, were thawed together and injected intracervically. Du-
ring the 6-month period without caffeine addition, 7 inseminated women
became pregnant, while during the 6-month caffeine-treatment period, 14
women became pregnant. Three of the caffeine-treated inseminated preg-
nancies and one of the caffeine-free inseminated pregnancies occurred in
the first month of treatment. It was concluded that in vitro caffeine treat-
ment of fertile donor semen seems to improve the fertilising capacity
(Barkay et al., 1984).

Since aneuploidy is a common cause of poor reproductive outcome in
humans and is associated with severe medical problems in live born
offspring (see also chapter 13), and a substantial amount of aneuploidy is
contributed by the father through cytogenetically abnormal sperm, Rob-
bins and co-workers (1997) investigated the potential contribution of
caffeine intake (among other lifestyle factors) to the aneuploidy load in
sperm from 45 healthy male volunteers 19-35 years of age. Since the
subjects originally were enrolled in a study on the effect of smoking on
DNA damage, this confounding factor was carefully controlled for, as
was the quantity of alcohol consumed. Unfortunately, no information was
given on how the caffeine exposure was calculated and to which time
period the exposure referred. The subjects were allocated to one of three
exposure groups — no cups, one cup, or two or more coffee cup equiva-
lents per day. After adjusting for alcohol intake, age and the occurrence
of cotinine (a metabolite of nicotine) in urine, caffeine in a dose-
dependent manner increased the frequency of sperm aneuploidy and
diploidy (extra sex chromosomes and chromosome 18). Due to the infor-
mation missing on caffeine exposure, the study does not add to our un-
derstanding of the paternal contribution to the possible relationship bet-
ween caffeine exposure and either production of aneuploidy and terato-
genicity in the offspring, or reduced fertility.

11.5. Caffeine intake and in vitro fertilisation and embryo
transfer

In a Canadian prospective cohort study attempting to evaluate the impact
of cigarette smoking in males and females on in-vitro fertilisation and
embryo transfer, coffee consumption was studied as a confounding factor
(Hughes et al., 1992). The study base was 222 couples that underwent
297 cycles of treatment. The participants were interviewed on the first
day of ovarian stimulation, and on the day of embryo transfer. The fertili-
sation rate was higher in heavy smokers than in non-smokers, but the rate
of embryo cleavage was retarded in a dose-dependent fashion by smo-
king. On average, non-smokers consumed 1.85 cups of coffee per day,
light smokers (1-14 cigarettes per day) 3.21 cups of coffee per day, and
heavy smokers (>15 cigarettes per day) 3.41 cups per day. However, after
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adjustment for confounding factors, a low socio-economic status had a
greater detrimental effect on embryo cleavage rate than female smoking.

11.6. Caffeine intake and insemination

No studies have been published on this specific question, but two investi-
gations related to it should be pointed out. In the first of these, the expo-
sure to caffeine was partly artificial and took place in vitro. The natural
exposure to caffeine was not controlled for, which was a severe limitation
regarding this study. For each of 34 couples that had been diagnosed with
infertility (average duration 5.3 years) at Chelsea Hospital in Dublin,
Ireland, and underwent a course of artificial insemination with husband’s
semen, caffeine was added in vitro in one-half of the inseminations per-
formed (Harrison, 1978). Normal coitus was prohibited during the
couple’s fertile period. Although the dropout rate from the study was high
(59 %), ten patients completed 12 months of inseminations and another
four patients discontinued the study, as they became pregnant. Alto-
gether, 400 inseminations were carried out, 201 with placebo plus semen
and 199 with caffeine-enhanced semen (6 mM). Of the four pregnancies
registered in the series, only one could be attributed to artificial insemina-
tion (with placebo). The author draws the conclusion that artificial inse-
mination is of little value when the semen sample is subnormal. It could,
however, not be excluded that caffeine damaged the sperm.

In the second related study, a prospective Dutch cohort study, 500
healthy women seeking help to obtain artificial insemination with donor
sperm for the first time were interviewed upon enrolment about life-style
factors, including cigarette smoking and consumption of alcohol and
coffee (Zaadstra et al., 1994). The women were followed for between 12
and 33 menstrual cycles. Insemination was defined as successful if men-
ses did not appear at the expected time and the pregnancy test subse-
quently became positive. This occurred for 52 % of the women. No rela-
tionship was found between the probability of conception per cycle and
the coffee consumption. Although the data were unadjusted for possible
confounding variables, and the women’s own coffee consumption during
the period conception took place was unknown, the investigators claimed
it is unlikely that adjustment would change the result and conclusion.

11.7. Consumption of caffeine-containing beverages and
adverse pregnancy outcomes

In a large American study based on 12 205 non-diabetic, non-asthmatic
women from the area around Boston, Linn and co-workers (1982) studied
the effect of coffee consumption during the first trimester on the adverse
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outcome of pregnancies. Only women pregnant with a single child were
included in the study. The quantity of coffee consumed was unrelated to
frequency of bleeding during pregnancy, toxemia and eclampsia, pre-
admissions for false and premature labour, abnormal presentation, low
birth weight, shorter gestation, and occurrence of malformations in
offspring. However, the frequency of premature membrane ruptures was
correlated to the number of cups of coffee consumed.

11.8 Summary of caffeine intake and fertility

The question as to whether caffeine can influence fertility has been stu-
died extensively, both in experimental mechanistic studies and in epide-
miological research. Several plausible biological mechanisms for such a
relationship have been proposed, but none is consistently well studied and
given support to be most likely.

The following important parameters related to fertility have been stu-
died to explore a possible relationship to caffeine intake: time to pregnan-
cy/time to conception, fecundability, pregnancy rate, success of in vitro
fertilisation and embryo transfer, and effects on sperm quality.

In most studies time to pregnancy/time to conception was defined as
the time between stopping contraception and clinically diagnosed preg-
nancy. Fecundability was defined as the probability to become clinically
pregnant in each menstrual cycle. Caffeine exposure in all studies has
been assessed by food frequency questionnaires. In some studies the ex-
posures have been reported as the daily caffeine intake (mg), and in other
studies as the number of cups/cans of caffeinated beverage consumed
each day.

In a substantial number of the epidemiological studies discussed in
this section, the criteria for including participants in the study and the
methodology to estimate caffeine exposure can be called in question.
Monitoring of exposure is crucial, and estimating individual intakes from
food frequency questionnaires are known to have severe limitations, in
particular when the questions asked referred to consumption a long time
ago. In studies of fertility it is very important to consider what time pe-
riod of exposure the study actually has referred to. The appropriate period
should be the time when attempts to get pregnant were made, that is, the
time directly before conception, not during pregnancy, as it has been
shown that many women tend to reduce their caffeine intake early in
pregnancy. Thus, investigating caffeine intake during pregnancy retro-
spectively may result in an underestimation of the actual exposure during
the period prior to conception. Consequently, information in epidemiolo-
gical studies on daily levels of caffeine intake during various parts of the
pregnancy and resulting in delayed conception/reduced fecundability
must be interpreted with great care.
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Time to pregnancy in relation to caffeine exposure (Table 43) has
been investigated in five retrospective studies. Four (Grodstein et al.,
1993; Hatch and Bracken, 1993; Stanton and Gray, 1995; Boltimar et al.,
1997) of these studies observed a statistically significant prolonged time
to pregnancy/conception. All four studies can, however, be criticised in
more than one respect. Therefore, they only give a very limited support
for the hypothesis of a relationship between caffeine intake and time to
pregnancy/time to conception. The lowest daily caffeine intake resulting
in delayed conception differed between the studies, from 151 mg in one
study (Hatch and Bracken, 1993) to 500 mg or more in another (Bolumar
etal., 1997).

Eight studies explored the time to pregnancy in relation to the number
of cups/cans of caffeinated beverages consumed each day (Table 44). In
general, each type of caffeine-containing beverage (coffee, decaffeinated
coffee, tea and caffeinated soft drinks) has been studied separately. Avai-
lable studies give no indication of a relationship between consumption of
decaffeinated coffee, tea, or caffeinated soft drinks and time to pregnan-
cy. Studies on the relationship between coffee consumption and time to
pregnancy give a less clear picture. Williams et al. (1990) observed a
prolonged time to pregnancy in women who drank 4 or more cups of
coffee during the first trimester of pregnancy. Whether the coffee con-
sumption during the period directly before pregnancy was the same is
unknown. A relationship between coffee consumption and prolonged
time to pregnancy was also indicated in a study on Danish women. The
relationship was observed only in smoking women who consumed in
total more than eight cups of coffee or tea per day (Olsen et al., 1991).
This effect was not observed in non-smokers. In a letter to Lancet,
Christianson et al. (1989) reported that the relative risk for difficulty in
becoming pregnant increased with coffee consumption. Unfortunately,
the study was not designed to investigate the effects analysed, smoking
was poorly adjusted for, and the 95% confidence interval for the risk was
not given. In a study having a comparatively good exposure characterisa-
tion, but probably being burdened by recall bias, and possibly including
non-optimal adjustment for smoking and alcohol consumption, Bolimar
et al. (1997) observed an increased time to first pregnancy >9.5 months in
women drinking five cups of coffee per day or more. When the analysis
was restricted to the most recent pregnancy, or when smoking and non-
smoking women were analysed separately, the relationship was no longer
statistically significant. In conclusion, taking the limitations of the studies
into consideration, most of them thus indicate that high coffee consump-
tion is not strongly correlated with an increased time to pregnancy.

Fecundability in relation to caffeine exposure has been explored in
eight studies (Table 45). Four studies observed no relationship between
this indicator of fertility and caffeine intake. In two studies (Hatch and
Bracken, 1993; Stanton and Gray, 1995) a significantly reduced fecunda-
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bility was observed in women reporting an intake of more than 301 mg
caffeine per day. In two other studies, a reduced fecundability was seen
only in couples where the partner reported an intake of more than 700 mg
caffeine/day (Florack et al., 1994; Jensen et al., 1998a), but these high
intakes among the women did not influence the fecundability.

The fecundability has also been investigated in relation to the number
of cups/cans of caffeinated beverages consumed each day (Table 46). As
many of the assessed studies suffer from severe limitations, the interpre-
tation is difficult. One remarkable finding was made in the study of Wil-
cox and Weinberg (1991), who in a re-analysis of data from an earlier
study found that one soft drink daily reduced the fecundability with 50%
(p=0.01). Other investigators have not been able to confirm this observa-
tion.

A study designed to answer the question whether legally induced
abortion has any adverse effect on subsequent ability to conceive found
no relationship between coffee consumption and pregnancy rate (Stubble-
field et al., 1984).

To what extent the male partner may influence reduced fertility, besi-
des influencing the frequency of intercourse and having semen of non-
optimal quality, has usually not been explored in the epidemiological
studies, and therefore not controlled for. The few studies that have been
performed give very contradictory results. /n vitro incubation of human
semen with caffeine, as well as with other methylxanthines, appears to
increase the motility of fresh and previously frozen human spermatozoa.
The caffeine-induced enhancement in sperm motility seems to be dose-
dependent, and is observed in the concentration range 1-6(10) mM (Har-
rison et al., 1980, Traub et al., 1982; Aitken et al., 1983), around ten ti-
mes higher than the amount expected in a high consumer of coffee. There
are indications that in vitro caffeine treatment of fertile donor semen may
improve the fertilising capacity during artificial insemination (Barkay et
al., 1984). Thus, there are some data available that indicate that the quan-
tity of caffeine ingested by the male partner of the studied women could
influence fertility. At present, this possibility is not more than a hypothe-
sis open for testing.

Caffeine consumption was observed as a confounding factor in a Ca-
nadian prospective cohort study trying to evaluate the impact of cigarette
smoking in males and females on in-vitro fertilisation and embryo trans-
fer. The rate of embryo cleavage was retarded in a dose-dependent man-
ner by smoking. On average smokers consumed significantly more coffee
per day. After adjustment for confounding factors, a low socio-economic
status had, however, a greater detrimental effect on embryo cleavage rate
than female smoking (Hughes et al., 1992).

In a study on artificial insemination no relationship was found bet-
ween the probability of conception per cycle and the woman’s coffee
consumption (Zaadstra et al., 1994).
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It can thus be concluded that the results obtained in epidemiological
studies concerning a possible relationship between caffeine and fertility
are contradictory and difficult to interpret. The data of many studies have
limitations due to their experimental designs. A relationship between
caffeine intake and time to pregnancy/time to conception/fecundability
cannot be ruled out, but at present the evidence for such a relationship
must be considered weak. The reason for this conclusion is that there is
no consistency in results between studies, and that accurate data regar-
ding caffeine exposure during the time period shortly before pregnancy
seldom has been available in the epidemiological studies. Furthermore,
there are only a few studies that have related caffeine exposure to effects
on spermatozoa iz vivo.






12. Caffeine intake and
spontaneous abortions

In experimental animals, including monkeys, several studies have sugge-
sted a possible link between caffeine exposure and foetal resorption (Col-
lins, 1981; Gilbert et al., 1988). Although the extrapolation of findings
from animal studies to humans is not straightforward, the U.S. Food and
Drug Administration in 1980, mainly on the basis of these animal expe-
riments, cautioned pregnant women to avoid caffeine or to use it spa-
ringly (FDA, 1980).

Spontaneous abortion is the most common complication of pregnancy.
Typically, spontaneous abortions are defined as pregnancies that end at
22 complete weeks of gestation or less, and do not end in a live birth. It is
customary to calculate the gestational age from the first day of the last
menstrual cycle. Spontaneous abortions are normally determined clinical-
ly. However, spontaneous abortions can also be determined biochemical-
ly by measuring biomarkers for specific hormonal activity. The true rate
of spontaneous early pregnancy loss in women is unknown. When the
abortion occurs very early in pregnancy, it is likely that the woman has
not recognised the pregnancy or the abortion (Wilcox et al., 1990). Ro-
berts and Lowe (1975) used a statistical model to postulate a 78% loss of
all human conceptions. Since approximately 2% of pregnancies end in
perinatal deaths after 28 weeks gestation, and 10-25% of pregnancies end
in a recognised spontaneous abortion before week 28 (Warburton and
Fraser, 1964; Claireaux, 1975), most conceptual losses must occur before
pregnancy has been diagnosed, often before the first missed period. As
many early abortuses are known to have chromosomal abnormalities, it
seems likely that early spontaneous abortion may act as a quality control
of the pregnancy (Roue and Roue, 1968; Wright, 1976). In the following
discussion, epidemiological studies on the relationship between caffeine
intake and late and early spontaneous abortions, respectively, are presen-
ted in separate sections. A total separation of studies into sections is not
possible, however, since some investigators have neglected to focus spe-
cifically on early or late spontaneous abortions.

When analysing the relationship between caffeine intake and sponta-
neous abortion, it is important to control for other risk factors for sponta-
neous abortion. Besides chromosomal abnormalities and uterine/cervical
causes, the factors most consistently associated with recognised sponta-
neous abortion risk are prior spontaneous abortion and older maternal
age. Other factors investigated for their correlation to spontaneous abor-
tion are previous adverse reproductive events and exposure to exogenous
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factors such as tobacco, alcohol or a particular occupational environment,
as well as psychological conditions. The results of studies on these fac-
tors are, however, contradictory.

One exogenous factor that has been suggested to influence sponta-
neous abortion rate is caffeine intake. Potential effects of caffeine on
foetal development may follow prolonged accumulation of caffeine in
pregnant women and passage of the alkaloid to the foetus, which lacks
the enzymes necessary for the metabolism of caffeine until several days
after birth. Caffeine is known to increase the cellular pool of adenosine-
3":5’-cyclic monophosphate, and may interfere with foetal cell growth. It
may also result in genotoxic effects and increase catecholeamines. The
latter effect may result in a restriction of uteroplacental circulation though
vasoconstriction, resulting in foetal hypoxia. Foetal death, decrease of
foetal weight, foetal malformations, and shortened gestational age can
follow foetal hypoxia (Srisuphan and Bracken, 1986).

In the following text we have defined early spontaneous abortion as
abortions occurring during the first trimester of pregnancy, and later
spontaneous abortions as those occurring later. Epidemiological studies
on the relationship between caffeine exposure and early spontaneous
abortion are extensively presented in section 12.1, whereas studies on the
relationship between caffeine intake and late spontaneous abortion are
dealt with in section 12.2. It should be stated that a number of investiga-
tors have not made a distinction between early and late spontaneous abor-
tions, and therefore present a mixed study base. These publications are
discussed in section 12.2. Section 12.3 presents a study on the rela-
tionship between caffeine intake and stillbirth. The main results of the
separate studies are summarised in chronological and geographical order
in Table 47 (studies related to caffeine intake), Table 48 (studies related
to consumption of caffeine-containing beverages) and Table 49 (studies
related to caffeine metabolites as biomarkers). Conclusions based on a
critical evaluation of these epidemiological studies are presented in sec-
tion 12.4.

12.1. Caffeine intake and early spontaneous abortions

The first serious investigation on a possible association between caffeine
intake and spontaneous abortion was published by Weathersbee et al.
(1977). Their data was obtained from 489 of 800 invited households in
Utah, the United States. The studied subjects were predominantly Mor-
mons (members of the Church of Jesus Christ of Latter-Day Saints), a
sect that proscribes the use of alcohol, caffeine, and tobacco. No less than
246 invited households (31%) declined the invitation to participate in the
study, and a further 65 households could not be reached. This high drop
out rate might be seen in relation to what the sect requires from its mem-
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bers, and could have introduced a bias. A similar speculation was put
forward by Srisuphan et al. (1986). These investigators noted an unusual-
ly high stillbirth rate of 12.7% in the studied population. The information
on the outcome of recent pregnancies and consumption of caffeine-
containing beverages was obtained from the answers to a 52-item
questionnaire. However, the investigators do not report which time period
the consumption estimates refer to. The daily caffeine intake was calcula-
ted using the values of 75 mg for a serving of coffee, 30 mg for a serving
of tea, and 45 mg for a serving of cola. 356 of the participating 489 wo-
men reported no caffeine consumption.

The analysis identified 16 households with severely complicated
pregnancies in which the women's estimated daily caffeine intake was
600 mg or more (mean 686 mg) and the man's 566 mg or more (Table
47). With one exception, the pregnancies had ended in spontaneous abor-
tion in the first trimester (8 patients), stillbirth (5 patients), or premature
birth of a live infant (2 patients). An inordinately high rate of reproducti-
ve loss was also noted in 13 households where the males estimated daily
intake of caffeine was greater than 600 mg (and the females >400
mg/day).

The study was performed on a selected population group and had ma-
ny severe limitations. Certainly, other factors than caffeine intake may
influence reproductive loss in Utah. For example, information on smo-
king, a possible confounder for the studied effect, was not collected in
this study. Thus, the finding of this study that a high daily caffeine intake
may predispose a woman towards reproductive difficulty, for instance,
having a spontaneous abortion, cannot be taken for the establishment of a
cause-effect relationship between caffeine intake and spontaneous abor-
tion.

In several studies the investigators explored the possibility of an asso-
ciation between women's caffeine exposure and the risk of early pregnan-
cy loss by identifying pregnancy by high urinary or blood levels of hu-
man chorionic gonadotropin (hCG). The first of these investigations
constituted one part of a prospective Eastern American study on 230 vo-
lunteers planning a pregnancy and enrolled in the study at the time they
stopped using birth control - see section 11.1 (Wilcox et al., 1988b).
Upon enrolment, as well as 3 and 6 months later, the women were inter-
viewed, given that they were not yet pregnant, about their caffeine intake
during the most recent month. Caffeine consumption was calculated
using standard quantities of caffeine in coffee, tea and soft drinks.

There were 199 biochemically detectable pregnancies (urinary hCG)
among the 171 women who conceived while participating in the study
(Wilcox et al., 1990). Since only the first pregnancy for each woman was
included in the analysis, the number of studied pregnancies was 171. Of
these, 128 were clinically determined pregnancies and 43 early losses
(which ended in menstrual-like bleeding within 42 days of the last
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menstrual period), that is, 25 % of pregnancies ended in early sponta-
neous abortion. Since the sample size was small, only simple statistical
calculations on risks for early pregnancy losses were performed with the
data; adjusting only for a single factor at a time (usually the age of the
woman) for each studied variable. The investigators looked at risk of
spontaneous abortion in relation to a woman’s age, pregnancy history,
weight, education, prenatal diethylstilbestrol exposure, cigarette smoking,
use of caffeinated and alcoholic beverages, marijuana, cigarette smoking
by the baby’s father, and other variables. None of these factors were sig-
nificantly associated with early pregnancy loss (Table 47).

In a subset of the women in this study (104 women only), Wilcox and co-
workers (1988a) found an association between the consumption of caffei-
ne-containing beverages and reduced fertility. Also in this subset, there
was no significantly increased risk for heavy caffeine consumers having
an early spontaneous abortion. Critical comments to the study are given
in the discussion of the study of Wilcox et al. (1988a), see section 11.1.

Parazzini and co-workers (1991, 1994, 1998) have published three
studies correlating coffee consumption and early spontaneous abortion.
Caffeine intake was not calculated. The first of these studies was a small
case-control study in which the coffee consumption in 94 cases who had
had two or more 'unexplained' miscarriages before three months of gesta-
tion and no full-term pregnancies (67 women reported two miscarriages,
20 three, and seven four or more) were compared with that in 176 women
with a normal delivery (Parazzini et al., 1991). Information on personal
characteristics and habits, including coffee consumption during the last
miscarrying pregnancy for cases and during the first trimester of the in-
dex pregnancy for controls, was collected at the Milan hospital to which
the women were referred. Thus, the exposure period studied was different
for cases and controls. Women with spontaneous abortion had a family
history of foetal wastage, were more frequently cigarette smokers, and
had their first menarche at an early age. No association was found bet-
ween spontaneous abortion and indicators of social class, marital status,
paternal age, body mass index, and alcohol and coffee consumption (yes
or no) (Table 48). Coffee drinkers had a non-significantly elevated risk
(RR=1.4; 0.7-2.6) for recurrent miscarriage.

The second Italian study was also a case-control study. It reported
primarily on alcohol and risk of spontaneous abortion. Cases were 782
women admitted to hospital for spontaneous abortion (298 were between
the fourth and eight week of gestation, and 484 were between the ninth
and twelfth week). The controls were 1543 women recruited among



Table 47. Intake of caffeine and spontaneous abortion (misscarriage).

Reference

Sample size and selection

Exposure period

Definition of end-

Results

Comments

point(s) Risk estimate adjusted odds ratios
Type and location of Sources of caffeine (Spontaneous including 95% confidence interval
study abortion=SA) (NS = non significant)
Weathersbee 489 women No information Early abortion <600* mg caffeine/day vs Selected population (mormons).
etal ., 1977 Spontaneous abortion | >600 mg/day "may predispose No information on smoking.

Retrospective study

Coffee, tea and cola

in first trimester, still
birth,
premature births

to reproductive
difficulty"

No adjustments made.

USA * 356 of 489 women reported no caffeine consumption at all

Srisuphan 3 135 women Prospective data Late abortion none vs The caffeine intake was low in the

et al., 1986 during pregnancy Spontaneous abortion | 1-150, >151 mg caffeine/day NS* study base. Results were not ade-
(usually late first or at less than 28" week quately adjusted for maternal age,

Prospective study second trimester of of gestation 0-150 mg caffeine/day vs consumption of alcohol, cigarette and
pregnancy. >151 mg caffeine/day 1.73 (p=0.03) | drug use.

USA

Coffee, tea, caffein-
ated soft drinks,
caffeine-con-taining
drugs.

*light caffeine consumption (1-150 mg/day) was associated with
increased risk, 4.18 (p=0.04), among women who aborted in

their last pregnancy

Wilcox et al., 1990

171 women
conceiving while participating

During pregnancy

Early abortion
Spontaneous abortion

<1 000 mg caffeine/month vs
1 000-3 499, > 3 500 mg

Only a subset of the women provided
data on caffeine consumption during

Prospective cohort in the study Coffee (brewed, before 6 weeks of caffeine/month NS the conceiving time. Small study base
study instant) tea , soft gestation with a mixture of women who had
drinks conceived previously and who had
USA not. A pilot study.
Fenster et al., 1991a 607 women with sponta- First trimester Late abortion All women The magnitude of subsample analysis
neous abortion, and 1284 Spontaneous abortion | No caffeine vs in the statistical analysis of data not
Case control study with normal live births Coffee, tea and soda before 20 weeks of 1-150, 151-300 mg caffeine/ day NS cleary stated in primary hypothesis to

USA

gestation

>300 mg caffeine/day

Women without nausea
No caffeine vs

1-150, 151-300,

>300 mg caffeine/day

Women with nausea

No caffeine vs

1-150, 151-300 mg caffeine/day
>300 mg caffeine/day

1.22 (0.80-1.87)

NS (0.53; 0.27-1.04)

NS
2.10 (1.20-3.70)

be tested.




Reference

Type and location of

study

Sample size and selection

Exposure period

Sources of caffeine

Definition of end-
point(s)
(Spontaneous
abortion=SA)

Results

Risk estimate adjusted odds ratios
including 95% confidence interval
(NS = non significant)

Comments

Kline et al., 1991
Case control study

USA

899 women with spontane-
ous abortions (510 chromo-
somally normal and 389
chromosomally abnormal)
and

1423 with normal delivery at
>28" week

Perifertilization period,

and during pregnancy

Coffee (normal and
decaffeinated)tea,
chocolate drinks,
caffeinated soft drinks

Late abortion
Spontaneous abortion
before 28" week of
gestation

Perifertilization period
chromosomally normal cases
0-27 mg caffeine/day vs
28-124, 125-224,

>225 mg caffeine/day NS
abnormal karyotypes with

28-124 mg caffeine/day NS
125-224 mg caffeine/day 0.7 (0.5-0.9)
>225 mg caffeine/day NS

During pregnancy
chromosomally normal cases vs controls

0-27 mg caffeine/day vs
28-124, 125-224 mg caffeine/day NS
>225 mg caffeine/day 1.9 (1.3-2.6)

chromosomally abberant cases vs contr.

0-27 mg caffeine/day vs

28-124, 125-224 mg caffeine/day NS
>225 mg caffeine/day 1.6 (1.1-2.3)

chromosomally normal cases vs controls chromosomally aber-
rant
28-124, 125-224 mg, >225 mg caffeine/day NS

The high drop out rate among cases
might have introduced a bias. Possi-
bly the study was not adequately
adjusted for nausea.

Infante-Rivard
etal.,, 1993

Case control study

Canada

331 women with foetal loss
and 993 women with normal
pregnancies

The month before
pregnancy and aver-
age intake during
pregnancy

Coffee, tea and cola

Late abortion
Clinically confirmed
spontaneous abor-
tions from 16" to 28"
weeks pregnancy

Caffeine intake before pregnancy

<48 mg caffeine/day vs

48-162, 163-321 mg caffeine/day NS
>321 mg caffeine/day 1.85(1.18-2.89)
Trend: 1.22 (1.10-1.34)

Caffeine intake during pregnancy

<48 mg caffeine/day vs

48-162 mg caffeine/day NS
163-321 mg caffeine/day 1.95 (1.29-2.93)
>321 mg caffeine/day 2.62 (1.38-5.01)

Bias in data collection likely. Caffeine
exposure during the whole period of
pregnancy was registered without
controlling adequately for nausea.




Reference

Sample size and selection

Exposure period

Definition of end-

Results

Comments

point(s) Risk estimate adjusted odds ratios
Type and location of Sources of caffeine (Spontaneous including 95% confidence interval
study abortion=SA) (NS = non significant)
Mills et al., 1993 431 pregnant women en- During pregnancy at 5, | Early abortion All 0 mg caffeine/day vs Rate of sponaneous abortion was far

rolled within 21 days of

6, 8, 10 and 12 weeks

spontaneous abor-

1-99, 100-199, 200-299,

lower than expected. Very few women

Prospective multi-center | conception tions 21 days post- >300 mg caffeine/day NS consumed more than 300 mg/day,
cohort study Coffee (regular, de- conception Trend: NS and for 8 women the consumption
caffeinated) tea, cocoa was unknown. No adjustment for
USA and cola drinks Other end-points were nausea.
intrauterine growth,
birth weight, head
circumference
Dlugosz 2 849 pregnant women During 1% month of Late abortion 0 mg caffeine/day vs Selection bias due to strict inclusion
et al.,, 1996 seeking prenatal care before | pregnancy Spontaneous abor- 1-50, 151-300, criteria possible. Nausea not meas-
the 16" week of gestation tions before 28" week | >301 mg caffeine/day NS ured.
Prospective study Coffee, tea, soda of gestation
USA
Fenster et al., 1997 5 144 pregnant women The week around the Late abortion Before pregnancy Bias resulting from relations among
(at 13 weeks of gestation or | last menstrual period, | Spontaneous abor- 0 mg caffeine/day vs nausea, foetal viability and consump-
Prospective cohort less) as well as the 7" week | tions before 20 weeks | 1-150, 151-300, tion pattern. Few "heavy" consumers.
study of pregnancy of gestation >300 mg caffeine/day NS
During pregnancy:
USA Coffee, tea soda 0 mg caffeine/day vs
1-150, 151-300,
>300 mg caffeine/day NS




Reference

Type and location of

study

Sample size and selection

Exposure period

Sources of caffeine

Definition of end-
point(s)
(Spontaneous
abortion=SA)

Results
Risk estimate adjusted odds ratios
including 95% confidence interval

(NS = non significant)

Comments

Cnattingius et al., 2000

562 women who had sponta-
neous abortion at 6-12 weeks

4 weeks before preg-
nancy until present

Early abortion
Spontaneous abor-

Non smokers
0-99 mg caffeine/day vs

Very good study. Nausea controlled
for.

Population based case- | of gestation and 953 women | time of pregnancy. tions from 6™ to 12" 100-299 mg/day 1.3(0.9-1.8)
control study with normal pregnancy week of gestation 300-499 mg/day 1.4 (0.9-2.0)
(matched for gestational age) | Coffee, tea, cocoa, >500 mg/day 2.2(1.3-3.8)
Sweden chocolate, soft drinks, Trend: stat. sign.
caffeine-containing Smokers
drugs 0-99 mg caffeine/day vs
100-299, 300-499, >500 mg/day NS
Trend: NS
Stratified analysis on karyotype
Non-smokers, normal karyotype NS
Non-smokers, abnormal karyotype NS
Non-smokers, unknown karyotype
0-99 mg caffeine/day vs
100-299, 300-499,
>500 mg/day 2.6 (1.3-5.1)
Smokers, normal karyotype NS
Smokers, abnormal karyotype NS
Smokers, unknown karyotype NS
Wen et al., 2001 575 women with normal live Before pregnancy and | Early and late abortion | Caffeine intake before pregnancy A prospecitve study with good expo-
births and 75 women with during the first tri- Spontaneous abortion | <20 mg caffeine/day vs sure assessment. However, the study
Nested opulation based | spontaneous abortion. mester. during the first tri- 20-99, 100-299, size was relatively small. Adjustment
case-control study Women were recruited from mester >300 mg caffeine/day NS for smoking (yes/no) could have been
the Diana Study cohort. Coffee, tea, hot choco- Caffeine intake during 1% trimester better.
USA late, cola, soda drinks, <20 mg caffeine/day vs
foods containing 20-99 mg caffeine/day NS
chocolate 100-299 mg caffeine/day 2.0 (1.0-4.1)
>300 mg caffeine/day 2.5(1.0-6.4)

Caffeine intake during 1% trimester, women without nausea

<20 mg caffeine/day vs
20-99, 100-299,
>300 mg caffeine/day

NS

Caffeine intake during 1% trimester, women with nausea (after)

<20 mg/day

20-99 mg caffeine/day
100-299 mg caffeine/day
>300 mg caffeine/day

NS
NS

5.4 (2.0-14.6)
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women who gave birth at term (>37 weeks gestation) to healthy infants at
the same hospitals where the cases were defined. Cases were interviewed
in the first trimester of pregnancy and during controls in connection with
delivery, using standard questionnaires that also contained questions on
coffee, tea, cola, and decaffeinated coffee consumption in the three
months before conception and during the first trimester of gestation (Pa-
razzini et al., 1998). When cases and controls were stratified into coffee
and non-coffee drinkers, a significant association was observed between
coffee drinking and spontaneous abortion — the adjusted odds ratios were
1.5 and 4.0 for consumption of four or more cups of coffee per day before
and during the first trimester of pregnancy, respectively (Table 48). No
association was found between maternal consumption of other methyl-
xanthine-containing beverages or paternal coffee drinking and risk of
spontaneous abortion. On the other hand, very few women reported con-
sumption of more than one serving per day of these beverages. Obvious
limitations of the study were that only cases that contacted a hospital
were included in the study, and that the time of data collection differed
for cases and controls. A part of this study was published already in 1994
(Parazzini et al., 1994).

In one of five American studies, the relationship between spontaneous
abortion and caffeine exposure was examined using data collected pro-
spectively (beginning within 21 days of conception) in the nondiabetic
control population of the National Institute of Child Health and Human
Development Diabetes in Early Pregnancy Study (Mills et al., 1993). This
is a multicentre collaborative study conducted between 1980 and 1985.
The women in the control group of the original study were recruited from
defined populations of volunteers that had their pregnancies carefully
planned, and were willing to put considerable effort into enhancing their
chances for a favourable outcome. To ensure accurate dating of pregnan-
cy, subjects were encouraged to use basal body temperature monitoring;
56.6% did so. For all 431 subjects, serum levels of B-human chorionic
gonadotropin were measured 2 days after the expected first day of men-
struation if menstruation had not begun. This allowed all pre-clinical and
clinical abortions occurring after 21 days post-conception to be identified.
The cohort experienced only 60 spontaneous abortions, corresponding to
a spontaneous abortion frequency of about 14% - a rate that was far lower
than the expected spontaneous abortion rate of over 30% previously re-
ported using urinary human chorionic gonadotropin to ascertain postim-
plantation spontaneous abortions (Eskenazi, 1993).

Current caffeine intake from regular coffee, decaffeinated coffee, hot
tea, cocoa, iced tea, regular cola drinks, diet cola drinks, or other diet
drinks during the first trimester was ascertained at the time of pregnancy
diagnosis 5 weeks after the last menstrual period. Interviews on caffeine
intake were repeated at intervals during the pregnancy period (at 5, 6, 8,
10 and 12 weeks after the last menstrual period). For the analysis, coffee
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was assigned a caffeine content of 100 mg; tea, 40 mg; decaffeinated
coffee, 1.5 mg; cocoa, 13 mg, and cola, 40 mg. The major source of caf-
feine in the studied population was coffee (59.5 %), followed by tea (20.5
%), cola (19.1 %), cocoa (0.5 %), and decaffeinated coffee (0.3 %).

Neither the crude nor the adjusted spontaneous abortion rate was af-
fected by caffeine intake (Table 47). There was no significant increase in
spontaneous abortion with increasing caffeine intake. Caffeine did not
affect the time at which abortion occurred. The statistical calculations
were not adjusted for nausea. However, the greatest percentage of
subjects experienced nausea at weeks 8 and 10. At these same weeks,
women who experienced nausea consumed significantly less caffeine
than women who did not experience nausea. This gives the impression
that caffeine caused spontaneous abortion when, in fact, those women
already destined to abort experienced less nausea and, therefore, had less
desire to avoid caffeine.

One of the best-controlled studies on a relationship between caffeine
intake during early pregnancy and spontaneous abortion is a population-
based case-control study carried out in Uppsala County, Sweden, from
1996 though 1998 by Cnattingius et al. (2000). The cases were 562 wo-
men who had spontaneous abortion at 6 to 12 completed weeks of gesta-
tion and the controls were 953 pregnant women who did not have sponta-
neous abortion. Control patients were matched to cases according to week
of gestation and area of residence. In addition, 273 women with induced
abortions were added to the control group in order to limit bias in the
selection of control subjects. Information on the ingestion of caffeine was
obtained from in-person interviews on a weekly basis. The following
caffeine sources were reported: brewed coffee (115 mg/cup), boiled cof-
fee (90 mg/cup), instant coffee (60 mg/cup), decaffeinated coffee (0
mg/cup), loose tea or tea bags (39 mg/cup), herbal tea (0 mg/cup), soft
drinks (cola) (15 mg/150 ml), hot chocolate (4 mg/150 ml), and chocolate
bars (0.3 mg/g). A few medications included 50 to 100 mg of caffeine per
tablet. Plasma levels of cotinine were determined from blood samples and
used as indicators of smoking, complementing the information obtained
in interviews. The interview also obtained information each week on
symptoms related to pregnancy, such as nausea and fatigue. Aborted foe-
tuses were karyotyped when possible. Among the 293 women with abor-
tion in whom chorionic villi were identified in tissue obtained at curetta-
ge, karyotyping was successful in 258. The karyotype analysis revealed
that 101 foetuses were chromosomally normal and 157 were abnormal.

Coffee accounted for 76% and tea for 23% of the caffeine ingested.
Nausea and fatigue were significantly more prevalent and severe among
the control subjects than among cases. Among non-smokers, more spon-
taneous abortions occurred in women who ingested at least 100 mg of
caffeine per day than in women who ingested less than 100 mg per day,
with the increase in risk related to the amount ingested (Table 47). Those
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that consumed 500 mg caffeine or more per day had an odds ratio of 2.2
with a 95% confidence interval, 1.3 to 3.8. The addition of women with
induced abortion to the control group had little effect on the results.
Among smokers, caffeine ingestion was not associated with an excess
risk of spontaneous abortion. When the analyses were stratified according
to the results of karyotyping, the ingestion of moderate or high levels of
caffeine was found to be associated with an excess risk of spontaneous
abortion when the foetus had a normal or unknown karyotype, but not
when the foetal karyotype was abnormal. The investigators conclude that
their study indicates that ingestion of caffeine might increase the risk of
an early spontaneous abortion among non-smoking women carrying foe-
tuses with normal karyotypes (Cnattingius et al., 2000). This study was
well designed and carried out in a careful way.

Urinary samples and blood samples from 101 women with normal karyo-
type spontaneous abortions and from 953 pregnant women at 6-12 gesta-
tional weeks (controls) in the study of Cnattingius et al. (2000), was col-
lected to explore a possible relationship between caffeine metabolism and
the risk of spontaneous abortion of normal karyotype foetuses (Signorello
et al., 2001). The urine was analysed for phenotyping of cytochome
P4501A2 (CYP1A2) and the blood for genotyping N-acetylation (NAT2).
Both CYP1A2 and NAT2 enzymes are involved in caffeine metabolites.
The acetylator phenotype may be one of two types, slow or fast acetyla-
tors. No significant relationship was found between acetylator type and
risk for spontaneous abortion with normal karyotype. In contrast, low
CYP1A2 activity, resulting in a slow metabolism of caffeine to para-
xanthine, 1,7-dimethyluric acid, 5-methylamino-6-formylamino-3-
methyluracil, 1-methylxanthine, and 1-uric acid, was associated with a
significantly decreased risk for spontaneous abortion. Caffeine was a risk
factor for spontaneous abortion among women with high, but not low,
CYP1A2 activity (Table 49). The investigators conclude that CYP1A2
activity may increase the risk of spontaneous abortion, independently or
by modifying the effect of caffeine. One explanation could be that a me-
tabolite(s) of caffeine may play a role in the aetiology of spontaneous
abortion. The results regarding NAT2 are much less conclusive, but do
not contradict the hypothesis that slow acetylators may be at elevated risk
for spontaneous abortion. Since the study relied on a relatively small
number of participants, producing statistically imprecise estimates of
relative risk, the results should be interpreted with care. They do, howe-
ver, indicate that it is necessary to study caffeine metabolism and normal
karyotype spontaneous abortion.

There is a potential risk that missing information on CYP1A2 pheno-
type in slightly more than 30% of cases and controls, and missing infor-
mation on NAT2 genotype in 10-15% of participants, might have intro-
duced bias in the statistical calculations.



Table 48. Intake of caffeine containing beverages and spontaneous abortions (misscarriages).

Reference
Type and location of

study

Sample size and selection

Exposure period considered

Beverages considered

Definition of end-
point(s)
(Spontaneous
abortion=SA)

Results

Risk estimate adjusted odds ratios
including 95% confidence interval

Comments

Furuhashi et al., 1985
Prospective study

Japan

9921 healthy pregnant
women

after a gestational age of
24 weeks

"During pregnancy”

Coffee, green tea

Late abortion
Spontaneous abortion
after week 24

Coffee consumers vs non-coffee and non-green tea group
(control): rate of spontaneous abortion significantly increased.

< 5 cups of coffee/day vs
> 5 cups of coffee/day:

Rate of spontaneous abortion significantly higher in all coffee

groups

No information on smoking.
No control for confounders.

Axelsson et al., 1989

Retrospective cohort
study

Sweden

654 women

Month before pregnancy
and
First trimester

Coffee

Late abortion
Spontaneous abortion
during entire pregnan-
cy.

Only cases verified in
hospital records

Coffee consumption the month before pregnancy

<3 cups of coffee/day vs
>3 cups/day

Coffee consumption during first trimester

<3 cups of coffee/day vs
>3 cups/day

NS

1.56 (1.06-2.30)

Recall bias likely. Poor
presentation of data.

Parazzini et al., 1991

94 women (age 25-39)

Last miss-carrying preg-

Early abortion within

Non-coffee drinkers vs

Small study with a selected

with two or more unex- nancy for cases, 12 weeks of gestation | coffee-drinkers NS population with recurrent
Case control study plained spontaneous 1st trimester of the index aborters.
abortions and pregnancy for controls Only coffee consumption
Italy 176 women with normal considered (no quantitative
deliveries Coffee data), but exposure period
differed for cases and
controls.
Armstrong et al., 1992 47 146 pregnancies During 1% trimester Late abortion Sponta- | 0 cup coffee/day vs Overall high rate of sponta-
were analysed, but neous abortion during | 1-2, 3-4 cups/day NS neous abortions in studied
Cross-sectional study exposure data were only entire pregnancy 5-9 cups/day 1.17 (1.03-1.32) | population. Bias in retro-
available for Coffee only 10+ cups/day NS spective interviews possible.

Canada

35 848 pregnancies

Parazzini et al., 1994
Case control study

Italy

462 women with sponta-
neous abortion between
week 4 and 12 of preg-
nancy, and 814 women
with live term births

Three months before
conception and during 1%
trimester

Coffee only

Early abortion Spon-
taneous abortion
within 12 weeks of
gestation

Non-coffee drinkers vs
cofffee-drinkers

RR=2.1 (1.7-2.7)

Only cases contacting a
hospital were included. Time
of interview differed for
cases and controls. Coffee
consumption not quantified.

Dominguez-Rojas et al.,
1994

Retrospective cohort
study

Spain

691 pregnancies of 711
hospital workers (20-41
years) who had at least
had one pregnancy

No information

Coffee

Late abortion

Foetal loss before or
at the 20™ week of
gestation

0-140 mg caffeine/day vs
141-280 mg/day
281-420 mg/day

>420 mg/day

2.20 (1.22-3.96)
4.81(2.28-10.14)
15.4 (7.34-32.43)

No information about expo-
sure period. Six women with
no consumption were exclu-
ded from analysis.




Reference

Sample size and selection

Exposure period considered

Definition of end-

Results

Comments

Type and location of point(s) Risk estimate adjusted odds ratios
study Beverages considered (Spontaneous including 95% confidence interval
abortion=SA)
Dlugosz 2 849 pregnant women During 1% month of preg- Late abortion Sponta- | Coffee Selection bias due to strict
et al., 1996 seeking prenatal care nancy neous abortion before | 0 cup coffee/day vs inclusion criteria possible.

Prospective study

USA

before the 16" week of
gestation

Coffee, tea and caffeinated
sodas

28" week of gestation

<1, 1, or 2 cups/day
>3 cups/day

Tea
0 cups tea/day vs
<1, 1, 2, >3 cups/day

Soda drinks
0 cans/day vs
<1, 1,2, >3 cans/day

NS
2.63 (1.29-5.34)

NS

NS

Nausea not measured.

Fenster et al., 1997

Prospective cohort
study

USA

5 144 pregnant women
(at 13 weeks of gestation
or less)

The week around the last
menstrual period, as well
as the 7" week of preg-
nancy

Coffee, tea soda

Spontaneous abor-
tions before 20 weeks
of gestation

Before pregnancy
Normal or decaffeinated coffee, tea, or soda,

0 cups/day vs

0.5-1, 2, >3 cups/day
During pregnancy:

Normal coffee, tea or soda
0 cups/day vs

0.5-1, 2, >3 cups/day
Decaffeinataed coffee

0 cups/day vs

0.5-1, 2, >3 cups/day

NS

NS

2.37 (1.22-4.60)

Bias resulting from relations
among nausea, foetal
viability and consumption
pattern.

Parazzini et al., 1998
Case control study

Italy

782 women with sponta-
neous abortion within 12
weeks of pregnancy, and
1543 women with live
term births

Before pregnancy and
during 1°" trimester

Coffee (regular and decaf-
feinated), tea, cola drinks

Early abortion Spon-
taneous abortion
within 12 weeks of
gestation

Coffee

Before pregnancy

0 cups vs

1 cups/day NS
2-3 cups/day 1.34 (1.04-1.73)
>4 cups/day 1.47 (1.07-2.02)
During 1st trimester

0 cups vs

1 cups/day NS
2-3 cups/day 1.75 (1.23-2.29)
>4 cups/day 3.98 (2.55-6.21)

All other beverages
NS

Part of the study already
published in 1994. Only
cases contacting a hospital
were included. Time of data
collection differed for cases
and controls.

Few women consuming >1
serving of decaffeinated tea
and cola.
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12.2. Caffeine intake and late spontaneous abortions

Although the study of Weathersbee et al. (1977) mentioned in section
12.1 had many weaknesses, its conclusion that a high daily caffeine inta-
ke in early pregnancy may predispose women to reproductive difficulty
stimulated many research groups to further explore a possible association
between caffeine intake (or intake of caffeine-containing beverages) and
spontaneous abortion. Many of these studies relate caffeine intake in late
pregnancy or during a longer time of the pregnancy to late spontaneous
abortion (abortion after week 12 of pregnancy). These studies are discus-
sed in this section. The results are summarised in Table 47 and 48.

In a Japanese study 9 921 healthy pregnant women were interviewed
at week 24 of gestation about their caffeine ingestion during pregnancy
(Furuhashi et al., 1985). The women were divided into five categories;
those that consumed less than 5 cups of coffee per day during pregnancy,
those consuming more than 5 cups of coffee per day, those consuming
both coffee and green tea, those consuming only green tea, and those
consuming neither coffee nor green tea (controls). Subsequently, their
intake was correlated to pregnancy outcome: mean birth weight; length of
labour; mean amount of intrapartum haemorrhage and incidence of in-
trauterine growth retardation; spontaneous abortion; premature labour,
and foetal abnormality.

There was no significant difference in maternal weight gain during
pregnancy between the five groups, but the incidence of heart failure and
anaemia was higher in the group that consumed more than 5 cups of cof-
fee/day. There was also a significant high incidence of impending abor-
tion and premature labour in this group, but, on the other hand, the same
group had the lowest incidence of pregnancy-induced hypertension or
EPH gestosis (maternal obstetrical complications). The rate of sponta-
neous abortions in all the coffee-drinking groups (independent of quanti-
ty) was 2.0 %. This rate was significantly higher than in the control group
(Table 48). Although having the advantage of being a large prospective
study, this study has a very limited value in this context, as it had
substantial shortcomings, and did not try to control for the women's age
and for environmental factors that may influence abortion rate, such as
smoking.

In a retrospective study on a Spanish well-controlled cohort of over
700 hospital workers who had had at least one pregnancy, there were 169
spontaneous abortions of 691 pregnancies considered (Dominguez-Rojas
et al., 1994). Only the first pregnancy after entering the study was taken
into consideration. The original information on coffee intake (expresso)
was, after chemical analysis of the coffee, recalculated to 140 mg caffeine
per cup and the total intake stratified into four categories. Using the group
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with an intake of 140 mg caffeine per day (1 cup of coffee/day) as the
reference, the adjusted risk of spontaneous abortion increased significant-
ly with the daily caffeine intake (Table 47). The fact that the six women
who did not consume coffee were excluded from the analysis, that the
time period of coffee consumption was not specified, that consumption of
no other caffeine-containing beverage was investigated, and that the in-
vestigators did not adjust for smoking and other environmental factors,
severely limits the conclusions that can be drawn from the study.

A Swedish investigation on the outcome of pregnancy in relation to ir-
regular and inconvenient work schedules was based on pregnancies oc-
curring during the period 1965-1984 among women who worked at a
hospital in the west-coast region of Sweden some time between 1980 and
1984 (Axelsson et al., 1989). Around 81% of the 807 women (654) who
had been employed during this time period answered a questionnaire that
in addition to working habits asked for factors that might confound a
relationship between irregular working hours and abortion. One of these
factors was coffee consumption. A significantly increased risk of miscar-
riage was found for those who reported that they drank more than three
cups of coffee a day during the first trimester (Table 45). Although the
risk was also increased for women consuming three cups of coffee per
day during the month before pregnancy, this increase was not statistically
significant. This study is likely to be confounded by missing information
and recall bias, as some questions in the questionnaire related to periods
up to twenty years back in time.

The first of two Canadian investigations analysed data from a survey
of occupational factors and pregnancy outcome aimed at examining the
effects of cigarette smoking, alcohol use and coffee consumption on
pregnancy outcome (Armstrong et al., 1992). Over the course of two
years, some 56 000 women, comprising all who had had a delivery or a
spontaneous abortion in 11 hospitals in Montreal, were interviewed on
occupational, personal, and social factors. Of a total of 48 582 previous
pregnancies (ongoing pregnancies not included), 1 436 were excluded
because of missing information, leaving 47 146 for analysis. However, as
questions on coffee consumption during the first trimester of previous
pregnancies were not asked until after the survey began, information on
this factor was available only for 35 848 of the 47 146 pregnancies.

After adjusting for potential confounding factors, both smoking habit
and alcohol consumption were clearly associated with elevated risk for
spontaneous abortion. Coffee consumption increased the risk of sponta-
neous abortion on average by a factor of 1.017 for each cup per day; a
statistically significant trend. Although there was a statistically significant
increased odds ratio for drinking 5-9 cups of coffee per day in compari-
son with none, the odds ratio for drinking 10 or more cups per day was
not significantly increased (Table 48). It should be noted that the overall
rate of spontaneous abortion was relatively high in the studied population
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(21.6%). Whether this indicated that it was selected or not is not known.
The retrospective nature of the enquiry and the mistake of not asking
about coffee consumption and intake of other caffeinated beverages in the
first interview (leading to a focus on the question and reduced participa-
tion rate in answering this question) could have led to biased reporting.

The second Canadian study was a spin-off from a case-control study
initially planned to examine the association between lupus anticoagulants,
anticardiolipin antibodies, and foetal loss, but data on caffeine intake,
smoking, and alcohol use were collected as potential confounding variab-
les in the study. The collected information was used to explore the rela-
tionship between caffeine consumption before and during pregnancy and
foetal loss (Infante-Rivard et al., 1993). Cases were women hospitalised
during working days with a clinically confirmed diagnosis of spontaneous
abortion or foetal death who accepted to having a blood sample drawn. A
relatively large proportion of the cases were women who had stillbirths
during the third trimester of pregnancy. Of 516 eligible women, only 331
(64 %) were enrolled in the study. Controls were women who were at the
same period of pregnancy as the cases, based on last menstrual period,
and had not yet experienced a foetal loss. Three controls were matched to
each case, giving a control group of 993 control women.

A face-to-face interview with all cases and controls was carried out at
the hospital at the time of ascertainment. A special feature of the study
was that women were asked both about their intake of beverages contai-
ning caffeine before pregnancy (the month preceding conception) and
during pregnancy (an average over pregnancy up to the time of study
enrolment). For the purposes of calculating caffeine intake, a cup of cof-
fee was estimated to contain 107 mg caffeine, a cup of tea 34 mg and a
can of cola 47 mg.

After adjusting for confounding factors, the incidence of foetal loss
was strongly associated with caffeine intake during pregnancy, and mo-
derately associated with caffeine use before pregnancy (Table 47). Based
on the fact that pregnancy affects caffeine metabolism by lengthening its
half-life, this finding is not surprising. A majority of women reduced
coffee intake during pregnancy; women with higher education did so
more frequently than women with less education. Overall, 55% of the
study population reduced their caffeine intake, 42% reported no change,
and 3% increased their consumption. During the first 16 weeks of preg-
nancy, controls reduced their caffeine intake more than cases (a 10%
difference in reduction), whereas the reverse was true in the period star-
ting after 16 weeks of gestational age.

The validity of the findings in this study has been questioned by Wei
(1994) because the risk of spontaneous abortion was almost identical in
smokers and non-smokers and in drinkers and non-drinkers. At the same
time, the risk was strongly associated with caffeine intake. According to
Wei (1994) this raises the question as to whether there was a bias in data
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collection, perhaps due to 60% of potential cases being excluded because
of overnight discharge of the mothers, exclusion of patients arriving at
the hospital during weekends or legal holidays, or refusal to have blood
drawn.

Furthermore, the study did not measure nausea. It is possible that the
minor reduction of caffeine intake between cases and controls during the
earlier weeks of pregnancy could be due to differences in factors other
than nausea. The nausea hypothesis cannot explain the observation that
10% more cases than controls reduced their intake later in pregnancy.
The observation, mentioned above, that more educated women reduced
their caffeine intake more frequently than less educated women indicates
that advice and personal knowledge may have a strong influential effect,
and may even precede the influence of nausea on food changes (Infante-
Rivard et al., 1993).

The study of Infante-Rivard and co-workers (1993) has also been cri-
ticised by Kline et al. (1994) in relation to the control of potential factors
that might influence cases and controls to reduce caffeine intakes diffe-
rently. Since case-control differences may be an artefact of longer gesta-
tions among controls than cases and women tend to decrease caffeine
intake early in pregnancy, Kline and colleagues (1994) pointed out that
longer gestations allow more time for a decreased caffeine intake to in-
fluence the average intake, and may have resulted in an artefact in this
study.

The first of the six American studies was published by Srisuphan and
Bracken in 1986. During the period 1980-1982 no less than 4 073 women
who sought their prenatal care at private obstetrical practices and planned
to be delivered at a hospital in Connecticut, USA, were invited by the
investigators to participate in a study aimed at providing a detailed
description of caffeine exposure in a large population of pregnant women
and to investigate the relationship between caffeine consumption during
pregnancy and spontaneous abortion during the late first or second tri-
mester (non-deliberate interruption of an intrauterine pregnancy of <28
week’s gestation in which the foetus was dead when expelled). Interviews
were completed with 3 340 (82 %) of eligible women, and necessary
information was collected during pregnancy by a trained interviewer from
3 155 of these subjects. The interview included questions on caffeine
intake from caffeine-containing beverages and drugs at the time of the
interview. A serving of coffee, tea, and soft drinks was assumed to con-
tain 107, 34, and 47 mg caffeine, respectively.

Of the caffeinated beverages, tea was most popular. The frequency for
drinking three or more servings per day of coffee, tea, and colas was 5.2
%, 5.1 % and 2.2 %, respectively. Interestingly, the investigators also
studied the intake during the first trimester of prescription and non-
prescription caffeine-containing drugs. Most women (95.1 %) used only
one caffeine-containing drug. On average, the daily intake of caffeine
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from drugs was modest (5.1 mg or less). In all (beverages and drugs),
20.8 % of the women used no caffeine during pregnancy, 51.2 % were
light (1-150 mg/day) caffeine users, and 28.0 % moderate to heavy (>151
mg/day) caffeine users. Coffee was the major source of caffeine in mode-
rate-to-heavy caffeine users (72%). The average daily intake of caffeine
was low, 99.3 mg from all sources.

2.2 % of the study subjects spontaneously aborted after the interview
(including early spontaneous abortions, the rate was 7.2 %). The rate for
non-caffeine users was the same as for the light users, 1.8 %, whereas it
was 3.1 % for the moderate-to-heavy users. Because of the similar spon-
taneous abortion rate in the no caffeine and light caffeine users, the group
was combined (0-150 mg/day). The adjusted relative risk (not including
smoking and alcohol) for spontaneous abortion after moderate-to-heavy
caffeine consumption was significantly increased, 1.73 (Table 47). Light
caffeine use (1-150 mg/day) was associated with an increased risk for
spontaneous abortion only among women who aborted in their last preg-
nancy. Taslimi and Herrick (1986) have pointed out that the investigators
failed to stratify heavy caffeine consumption by advanced maternal age,
consumption of alcohol, and use of cigarettes and drugs. The size and
design of the study should have allowed a statistical analysis controlling
for these confounding factors.

The association between intake of caffeine from coffee, tea, and soda
drinks and spontaneous abortions identified by pathology reports was
investigated in another American study. This was a case-control study
focusing on the importance of water consumption and exposure to sol-
vents, and was based on 607 cases and 1 284 controls from California
(Fenster et al., 1991a). The average intake of caffeine during the first
trimester (or during the entire pregnancy, if shorter) was calculated from
information obtained from computer-assisted telephone interviews, usual-
ly within 1 year after the pregnancy ended. The recall consistency for
reporting caffeinated beverage consumption was examined and found to
be acceptable (Fenster et al., 1991b). About 70% of the women consumed
caffeinated coffee, tea and/or soda. Caffeine consumption was calculated
by summing the average amount of caffeine in consumed coffee, tea, and
soda, assuming caffeine contents of 107 mg/cup, 34 mg/cup, and 47
mg/can, respectively. 7 % of the women consumed more than an average
of 300 mg of caffeine daily.

Before adjusting for potential confounding variables, the investigators
observed a significantly increased crude likelihood of heavy caffeine
consumption for cases compared with controls. After adjustment, howe-
ver, the increased likelihood (22 %) was no longer statistically significant
(Table 47). There was no suggestion of interaction between cigarette
smoking and caffeine consumption or between alcohol and caffeine con-
sumption in this study.
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Since nausea is associated with a reduced risk of spontaneous abortion
(Weigel and Weigel, 1989) and the presence of nausea may reduce caf-
feine consumption, the association between caffeine intake and sponta-
neous abortion was examined by stratifying on reports of nausea (any
versus none) to determine whether the condition confounded or modified
the investigated association. It was seen that nausea was an effect modi-
fier of the caffeine and spontaneous abortion relation, but only for the
highest level of caffeine consumption (Fenster et al., 1991a). The associa-
tion between heavy caffeine consumption and spontaneous abortion was
seen among women who reported nausea but was absent among those
who did not (Table 47). The stratification of miscarriages by the presence
of nausea in the statistical analysis, and the suggestion of an apparent
protective effect on miscarriage of heavy caffeine consumers in the ab-
sence of nausea have been criticised by Stein and Susser (1991). They
point out that “to avoid the error of assigning consumption occurring after
the outcome event to the antecedent hypothesised causal exposure, the
history of nausea must be timed no less closely than the history of caffei-
ne consumption” — a simple information on nausea (any versus none), is
not enough. In addition, the severity as well as the duration of the symp-
tom of nausea might differentiate successfully from failing or vulnerable
pregnancies. Karyotyping of miscarriages could contribute importantly to
such differentiation.

Early reduction in heavy caffeine consumption was also examined by
Fenster and colleagues (1991a), in order to determine whether changes in
habit might affect spontaneous abortion rates. About 53 % of the women
who cut down their intake from greater than 300 mg/day to less than that
amount within 6 weeks of their last menstrual period had a similar risk of
abortion compared to those who did not consume caffeinated beverages.
The presence of nausea was associated with a tendency to decrease caf-
feine consumption.

The investigators concluded that heavy caffeine consumption might
contribute to 4 % of spontaneous abortions or 14 % of spontaneous abor-
tions in women reporting nausea. Thus, in their opinion, decreasing heavy
caffeine intake early in pregnancy may reduce the risk of spontaneous
abortions.

The third American study investigating the relationship between caf-
feine intake and spontaneous abortion was a cohort study devoted to the
effect of environmental risk factors on pregnancy (Dlugosz et al., 1996).
A total of 2 849 pregnant women seeking prenatal care before the six-
teenth week of gestation and planning to give birth at a hospital in Con-
necticut were recruited. Interviews were completed in their homes (82.6
% of the eligible subjects). The usual daily caffeine intake was calculated
from information on the frequency of consumption of caffeinated bevera-
ges the first month of pregnancy, and information on standard quantities
of caffeine in the beverages (107 mg in a cup of coffee, 34 mg per ser-
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ving of tea, and 47 mg per serving of soda). Spontaneous abortions were
defined as non-deliberate interruption of an intrauterine pregnancy of less
than 28 weeks' gestation in which the foetus was dead when expelled.

By restricting the analysis of caffeine intake to the first month of
pregnancy, the potential confounding due to pregnancy-induced changes
in dietary caffeine intake (that is, caffeine aversion and metabolism)
should have been reduced. However, nausea, a potentially influential
confounding factor, was not measured. The mean daily caffeine con-
sumption during the first month of pregnancy was 89.0 mg per day for
the women who miscarried, and 72.4 mg per day for the women who
delivered live-born infants. Consumption of more than 300 mg caffeine
per day was associated with a nearly twofold increase in the odds ratio of
spontaneous abortion. However, the linear dose-response trend was weak,
and adjustment for covariates lowered the risk estimate (OR=1.75; 95%
CI = 0.88-3.47) for the high caffeine dose to non-significant levels (Table
47). The odds ratio of spontaneous abortion was significantly increased
when daily coffee consumption reached three or more cups (Table 48).
On the other hand, the intake of soda drinks, and probably also tea, had
no influence on the risk of spontaneous abortion. An unexpected observa-
tion was that caffeine consumption was more strongly related to sponta-
neous abortion than alcohol or cigarette use in early pregnancy in this
study. It should also be noted that the spontaneous abortion rate (4.5 %)
was relatively low in this study, possibly because only abortions occur-
ring after a confirmed pregnancy diagnosis and subsequent interview to
ascertain exposure were included in the study.

The fourth American study had a rather specialised design. It was ba-
sed in a New York City hospital, and aimed at investigating the associati-
on of caffeine intake from beverages shortly before or during pregnancy
with spontaneous abortions of known karyotype (Kline et al., 1991). The
899 cases (510 chromosomally normal, 237 trisomies, 54 monosomies X,
49 triploidies and 49 others) were drawn from 2 067 spontaneous abor-
tions identified in the study during 3.5 years, for which the women were
both interviewed and their abortus retrieved and karyotyped. The 1 423
controls were registered at the same hospital before completing 22 weeks
gestation (to maximise chances of interviewing controls at gestations
similar to those of cases at time of loss) and delivered at 28 completed
weeks or later. Controls were matched to cases by maternal age and so-
ciodemographic characteristics. It is not unlikely that the rather high drop
out rate (57 %) of non-karyotyped cases might have lead to a bias in the
study. Another factor that might influence the result was that the gesta-
tion at abortion on average was 9 days longer in the cases than in sponta-
neous abortions for which the abortuses were not karyotyped.

Caffeine exposure was estimated from interviews and separately cove-
red the time period "during pregnancy" (one month after the last
menstrual period until the time of loss for cases or of interview for
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controls), and the time of "perifertilization" (two months before and one
month after the last menstrual period). Total daily caffeine intake was
calculated from consumption information and estimates (in milligrams
per 8-ounce serving) of caffeine content for brewed coffee (136 mg),
instant coffee (96 mg), brewed and instant coffee equally (116 mg), de-
caffeinated coffee (4.8 mg), tea (56 mg), and cocoa and chocolate milk
(5.7 mg). Caffeine content of colas was estimated at 3.5 mg/ounce and of
caffeinated non-cola sodas (3.5-4.5 mg/ounce) by brand. Data was insuf-
ficient to estimate intake from medications. However, only 3.2% of the
women reported a use of caffeine-containing medications; 52% of them
less often than once a week. Estimated daily caffeine intake was higher in
the perifertilization period than during pregnancy: arithmetic means were
164 mg and 99.6 mg, respectively, with caffeinated coffee the source of
about 70%.

Caffeine intake in the perifertilization period did not differ among
groups of cases and the controls. For the groups having the highest caf-
feine intake, at least 225 mg/day, odds ratios adjusted for payment group
(public or private patients) and maternal age were 1.0 for chromosomally
normal abortions, 0.9 for trisomies, 1.6 for monosomies X, and 0.8 for
triploidies. The authors inferred that caffeine intake in the perifertilization
period does not influence the risk of spontaneous abortions having a nor-
mal karyotype or trisomy. Although no statistically significant associati-
ons were observed for abortions with monosomy X and triploidy, the
number of pregnancies studied were insufficient to rule out moderate
effects.

Caffeine intake during pregnancy was tested for associations with
chromosomally normal spontaneous abortions using the chromosomally
aberrant cases to provide a robust comparison group. Although the pro-
portion of subjects with an intake of at least 225 mg/day of caffeine was
higher in cases than in controls (probably due to greater decrease in caf-
feine intake in the control group than in the case group), it was similar for
subjects with chromosomally normal and chromosomally abnormal spon-
taneous abortions (Table 47). There is more than one possibility for a
stronger decrease in caffeine intake among women in the control group,
as compared to women in the case group. One potential source should be
pointed out. Whereas cases did not necessarily receive prenatal care, this
was always the case for the controls. In the public facilities, caretakers
advised patients to decrease caffeine intake, while it is not known what
proportion of private physicians gave similar advice.

A fifth American study explored the relationship between caffeine in-
take and spontaneous abortion prospectively in a cohort established to
investigate the association between various environmental factors and
spontaneous abortion (Fenster et al., 1997; Windham et al., 1997). The
study population was recruited from Californian women making their
first prenatal control. Computer-assisted telephone interviews were con-
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ducted at between 4 and 13 weeks gestational age (on average 8 weeks)
for 5 342 of the 6 179 eligible women. Of these 5 144 met eligibility cri-
teria. Pregnancies that did not end in a live birth were defined as sponta-
neous abortions if the pregnancy ended at 20 completed weeks of gesta-
tion or less, and as stillbirths if the pregnancy ended at a time period grea-
ter than 20 weeks gestation. There were 499 spontaneous abortions, 4 613
live births, and 32 stillbirths.

Subjects were asked to quantify their daily consumption of decaffeina-
ted coffee and caffeine-containing beverages (coffee, tea, and soda) in the
week before the interview. As interviews were conducted on average
during the eighth week of pregnancy, women were on average reporting
consumption for the seventh week of gestation. The same questions were
asked referring to the week around their last menstrual period. The usual
daily caffeine intake was calculated from information on the frequency of
consumption of caffeine-containing beverages and standard quantities of
caffeine in these beverages (107 mg in a cup of coffee, 34 mg per serving
of tea, and 47 mg per serving of soda).

About three-quarters of the studied women ingested caffeine before
pregnancy, but only about 50 % during the first trimester of pregnancy.
Approximately 13 % reported heavy consumption (>300 mg per day)
before pregnancy, and about 4 % reported heavy consumption during the
first trimester. Although heavy consumers of caffeinated and decaffeina-
ted coffee were less likely to have experienced nausea in early pregnancy
compared with non-consumers, they were similar to moderate consumers
of these beverages with respect to nausea. Among women who drank
normal coffee, about 75 % had reduced their intake by the time of the
interview, whereas the corresponding figure among women who drank
decaffeinated coffee was about 47 %. The percentage distributions of
these changes did not differ appreciably between women with sponta-
neous abortions and those with live births or stillbirths for either normal
coffee or decaffeinated coffee. The overall spontaneous abortion rate in
this population was 9.7%.

Heavy caffeine intake before pregnancy was not related to the risk for
spontaneous abortion; neither was consumption of any of the individual
caffeinated beverages (Table 47 and 48). Whereas the adjusted odds ratio
for heavy decaffeinated coffee intake during the first trimester was signi-
ficantly increased, the adjusted odds ratio for heavy caffeine consumption
during the same time period was elevated, but not significantly so. The
increased risk for spontaneous abortion related to heavy decaffeinated
coffee consumption was not accounted for by women who had increased
their consumption after becoming pregnant. The effect estimate for heavy
decaffeinated coffee consumption was similar in women who did not
report either smoking or drinking alcohol before or during the first tri-
mester. The investigators suspected that the association between beverage
consumption and spontaneous abortion was due to bias resulting from the
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relations among foetal viability, symptoms of pregnancy such as nausea,
and consumption patterns during pregnancy, but could not confirm their
suspicion with experimental data.

In the sixth American study, Wen et al. (2001) investigated the associ-
ation of maternal caffeine consumption and nausea with spontaneous
abortions using data from the Diana project, a population-based prospec-
tive study that included 968 women enrolled before pregnancy. The aim
of the Diana project is to identify pre-conceptual and early pregnancy
exposures that are related to reproduction outcomes. The study subjects
were women 22-35 years of age recruited 1989-1992 in Minnesota, USA.
After exclusion of women who did not meet the inclusion criteria and/or
did not want to participate, the final study participants were traced to
delivery of a live-born singleton infant (575 women) or an early or late
spontaneous abortion (75 women). Medical data were collected prospec-
tively via medical records. Dietary intake was assessed using the Willett
food frequency questionnaire. Mean caffeine intake was calculated pro-
spectively from data obtained in food frequency questionnaires given to
the women every third month before pregnancy and monthly during the
entire pregnancy. Caffeine consumption was calculated from regular cof-
fee (139.2 mg/cup), tea (64 mg/cup), hot chocolate (16 mg/cup), cola (46
mg/12 oz), soda drinks (46 mg/cup), and chocolate containing foods (like
brownies). Nausea status (yes/no) and its duration (days) were registered
monthly.

Spontaneous abortion was more common among women who did not
report nausea than among women reporting this condition. Among those
reporting nausea, the duration of nausea was shorter in those who aborted
than in those who delivered a live-born infant. Although the average caf-
feine intake was reduced during the first trimester of pregnancy, the risk
of spontaneous abortion was higher among women who reported a
’higher’ caffeine consumption (Table 47). Maternal caffeine consumption
before pregnancy or in women who did not experience nausea did not
increase the risk for spontaneous abortions. However, women who con-
sumed >300 mg caffeine per day in the first trimester after experiencing
nausea had an increased risk for spontaneous abortion (risk ratio: 5.4;
95% CI 2.0-14.6) compared with women who had a caffeine consump-
tion of <20 mg per day. The authors concluded that their results suggest
that maternal caffeine consumption during pregnancy may influence the
viability of the foetus in women experiencing nausea. The strength of this
study is the prospective design, the enrolling of participants in early
pregnancy, and the frequent exposure measurements. On the other hand,
the study size was small (due to the restrictive recruitment of the study
subjects), which results in low precision, which is especially apparent in
the analyses of subgroups. The study could have been better adjusted for
smoking, since only qualitative information was used (smoker/non-
smoker).
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The level of caffeine in body fluids is not only dependent on the
amount of caffeine consumed but also on the rate at which caffeine is
eliminated from the body. Since caffeine metabolism was not analysed in
the original study of Fenster and co-workers (1997), a subgroup of 445
women from the original study were invited to participate in a follow-up
study, aiming at specifically exploring an association between rate of
caffeine metabolism and risk of spontaneous abortion (Fenster et al.,
1998). Of the invited women, 121 declined to participate, 102 were not
eligible due to various conditions that may affect caffeine metabolism
(i.e. current use of oral contraceptives), and one had to be deleted because
her biological samples were lost. Among the 211 women that made up
the final study base, 72 were cases with at least one spontaneous abortion
and 139 controls without abortions. Thus, the drop out rate was as high as
53%. The investigators reported, however, that there was not a big diffe-
rence in caffeine consumption during pregnancy between women that
accepted participating and women that refused. As many as 34% of the
women consumed no caffeine during pregnancy, and as few as around
5% >300 mg/day (approximately 3 cups of coffee/day).

The first objective of the study was to examine the possibility that
slower metabolizers of caffeine are more susceptible to an effect of caf-
feine on spontaneous abortion. The second objective was to examine
whether the risk for spontaneous abortion was associated with differential
activity of one or more of three enzymes known to be important for caf-
feine metabolism; CYP1A2, xanthine oxidase and N-acetyltransferase 2.
To estimate the enzyme activities, the concentration of various caffeine
metabolites in urine was measured after administrating a test dose of caf-
feine. The metabolic indices for the three enzymes were then calculated
from the metabolite ratios. Because smoking is strongly related to
CYP1A2 activity, and 24 women reported that they had changed their
smoking behaviour during the time between performance of the metabo-
lism test and the pregnancy, the authors tried to prevent misclassification
of these women’s CYP1A2 indices. This was done in two ways - by dele-
ting the women from the statistical analysis or by changing the enzyme
indices of CYP1A2. The statistical evaluation of the data (Table 49) sho-
wed no evidence for the presence of an interaction between the enzyme
activities (CYP1A2, N-acetyltransferase 2, xanthine oxidase) and caffeine
intake on the risk of either first or recurrent spontaneous abortion (Fenster
et al., 1998). The major weaknesses of the study were that the enzyme
activity measurements were performed on urine samples collected after
pregnancy (on the assumption that the relative measures of enzyme acti-
vity remained the same, with the exception of women with discrepant
smoking behaviours), and that the study was not controlled for the occur-
rence of chromosomal abnormalities in the abortuses. It is well known
that the majority of spontaneous abortions are a result of chromosomal
abnormalities. Another weakness was that the caffeine intake was low in
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the studied population, and only a few women consumed more than 3
cups of coffee per day.

A similar approach of studying the relationship between caffeine ex-
posure and spontaneous abortion to that of Fenster et al. (1998) was un-
dertaken by Klebanoff and co-workers (1999). These investigators used
the blood samples of women enrolled in the Collaborative Perinatal Pro-
ject, a prospective study of pregnancy, labour, and child development
conducted at 12 sites in the United States from 1959 to 1966. The blood
samples were collected once every two months during pregnancy, at deli-
very and six weeks after delivery. Among the approximately 55 000
births registered, a total of 830 women had foetal losses less than 140
days after the first day of the last menstrual period. Serum samples and
time of sampling in relation to spontaneous abortion was available from
591 of these women (women with induced abortion were not included).
Four control women giving birth to living neonates after at least 28 weeks
of gestation at the same centres were selected for each case, making up a
control group of 2 558 matched women. The serum samples were used to
assay caffeine and paraxanthine, the latter compound being the primary
metabolite of caffeine. Preliminary investigations showed that serum
paraxanthine was better correlated to caffeine intake than serum caffeine.
A total of 487 women who had spontaneous abortions (82%) and 2 087
controls (82%) had quantifiable serum paraxanthine concentrations. The
mean serum concentration of paraxanthine was significantly higher in the
abortion group than in the control group (752 vs 583 ng/ml). After ad-
justing the statistical calculations for maternal age, smoking status, and
race or ethnic group, the significantly increased risk of spontaneous abor-
tion was restricted to women with serum paraxanthine concentrations
higher than 1 845 ng/ml, corresponding to the 5 percent of controls with
the highest concentrations (Table 49).

As the study of Klebanoff et al. (1999) was planned quite a bit after
the original Collaborative Perinatal Project cohort, it is understandable
that several caveats can be pointed out. One is that participants were en-
rolled relatively late in gestation, and that the majority of the abortions
occurred in the second trimester. It would also have been preferable to
perform the analyses on aborted foetuses with normal karyotype, as



Table 49. Intake of caffeine, caffeine metabolism and spontaneous abortion (misscarriage).

Reference

Type and location of study

Sample size and selection

Exposure period

Sources of caffeine

Definition of end-
point(s)

Results

Risk estimate adjusted odds ratios; including 95%

confidence interval

Comments

Fenster et al., 1998
Case-control study

USA

72 cases with at least one
spontaneous abortion and
139 controls with normal
pregnancies (Subgroup
from Fenster et al., 1997)

Week around the last
menstrual period, as
well as the 7™ week of
pregnancy

Coffee, tea soda

Late abortion

Rate of caffeine
metabolism (deter-
mined by urinary
metabolites) and risk
for spontaneous
abortions before 20"
week of gestation

Low vs high CYP 1A2 activity, low vs high xanthine
oxidase activity, and slow vs fast acetylator (N-

acetyltransferase 2) activity

0 mg caffeine/day vs

1-150, >150 mg caffeine/day

NS

Urinary samples (for me-
tabolism studies) taken after
pregnancy. High drop-out
rate of invited women. Low
caffeine intake in studied
women. Occurrence of
chromosomal abnormalities
not controlled for.

Klebanoff et al., 1999

Nested case-control
study

USA

590 women with sponta-
neous abortion less than
140 days after the first day
of the last menstrual period,
and 2 558 matched women
who gave birth to a healthy
child.

Blood samples collec-
ted at every two
months during preg-
nancy, at delivery and
six weeks after delive-
ry

Late abortion

Rate of caffeine
metabolism (determi-
ned by blood metabo-
lites) and risk for
spontaneous abor-
tions at less than 140
days of gestation

High serum concentrations of paraxanthine (>1 845
ng/ml) was significantly associated with an increa-

sed risk for spontaneoeus abortion.

Blood samples stored for 30
years. Stability of para-
xanthine not well known. No
information on karyotype of
the aborted foetus.

Signorello et al., 2002

Population-based case-
control study

Sweden

101 women who had spon-
taneous abortion at 6-12
weeks of gestation and 953
women with normal preg-
nancy (matched for gesta-
tional age)

4 weeks before preg-
nancy until present
time of pregnancy.

Coffee, tea, cocoa,
chocolate, soft drinks,
caffeine-containing
drugs

Early abortion
Spontaneous abor-
tions from 6" to 12"
week of gestation
shown to have a
normal karyotype

CYP1A2 index below median

0-99 mg caffeine/day vs
100-299 mg/day
>300 mg/day

CYP1A2 index above median

0-99 mg caffeine/day vs
100-299 mg/day

>300 mg/day

Slow acetylators

0-99 mg caffeine/day vs
100-299 mg/day

>300 mg/day

Fast acetylators

0-99 mg caffeine/day vs
100-299 mg/day

>300 mg/day

NS
NS

2.42 (1.01-5.80)
3.17 (1.22-8.22)

2.38 (1.04-5.49)
NS

NS
NS

A small, but relatively well
performed study. The mis-
sing urinary samples from
around 30% of cases and
controls might have introdu-
ced bias.




Intake of caffeine and other methylxanthines... 221

abnormal karyotype predisposes to spontaneous abortion. But no karyo-
type analyses were performed. In contrast to caffeine, the serum para-
xanthine concentration does not fluctuate greatly during the day. Therefo-
re, it is possible that some of the women would have been allocated to
other exposure groups if caffeine had been analysed instead of para-
xanthine. Furthermore, the biological samples had been stored at —20°C
for 30 years, and the stability of paraxanthine during this time period at
these conditions is not well known. However, a marked deterioration of
paraxanthine seems unlikely.

12.3. Caffeine intake and stillbirth

Among pregnancies, which reach at least 20 weeks gestation, nearly one
in every hundred infants is born dead. The reason for the death is fre-
quently unknown, and only a few clear risk factors have been identified.
Little and Weinberg (1993) used data from the 1980 National Natality
Survey and the National Fetal Mortality Survey to examine risk factors
for stillbirth, separating antepartum deaths (foetal deaths that occur befo-
re labor) from the intrapartum deaths (those that occur during labour and
delivery). Foetal deaths were defined as being at the point of at least 28
weeks of gestation, or 1 000 g in weight if gestation was unknown. Simi-
lar criteria were used for live births. There were 9 941 cases of live birth
and 6 386 cases of foetal death appearing in statistics from 1980. All
married women in the two samples were invited to participate in the stu-
dy, and 2 832 and 1 835 agreed to participate, respectively. Differences in
regular coffee and/or tea use during pregnancy were modest for live
births and defined stillbirths. Whereas normal coffee and/or tea use had
no apparent relation to intrapartum stillbirth risk, this factor was sugge-
stive of increased antepartum stillbirth risk (p<0.1). The possibility of a
correlation between exposure to caffeine and antepartum deaths has to be
investigated more thoroughly.

12.4. Summary of caffeine and spontaneous abortion

Spontaneous abortion is one of the most common complications of preg-
nancy. The definition of spontaneous abortion varies over the world. Ac-
cording to one accepted definition, spontaneous abortions is a pregnancy
that ends before 22 completed weeks of gestation, or results in a birth
weight of 500 grams or less, and does not end in a live birth. In Sweden
the definition is a pregnancy that ends before 28 complete weeks. Miscar-
riages, which are not recognised as such by the mothers, are of course
unlikely to be registered. Therefore, the frequency of early (pre-clinical)
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loss is not very well known, mainly because of the difficulties in recogni-
sing the condition (Wilcox et al., 1990).

One complication in the assessment of studies concerning spontaneous
abortion is that there obviously are many causes of this pregnancy out-
come. Spontaneous abortions may thus be regarded as a heterogenous
group of disorders. Besides chromosomal abnormalities, which are re-
sponsible for about 60% of clinically recognised spontaneous abortions
during the first three months of pregnancy (Lauritsen, 1977), and uteri-
ne/cervical causes, the factors most consistently associated with recogni-
sed spontaneous abortion risk are prior spontaneous abortion and older
maternal age. Previous reproductive events of other types, exposure to
exogenous factors such as tobacco, alcohol, and chemicals in the occupa-
tional setting, and psychological factors have all given conflicting results
within epidemiological studies. One of the exogenous factors, which have
been suggested to influence spontaneous abortion rate, is caffeine intake.
Potential effects of caffeine on foetal development may follow prolonged
accumulation of caffeine in pregnant women and passage to the foetus,
which lacks the enzymes necessary for the metabolism of caffeine until
several days after birth.

Since the end of the 1970s, eighteen epidemiological studies have ex-
plored the relationship between caffeine/coffee consumption and sponta-
neous abortion. Eleven of these studies have been carried out in the Uni-
ted States and Canada, six in Europe (Spain, Italy and Sweden), and one
in Japan. When assessing these epidemiological studies, it is important to
consider the following issues.

Investigators have defined the studied endpoint spontaneous abortion
or misscarriage differently. As the risk factors and cause for spontaneous
abortion may vary during the pregnancy, it is very important that the con-
dition is accurately defined. In the studies by Weathersbee et al. (1977),
Parazzini et al. (1991, 1994, 1998), Armstrong et al. (1992), Wilcox et al.
(1990) and Cnattingius et al. (2000) the investigators limited their study
base to patients with early foetal loss (before 12 weeks of gestation). Two
studies were devoted to miscarriages only in late pregnancy (Infante-
Rivard et al., 1993; Furuhashi et al., 1985), whereas the remaining studi-
es included both fairly early and late abortions.

A difficult circumstance to control for is the non-equal influence of
environmental factors on different foetuses. The fraction of foetuses car-
rying chromosomal abnormalities non-compatible with survival differs
during pregnancy. The fraction is very high in early pregnancy, then
drops during the late first trimester, becoming comparatively low at the
end of pregnancy. As environmental factors such as caffeine might have a
potential to influence healthy foetuses but not foetuses already likely to
be aborted, carefully controlling for the karyotype of the foetus might be
very difficult. It will be particularly important to control for karyotype
during early pregnancy when the fraction of chromosomally abnormal
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foetuses is higher, as the rate of abnormal foetuses drops quickly with
gestational age.

The majority of the studies devoted to a possible relationship between
caffeine intake (or intake of caffeine-containing beverages) and sponta-
neous abortion have used a retrospective design. Retrospective studies
could have introduced bias in the study, in particular in case-control stu-
dies, by default recall of consumption. Women who have experienced a
spontaneous abortion may have been more likely to report their caffeine
intake more thoroughly or even in an exaggerated fashion. However,
eight studies (Furuhashi et al., 1985; Srisuphan and Bracken, 1986; Dlu-
goz et al., 1996; Wilcox et al., 1990; Mills et al., 1993; Fenster et al.,
1997; Cnattingius et al., 2000; Wen et al., 2001) had a prospective design.
Unfortunately, not all sources of caffeine have been considered in the
studies, and often consumption during only one time period around or
during pregnancy has been studied. In most cases, intake of coffee has
been reported. A number of studies have also registered consumption of
tea and caffeinated soft drinks. Rarely has caffeine intake from cocoa,
chocolate, bakery products, and drugs also been considered. The
weakness of studying caffeine intake only during one time period of
pregnancy is that the changes taking place in the pregnant woman might
introduce aversion to or fondness for caffeine-containing beverages.

The problem of confounding factors pushing a non-existent rela-
tionship into appearing like a relationship exists, or, on the contrary, re-
ducing an existing relationship into non-significance, has to be addressed.
Not all investigators have controlled for such confounding factors. A very
important confounding factor that should not be neglected in this context
is smoking. In several prospective and retrospective studies, an increased
rate of spontaneous abortion has been reported in smokers; with relative
risks being in the range 1.2 to 1.8. It might not be enough to only adjust
qualitatively for smoking (yes/no), as the amount of smoking might go-
vern, for example, how much the caffeine metabolism is influenced.

Maternal illness during pregnancy might also be a confounding factor.
Nausea coupled to pregnancy typically begins at 4-6 weeks of gestation,
and peaks in incidence and severity by 8-12 weeks (Deuchar, 1995; Fur-
neaux et al., 2001). It has been anticipated that women with a viable
pregnancy are more likely to experience nausea and thus reduce their
intake of caffeine (and other compounds) than women who have a non-
viable pregnancy and experience nausea less frequently. Mothers who
have gastrointestinal or cardiovascular problems that may predispose
them to spontaneously abort might be advised to avoid or limit caffeine
consumption. In both cases, the bias introduced would spuriously reduce
the risk estimates for caffeine.

Another factor in these studies that may influence the estimation of
risk is misclassification. The greatest problem in this case is that many
clinically recognised pregnancies are not susceptible to any added risk of
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miscarriage from an exposure during gestation because loss is inevitable
from the outset. Thus, at least 40 % of karyotyped miscarriages carry
lethal chromosomal aberrations (Kline et al., 1989). The false assumption
that the survival to term of these conceptuses is subject to an environmen-
tal risk must therefore spuriously lower the apparent risk from the expo-
sure. Another severe misclassification problem is, of course, the risk that
the exposure assessment will allocate the participating women to the
wrong exposure group due to poor data on caffeine intake.

No association was found between caffeine consumption and sponta-
neous abortion in the studies of Wilcox et al. (1990), Kline et al. (1991),
Mills et al. (1993), Dlugoz et al. (1996) and Fenster et al. (1997). All five
studies were carried out in the United States, where the caffeine con-
sumption is considerably lower than in most European countries (Barone
and Roberts, 1996; Hughes and Oliveto, 1997). One study from this side
of the Atlantic by Parazzini and co-workers (1991) found no association
between coffee consumption and spontaneous abortion.

Two thirds of the epidemiological studies investigating the rela-
tionship between caffeine intakes or intake of caffeine-containing beve-
rages and spontaneous abortion have reported a significantly increased
risk for abortion at higher intake levels. Thus, a positive association bet-
ween caffeine consumption and spontaneous abortion was found in the
studies carried out by Weathersbee et al. (1977), Srisuphan and Hacken
(1986), Fenster et al. (1991a), Infante-Rivard et al. (1993), Cnattingius et
al. (2000), and Wen et al. (2001). It should, however, be noted that in the
study of Fenster et al. (1991a), the association was found only in women
reporting nausea and consuming more than 300 mg caffeine daily. In
addition, positive associations between consumption of coffee and spon-
taneous abortion have been reported by Furuhashi et al. (1985), Axelsson
et al. (1992), Armstrong et al. (1992), Domiguez-Rojas et al. (1994),
Dlugoz et al. (1996) and Parazzini et al. (1994, 1998). Fenster et al.
(1997) unexpectedly found an association between consumption of decaf-
feinated coffee and spontaneous abortions.

Three studies have been devoted to a possible relationship between
caffeine metabolism and spontaneous abortion. These studies made use of
biomarkers of caffeine metabolism in blood and urine, as well as infor-
mation on acetylator genotypes (slow or fast). The profile of caffeine and
caffeine metabolites in the body fluids portrays the caffeine metabolic
activity and reflects the capacity for caffeine clearance and hence the
ultimate caffeine load on the body. The speed of caffeine metabolism also
determines exposure of caffeine metabolites, mainly paraxanthine. Whe-
reas Fenster et al. (1998) observed no interaction between caffeine intake
and enzyme activities, Signorello et al. (2001) found women with a high
CYP1A2 activity to have an increased risk for normal karyotype sponta-
neous abortion. The data of the latter study could be interpreted as indica-
ting that metabolites of caffeine play a role in the aetiology of sponta-
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neous abortions. At present, there are no experimental data to confirm
this theory. However, the third study found that women with the highest
quintile of serum paraxanthine had an increased risk for both early and
late spontaneous abortion (Klebanoff et al., (1999). Since the studies of
Fenster et al. (1998) and Klebanoff et al. (1999) have been criticised for
shortcomings in design and performance, a possible relationship between
caffeine metabolism and spontaneous abortion requires further study. It
should be stressed that the main enzyme metabolising caffeine, CYP1A2,
is also involved in the metabolic activation of numerous chemical carci-
nogens, and therefore data of this kind may reflect the interplay of va-
rious unmeasured factors that are possibly related to spontaneous abor-
tion.

Most of the studies presented in this chapter have been criticised for
having severe limitations. For example, the studies of Fenster et al.
(1991a), Infante-Rivard et al. (1993), Dlugosz et al. (1996) and Klebanoff
et al. (1999) have been criticised for not adequately considering, or omit-
ting from consideration, as to whether nausea during pregnancy could
influence the exposure to caffeine. Adjustment for smoking has been
insufficient or omitted in some studies (e.g., Weathersbee et al., 1977;
Furuhashi et al., 1985; Wen et al., 2001). Other studies have selected the
study base in such a way that it is far from unlikely that it has introduced
a bias (e.g., Armstrong et al., 1992; Parazzini et al., 1994), or have not
presented adequate statistical treatment of the data (Weathersbee et al.,
1977; Furuhashi et al., 1985). Several other shortcomings, such as exclu-
ding women who did not drink coffee from the statistical analysis, and
omitting statements as to which time period the caffeine intake referred
to, limit the conclusions that can be drawn from the study carried out by
Dominguez-Rojas et al (1994).

It can be concluded that the results of more than half of the described
epidemiological studies concerning intake of caffeine/cafteine-containing
beverages and spontaneous abortions indicate a positive relationship.
However, as repeatedly pointed out above, most studies have weaknesses
regarding the adjustment of potential confounding factors, and in the
selection of the study base. Thus, the results are not easy to interpret.
Based on all information, however, it does not seem unlikely that high
intake of caffeine during pregnancy, at least during early pregnancy, may
increase the risk for spontaneous abortions. One condition in these types
of study that need more attention is the chromosomal constitution of the
whole or parts of the foetus, as the prognosis for survival differs marked-
ly between chromosomally normal and abnormal foetuses. Another con-
dition which need more attention is nausea, which could introduce a bias,
as pregnant controls may be more apt to reduce their caffeine/coffee con-
sumption (due to nausea) than women who have miscarriages (and don’t
experience nausea). Nausea has been controlled for in the studies by
Cnattingius et al. (2000) and Wen et al. (2001), which at present seem to
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be the most accurate investigations of the relationship between caffei-
ne/coffee consumption and early spontaneous abortion.

Since epidemiological studies involving caffeine consumption by
pregnant women have resulted in different results concerning adverse
foetal outcomes, Fernandes and co-workers (1998) undertook a meta-
analysis of six studies that met the criteria to be included. The inclusion
criteria for the meta-analysis were: English language articles; pregnant
human females; case-control or cohort design; caffeine exposure during
pregnancy; documented quantity of caffeine consumption; control group
with minimal or no caffeine consumption (0 to 150 mg caffeine/day); and
documented data regarding spontaneous abortion. All studies included in
the meta-analysis have been presented above (Srisuphan and Bracken,
1986; Fenster et al., 1991a; Armstrong et al., 1992; Infante-Rivard et al.,
1993; Mills et al., 1993; Dominguez-Rojas et al., 1994). Using five of the
studies (Srisuphan and Bracken, 1986; Fenster et al., 1991a; Armstrong et
al., 1992; Infante-Rivard et al., 1993; Dominguez-Rojas et al., 1994) for a
statistical evaluation, a modest but statistically significant relationship
between moderate to heavy caffeine consumption during pregnancy
(>150 mg/day) and the risk of spontaneous abortion was found. The
combined odds ratio in the meta-analysis was 1.36, with a 95% confi-
dence interval of 1.29-1.45. The sensitivity and subgroup analyses per-
formed within the spontaneous abortion analysis indicated that no group
of studies (cohort or case-control) or individual investigation influenced,
to any degree, the overall main analysis of the summary odds ratio (Fer-
nandes et al., 1998). Altogether, the study of Dominguez-Rojas et al.
(1994) contributed to the heterogeneity of the analysis. Omitting the stu-
dy to obtain non-heterogeneity did not change the summary odds ratio
significantly. One particular note of caution should be given, and that is
that the potential confounders identified in the separate studies were not
adjusted for in the meta-analysis because they were too poorly presented
in some of the individual studies. Nonetheless, the meta-analysis of Fer-
nandes et al. (1998) arrives at the same conclusion as the Nordic working
group responsible for this report, namely that high intakes of caffeine
during pregnancy may increase the risk for spontaneous abortion.



13. Caffeine intake and
congenital malformations

The question as to whether high caffeine intake by mothers-to-be can
cause malformations in the human foetus has been discussed and investi-
gated in a number of reports. Concern about the possible harmful effects
of caffeine or caffeine-containing beverages and foods in pregnancy have
evolved mainly from results of animal studies. However, it is unclear to
what extent findings in experimental animals can be extrapolated to man.
Differences in the mode of caffeine exposure and the way the compound
is metabolised are particularly hard to interpret.

13.1. Studies in animals

Several reports on the teratogenic nature of caffeine on mammalian foe-
tuses have been published during the last thirty years. These experimental
studies have been performed mainly with rodents, and the majority indi-
cates that caffeine has a variable but low level of teratogenic activity in
laboratory animals, mainly in mice and rats (Nash and Persaud, 1988).
However, the congenital malformations discovered in rodent foetuses
have appeared at caffeine levels that are about ten times higher than the
levels generally pertaining to humans.

Sivak (1994) reviewed the co-teratogenic effects of caffeine with va-
rious physical and chemical agents. Single bolus doses of caffeine (50-
200 mg/kg body weight) enhanced the teratogenic effect of ionising radi-
ation and various pharmaceutical agents in experimental animals. To-
gether with nicotine or alcohol, caffeine had an additive effect. Mixed
results have been obtained when caffeine have been combined with che-
mical carcinogens. The interpretation of the experimental studies in terms
of human hazard is complicated by the general use of high-dose bolus
exposures to caffeine in these experiments, which is not typical of human
exposure. As discussed extensively in this chapter, the epidemiological
studies on humans have revealed no teratogenic activity of caffeine alone.
In the few instances where interactions between coffee consumption and
either alcohol consumption or smoking have been investigated on preg-
nancy outcome, no significant effects have been observed (Sivak, 1994).
It should be borne in mind, however, that these types of studies are very
difficult to perform.
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13.1.1. Mode of administration

The teratogenic effects of caffeine depend on dosage and route of admini-
stration. Caffeine can induce malformations in foetuses when administe-
red as a single dose by gavage or by injection. However, when the same
amount of caffeine is split up in several smaller doses given throughout
the day, malformations is much less frequent. Table 50 summarises some
studies on caffeine exposure during gestation and the occurrence of mal-
formations in animal foetuses.

Smith et al. (1987) treated pregnant rats with 10 or 100 mg caffei-
ne/kg body weight on days 6 to 20 of gestation, as a single dose by gava-
ge, or divided into four administrations by gavage throughout the day.
Administration of a single dose of 100 mg caffeine/kg body weight pro-
duced a high incidence of malformed foetuses, whereas the same dose
given over four occasions had no teratogenic effect.

When pregnant rats were given a single intraperitoneal injection of
150 mg caffeine/kg body weight on days 10 to 11 of gestation, cardio-
vascular anomalies were found in 87.8 % of the foetuses (Matsouka et al.,
1987). In rats given total doses of 30 or 60 mg caffeine/kg body weight
by injection, divided into four applications, 36.5 % and 50.9 % of the
foetuses, respectively, developed cardiovascular anomalies.

In contrast to results in studies using gavage and injection, no dose-
related anomalies were induced when caffeine (10-204.5 mg/kg body
weight) was given in drinking water (Collins et al., 1983). A similar re-
sult was seen by lkeda et al. (1982). When rats repeatedly were admi-
nistered daily doses of 80 mg caffeine/kg body weight in drinking water
on days 12 to 15 of gestation, or 80 mg by gavage on day 12 of gestation,
ectrodactyly was observed only in the offspring of the gavage group. In
addition, when coffee of different concentrations was given to pregnant
rats, instead of pure drinking water, no teratogenic effects were seen (No-
len, 1981). The same result was indicated when Collins and co-workers in
1981 studied the teratogenic effects of caffeine in pregnant rats. Admi-
nistrating caffeine by gavage induced a number of adverse effects on the
foetuses, but when the study was repeated and caffeine at different con-
centrations was given as coffee consumed ad libidum, many of the adver-
se effects observed in the gavage study did not appear (Collins et al.,
1983). Similarly, Elmazar et al. (1982) observed no gross anomalies
when mice were treated with caffeine in food and drinking water. No
teratogenic effects in the offspring of rats were found in a study of Palm
et al. (1978) when the animals were given a single dose of 30 mg caffei-
ne/kg body weight by gavage or the same dose via drinking water. In this
case, however, the given dose was lower than the dose administered in
the studies mentioned above.

Taken together, available data indicate that the likelihood of a terato-
genic effect of caffeine being produced in mammalian foetuses is signifi-
cantly lower if the caffeine exposure is spread out throughout the day as
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compared to when it is administered only once a day (Nolen, 1988). It is
also obvious that the time of exposure during pregnancy is of major im-
portance in the induction of different types of malformations (The Natio-
nal Food Agency of Denmark, 1989).

13.1.2. Types of malformations

The malformations produced by high caffeine intakes in experimental
animals tend to be limited in type. The most prevalent types of anomalies
reported, regardless of species, are cleft palate, digital reduction defects
and vascular defects (Elmazar et al., 1982; Scott, 1983; Smith et al.,
1987; Nolen, 1988 and Purves and Sullivan, 1993). Table 50 gives some
information on the types of malformation produced in the offspring of
dams exposed to caffeine during gestation.

When Fujii and Nishimura (1972) throughout gestation fed rats an oral
daily dose of caffeine corresponding to 180 and 330 mg/kg body weight,
malformations were found in 56.8 % of the foetuses, compared to none in
the control group. The types of malformation discovered in foetuses re-
ceiving the high dose were hydrocephaly (13.5 %), intravitreous hae-
morrhage (27.0 %), esophagectopy (18.9 %), and ventricular septal defect
(8.1 %).

Other types of malformation have been observed as well. Matsouka et
al. (1987) found cardiovascular malformations in the majority of rat foe-
tuses after a single intraperitoneal injection of 150 mg/kg body weight
caffeine. The eye lenses were examined in 10 foetuses, and degeneration
was found in all. Skeletal abnormalities were discovered in 3 of the foetu-
ses of mothers treated with 60 mg caffeine/kg body weight and in 1 of the
foetuses of mothers injected with 150 mg caffeine/kg body weight. Caf-
feine exposure in utero almost always to some extent causes delayed
ossification of the foetal skeleton (Fujii and Nishimura, 1972; Palm et al.,
1978; Collins et al., 1981; Collins et al., 1983; Elmazar et al., 1982; and
Nolen, 1981). The effect is not a true reduction, but a transient and quan-
titatively small delay (a few days), which can be seen during the perinatal
development. Exposure of pregnant macaque monkeys to caffeine in
drinking water (0.15 and 0.35 mg/ml), resulting in daily exposures of 10-
15 and 25-30 mg caffeine/kg, induced a delay in somatic development of
the offspring, including a retarded growth of the long bones in the body.
This delay was manifested during the first 30 days but had disappeared
after the first year post-exposure (Gilbert and Rice, 1991). In several stu-
dies, generalised oedema has been present in the majority of foetuses, the
severity and frequency of the condition apparently being dose-dependent.
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Table 50. Teratogenic activity of caffeine exposure during gestation in experimental
animals.

Animal Dose Administration Days of gestation Malformations Reference
(mg/kg/day) treated (Mainly ectrodactyly)
Rat 180 Diet 0-22 - Fujii and Nishimura,
330 Hydrocephaly (1972)
Intravenous haemorrhage
Esophagectopy
Ventricular septal defect
Rat 9 Coffee consumed as sole All - Palm et al., (1978)
19 beverage -
38 -
By gavage
30 Caffeine in water -
30 -
Rat 20 Coffee as sole beverage All - Nolen (1981)
40 -
80 -
Rat 80 Gavage 12 Ectrodactyly lkeda et al., (1982)
80 Drinking water 12-15 -
(no statistical analysis)
Rat 10-204.5 Drinking water 0-19 - Collins et al., (1983)
Rat 10 By gavage 6-20 - Smith et al., (1987)
100 Ectrodactyly
25x4 -
25 x4 -
Rat 30 Intraperitoneal 10-11 Cardiac anomalies Matsouka et al.,
60 (1987)
150
Mouse 50 Gavage 6-16 - Elmazar et al., (1982)
150 Gavage 6-16 Other
140-280 Drinking water 5-18 -
207-242 Drinking water 5-18 -
Mouse 80 Intraperitoneal 11-12 Cleft palate and limb Scott, (1983)
100-150 malformations
175-250 (no statistical analysis)

13.1.3. Teratogenic dose of caffeine

Although some studies were unable to detect a clear teratogenic effect of
caffeine in experimental animals (Palm et al., 1978; Nolen, 1981), the
majority of the studies have found that caffeine induces a dose-related
teratogenic effect in rodents. No adverse effect level has been established.

However, the relatively high concentration of caffeine required to in-
duce foetal malformations, and the limited number of affected foetuses,
indicates that caffeine can be considered a weak teratogen in rodents.
Caffeine seems to belong to the group of teratogenic agents that exert
adverse effects only when a threshold of plasma or tissue concentration
has been exceeded. The results of the animal studies indicate that the
threshold plasma concentration is somewhere in the region 60-80 pg/ml.
However, different species of rodents have been found to vary in their
sensitivity to the teratogenic effects of caffeine. Malformations in rats are
never observed at daily single doses below 50 mg caffeine/kg body
weight, and rarely below 80-100 mg/kg body weight (James, 1991; Wil-
son and Scott, 1984). Mice seem to be somewhat more sensitive to caf-
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feine, with malformations being induced at a dose of about 50-75 mg
caffeine/kg body weight (Wilson and Scott, 1984; Nehlig and Debry,
1994b).

13.1.4. Teratogenic effects of caffeine in combination with other
substances in experimental animals

Cafteine is well known to interact with other teratogens and carcinogens
in high dose animal experiments. For example, X-rays are known to pro-
duce cleft palate in mice and rats. When rodents are treated with X-rays
together with caffeine, a significant increase in the rate of this malforma-
tion is observed.

The same type of synergism can occur with chemical compounds. It
could be mentioned that caffeine in in vivo studies has been shown to
potentiate chemically induced chromosome damage (Nolen, 1988; Sivak,
1994). Chromosome damage could be one reason for induction of conge-
nital malformations. Thus, when studying the frequency of chromosomal
aberrations induced in bone marrow cells of mice administered with the
two well-known mutagens MNU (N-methyl-N-nitrosourea) and MMS
(Methyl Methanesulfonate) by single injection, Frei and Venitt (1975)
observed a much higher percentage of metaphases with chromosomal
aberrations in animals that had received 1% caffeine in their drinking
water during the experimental period than in animals that received drin-
king-water without caffeine. Other workers have reported a significant
increase in the frequency of chromosomal aberrations induced by thiotepa
and triethylenemelamine in bone marrow cells of mice when caffeine, at
concentrations between 50 and 150 mg/kg body weight, was applied si-
multaneously with the alkylating agents (Hansson, 1978, Dulout et al.,
1981). In bone marrow cells of the Chinese hamster, an enhancement of
cyclophosphamide-induced chromosome damage was obtained with caf-
feine at 200 mg/kg body weight, but not at lower doses (R6hborn and
Buckel, 1976). These observations indicate that there must be a mecha-
nism for caffeine potentiating a teratogenic or embryotoxic effect induced
by other compounds. The observed potentiating effect has been attributed
to inhibition of DNA repair (Kihlman and Andersson, 1987). It should be
pointed out that in most of these in vivo experiments in rodents, enhan-
cement of the mutagen-induced chromosome damage was obtained only
at near-lethal doses of caffeine. These doses were much higher than those
humans are ever likely to be exposed to as a result of consumption of
caffeine-containing beverages.
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13.2. Studies in humans

There are several factors that must be considered when interpreting the
findings in animal studies as regards human health. The majority of
substances shown to be teratogenic in rodents do not have these effects in
humans at the levels at which they are commonly ingested. Furthermore,
rodents are generally much more susceptible to teratogenic influences
than are primates (Wilson and Scott, 1984). A caffeine dose of 50 mg/kg
body weight in a rodent corresponds to a human caffeine intake of 3.5 g -
an intake considerably higher than the amount ingested by the heaviest
users of caffeinated beverages. Teratogenic effects in rodents, at doses
below 100 mg/kg body weight, are seen only when the total dose is given
on a single occasion by gavage or injection (Wilson and Scott, 1984).
Humans are, however, never exposed to single high doses of caffeine.

13.2.1. Teratogenic effects of caffeine

In 1981, the United States Food and Drug Administration encouraged
pregnant women to limit their daily caffeine intake to approximately 300
mg. Since then, a limited number of reports on the teratogenic effects of
caffeine on human foetuses have been published. Thirteen human studies
on the subject are discussed and evaluated below. These studies have
been carried out in the United States (6), Canada (1), Japan (2), France
(1), Finland (2), and Denmark (1). In addition, information from an
abstract describing a study not yet published is mentioned (Correa et al.,
2000).

Heinonen et al. (1977) investigated the possible teratogenic role of
pharmaceutical drugs, as used in a cohort (Collaborative Perinatal Pro-
ject) of more than 50 282 mother-child pairs recruited in 12 centres in the
United States during the years 1959 to 1965. The purpose of the study
was to evaluate whether there are associations between drugs taken du-
ring pregnancy and malformations in offspring. Upon their entering the
study, usually while visiting the participating clinic for the first time du-
ring the pregnancy, the women were interviewed by trained interviewers.
With regard to medications, the women were questioned about current
drug use as well as drug use extending back beyond the date of the last
menstrual period. In this study, children were considered to be malformed
when they had structural defects at or soon after birth, including tumours
and syndromes that tend to be prominently associated with structural
defects. In total, there were 3 248 malformed children with 4 446 mal-
formations. There was no correlation between use of caffeine-containing
drugs or drugs containing other methylxanthines and the occurrence of
teratogenic effects (Table 51). The absence of evidence linking caffeine
(or other methylxanthines) to malformations in this study should be in-
terpreted with uttermost caution, as the study was not controlled for the
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intake of methylxanthines from foods and beverages. In reality, the
methylxanthine exposure was incorrect in nearly all women. Therefore,
the study has no value for assessing the potential of methylxanthines to
induce congenital malformations.

In a case-control study from the 1970s, Borlée et al. (1978) compared
the coffee consumption among 202 women giving birth to malformed
children and 175 women giving birth to healthy children, matched for
age, gender and socio-economic status. Consumption of more than 8 cups
of coffee a day was associated with an increased frequency of congenital
malformations (Table 51). As the study was poorly controlled for other
factors which could influence congenital malformations, the data do not
permit a conclusion claiming a direct relationship between coffee con-
sumption and birth defects.

Linn et al. (1982) used epidemiological methods to evaluate the rela-
tionship between coffee consumption during each trimester of pregnancy
and adverse outcome. 12 205 American women were interviewed 1 or 2
days after delivery, 5% reported drinking four or more cups of coffee per
day, and less than 1 % reported drinking seven or more cups of coffee per
day (Table 51). The authors stated that women consuming at least four
cups of coffee per day were not at increased risk of delivering a malfor-
med child. The most common malformation found was clubfoot. Other
common malformations in the study population were skeletal, cardio-
vascular, and central-nervous-system malformations. The sample size
endowed this study with a power of 0.93 to identify a 1.5-fold increase
(probability 0.93 for 1.5 increase) in the risk of malformations associated
with daily consumption of four or more cups of coffee. A small reduction
of the power to 0.85 was required to establish a threefold risk of skeletal
malformations and a twofold risk of major malformations. However, the
ability to identify a correlation between coffee intake and malformations
must be considered greatly reduced because of the insufficient measure-
ment of caffeine consumption (number of cups of tea and coffee only).
No information was given about the consumption of soft drinks, cocoa,
chocolate, or caffeine-containing drugs. Subjects placed in the group with
no caffeine exposure may still have been exposed to caffeine from other
sources. There was no information about consumption of decaffeinated
coffee or methods of coffee preparation.

In the study of Rosenberg et al. (1982), 2 030 malformed children we-
re evaluated in an American case-control study in relation to maternal
intake of caffeine from coffee, tea, and cola during pregnancy (Table 51).
The consumption of decaffeinated coffee was also noted. The report pro-
vided information about the risks of specific congenital malformations.
Malformations examined in the report were inguinal hernia (380), oral
clefts (299), cardiac defects (277), pyloric stenosis (194), isolated cleft
palate (120), and neural tube defects (101). Children with other malfor-
mations (712) served as the control group to the cases. Special attention
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was given to the risk of cleft lip or palate since these are the types of
anomalies seen in foetal rodents after high maternal caffeine intake du-
ring pregnancy. The choice of other malformed children as the control
group may be a source of error if caffeine were found to cause any kind
of malformations. However, teratogens usually do not have a broad tera-
togenic spectrum.

The mothers were interviewed about coffee, tea, and cola intake du-
ring pregnancy within 6 months after delivery. One percent of the
mothers was estimated to have consumed as much as 1 000 mg caffeine
daily and 11% 400 mg or more (about four cups of coffee or more). The
maternal caffeine consumption for cases and controls was considered
similar. Risk estimates for all anomalies were low and non-significant.

The effects of caffeine ingestion during pregnancy were investigated
in 9 921 Japanese women in the study by Furuhashi et al. (1985). The
women were divided into five groups depending on their caffeine con-
sumption. Only coffee and green tea were considered as caffeine sources,
but the group of women consuming more than five cups per day was
small, only 0.5% of the total population. Thus, the number of individuals
having a high caffeine intake was insufficient in the study. The rate of
congenital anomalies was not significantly different among the five
groups. However, all coffee drinking groups (less than five cups of coffee
per day, less than five cups of coffee and green tea, and more than five
cups of coffee per day) had a higher incidence of chromosomal abnorma-
lity (0.28%) and congenital multi-anomalies (0.43%) than the control
group (<0.05%) (Table 51).

This Japanese study has several drawbacks. The data were not adju-
sted for potential confounding factors that could interfere with estimating
the risk. Nor were multivariate models used in the statistical processing
of data. The increased frequency of chromosomal abnormalities and con-
genital multi-anomalies observed in coffee-drinking mothers could there-
fore equally well reflect the effect of some co-variate such as alcohol or
cigarette smoking.

Data from a survey of occupational factors that may influence preg-
nancy, conducted in Montreal, Canada, between 1982 and 1984, were
used by McDonald (1992b) to investigate the relationship between coffee
consumption during the first trimester of pregnancy and congenital de-
fects. Altogether, coffee consumption was investigated in 80 319 preg-
nancies, and eight types of congenital defects were analysed. The only
significant result was that women who consumed three or more cups of
coffee a day had a slightly increased risk, 1.52 (95% confidence interval,
1.1-2.2), of delivering children with any kind of heart defect (Table 51).
However, this evidence was not considered strong.
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Table 51. Studies investigating the risks of different congenital malformations in
children of mothers exposed to caffeine during pregnancy.

Sample size
cases/controls
(size of cohort)

Malformations investigated

Exposure
(groups exposed)

Results

Reference

202/175 Any 8+ cups of coffee Increased risk Borlée et al., 1978
France
50 282 Any Caffeine from pharmaceuticals No effect Heinonen et al., 1977
American
(12 205) Any 4 + cups of coffee No effect Linn et al., (1982)
American
300/712 Inguinal hernia 400 + mg caffeine No effect Rosenberg et al., (1982)
American
101/712 Neural tube 400 + mg caffeine Rosenberg et al., (1982)
American
2771712 Cardiac 400 + mg caffeine Rosenberg et al., (1982)
American
120/712 Cleft palate 400 + mg caffeine Rosenberg et al., (1982)
American
299/712 Cleft lip 400 + mg caffeine Rosenberg et al., (1982)
American
112/706 CNS 4 + cups of coffee No effect Kurppa et al., (1983)
Finnish
241/706 Orofacial 4 + cups of coffee Kurppa et al., (1983)
Finnish
210/706 Skeletal 4 + cups of coffee Kurppa et al., (1983)
Finnish
143/706 Cardiovascular 4 + cups of coffee Kurppa et al., (1983)
Finnish
(9921) Any All coffee drinking groups Higher incidence of Furuhashi et al., (1985)
Japanese chromosomal abnormali-

ties and congenital multi-

anomalies

(but not statistically veri-

fied)
(11 858) Any 4 + cups of coffee No effect Olsen et al., (1991)
Danish 8 + cups of coffee
58/101 Cardiovascular 3 + cups of coffee Significantly increased risk | McDonald et al., (1992b)
Canadian 1.52 (1.1-2.2), for

cardiovascular defects
63+140/219 Cryptorchidism, late 1+ can of cola drink Significantly increase risk | Berkowitz and Lapinski
American descenders 2.09 (1.10-3.99) for late (1996)

descenders
306/306 Cleft lip, cleft palate <1 cup of coffee/week Cases drank less coffee Natsume et al. (2000)
Japanese than controls before and in

early pregnancy. No

difference was found

during pregnancy.
997/1 007 Downs syndrome 4+ cups of coffee Decreased risk for non- Torfs and Chistianson
American smoking mothers (2000)

0.48 (0.28-0.82)
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In a Finnish case-control study, Kurppa et al. (1983) investigated the
relationship between coffee consumption during pregnancy and congeni-
tal malformations in 1 412 mothers interviewed about their coffee con-
sumption and other exposures within on average 3 months after delivery.
The malformations studied were defects of the central nervous system
(112), orofacial clefts (241), structural defects on the skeleton (210), and
cardiovascular malformations (143) (Table 51). Coffee consumption du-
ring pregnancy was similar for the case and control mothers. Close to
27% of the women consumed at least four cups of coffee per day during
pregnancy, 7.2% consumed seven cups or more and 3.5% at least ten
cups. No increased risk of orofacial clefts, cardiovascular, central ner-
vous system, or skeletal defects was detected for mothers consuming four
or more cups of coffee per day.

A possible relationship between maternal caffeine intake from coffee,
tea and cola during the first trimester of pregnancy and cardiovascular
malformations was investigated by Tikkanen and Heinonen (1991) in 573
cases and 1 055 controls through interviews approximately three months
after delivery. The cases represented all verified cardiovascular malfor-
mations in Finland from 1982 to 1984. Forty-one different types of car-
diovascular anomalies were found. The most common malformations
were ventricular septal defect (215), patent ductus arteriosus (135), atrial
septal defect (70), coarctation of the aorta (65), transposition of the great
arteries (56), hypoplastic left ventricle (54), tetralogy of Fallot (36), and
pulmonary stenosis (35). The risk of cardiovascular malformations was
not associated with maternal consumption of coffee, tea, or cola (data not
shown in Table 51). However, the number of malformed children noted
during this time period was much lower than expected, largely because of
incomplete reporting of defects. Furthermore, the measurement of caffei-
ne exposure must be considered crude, as it is only estimated as the num-
ber of cups of beverage consumed.

The effect of coffee consumption on congenital malformations was
studied in 11 858 Danish women between 1985 and 1987 (Olsen, 1991).
The women responded to a mailed questionnaire on eating and drinking
habits during pregnancy, handed out in the 36th week of gestation. The
women were asked about the number of cups of coffee and tea consumed
before and during pregnancy. The answers were crude, stating one of
three categories: 0-3, 4-7 and over 8 cups a day. Thirty-five percent of the
women drank four or more cups of coffee a day and 7% consumed eight
or more cups a day. The coffee consumed was usually filter coffee. Very
weak and non-significant associations between coffee intake and con-
genital anomalies were found (Table 51). The adjusted risk of any mal-
formation for the heaviest coffee consumers (eight or more cups a day)
was 1.5 (95% confidence interval, 0.3-6.1). Some congenital malforma-
tions could not be investigated owing to the small numbers of children
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affected. Nonetheless, the investigators mention that the effect of coffee
seemed most pronounced in the subgroup of cleft lip and/or palate.

A nested case-control study of cryptorchidism was carried out by Ber-
kowitz and Lapinski (1996) as part of a hospital-based cohort study of 6
699 male neonates in New York City. The cases (n=63) were infants
from single and twin births whose testes had not descended into the nor-
mal position in the scrotum at one year after birth. As some of the cryp-
torchid infants experienced spontaneous descent of their testes after birth
but before they were one year old, separate analysis was performed for
the 140 'late descenders'. Controls (n=219) were the next male infant who
was born immediately after an infant who was cryptorchid at birth. The
mothers were interviewed during their post partum hospital stay about
socio-demographic characteristics, occupation, indicators of maternal
body build, medical history including medications, complications during
pregnancy, and drug abuse. In addition, the mothers were asked about
their consumption of cigarettes, alcohol, regular coffee, regular tea, cola
drinks, and diet soda drinks.

After adjustment for other risk factors for chyptorchidism by logistic
regression, analysis consumption of coffee, tea, and cola drinks during
pregnancy was not associated with the abnormalities (Table 51). Howe-
ver, consumption of >1 cup of tea per day was of borderline significance
for a protective effect against cryptorchidism. Similar analyses revealed
that late testicular descent was associated with drinking one cola drink or
more during pregnancy (Table 51). The investigators found the observa-
tions related to tea and cola drink consumption perplexing, and pointed
out that selection bias when determining the study base, the size of the
investigation, and recall bias in the interview might have contributed to
the findings.

Correa et al. (2000) examined data from the population-based Atlanta
Birth Defects Case-Control Study 1968-1980 but have hitherto published
their finding only in an abstract. The aim of the study was to evaluate the
relationship between prenatal tea consumption and risk of anencephaly
and spina bifida. Cases were defined as infants with anencephaly (n =
122) or spina bifida (r = 154) and no other associated anomalies, and
were identified between 1968 and 1980. Infants without birth defects (n =
3029) identified from birth certificates of the same birth cohort and fre-
quency matched to cases by race, period of birth, and hospital of birth
were defined as controls. Tea consumption of the mothers was unrelated
to anencephaly, but increased the risk for spina bifida, the adjusted odds
ratio, OR (for gender, race, period of birth, maternal age, education, alco-
hol consumption, smoking, and periconceptional multivitamins) being 2.3
(CI 1.2-4.4). The odds ratio increased with tea consumption. Intake of
other caffeinated beverages was not found to be associated with risk for
anencephaly or spina bifida. The authors concluded that further studies
are warranted to corroborate and elucidate the observed association bet-
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ween tea consumption and spina bifida. As the study has not yet been
fully publicised, the investigation has not been included in the final asses-
sment of a potential relationship between intake of caffeine or caffeine-
containing beverages and congenital malformations, and is not presented
in Table 51.

In a relatively small and not well-documented Japanese case-control
study, Natsume et al. (2000) investigated maternal risk factors for cleft lip
and/or cleft palate in their offspring. In total, 306 mothers giving birth to
babies with these congenital malformations and 306 area- and time-
matched control mothers giving birth to healthy babies were interviewed
about their coffee consumption before and during pregnancy, and also
about many other personally related factors. The investigators report that
the mothers who gave birth to babies with defects tended to drink less
coffee before or in early pregnancy than women giving birth to healthy
babies (Table 51), but they did not adjust for other factors influencing the
rate of these malformations. Coffee consumption was generally low in the
studied population, and once the pregnancy was confirmed, similar pro-
portions of mothers in the two groups gave up coffee consumption. No
difference in coffee consumption between case mothers and control
mothers was found during pregnancy (Table 51). This study has limited
value in assessing the risk of coffee consumption of mothers influencing
congenital malformations in their offspring.

Torfs and Christianson (2000) analysed data from a case-control study
of live born infants or foetuses (spontaneous abortions, stillbirths and
elected terminations) with Down’s syndrome in order to evaluate the
possible effects of maternal smoking and caffeine or coffee consumption
on the occurrence of a recognised pregnancy with Down syndrome. The
study was performed in California during the period 1991 to 1993 and
comprised 997 live born infants or foetuses with Down’s syndrome and
1007 live born controls without a birth defect matched to the cases based
on hospital of birth. Interviews with mothers included questions concer-
ning demographic information, pregnancy, medical history, and use of
tobacco, alcohol, and caffeinated beverages. Regarding caffeine intake,
the mothers were asked about consumption of regular coffee, non-herbal
tea, and caffeine-containing soft drinks around the time of conception.
Four categories were used, 0, 1-3, 4-6 and >7 cups or drinks per day. The
caffeine content was estimated by assuming that a cup of coffee contains
100 mg, a cup of tea 50 mg, and a caffeinated soft drink 40 mg caffeine.
As the investigators did not ask for the exact number of cups or drinks
consumed daily, caffeine consumption could only be estimated by using
the midpoint of each range in number of cups stated, and, therefore, gives
a very crude approximation of caffeine intake. Furthermore, no informa-
tion on other sources of caffeine (cocoa, chocolate and medicinal drugs)
was given.
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After adjustment for the age of the mothers, only maternal ingestion of
>4 cups of coffee per day was inversely associated (OR = 0.63; 95% CI:
0.41-0.96) with having a recognised pregnancy with Down syndrome
(Table 51). Multivariate analysis of inclusive factors related to the risk of
giving birth to children with Down syndrome revealed a significant inte-
raction between coffee drinking and smoking. After stratification by level
of coffee consumption and smoking, the inverse association remained
only for non-smoking mothers who drank four or more cups of coffee per
day (OR = 0.48; 95% CI: 0.28-0.82). No significant interactions were
found between intake of either caffeine or consumption of tea or soft
drinks and risk for recognised Down syndrome. The authors concluded
that their results suggest that among non-smoking mothers, high coffee
consumption is more likely to reduce the viability of a Down syndrome
conceptus than that of a normal conceptus.

A major strength of this study was the large number of participants,
but on the other hand, the case group was a mixture of mothers with live
birth and mothers with stillbirth or spontaneous or elected abortion. The
cases were interviewed about half a year after delivery, whereas controls
were interviewed more than a month earlier. This might have influenced
the recall bias. Furthermore, the questions related to coffee consumption
did not ask for the exact number of cups consumed daily, only whether
the women consumed coffee within the specific ranges based on number
of cups per day. The chosen method to quantify exposure might have
introduced bias. It can also be noted that there were few heavy coffee
drinkers in the study.

Tennes and Blackard (1980) investigated the effect of alcohol con-
sumption on pregnancy outcome in 278 pregnancies in America. To
control for confounders, intake of caffeine and certain other drugs were
also investigated. The mothers were interviewed on 3 occasions, before
pregnancy, at 6-7 months of gestation, and after delivery. The caffeine
intake was estimated from the number of cups of coffee, tea, and cola
consumed per day. No relationship could be established between caffeine
intake and minor physical anomalies. Since the main purpose of the study
was to investigate the effects of alcohol consumption on pregnancy out-
comes, the results of the use of additional drugs on the studied endpoint
should be interpreted with care.

13.2.2. Teratogenic effects of caffeine in combination with other
compounds

Although the majority of the studies with adequate quality presented
above found no or only a very marginal association between congenital
malformations and caffeine intake, it could still be questioned whether
caffeine has the ability to interact with other teratogens. For example,
Hughes and Goldstein (1988) describe a case where birth defects occur-
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red following maternal exposure to the vasoconstrictive agents ergotami-
ne and caffeine. The brain abnormality and cord lesion in the infant could
be accounted for by a vascular disruptive mechanism. The mother of the
infant was treated for migraine with a variety of medications, including
ergotamine and caffeine, and the infant was exposed to these substances
during the first 14 to 20 weeks of gestation. The results of the brain in-
vestigations were compatible with an arrest of cerebral development early
in the second trimester of pregnancy. The authors suggested that a syner-
gistic effect of caffeine and ergotamine might result in a more pronoun-
ced vasoconstriction of cerebral vessels than the vasoconstriction resul-
ting from ergotamine only.

However, no human epidemiological evidence have been found that
indicate that caffeine potentiates the risks of potential teratogens to the
point where it causes birth defects (Sivak, 1994; Golding, 1995).

13.2.3. Conclusions

Based on the literature reviewed, there is virtually no convincing evi-
dence linking human maternal caffeine intake during pregnancy to infant
birth defects (Linn et al., 1982; Rosenberg et al., 1982; Kurppa et al.,
1983; Furuhashi et al., 1985; Tikkanen and Heinonen, 1991; Tennes and
Blackard, 1980; Olsen et al., 1991; McDonald et al., 1992b). Although
exposure of laboratory animals to high doses of caffeine during gestation
results in an increased risk for the development of facial clefts and limb
anomalies, epidemiological studies have not revealed any obvious rela-
tionship between maternal caffeine intake and foetal facial clefts and
skeletal malformations. The finding of a relationship between late testicu-
lar descent into the scrotum and intake of a low number of cola drinks
(Berkowitz and Lapinski, 1996) is very puzzling, and needs confirmation
by other researchers. In addition, heavy coffee consumption (>4
cups/day) in one study appeared to be associated with a reduced inci-
dence of Down syndrome (Torfs and Chistianson, 2000). This phenome-
non could, however, be explained by the fact that high coffee consump-
tion (possibly caffeine intake) is more likely to reduce the viability of a
Down syndrome conceptus than that of a normal conceptus.

Most reports, which have investigated the teratogenicity of caffeine in
humans, have deficiencies. The caffeine of coffee intake may be poorly
estimated (Heinonen et al., 1977; Linn ef al., 1982; Furuhashi et al.,1985;
Olsen, 1991; and Tikkanen and Heinonen, 1991; Berkowitz and Lapinski,
1996; Natsume et al., 2000; Torf and Chistianson, 2000), the group of
high caffeine consumers may be too small to allow a reliable result to be
obtained (Furuhashi et al.,1985; Berkowitz and Lapinski, 1996; Natsume
et al., 2000; Torf and Chistianson, 2000), the reported number of conge-
nital anomalies may not be correct (Tikkanen and Heinonen ,1991), im-
portant confounders were not controlled for (Borlée et al., 1978; Natsume
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et al., 2000), and insufficient statistics were used when analysing the data
(Furuhashi et al., 1985). Although the available data give no evidence
that high caffeine exposures cause congenital malformations in humans,
the results do not exclude the possibility that caffeine may induce a very
weak teratogenic effect.

Because of the limited number and huge variation in the quality of
epidemiological data available, the question as to whether caffeine is
teratogenic or not in humans cannot be considered completely settled.
However, at present, there is no evidence from epidemiological studies
that high caffeine exposures cause congenital malformations in humans.






14. Caffeine and pre-term
delivery

One of the main causes of perinatal death and neonatal morbidity is pre-
term delivery. These conditions may result in immense grief for the per-
sons involved and the economic costs can be high (Peacock et al 1995).
Many factors have been associated with pre-term birth, the most impor-
tant being maternal age (both young and old), low socio-economic status,
racial factors, single marital status, low weight prior to pregnancy, a
history of adverse pregnancy, antepartum haemorrage, cigarette smoking,
coffee consumption during pregnancy, foetal gender, and multiple gesta-
tion. However, only low socio-economic status, a history of adverse
pregnancy, and antepartum haemorrhages have been consistently reported
as risk factors (Williams et al, 1992).

The general definition of pre-term delivery and pre-term birth is a
gestational age of less than 37 completed weeks of pregnancy. This defi-
nition has been used in all studies referred to below. In many of the older
studies, gestational age was determined by recording the last menstrual
period. This method is not regarded to be as reliable as using ultraso-
nographic measurements. Some investigators have also defined births of
an infant weighing less than 2 500 grams as pre-term births. Studies that
have dealt with this endpoint are, however, presented in chapter 14. Pre-
term delivery is a heterogenous condition caused by, for example, prema-
ture rupture of membranes, premature onset of labour, vaginal bleeding,
including placenta previa and abruptio placentae, and maternal illness
(most often preeclampsia). Many earlier studies referring to pre-term
birth are difficult to interpret, in part because of inconsistent definition of
the condition, in part because of failure to differentiate between sponta-
neous and induced labour (Williams et al., 1992).

Since the end of the 1970s predominantly American and Canadian
studies have explored the relationship between caffeine inta-
ke/consumption of caffeine-containing beverages and prematurity. There
are also five European studies, one Brazilian study and one Japanese
study in this field. All these studies are reviewed in sections 14.1 and
14.2 below. The separate studies are summarised in chronological and
geographical order in the two sections, with the main results related to
caffeine intake presented in Tables 52, and the main results related to
consumption of caffeine-containing beverages presented in Table 53.
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14.1. Pre-term delivery and caffeine exposure

The first serious investigation exploring a possible association between
caffeine intake and premature birth was published by Weathersbee et al.
(1977). Their data was obtained from 489 of 800 invited households in
Utah, the United States. The studied subjects were preponderantly Mor-
mon (members of the Church of Jesus Chist of Latter-Day Saints), a sect
which proscribes the use of alcohol, caffeine, and tobacco. No less than
246 invited households (31%) declined the invitation to participate in the
study, and a further 65 households could not be reached. It would come
as no surprise if this high drop out rate introduced a bias, particularly in
relation to what the sect requires from its members. Srisuphan and Brack-
en (1986) have also speculated about this possibility. The information on
the outcome of recent pregnancies was obtained from obstetric records
and the information on consumption of caffeine-containing beverages
from the answers to a 52-item questionnaire. The questionnaire included
questions related to caffeine intake. The investigators, however, did not
give the time period during which the consumption took place. The daily
caffeine intake was calculated using the values of 75 mg for a serving of
coffee, 30 mg for a serving of tea, and 45 mg for a serving of cola. 356 of
the participating 489 women reported no caffeine consumption.

The study identified 16 households in which the women’s estimated
daily caffeine intake was 600 mg or more (mean 686 mg). For eight of
the patients, pregnancies ended in spontaneous abortion in the first tri-
mester, for five in stillbirth, and for two in premature birth of a live infant
(reason not stated), whereas one had an uncomplicated delivery. The
study gives no information on how the gestational age of infants was
determined. An inordinately high rate of reproductive loss was also noted
in 13 households where the men’s estimated daily intake of caffeine was
greater than 600 mg. The study was performed on a selected population
group, and had many severe limitations. Certainly other factors than caf-
feine intake may influence premature birth. Thus, the finding that a high
daily caffeine intake may predispose a woman to reproductive difficulty,
such as pre-term delivery, cannot be taken as a cause-effect relationship
established between caffeine intake and this endpoint.

Although the study of Weathersbee and co-workers (1977) had many
limitations, its findings stimulated research groups to explore a possible
association between caffeine intake and problematic pregnancies.

All women participating in the Ottawa Prenatal Prospective study
whose offspring was at least one year old were asked to participate in a
study on maternal use of caffeine before, during, and after pregnancy and
its effects upon the offspring (Watkinson and Fried, 1985). Altogether,
284 mothers were interviewed in detail about their intake of caffeine-
containing foods and beverages, using a food frequency questionnaire.
The method of preparation of beverages was also asked for. Some women
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provided samples of coffee and tea prepared at home for a chemical ana-
lysis of the caffeine. The questions on consumption related to seven diffe-
rent periods: the third, second, and first years before pregnancy; the first,
second, and third trimester; and the year after pregnancy. The food fre-
quency questionnaire data on amounts consumed and the preferred
strength of beverage seemed to describe caffeine intake accurately, whe-
reas the method of coffee preparation (drip, percolated and instant) poorly
explained the variation in caffeine ingested.

Upon becoming pregnant, 62% of the women reduced their intake of
coffee, but their intake of other sources of caffeine. As coffee to such a
great extent contributes to total caffeine intake, this behaviour, nonethe-
less, usually resulted in a reduced caffeine intake anyhow. As a conse-
quence, only twelve women consumed 300 mg or more caffeine per day
during pregnancy. No relationships were found between pre pregnancy or
pregnancy maternal caffeine intake and birth weight, birth length, head
circumference, ponderal index, Apgar, length of labour, and gestation,
when caffeine was considered a continuous variable. When caffeine inta-
ke was categorised (< 300 mg and >300 mg daily), no significant associa-
tions were found between caffeine use before pregnancy and any of the
studied parameters. However, some pregnancy outcomes were correlated
with caffeine intake during pregnancy (Table 52). Thus, maternal intake
of more than 300 mg daily during pregnancy was associated with reduced
birth weight of infants (difference between groups: 352 grams) and smal-
ler head circumference (difference between groups: 1.1 cm) when smo-
king had been controlled for. No association was found between heavy
caffeine use and pregnancy weight gain, gestation, Apgar, length of la-
bour, or birth length, as well as incidence of caesarean sections, breech
births, miscarriages or premature births. No figures were presented con-
cerning premature births when considering caffeine use during pregnan-
cy. The main weaknesses of the study were the low number of women in
the group who had the highest caffeine exposure, the fact that only one
confounding factor was adjusted for at a time during the statistical treat-
ment of the data, and that no information was given regarding how gesta-
tional age was determined.

Martin and Bracken (1987) carried out a prospective study of 3 891
antenatal patients at Yale-New Haven Hospital between 1980 and 1982.
Average daily exposure of caffeine during pregnancy was calculated from
information on consumption of coffee, tea, caffeine-containing colas, and
drugs, assuming coffee, tea, and cola drinks to contain 107, 34, and 47
mg caffeine per serving, respectively. About one quarter of the partici-
pants had no caffeine intake from the sources investigated. Only 8 % of
the women ingested more than 300 mg of caffeine daily. Gestational age
was determined solely from information on the last menstrual period. Pre-
term delivery and mean gestational age were not found to be associated
with caffeine exposure (Table 52). In addition to non-confirmed length of
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gestation, this study has some weaknesses in its exposure assessment. As
information on chocolate and cocoa consumption was not obtained, the
contribution of these foods to caffeine intake was not included. Further-
more, only consumption during the first trimester of pregnancy was con-
sidered. Smoking was adjusted for qualitatively, but not quantitatively.

A case control study with retrospective design was carried out in Cali-
fornia, USA, in order to examine the association between maternal caf-
feine consumption and low birth weight, intrauterine growth retardation,
and pre-term delivery (Fenster et al., 1991a). The study base (1 230 wo-
men with singleton live births) was recruited during 1986-1987 from the
control group of a case control study on spontaneous abortion.

Participants were interviewed on average nine months after delivery
regarding their consumption of coffee, tea and soft drinks during the
month before pregnancy. They were asked whether their consumption
had changed during pregnancy, and, if so, when and to what extent. Caf-
feine intake during the first trimester was calculated from the intake data
by assuming that a cup of coffee contains 107 mg caffeine, a cup of tea
34 mg caffeine, and soft drinks 47 mg caffeine/can. The gestational age
was determined solely from information on the last menstrual period.

There was no significant association between heavy caffeine con-
sumption (>300 mg caffeine daily) and pre-term delivery (Table 52).
Women who did not reduce their caffeine consumption when becoming
pregnant, however, had a higher risk of pre-term delivery than those who
reduced their intake of caffeine, but the risks were still not significant.
The exposure assessment could have been better in this study. There was
no collection of information on caffeine intake from caffeinated drugs,
chocolate and cocoa, and the consumption data only referred to the first
trimester of pregnancy.

In another Californian study, the total caffeine intakes from coffee,
tea, cola soft drinks, and non-cola caffeinated soft drinks in 408 women
delivering pre-term infants (<37 weeks gestation) were compared with
the total caffeine intakes in 490 women with normal-weight full-term live
births (Pastore and Savitz, 1995). Telephone interviews were performed
to obtain the requested information on intake during each trimester of
pregnancy. During the first trimester, 12.5% of both cases and controls
stopped drinking coffee, whereas no or only minor changes in consump-
tion were noted for the other caffeine-containing beverages. Thus, the
decline in coffee consumption fully accounted for the decline in total
caffeine consumption. The investigators gave no information regarding
determination of gestational age. However, they reported no relationship
between pre-term delivery and total caffeine intake during the first, se-
cond, or third trimester. The observation that consumption of 1-150 mg
caffeine/day, but not higher amounts of caffeine, during



Table 52. Preterm delivery and caffeine exposure during_] pregnancy.

Reference

and location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odd ratios,
Including 95% confidence interval
(NS=non-significant)

Comments

Weathersbee et al., 1977

Retrospective cross sectional

study

USA

243 of 489 invited
house-holds agreed to
participate.

Exposure period not
stated

Coffee, tea, cola

Pre term delivery,
definition not given

15 of 489 pregnancies resulted in premature birth. Of these 15 cases,
2 mothers had consumed >600 mg caffeine/day, 2 fathers had consu-
med > 600 mg caffeine/day (mothers less), 5 mothers and/or fathers
less than 300 mg caffeine/day, whereas 6 did not have any caffeine
intake.

Selected population. No information on how gesta-
tional age was determined and about smoking
habits. Data not adjusted for confounders.

Tebbutt et al., 1984
Prospective cohort study

UK

39 women at 6-22 weeks
of pregnancy.

Exposure period not
stated.

Coffee (instant or
ground), tea, cocoa,
soft drinks containing
caffeine, and chocola-
te

Pre term labour and
pregnancy induced
hypertension.

Women with no complication of pregnancy versus women with pre
term labor and/or pregnancy-induced hypertension NS

Very small sample. Method of determining gesta-
tional age not given. The study was not controlled
for smoking and alcohol consumption.

Watkinson and Fried, 1985

Retrospective case-control

study

USA

284 women participating
in the Ottawa Prenatal
Study

3, 2" 1! years before
pregnancy, during
1,2",3" trimesters,
and 1 year after birth.

Coffee, tea, caffeina-
ted soft drinks, choco-
late drinks and bars,
caffeine-containing
drugs

Pre term delivery not
defined

No relationship observed between maternal caffeine use and prematu-
re birth.

No information given about how the gestational
age was determined. Only a few participants had a
high caffeine intake. The data was controlled for
only one confounder at the time.

Martin and Bracken,1987

Prospective study

USA

3 891 antenatal patients
from the Yale Pregnancy
Outcome Interview
Study

During
1% trimester.

Coffee, tea, colas, and
drugs

Pre term delivery
defined as <37 weeks
gestational age

0 mg caffeine/day vs
>301 mg caffeine/day NS

No information concerning caffeine intake from
chocolate and cocoa consumption available. Few
heavy consumers of caffeine. Only consumption
during 1% trimester investigated.

No quantification of smoking. Gestational age
determined solely from information on last
menstrual cycle.




Reference
and location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odd ratios,
Including 95% confidence interval
(NS=non-significant)

Comments

Fenster et al.,1991a

1230 women with
singelton live birth

1st trimester of preg-
nancy

Pre term delivery
defined as gestational

All women
0.300 mg caffeine/day vs

The exposure only considered 1st trimester of
pregnancy and did not include caffeine from drugs,

Case-control study age less than 37 >300 mg caffeine/day NS chocolate and cocoa. Adjustment for smoking and
Coffee, tea and soft weeks alcohol consumption was not optimal. Stratification
USA drinkt Women who reduced their caffeine intake of data may not be adequate.
0.300 mg caffeine/day vs
>300 mg caffeine/day NS
Women who continued their caffeine intake
0.300 mg caffeine/day vs
>300 mg caffeine/day NS
Godel et al.,1992 162 women who delive- | Caffeine intake the Gestational age at <300 mg caffeine/day vs A small study with a very heterogenous population.
red last 24 hours prenatal- | delivery. >300 mg/day NS No definitions of pre term delivery and gestational
Prospective cohort study in ten communities in ly and at delivery” age were given. Data for caffeine intake not pre-
Northwest Canada sented.
Canada Coffee, tea and cola
Fortier et al., 1993 7 025 women from the The first 16 weeks, Pre term delivery was | Pre term delivery Few “heavy” consumers in the study base.
Quebec city area and defined as <37 weeks. | 0-10 mg caffeine/day vs
Retrospective cohort study the rest of the preg- 11-150, 151-300, and
nancy. >300 mg/day NS
Canada
Coffee, tea, chocolate,
and colas
Pastore and Savitz, 1995 408 pre term infants and | All trimesters. Pre term defined as 1st trimester No consumption data on cocoa and chocolate, and
490 normal infants <37 weeks gestation 0 mg caffeine/day vs caffeine-containing drugs were available. The
Case-control study Coffee, 1-150, 151-300, 301-400, and >400 mg caffeine/day ................... NS study had a relatively high drop out rate. Interviews
tea, cola soft drinks, were quick for some participants. The study gave
USA and non-cola caffeina- 2nd trimester no information on how the gestational age was
ted soft 0 mg caffeine/day vs determined.
1-150 1.6 (1.1-2.3)
151-300, 301-400, and >400 mg caffeine/day NS
1st trimester
0 mg caffeine/day vs
1-150, 151-300, 301-400, and >400 mg caffeine/day ................... NS
Peacock et al., 1995 The total sample was 1 Interviews at first visit | Pre term delivery was | Pre term delivery Same patients used more than once in the study.
513 women, but only 1 to clinic and at 17, 28, | defined as <37 weeks. | <100 mg caffeine/day vs Selection of controls could be questioned. Con-
Prospective population study | 201 were studied in and 36 weeks of 100-299, >300 mg caffeine/day NS sumption of caffeinated beverages poorly reported.

United Kingdom

relation to pre term
delivery.

gestation

Mean caffeine intake very low. Quantity of smoking
not reported. Gestational age determined by the
method of Capurro et al. (1978). Still births < 28
weeks included.




Reference
and location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odd ratios,
Including 95% confidence interval

(NS=non-significant)

Comments

Santos, 1998

Multi centre case-control
study

Brazil

1 205 mothers (401
cases and 804 controls)

Cases were women with
children having a birth
weight < 2 500 g and
gestational age

> 28 weeks

During each trimester
of pregnancy.

Coffee, maté,

tea, chocolate, soft
drinks,

and medicines

Pre term delivery was

defined as <37 weeks,

and low birth weight
as

<2 500 g at gestatio-
nal age >28 weeks

Pre term delivery

<100 mg caffeine/day vs
100-299, >300 mg caffeine/day

NS

Same patients used more than once in the study.
Selection of controls could be questioned. Con-
sumption of caffeinated beverages poorly reported.
Mean caffeine intake very low. Quantity of smoking
not reported. Gestational age determined by the
method of Capurro et al. (1978). Still births <28
weeks included.

Wisborg et al., 1998
Prospective study

Denmark

4 111 nulliparous women
with singleton pregnan-
cies

(2 707 non-smokers and
1 404 smokers).

In total 178 pre term
deliveries.

No specific informati-
on;

Presumably mean
consumption during
pregnancy.

Coffee, tea, cocoa,
cola

Pre term delivery

defined as <37 weeks.

<400 mg caffeine/day

non-smokers vs smokers (all)

non-smoker vs

1-5, 6-10, and 11+ cigarettes/day

>400 mg caffeine/day

non-smokers vs smokers (all)

non-smoker vs

1-5 cigarettes/day
6-10 cigarettes/day
11+ cigarettes/day

NS

NS

2.8 (1.6-4.9)

NS
2.9 (1.6-5.4)
4.9(2.9-9.2)

17% of the women gave inadequate information
about consumption of coffee, but deleting them
from the statistical calculation had no influence on
the results.




250  Intake of caffeine and other methylxanthines...

the second trimester of pregnancy increased the risk of pre-term delivery
was probably a spurious finding (Table 52).

When the consumption of coffee, tea, cola, or non-cola soft drinks
during the second or third trimesters of pregnancy were individually cor-
related to incidence of pre-term delivery, a statistically significant increa-
sed risk for pre-term delivery was observed only for consumption of 0-3
non-cola soft drinks (corresponding to 1-150 mg caffeine/day) during the
second trimester of pregnancy (Table 53). Higher intakes of non-cola soft
drinks showed no relationship to an increased risk of pre-term delivery.
In absence of a dose-response relationship, the investigators concluded
that they found no support for a causal association between consumption
of caffeinated beverages and pre-term delivery. This might be an accurate
conclusion, since it is well recognised that retrospective collection of data
could lead to an inaccurate recall of consumption parameters. Furthermo-
re, no information was collected on the consumption of cocoa, chocolate,
and medical preparations containing caffeine.

A small English study primarily focusing on investigating the rela-
tionship between dietary intake of caffeine and the plasma level of caffei-
ne also presented data on the outcome of pregnancies (Tebutt et al.,
1984). When attending an antenatal clinic between week 6 and 22 of
pregnancy, the 39 participating women were interviewed about their inta-
ke of caffeine-containing dietary constituents (instant or ground coffee,
tea, cocoa, soft drinks, and chocolate) as part of a general dietary survey.
They were also asked to give a blood sample. No differences were obser-
ved between intake of caffeine, or plasma levels of caffeine, theobromine
and theophylline in women with no complication of pregnancy, and pati-
ents with pre-term labour or pregnancy-induced hypertension (Table 52).
Since the study was small, with the data poorly presented and not control-
led for smoking, the study has no value when assessing the relationship
between caffeine intake and pre-term delivery.

The relationship between pre-term birth and caffeine intake was stu-
died prospectively in a cohort of 1 513 white women arranging for deli-
very in a district general hospital in inner London (Peacock et al., 1995).
The studied endpoint for pre-term delivery was gestational age (<37
weeks), which was determined from ultrasonographic measurements and
last menstrual period. No association was found in this study between
intake of caffeine and length of gestation (Table 52).

A Canadian prospective cohort study carried out 1987-1990 was used
to correlate the prevalence of smoking and caffeine and alcohol intake
during pregnancy to pre-term delivery in 162 women (56 Inuit, 38 Indian,
37 white and 31 of mixed race) (Godel et al., 1992) from northern Cana-
da. The women were recruited when they appeared for prenatal care in
their community, and were asked to fill in a food frequency questionnai-
re. Daily caffeine intake was calculated from the questionnaire data, as-
suming 120 mg caffeine per serving of coffee, 65 mg per serving of tea
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and 35 mg per serving of cola. Fifty-seven per cent (88/154) of the wo-
men ingested more than 300 mg caffeine/day — a high caffeine intake was
most frequent among the Inuit and Indian mothers. After adjustment for
smoking, there was no association between caffeine intake and gestatio-
nal age (Table 52). No information was given on how the gestational age
was determined. The study gives no data for specific consumption cate-
gories, and no information regarding the number of persons in each cate-
gory of consumption. The definitions or explanations concerning outco-
me parameters are poor.

Another Canadian study was a retrospective cohort study aiming at as-
sessing the relationship between smoking and caffeine intake during
pregnancy and intrauterine growth retardation, pre-term birth, and low
birth weight (Fortier et al., 1993). The cohort was made up of 7 025 wo-
men from the Quebec city area who had given birth to a singleton live
born neonate January — October 1989. Consumption data were obtained
by telephone interview a few weeks after delivery. Among other
questions, the interviewer asked for intake of coffee, tea, chocolate, and
cola drinks during the first 16 weeks, and the rest of the pregnancy, re-
spectively. Information on several potential confounders including age,
education, marital status, family income, obstetric history, weight before
pregnancy, height, weight gain during pregnancy, passive smoking, alco-
hol intake, occupational factors, and leisure-time physical activity were
also asked for. Gestational age was adequately determined.

Consumption of caffeine-containing foods during pregnancy had no
influence on pre-term delivery (Table 52). Shiono and Klebanoff (1993)
have criticised the exposure data of the study. They claim that the retro-
spective character of the study could lead to an inaccurate recall of con-
sumption of caffeine-containing products. Although recall is a problem in
most retrospective studies, this study does not seem to be particularly
handicapped by this bias. However, no information was available on the
use of caffeine-containing drugs. It should be noted that the caffeine inta-
ke was low in the studied population. Only 4% of the population consu-
med >300 mg caffeine/day.

A Danish study aiming at evaluating the association between smoking
during pregnancy and pre-term birth also investigated caffeine intake as a
confounder of smoking (Wisborg et al., 1998). The 4 111 pregnant wo-
men who answered the questionnaires satisfactorily were included in the
study. Sixty-six percent (n=2 707) of the women did not smoke. Caffeine
intake during pregnancy was calculated from daily intakes of coffee (1
cup=100 mg), tea, cocoa (1 cup=50 mg), and cola soft drinks (0.25
litre=50 mg). Of the total caffeine intake of the cohort, 59% was from
coffee, 38% from tea, 2% from cocoa and 1% from cola drinks. Caffeine
intake was dichotomised into low (<400 mg caffeine/day) and high intake
(>400 mg caffeine/day). 1 217 of the 4 111 women had a high caffeine
intake. Gestational age was determined by ultrasonographic measure-
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ments. Among women with an intake of less than 400 mg of caffeine per
day, no difference in the risk of pre-term birth between smokers and non-
smokers was found. However, among women with an intake of more than
400 mg of caffeine per day, the risk of pre-term birth was almost three-
fold higher among smokers than among non-smokers (Table 52). Among
women with a high intake of caffeine, a dose response relationship was
found between smoking and risk of pre-term delivery. One drawback of
the study was that 17% of the women gave poor or no information on
coffee consumption. The statistical evaluation did not change qualitative-
ly, however, as women who gave a poor response to the question on cof-
fee consumption were excluded.

A multicentre study with matched case-control design was performed
in Southern Brazil in order to investigate the effects of caffeine intake
during each trimester of pregnancy on the eventual birth weight (Santos
et al.,, 1998a). During the first 24 hours after delivery, the mothers (401
cases and 804 controls) were interviewed and their newborns examined to
assess birth weight and gestational age using the method seen in Capurro
et al. (1978). The cases were mothers who gave birth to children with
weights below 2 500 g and had a gestational age of > 28 weeks. Cases
and controls were matched for time of birth and hospital of delivery. To
assess caffeine intake, 10% of the mothers were re-interviewed in their
homes, and samples of drip coffee and maté (a caffeine-containing drink
widely used in South America) collected and analysed for caffeine con-
tent. The beverages were reported to contain low quantities of caffeine,
between 19.8-45 mg per cup of coffee, depending on the strength of the
beverage. A gourd of maté only contained 10 mg caffeine. Instant coffee
was estimated to contain 3 mg caffeine/g powder from a reference table.
Exposure of caffeine from tea, chocolate, soft drinks, and medicinal drugs
was estimated from a reference table: tea to contain 34-54 mg/180 ml
serving (depending on strength), drinking chocolate 4 mg/200 ml serving,
chocolate bars 20 mg/30 g bar, and soft drinks 20 mg/200 ml serving

The mean intake of caffeine from all sources was low - 148 mg for
cases and 146 mg for controls. Crude analyses showed the caffeine intake
to have no influence on low birth weight, pre-term births or intrauterine
growth retardation (Table 52). The results did not change after controlling
for confounders.

14.2. Pre-term delivery and intake of caffeine-containing
beverages

One of the earliest published studies looking at the relationship between
consumption of caffeine-containing beverages and pre-term delivery or
low birth weight was the prospective cohort study by Mau and Netter
(1974). The study base consisted of 5 200 pregnant women from 20 Ger-
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man clinics for gynecology and pediatrics. The women were interviewed
regarding their intake during the first trimester of pregnancy of coffee,
alcohol, and many other foods and beverages, but no quantitative data
were collected. Instead the coffee intake was quantified as ’never”, “sel-
dom” or often”. As shown in Table 53, there was no statistically signifi-
cant association between coffee consumption and pre-term delivery (de-
fined as a delivery before 260 days of pregnancy, approximately <37
weeks, but not well characterised). A severe shortcoming of the study
was the poor quantification of coffee consumption and the timing of the
consumption. It only referred to the first trimester of pregnancy. No con-
sumption data were available for the second and third trimesters. Another
shortcoming was that the adjustment for potential confounders was done
one by one.

Data from the Child Health and Development Studies performed in
Oakland, California between 1960 and 1967 were used by van den Berg
(1977) to investigate the relationship between birth weight, length of
gestation (although the determination of gestational age was not specifi-
cally defined), and coffee consumption. The data used were obtained
from medical records and from interviews with the women. Among the
15 000 interviewed gravidas, 67 % were white, 23% black, 3% Mexican-
American, 4% Oriental, and another 3% were from other ethnic back-
grounds. Prematurity was defined either as birth weights less than 2500 g
or as a gestational length of not more than 37 weeks (Yerushalmy, 1967).
The double definition of prematurity resulted in newborn infants being
allocated to one of four groups: 1) premature by both criteria, 2) prematu-
re by birth weight, but mature by length of gestation, 3) mature by birth
weight but premature by gestation, and 4) mature by both criteria. In the
crude analysis, coffee appeared to be associated with increased rates of
prematurity in all subclasses. However, when smoking was controlled
for, the coffee effect on prematurity disappeared (Table 53). The short-
comings in this study were the poor definition of the study base and pe-
riod of coffee consumption studied, as well as a non-optimal control for
confounding factors.

A case control study of 166 mothers of singleton pre-term infants (<37
weeks gestation) and 299 mothers of singleton term infants (>37 weeks
gestation) was undertaken by Berkowitz et al. (1982) at the Yale-New
Haven Hospital during 1977. Gestational age was determined according
to the scoring method used by Dubowitz et al. (1970). The study explored
the risks of pre-term delivery in relation to smoking and consumption of
alcohol, coffee and tea, respectively. Intake of coffee and tea was evalu-
ated on the basis of information given in an interview as the average
number numbers of cups of coffee and tea consumed daily by the women
during each trimester. Intake of iced coffee and iced tea was also asked
for. Cases as compared to controls were more likely to be young, unmar-
ried, black, and have low socio-economic status. The mothers of pre-term
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infants were of higher gravidity (number of previous pregnancies) than
mothers of term infants, although their parity distribution was similar.
Close to 59 % of all women reported no coffee consumption, 41 % did
not consume tea, and 27 % abstained from both types of beverage. There
was no association between intake of coffee or tea and pre-term delivery
(Table 53). Other sources of caffeine such as cola drinks, chocolate, and
certain medications were not included in the study.

In a large American study based on 12 205 non-diabetic, non-
asthmatic women from the Boston area, Linn and co-workers (1982) stu-
died the effect of coffee consumption during the first trimester on preg-
nancies. Only women pregnant with a single child were included in the
study. About one third of those interviewed reported drinking no coffee
or tea during the first trimester, and 56.6% reported drinking no coffee.
Only 5% of the population reported drinking four or more cups of coffee
per day (defined as "heavy” coffee drinkers). Heavy coffee consumption
was related to older maternal age, white ethnicity, and Catholicism, but
not to marital status, college education, or socio-economic status. The
heavy coffee drinkers also had a higher alcohol intake and smoked more
frequently than those with a lower coffee intake. There was no correlation
between coffee intake and bleeding during pregnancy, toxemia and
eclampsia, pre-admission for false and premature labour, abnormal pre-
sentation, low birth weight (>2 500 grams), shorter gestation (definition
not stated), and malformations (Linn et al., 1982), Table 53. However, the
frequency of a premature rapture of membranes was correlated to the
number of cups of coffee consumed. The adjusted odds ratio determined
by logistic regression was 1.52. In interpreting the results of this study, it
is important to remember that only consumption during the first trimester
was considered. Furthermore, the women in the control group might have
been exposed to caffeine from other sources than coffee and tea, and
might therefore have been misclassified.

In a Japanese study, 9 921 healthy pregnant women with a gestational
age of 24 weeks were asked about their consumption of caffeine-
containing beverages during the earlier part of their pregnancies (Furu-
hashi et al., 1985). The women were divided into five categories: those
consuming less than 5 cups of coffee per day during pregnancy (n= 3
815); those consuming more than 5 cups of coffee per day (n= 53); those
consuming both coffee and green tea (n=473); those consuming only
green tea (n= 348); and those consuming neither coffee or green tea
(controls) (n=5 232). Intake of these beverages was correlated to various
variables related to pregnancy outcome: mean birth weight (definition not
stated), length of labour, mean amount of intrapartum haemorrhage and
incidence of intrauterine growth retardation (definition not stated), spon-
taneous abortion, premature labour, and foetal abnormality. Women who
consumed more than five cups of coffee per day had a significantly
higher incidence of pre-term labour, and more often delivered babies
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small for their gestational age (no information on how gestational age
was determined was given), Table 53. According to the authors, however,
socio-economic variables might be more important for the induction of
pre-term delivery than any direct effect from coffee. One of the reasons
for this conclusion being drawn was that there was only one category of
coffee drinkers (dose response could not be established), the number of
heavy coffee drinkers was very small, and the study was not controlled
for confounding factors.

The only Nordic study investigating the influence of coffee consump-
tion on birth weight, pre-term births, and congenital malformations was
performed by Olsen et al. (1991). The participants, 11858 pregnant wo-
men, were identified in two Danish cities between April 1985 and April
1987. The women responded to a mailed questionnaire on their eating
and drinking habits during pregnancy. The women were asked how many
cups of coffee and tea they consumed daily before becoming pregnant, as
well as during the first two trimesters of pregnancy. Low birth weight
was defined as <2 500 grams. Thirty-five percent of the women in the
study drank four cups of coffee or more per day (preferably filter coffee),
and seven percent 8 or more cups daily. Tea consumption was less com-
mon. No data on consumption within the individual trimesters of preg-
nancy were presented. The study found no significant association bet-
ween coffee and tea consumption and pre-term births (Table 53).

A Canadian retrospective cross-sectional study in Montreal analysed
the importance of occupational and social factors such as cigarette smok-
ing and alcohol and coffee consumption on pregnancy outcome (Mc
Donald et al., 1992a). Of the 51 512 pregnancies registered, 11 067 were
excluded for various reasons, but mainly because of factors known to
affect length of gestation and birth weight, leaving 40 445 pregnancies
for analysis. Birth weights were studied in connection with prematurity.
Prematurity was defined in three ways: low birth weight (<2500 g); pre-
term birth (<37 weeks); and low birth weight for gestational age. No sta-
tistically significant relationship between coffee exposure and pre-term
birth (<37 weeks) was found (Table 53). Trends of increasing risk with
increased coffee consumption were consistent for low birth weight
(<2500 g) and low birth weight for gestational age (bottom 5%). As only
average consumption across trimesters was reported, no separation of
results in relation to each trimester was possible. Like most other studies
reported in this section, gestational age was generally determined from
the last menstrual period only.

In a large cross sectional retrospective study from Boston, United Sta-
tes, Williams et al. (1992) studied the relationships of maternal cigarette
smoking and coffee consumption to both premature rupture of membra-
nes (one of the most common underlying causes of pre-term delivery) and
to spontaneous pre-term labour (<37 weeks) not complicated by prematu-
re rupture of the membranes. No specific information on the determinati-
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on of gestational age was given. The 307 pre-term deliveries due to pre-
mature rupture of membranes and the 488 pre-term deliveries due to other
reasons were compared with 2252 randomly selected women who delive-
red at term at the same hospital. After delivering the women were asked
how many cups of coffee they had consumed during the first trimester of
pregnancy.

Tea consumption influenced neither pre-term delivery due to a prema-
ture rupture of membranes nor pre-term labour not complicated by a pre-
mature rupture of membranes (Table 53). However, women consuming
three or more cups of coffee per day during the first trimester had an
unadjusted 2.2-fold higher risk of pre-term premature rupture of mem-
branes than women consuming two or fewer cups (Table 53). The occur-
rence of pre-term labour not complicated by premature rupture of mem-
branes was less strongly associated with the consumption of three or mo-
re cups of coffee per day (borderline for significance). The study has been
criticized for not adequately controlling for confounders (Pastore and
Savitz, 1995).

In the United States it is known that pregnant women may choose to
replace caffeinated with decaffeinated coffee because of concern about
the potential adverse effects of consuming caffeinated beverages. Eske-
nazi et al. (1999) therefore designed a population-based study in order to
examine the relationship between maternal decaffeinated and caffeinated
coffee consumption during pregnancy and foetal growth and gestational
duration. The following endpoints were investigated: pre-term delivery
(<37 weeks), low birth weight (<2500 g), small for gestational age (<10™
percentile percentile of weight for each completed gestational week bet-
ween 22 and 44 weeks), mean birth weight; and gestational age (determi-
ned from the last menstrual cycle). The study comprised 7 855 live births
in California. At the time of completing the birth certificate, mothers
answered a questionnaire in the hospital that among other things asked
for coffee consumption during the middle (fourth to fifth month) of preg-
nancy. There was no increased risk for any of the studied endpoints due
to coffee consumption in women who only used decaffeinated or caffei-
nated coffee as their source of coffee when compared to women who
drank neither decaffeinated or caffeinated coffee. Interestingly, partici-
pants who consumed both caffeinated and decaffeinated coffee had an
increased risk for pre-term delivery (Table 53). Possibly the retrospective
collection of information on coffee consumption during a limited time
period of pregnancy might have introduced a recall bias.



Table 53. Pre term delivery in relation to intake of caffeine containing beverages.

Reference and

location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)
Definition

Results
Risk estimate: adjusted odd ratios,
including 95% confidence interval

Comments

Mau and Netter, 1974

Prospective
cohort study

Germany

5 200 pregnant women

1% trimester

Coffee

Pre term delivery
defined as <260 days
of gestational age,
and low birth weight
defined as

<2 500 g, or a birth
weight below the 10"
percentile

No association between caffeine intake (quantified as "never”, "sel-
dom” and "often”) and pre term delivery.

Unacceptable poor quantification of caffeine
intake. Only consumption during the 1 tri-
mester known. Confounding factors controlled
for one at a time. Smoking not quantified.

Van den Berg et al.,

Around 15 000 pregnant

During pregnancy

Gestational age <37

< 1 cup coffee/day vs

Poor definition of study base, exposure period

1977 women, members of (not specified) weeks, and/or birth 2-6, >7 cups/day (all) NS not well characterised, and non-optimal
prepaid medical plan weight <2500 g. >7 cups/day, smoker NS control of confounders.

Prospective (Kaiser Health Plan) Only source: >7 cups/day, non-smoker NS

cohort study Coffee

USA

Berkowitz 166 women delivering All three trimesters Pre term defined as Coffee - 1%, 2" and 3" trimester This is a small study but it has the power of

etal, 1982 pre term and 299 women | were considered live birth before 37 0 cups vs 0.8 to reveal a relative risk of 2.5.
delivering post term. separately. weeks of gestation. 1, 2, 3, or >4 cups NS

Case-control

Coffee and tea

Tea - 1%, 2" and 3" trimester

USA (including iced tea and 0 cups vs
coffee). 1, 2, 3, or >4 cups NS
Linn et al., 1982 12 205 non-diabetic non- | 1% trimester of preg- Short gestation (not Short gestation Only coffee and tea consumption during 1%
asthmatic women who nancy. clearly defined), and 0 vs>4 cups of coffee NS trimester considered. The confounder smoking

Retrospective cohort
study

USA

had delivered a single
child

Coffee

premature rupture of
membranes.

Premature rupture of membranes:

0 vs>4 cups of coffee 1.52 (1.03-2.24)

was not quantified. Retrospective design-bias
may be possible. Insufficient measurement of
consumption of caffeine-containing bever-
ages.

Furuhashi et al., 1985
Prospective study

Japan

9 921 healthy pregnant
women

after 24 weeks gesta-
tional age

During pregnancy

Coffee and green tea

Pre term labour
(poorly defined).

There was a significantly high incidence of impending abortion and
premature labour in women consuming at least 5 cups of coffee/day.

No control for confounding factors (smoking
and others). Few women with a heavy coffee
consumption. No information available on how
gestational age was determined.

Olsen et al., 1991

Restrospective cohort
study

Denmark

11 858 pregnant women

Before pregnancy and
during 1% and 2™
trimester

Coffee and tea

Pre term delivery
defined as <37 weeks.

Coffee
0-3 cups/day vs
4-7, >8 cups/day NS

Tea
0-3 cups/day vs
4-7, >8 cups/day NS

Only average consumption across trimesters
was presented. Gestational age was some-

times determined from last menstrual period
and sometimes by ultrasound examinations.




Reference and
location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)
Definition

Results
Risk estimate: adjusted odd ratios,
including 95% confidence interval

Comments

Mc Donald et al., 1992a

40 445 pregnant women

Average consumption

Pre term delivery

0 cups coffe/day vs

Only average consumption across trimesters

across trimesters. defined as <37 weeks. | 1-2, 3-4, 5-9, 210 cups/day NS reported.
Retrospective cross-
sectional study Coffee
Canada
Williams et al.,1992 Cases with preterm 1° trimester Preterm delivery (<37 | Coffee Consumption referred only to 1% trimester of
delivery were 307 weeks gestational With premature rapture of membranes pregnancy, and (various) factors influencing
Retrospective nested women with premature Coffee and tea age) with or without <3 cups coffee/day vs pre term delivery may vary over the entire
case-control study rupture of membranes premature rupture of >3 cups/day 2.2 (1.5-3.3)* | gestational period. The confounder smoking
(PROM) and 488 without membranes was not quantified. Recall bias possible.
USA PROM, whereas controls Without premature rapture of membranes
were <3 cups coffee/day vs
2 252 women delivering >3 cups/day 1.4 (1.0-1.9)*
at term.
Tea with and without premature rapture of membranes
<3 cups coffee/day vs
>3 cups/day NS

* unadjusted

Pastore and Savitz,
1995

Case-control study

USA

408 women with pre
term delivery and 490
delivering at term..

All trimester

Coffee, tea, cola soft
drinks, and non-cola

caffeinated soft drinks.

Pre term delivery
defined as <37 weeks
of gestation.

Caffeine intake from tea and cola during 2nd or 3rd trimester, and non-
cola soda drinks druing 2nd trimester
0 mg caffeine/day vs

1-150, >150 mg caffeine/day

NS

Caffeine intake from non-cola soda drinks druing 2nd or 3rd trimester
0 mg caffeine/day vs

1-150mg caffeine/day
>150 mg caffeine/day

1.4 (1.0-1.9)
NS

Caffeine intake from coffee druing 2nd trimester

0 mg caffeine/day vs

1-150mg caffeine/day NS
151-300 mg caffeine/day 0.3 (0.1-0.8)
>300 mg caffeine/day NS

Caffeine intake from coffee during 3rd trimester

0 mg caffeine/day vs

1-150mg caffeine/day NS
151-300 mg caffeine/day 0.2 (0.1-0.7)
>300 mg caffeine/day NS

In absence of a dose-response relationship
the investigators concluded they found no
support for an association of consumption of
caffeine-containing beverages and pre term
delivery. The study had a relatively high drop
out rate. Interviews were quick for some
participants. The study gave no information on
how the gestational age was determined.




Reference and
location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)
Definition

Results
Risk estimate: adjusted odd ratios,
including 95% confidence interval

Comments

Eskenazi et al., 1999

Retrospective cohort
study

USA

7 855 live births

During the 4" to 5"
months of pregnancy

Coffee, decaffeinated
coffee, tea and cola

Pre term delivery
defined as <37 weeks
of gestation.

Consumers of decaffeinated coffee vs
women not consuming coffee NS

Women consuming caffeinated coffee only vs women not consuming
coffee
1.3(1.0-1.7)

Women consuming caffeinated as well as decaffeinated coffee vs
women not consuming coffee
2.3 (1.3-4.0)

Exposure period limited to one month of
pregnancy (4-5 months), recall bias probable.
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14. 3. Summary of caffeine and pre-term delivery

Pre-term delivery/pre-term birth has been defined as a gestational age of
less than 37 completed weeks of pregnancy in all studies reviewed in this
chapter. Some authors have also included birth weight of less than 2 500
grams in the definition of pre-term births. The close agreement regarding
definition makes it much easier to draw conclusions from the study re-
sults. Low socio-economic status, history of adverse pregnancy outcome,
and antepartum haemorrhage have consistently been reported as risk fac-
tors associated with pre-term delivery (Williams et al 1992), and must,
therefore, be controlled for in studies on this endpoint of pregnancy. It
should be kept in mind, though, that pre-term delivery is a heterogenous
condition caused, for example, by premature rupture of membranes, pre-
mature onset of labour, vaginal bleeding including placenta previa and
abruptio placentae, and maternal illness (most often preeclampsia).

Since the end of the 1970s twenty epidemiological studies, predomi-
nantly of American and Canadian origin, have investigated the rela-
tionship between caffeine intake and pre-term delivery, but there are also
five European studies, one Japanese study, and one Brazilian study.
Although the studies have used a common definition of the biological
endpoint studied, they have quantified the caffeine intake differently.
Caffeine intake may come from various sources, but most studies have
neglected one or more of them. All studies have considered caffeine inta-
ke from coffee, many have also considered the intake from tea and caf-
feine-containing soft drinks, primarily cola drinks, but very few studies
have considered caffeine from cocoa, chocolate, and medicinal drugs.

The majority of the studies have a retrospective design, which could
have introduced bias due to faulty recall of consumption. However, eight
studies had a prospective design (Mau and Netter, 1974; Van den Berg,
1977; Tebbutt et al., 1984; Furuhashi et al., 1985; Martin and Bracken,
1987; Godel et al., 1992; Peacock et al., 1995; Wisborg et al., 1998) and
should not be burdened by recall bias as much as the retrospective studi-
es.

A drawback with many studies is the fact that consumption of caffei-
ne-containing foods and beverages has not been considered trimester-by-
trimester. Consumption in the third trimester is especially important,
which ought to have been registered in all studies of this type. However,
it is not unusual to find that only average consumption or first trimester
consumption has been reported.

Many factors have the potential to confound a relationship between
caffeine intake and pre-term delivery. One of the most important con-
founders, which should not be neglected in this context, is smoking. A
high consumption of coffee has consistently been linked to smoking.
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Unfortunately, not all investigators have controlled for confounding fac-
tors, simply because of missing information.

Nine of the twenty studies conclude that there is no association bet-
ween caffeine intake and pre-term delivery (Tebutt et al., 1984; Watkin-
son and Fried, 1985; Martin and Bracken, 1987; Fenster et al., 1991a;
Godel et al., 1992; Fortier et al., 1993; Pastore and Savitz, 1995; Peacock
et al., 1995 and Santos et al., 1998), and another five that there was no
association between consumption of -caffeine-containing beverages
(mainly coffee and tea) and pre-term delivery (Mau and Netter, 1974;
van den Berg, 1977; Berkowitz et al., 1982; Olsen et al., 1991 and Mc
Donald et al, 1992a). Linn et al. (1982), however, found a relationship
between coffee consumption and premature rupture of membranes. No
definite conclusions could be drawn from the study by Weathersbee et al.
(1997).

One study (Wisborg et al., 1998) reported a positive association be-
tween caffeine intake and pre-term delivery, and four (Linn et al., 1982;
Furuhashi et al., 1985; Williams et al., 1992; Eskenazi et al., 1999) re-
ported a positive association between consumption of -caffeine-
containingn beverages and pre-term delivery. It should be noted, though,
that the participants in the study by Williams et al. (1992) were derived
from the study by Linn et al. (1982) and the positive response was con-
fined to a significant relation between intake of coffee and premature
rupture of membranes.

The studies by Weathersbee et al. (1977) and Furuhashi et al. (1985)
suffer from many severe limitations; the most remarkable being the lack
of adjustment for important confounding factors such as smoking. The
study of Williams et al. (1992) showed that a high coffee consumption (3
or more cups per day) resulted in a doubled risk for pre-term labour due
to premature rupture of membranes, whereas the risk for pre-term labour
not complicated by premature rupture was only marginally increased.
Wisborg and co-workers (1998) found that at caffeine intakes below 400
mg per day there was no difference in the risk of pre-term birth between
smokers and non-smokers. At higher caffeine intakes, however, the risk
of pre-term birth was increased almost threefold among smokers com-
pared to non-smokers. Finally, the retrospective study of Eskenazi et al.
(1999) came to the surprising conclusion that a high total consumption of
regular caffeine-containing coffee and decaffeinated coffee during mid
pregnancy increased the risk of pre-term delivery more significantly (OR
2.3) than did a high consumption of regular coffee alone (OR 1.3).

In conclusion, these data indicate that a relationship between caffeine
intake and pre-term delivery is unlikely.






15. Caffeine and foetal growth
retardation

Who should be regarded as growth retarded? This question is not an
easy one to answer, because foetal growth retardation may be defined in
many ways, and at present there is no internationally accepted definition.
Common parameters used as endpoints in the epidemiological studies
presented in this chapter to assess foetal growth retardation are low birth
weight (LBW), intrauterine growth retardation (IUGR), small for gesta-
tional age (SGA), and ponderal index. In addition, significantly reduced
mean birth weight (BW) has sometimes been used - especially in older
studies. Other parameters used as outcome variables in epidemiological
studies on growth retardation are head circumference (HC), crown-rump-
length (CRL), the weight of the placenta (PWT), and Agpar scores. Few
studies have motivated their choice of endpoint. The most frequently used
definitions of the most common parameters are presented in Table 54.

It appears as though low birth weight, intrauterine growth retardation
and small for gestational age have been used as synonyms in many studi-
es. This is clearly not correct (Bakketeig, 1998). For example, low birth
weight (LBW) may be caused by foetal growth retardation but also by
pre-term delivery and by genetic factors resulting in babies in the lower
normal weight range (”just a small baby”), as well as maternal diseases.
Birth weight is a complex parameter to study, as it is likely to be affected
by a huge array of factors (see below). Whatever outcome used, it is im-
perative that gestational age is controlled for.

Birth weight obviously depends on the duration of gestation as well
as on intrauterine growth rate. Low birth weight is thus a result of a short
gestational period, retarded intrauterine growth, or a combination of both.

Table 54. Definition of some parameters used in the assessment of low birth weight.

Parameter Proposed definitions
Low birth weight - a birth weight below the 10™ percentile (related to growth standard
(LBW) curves);
-<2500g
Intrauterine growth retardation - a birth weight below the 25", 10™, 5™ or 3" percentiles;
(IUGR) - more than 2 standard deviation below the mean birth weight (related
to growth standard curves)
Small for gestational age often (incorrectly) used as a synonym for IUGR (thus the same defini-
(SGA™) tions have been proposed)
Low Ponderal index the ratio Birth weight/(Birth Iengthz) is below the 10" percentile

* The most commonly used criteria

** The term: "Low birth weight for gestational age ” (LBWGA) is sometimes used as a synonym.
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For this reason, it has been proposed that low birth weight infants should
be classified as pre-term (before 37 weeks gestational age) with ap-
propriate weight for gestational age, pre-term with growth retardation, or
term with growth retardation (Pollack and Divon, 1992).

As the main question in this chapter is whether a low birth weight
(LBW) or a statistically significant reduction in mean birth weight of the
new-born can be the result of an intrauterine growth retardation (IUGR)
caused by the mothers intake of caffeine and/or caffeine-containing beve-
rages, it is apparent that a number of (confounding) factors which may
influence birth weight have to be controlled for in the statistical analysis.

In an extensive methodological assessment based on epidemiological
studies published 1970-1984, Kramer (1987) suggested that the following
factors are important for intrauterine growth:

(i) Genetic and constitutional factors (infant sex, chromosomal aberra-
tions, racial/ethnic origin, maternal height, pre-pregnancy weight, pater-
nal weight, and height and maternal birth weight);

(i) Demographic and psychosocial factors (maternal age, at least very
young age, and socio-economic status);

(iii)) Exposure to toxic compounds (cigarette smoking, tobacco che-
wing, and alcohol consumption being the most important);

(iv) Obstetric factors, nutritional status and maternal morbidity (parity,
history of prior low birth weight infants, low gestational weight gain,
caloric intake, general morbidity, and episodic illness).

A meta-analysis was carried out in order to identify the major causal de-
terminants of intrauterine growth retardation. Within developing coun-
tries these were found to be black or Indian racial origins, poor gestatio-
nal nutrition, low pre pregnancy weight, short maternal stature and mala-
ria. In developed countries the most important single causal factor of
intrauterine growth retardation by far was found to be cigarette smoking
followed by poor gestational nutrition and low pre-pregnancy weight
(Kramer, 1987). For more details, interested readers should consult Kra-
mer (1987). In this context a Scandinavian prospective multi-centre study
of 1 945 women by Bakketeig et al. (1993) may be briefly mentioned.
This study identified the following pre-pregnancy risk factors for small-
for-gestational age: smoking, previous low birth weight, and low mater-
nal pre-pregnancy weight (<50 kg).

As a pathological decrease in foetal growth rate is known to be associ-
ated with neonatal mortality and morbidity, early identification of intrau-
terine growth retardation is of vital importance (Kramer, 1987; Golding,
1991). In this context, neonatal morbidity has been suggested to include
asphyxia, meconium aspiration, pulmonary haemorrhage, hyperviscosity
syndrome, and hypoglycemia (Wennergren, 1985; Pollack and Divon,
1992; Wollmann, 1998). According to Maruoka et al. (1998), children
with a birth weight of less than 2 500 grams have lower school perform-
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ance and intelligence test scores as teenagers than children with a normal
birth weight. Thus, studies of factors influencing intrauterine growth re-
tardation are important not only for foetal growth retardation but also in
considering the development and the morbidity of older children and
adults.

At least two mechanisms have been suggested for caffeine exposure
having an effect on birth weight through intrauterine growth retardation.
Cafteine is structurally similar to adenine and guanine and may interfere
with cell division and metabolism. In addition, caffeine has a vaso-
constrictive effect on placental intervillous blood flow that may contribu-
te to the potential risk of intrauterine growth retardation (Kirkinen et al.,
1983).

The following text (chapter 15) reviews studies devoted to a rela-
tionship between either caffeine intake (section 15.1) or consumption of
caffeine-containing beverages (section 15.2) in fertile women and the
occurrence of foetal growth retardation. Readers who wish to get a quick
review of the contents of chapter 15 should proceed to sections 15.4 (Re-
sults), 15.5 (Discussions), and 15.6 (Conclusions).

15.1 Foetal growth retardation in relation to intake of
caffeine

In order to facilitate reading, the studies are reviewed in chronological
order. It should be noted that in the description of the studies only infor-
mation of relevance for the assessment of the relationship between caf-
feine intake and foetal growth retardation would be presented.

The first study exploring a possible relationship between caffeine in-
take of mothers and birth weight of infants was a prospective cohort stu-
dy carried out in Southern California 1974-1978 on slightly more than
5000 maternal-infant pairs (Kuzma and Sokol, 1982). The aim of the
study was to evaluate the relative importance of volume, frequency, and
beverage source of alcohol as determinants of infant birth weight (adju-
sted for gestational age), while adjusting for other known determinants
using multivariate techniques. In total, 44 potential determinants of in-
trauterine growth were evaluated. Caffeine intake during the entire preg-
nancy and smoking were two of the eleven determinants influencing birth
weight (Table 55). A synergistic interaction of caffeine intake and smo-
king was observed. Included in the analysis of caffeine were 4 895 pairs
of mother-infants. The selection of the study base was not clearly defined,
and a rather high drop out rate seems possible (Kuzma and Kissinger,
1981). The authors concluded that their results appear to confirm a pre-
vious suggestion that heavy beer drinking during pregnancy is related to
decreased intrauterine growth. Caffeine intake may also influence the
mean birth weight. The results should, however, be interpreted cautiously
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since there are several alternative explanations for the finding. Further-
more, the study had several limitations. No specific information about the
determination of gestational age is given in the study. No information
was given on the sources of caffeine and the way the intake was quanti-
fied. It was not a primary aim to investigate the relationship between
caffeine and birth weight.

All women participating in the Ottawa Prenatal Prospective study in
Canada and whose offspring was at least one year old were asked to par-
ticipate in a study of maternal use of caffeine before, during and after
pregnancy and the effects upon offspring (Watkinson and Fried, 1985).
284 mothers and their 286 children (two twin pairs) were included in the
study after they had returned questionnaires with adequately answered
questions regarding their consumption of coffee, tea, caffeinated soft
drinks, chocolate bars, chocolate drinks, and caffeine-containing medica-
tions. Data were requested in terms of frequency of use, portion size,
method of preparation, and beverage strength. Seven consumption pe-
riods consisting of the third, second and first years before pregnancy, the
first, second and third trimesters, and the year after pregnancy were cove-
red. Upon becoming pregnant 62% of the women reduced only their inta-
ke of coffee, without reducing other sources of caffeine. Only twelve
women consumed an average of more than 300 mg caffeine per day du-
ring pregnancy. No significant relationships were found between the stu-
died parameters (birth length, head circumference, ponderal index, gesta-
tional age, length of labour, and Apgar score) and pre pregnancy or preg-
nancy maternal caffeine use when caffeine was considered a continuous
variable. When caffeine was considered a categorical variable, no signifi-
cant associations were found for caffeine use before pregnancy. However,
maternal intake of more than 300 mg daily during pregnancy was associa-
ted with lowered birth weight (difference between groups: 352 grams)
and smaller head circumference (difference between groups: 1.1 cm)
when smoking had been controlled for (Table 55). Moreover, the average
ponderal index was lower in the heavy caffeine group but did not reach
statistical significance. No association was apparent between heavy caf-
feine use and pregnancy weight gain, gestation age, Apgar, length of
labour, or birth length of infant. The conclusions that can be drawn from
this study are limited by the few number of women having a high caffeine
intake (only 12), and by controlling for only one confounder at a time in
the statistical analysis of the data. In addition, no information regarding
the determination of gestational age was provided. It is also not clear
whether birth weight was adjusted for gestational age.



Table 55. Foetal growth retardation in relation to intake of caffeine.

Reference

Sample size and selection

Exposure period consi-

End-point(s)

Results

Comments

Type and location of study dered Definitions Risk estimate: adjusted odd ratios,
including 95% confidence interval
Sources of caffeine (NS = non significant)
Kuzma and Sokol,1982 4 895 mother infant pairs | During pregnancy Birth weight adju- Consumption of caffeine-containing beverages contributes It was not a primary aim to study caffeine. No

Prospective cohort study

USA

Sources of caffeine:
no information.

sted for gestational
age

44 potential deter-
minants of foetal
growth studied

significantly to the variance in birth weight. A synergistic inte-
raction of caffeine and smoking was observed (p<0.03).

information regarding sources of caffeine and
caffeine consumption given.

Watkinson and Fried, 1985

Retrospective nested case-
control Study

Canada

284 women participating
in the Ottawa Prenatal
Study

3, 2" 1! year before
pregnancy and during
18t 2" 3 trimesters
and 1 year after birth.
Coffee, tea, soft
drinks, chocolate
drinks and bars,
caffeine-cont. drugs

Birth weight,
birth length,
head circum-
ference,
ponderal index
gestational age

All endpoints, caffeine intake before pregnancy

<300 mg/day vs
>300 mg/day

Caffeine intake during pregnancy
Birth weight, head circumference
<300 mg/day vs

>300 mg/day

Other endpoints
<300 mg/day vs

NS

stat.sign. reduction: p<0.05

Very few "heavy” consumers (n=12). Confounders
only controlled for one at a time. It is not clear
whether birth weight was adjusted for gestational
age.

>300 mg/day NS
Beaulac-Baillargeon and 913 newborn infants "During pregnancy” Birth weight, birth Birth weight Not all participants were interviewed regarding
Desrosiers, 1987 length, 0, 1-14 cigarettes/day caffeine consumption. Time periods for consump-
Coffee, tea , colaand | head circum- <300 mg caffeine /day vs tion was not specified, and consumption parameter
Retrospective cohort study chocolate ference, and placen- | >300 mg/day NS | dichotomized. Recall bias may be possible. No
tal weight information about determination of gestational age.

Canada

adjusted for gesta-
tional age and sex
of baby

>15 cigarettes/day
<300 mg caffeine/day vs

>300 mg/day

Decrease (p<0.05)

Birth length and head curcumference

Both dose levels
<300 mg caffeine /day vs
>300 mg/day

Placental weight
<300 mg/day and
>15 cig./day

>300 mg/day and
>15 cig./day

NS

Increase (p<0.05)

Decrease (p<0.05)




Reference
Type and location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)
Definitions

Results

Risk estimate: adjusted odd ratios,
including 95% confidence interval
(NS = non significant)

Comments

Fried and O’Conell, 1987

Original follow-up:

Pre pregnancy 1%

Birth weight, body

All parameters studied

A selected study base with few "heavy” consumers.

667 women trimester length, head circum- | <300 mg caffeine/day vs Not all subjects were interviewed regarding caffeine
Cohort (The Ottawa prenatal) 3" trimester ference at 39-39.9 >300 mg caffeine /day NS consumption.
study Follow-up at 12 and 24 “average use” weeks of gestation
months after delivery:
Canada 123 women Coffee, tea, cola and
“other dietary sources
of caffeine”
Brooke et al., 1989 1 513 white women 27" and 35" Birth weight adju- Birth weight Adequate measurement of gestational age.
week of gestation. sted for gestational | 0 mg/day vs
Prospective population- age and maternal 1-200, 201-400, and
based cohort study height, parity and >401 mg/day* NS
Coffee, tea, cola and baby’s sex
Great Britain cocoa
* recalculated from study
Martin and Bracken, 1987 3 891 antenatal patients | "During pregnancy” = Birth weight adju- Birth weight Few heavy consumers.
1% trimester sted for gestational | 0 mg/day vs Only 1% trimester consumption data. Smoking not
Prospective Cohort study age, low birth weight | <300 mg/day NS quantified.
Coffee, tea, colas, and | <2 500 g) at term >300 mg/day p<0.001 | No information regarding cocoa and chocolate
USA drugs deliveries, and rate consumption.
of low birth weight in | Low birth weight Gestational age determined from last menstrual
term deliveries 0 mg/day vs period.
(IUGR) 1-150 mg caffeine/day NS
151-300 mg caffeine/day 2.3(1.1-5.2)
>300 mg caffeine/day 4.6 (2.0-10.5)
Mean gestational age NS
Intrauterine growth retardation
0 mg/day vs
1-150 mg caffeine/day NS
151-300 mg caffeine/day NS
>300 mg caffeine/day 4.0 (1.9-8.6)
Caan and Goldhaber, 1989 131 cases and 136 1% trimester Low birth weight Low birth weight Inclusion criteria for cases/controls not given.
controls defined as 2 stan- Caffeine from all sources Small study with imprecise estimates and non-
Case control study Coffee, tea, cola and dard deviations < 0 mg caffeine/day vs optimal quantification of smoking.
combination of cof- mean birth weight <300, >300 mg/day NS Recall bias possible. Gestational age determined
USA fee+cola (n=97) or as birth only from last menstrual period.
weight <2500 g Caffeine from coffee and cola drinks only
(n=34) 0 mg caffeine/day vs
<300 mg/day NS

>300 mg/day

3.53 (1.05-11.81)




Reference
Type and location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)
Definitions

Results

Risk estimate: adjusted odd ratios,
including 95% confidence interval
(NS = non significant)

Comments

Peacock et al., 1991
(data from Brooke et al 1989)

Prospective population-
based study

Great Britain

414 smoking pregnant
women

Caffeine intake recor-
ded at booking, and at
28 and 36 weeks of
gestation

Coffee, tea cocoa and
cola

Birth weight ratio
adjusted for gesta-
tional age, maternal
height, sex of infant
and parity

Birth weight

0-200 mg caffeine/day vs
201-400 mg/day

>401 mg/day

- Caffeine consumption at booking
p=0.01 for trend

- Caffeine consumption at 28 weeks
p<0.01 for trend

- Caffeine consumption at 36 weeks

Adequate measurement of gestational age.

NS for trend
Fenster et al., 1991b 1 230 women with 1% trimester Intrauterine growth Intrauterine growth retardation No information regarding caffeinated drugs, choco-
singleton live births retardation (IUGR) = | All women late and cocoa. Adjustment for smoking and alcohol
Case control study <10™ percentile. 0 mg caffeine/day vs consumption was not optimal. Stratification of data
Coffee, tea and soft 1-150, 151-300 mg/day NS may not be adequate. Only 1* tri-mester consump-

USA drinks Low birth weight >300mg/day 2.90 (1.23-6.87) | tion studied.
(LBW) = Inconsistency of the results for low birth weight and
<2500 g. Women who reduced their heavy caffeine intake early in preg- | intrauterine growth retardation.
nancy had a lower but non-significant risk of IUGR.
Women who continued a heavy caffeine intake
3.74 (1.34-10.41)

Low birth weight

0 mg caffeine/day vs

1-150, 151-300, >300mg/day NS

Women who reduced their heavy caffeine intake early in preg-

nancy had a lower but non-signifikant risk of LBW in compari-

son with women who continued a have a heavy caffeine intake

3.05 (1.09-8.51)
Godel et al., 1992 162 women "Caffeine intake in the | Birth weight, Birth weight A small study with selected population and low
last 24 hours prenatal- | body length, <300 mg caffeine/day vs power. Data concerning each dose level not given.
Prospective cohort study ly and at delivery” head circum-ference | >300 mg/day NS No information about determination of gestational
age given.

Canada Coffee, tea and cola Body length

<300 mg caffeine/day vs

>300 mg/day NS

Head circumference

<300 mg caffeine/day vs

>300 mg/day NS




Reference
Type and location of study

Sample size and selection

Exposure period consi-
dered

Sources of caffeine

End-point(s)
Definitions

Results

Risk estimate: adjusted odd ratios,
including 95% confidence interval
(NS = non significant)

Comments

Fortier et al., 1993
Retrospective cohort study

Canada

7 025 women

First 16 weeks and the
rest of the pregnancy

Coffee, tea, chocolate,
and colas

Intrauterine growth
retardation = 10"
percentile adjusted
for sex and ges-
tational age.

Low birth weiht =

Intrauterine growth retardation
0-10 mg caffeine/day vs
11-150 mg/day

151-300 mg/day

>300 mg/day

1.28 (1.04-1.59)
1.42 (1.07-1.87)
1.57 (1.05-2.33)

Low birth weight

Inconsistent results for low birth weight and intraute-
rine growth retardation. It was few "heavy" consu-
mers.

<2 5009 0-10 mg caffeine/day vs
11-150, 151-300, >300 mg/day NS
Larroque et al., 1993 628 women 1% trimester Birth weight (mean Birth weight Definition of control group questionable. Only 1%

Prospective cohort study

France

Coffee, tea, cocoa and
cola

difference) adjusted
for gestational age
and infant sex

<400 mg caffeine/day vs

401-800 mg/day, >800 mg/day

Linear trend: NS
(borderline significance for non-smoking women)

trimester consumption for some women, and only
third trimester consumption for others.

Mills et al., 1993

Prospective multi centre
cohort study

USA

431 pregnant women
enrolled either before or
within 21 days of con-
ception

During pregnancy at 5,
6, 8, 10, and 12 weeks
of gestation

Coffee (regular or
decaffeinated)tea,
cocoa, cola drinks,
drugs

Intrauterine growth
retardation, head
circumference, and
crown-rump length
(ultrasonographic
indicator of early
foetal growth)

Intrauterine growth retardation

0 mg caffeine/day vs

1-99, 100-199, 200-299,

> 300 mg caffeine/day NS

Head circumference

0 mg caffeine/day vs

1-99, 100-199, 200-299,

> 300 mg caffeine/day NS

Crown-rump length

0 mg caffeine/day vs

1-99, 100-199, 200-299,

> 300 mg caffeine/day NS

Very low caffeine exposure among studied women.
The studied population was not representative for
the general population. Gestational age was ade-
quately measured, but the study has inadequate
power to detect significant effects on studied para-
meters.

Shu et al., 1995

712 pregnancies

All three trimesters

Mean birth weight
adjusted for gesta-

Mean birth weight (1%, 2™ or 3" trimester)
0 mg caffeine/day vs

Very few patients in higher exposure groups.
Smoking not treated as a continuos variable.

Prospective Study Coffee, tea and caffei- | tional age (analysed | 1-49, 50-199, 200-299, >300mg/day NS
nated soft drinks by each trimester)
USA
Cook et al., 1996 640 At booking, and at 27" | Birth weight adju- Birth weight Gestational age adequately determined.

(data from Brooke et al.,
1989)

Prospective population-
based study

Great Britain

women booking for
delivery 1982-84

and 35" week of
gestation

Coffee, tea, cola and
cocoa

sted for gestational
age, infant sex,
parity, maternal
height.

Blood con-
centration of
caffeine

Increase of caffeine intake with 1000 mg/week: 1.3% reduction
in birth weight (confidence interval 95% 0.5-2.1%). The effect
being most apparent in smokers.

Blood caffeine concentrations
Unrelated to birth weight




Reference

Sample size and selection

Exposure period consi-

End-point(s)

Results

Comments

Type and location of study dered Definitions Risk estimate: adjusted odd ratios,
including 95% confidence interval
Sources of caffeine (NS = non significant)
Vlajinac et al., 1997 1011 women All trimesters (but only | Birth weight adju- Birth weight No information about caffeine intake from chocola-

Retrospective study

results from 3" tri-
mester are presented)

sted for gestational
age, infant sex,
parity, maternal

Non smoking mothers only
0-10 mg caffeine/day vs
11-70, 71-140, >141 mg/day

te, cocoa and drugs available. Very low consump-
tion levels of caffeine compared with other studies.
Potential confounders are not clearly presented.

Yugoslavia height and Across groups: p =0.035
Coffee, tea and cola length Linear trend: p =0.006
All women or smoking mothers only
0-10 mg caffeine/day vs
11-70, 71-140, >141 mg/day
Across groups: NS
Linear trend: NS
Santos et al., 1998a 401 cases (children with | During each trimester | Intrauterine growth Low birth weight Same patients used more than once in the study.
birth weight <2 500 g retardation = birth <100 mg caffeine/day Selection of controls could be questioned. Con-
Multi centre case-control and gestational age >28 weight < 2 5009 100-299, >300 mg/day NS sumption of caffeinated beverages poorly reported.
study weeks) and 804 controls | Coffee, mate, (low birth weight) Mean caffeine intake very low. Quantity of smoking
tea, chocolate, soft and gestation age Intrauterine growth retardation not reported. Gestational age determined by the
Brazil drinks, <37 weeks <100 mg caffeine/day method of Capurro (1978). Still births< 28 weeks
and medicines 100-299, >300 mg/day NS [ included.
Grosso et al, 2001 2 714 women delivering | Exposure data from 1% | Intrauterine growth Intrauterine growth retardation Mean intake of caffeine was very low, many women
a live born infant and 3" trimesters retardation = 0 mg caffeine/day vs had none. Selection bias of study base possible.
Cohort study collected after delivery | <10™ percentile for 1-150, 151-300, >300 mg/day NS Gestational age determined by the method of
gestational age at Ballard et al. (1979).
USA Coffee, tea, soda birth
drinks
Clausson et al, 2002 873 women delivering a | Exposure from 4 Birth weight, Birth weight Well performed study in which gestational age was
live born infant weeks before until 34 | gestational age at 0-99 mg caffeine/day vs determined by ultrasound scan.
Prospective cohort study weeks after pregnancy | delivery, birth weight | 100-299, 300-499, >500 mg/day NS
standardized for
Sweden Coffee, tea, chocolate, | gestational age Gestational age and birth weight ratio
soft drinks and medi- (birth weight ratio) 0-99 mg caffeine/day vs
cines 100-299, 300-499, >500 mg/day NS
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The influence of caffeine intake and cigarette use during pregnancy on
foetal growth (birth weight, head circumference, birth length and placen-
tal weight) was explored in another Canadian study (Beaulac-Baillargeon
and Desrosiers, 1987). This was a cohort study based on 913 newborn
Canadian infants. Sources used for calculation of total caffeine consump-
tion were coffee, tea, cola, and chocolate. A significant relationship bet-
ween the mother's caffeine intake and cigarette smoking and birth weight
(after adjusting for gestational length and sex) was found. The birth
weight was 206 gm (£ 57.7 gm) lower for babies whose mothers consu-
med at least 300 mg caffeine per day and smoked at least 15 cigarettes
per day (Table 55). The caffeine intake was also found to affect placental
weight, which increased with cigarette consumption among women who
consumed less than 300 mg of caffeine daily, but not among women with
a higher caffeine intake. Head circumference and length at birth were
affected only by cigarette smoking. The authors concluded that concomi-
tant exposure to caffeine and cigarette smoke influence birth and placen-
tal weights. When interpreting the results of this study it should be noted
that the “heavy” consumers were relatively few (14.8% of the study sam-
ple), and that not all subjects were interviewed regarding caffeine con-
sumption. Furthermore, caffeine consumption was dichotomised (cut off
point 300 mg) and the time period of registering caffeine intake was not
specified. The statistical analysis was not adjusted for factors such as pre
pregnancy weight and maternal age, which could contribute to confoun-
ding the studied association. In addition, no information regarding the
determination of gestational age has been provided.

Data from the Ottawa prenatal study, mentioned above, has been used
by Fried and O’Connell (1987) in order to study the relationship between
maternal usage of cigarettes, alcohol, cannabis, and caffeine during speci-
fied time periods of pregnancy (before pregnancy, first trimester, third
trimester, and average use over pregnancy) and defined growth parame-
ters (birth weight, birth length, head circumference, length of gestation
etc) of the offspring. The sample group assessed at birth were selected
and consisted of 667 infants and their mothers. 123 mothers and their
offspring were followed up at 12 and 24 months of age. Average daily
consumption of caffeine was calculated according to the number and size
of servings of coffee, tea, cola beverages, and intake of unspecified dieta-
ry sources of caffeine during pregnancy. The average daily intake of caf-
feine (mg) during pregnancy was 107 £ 131 mg in the original sample
and 148%+213 mg in the follow-up group. No significant negative in-
fluence was noted on any of the growth parameter studied (Table 55).
Since the number of mother/offspring pairs studied was not high enough,
the number of women having a high caffeine intake was low. It should be
noted that not all subjects were asked about their consumption of caffei-
ne. The study also failed to control for a previous history of complicated
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pregnancy. Finally, no information about the determination of gestational
age is given in the study.

Martin and Bracken (1987) carried out a prospective study on 3 891
antenatal patients at Yale-New Haven Hospital between 1980 and 1982.
Average daily exposure of caffeine during the first trimester of pregnancy
was estimated from information on consumption of coffee, tea, and caf-
feine-containing colas and drugs obtained in interviews with each partici-
pant at her first prenatal visit to the doctor. Caffeine contents per serving
for coffee, tea, and colas were estimated to 107, 34, and 47 mg, respecti-
vely. The relationships between caffeine intake (0, 0-150, 151-300, or
>300 mg/day) and mean birth weight, mean gestational age, rates of low
birth weight (<2 500g), pre-term delivery (<37 weeks of gestation), and
intrauterine growth retardation were investigated in the study. Intrauterine
growth retardation was examined using the rate of low birth weight in
term deliveries.

About one fourth of the participants had no caffeine intake, whereas 8
% of the population ingested more than 300 mg of caffeine daily. Most
participants consumed small amounts of caffeine. Caffeine increased in a
dose-dependent manner the risk for delivering a singleton new born with
a low birth weight (less than 2,500 g) (Table 55). This association was
observed in deliveries after 36 weeks gestational age only. At the highest
intake level, over 300 mg caffeine per day, the relative risk was 4.6 (95%
CI 2.0-10.5) after adjusting for confounding factors. Infants born to these
women had an adjusted mean decrease in birth weigh of 105 g. The other
endpoints studied (mean gestational age, intrauterine growth retardation,
and pre-term delivery) were unrelated to caffeine intake. The caffeine
intake from chocolate and cocoa was missing. It should also be noted that
only caffeine intake during the first trimester was investigated in this
study, and that no information was obtained on the quantity of cigarettes
smoked. Smoking was adjusted for only on the information smoking/non-
smoking. It should also be stressed that intrauterine growth retardation
was limited to term deliveries. In addition, gestational age was determi-
ned from the last menstrual period, although ultrasonographic examina-
tion is regarded to be a much more reliable method.

The effect of various parameters on birth weight has also been in-
vestigated by a British prospective population study from inner London
(Brooke et al., 1989). The recruited participants were 1 513 of 1 860
white women booking for delivery. The rest refused to participate or fai-
led to complete the study for other reasons. Information on caffeine inta-
ke was obtained in interviews on consumption of coffee, tea, cocoa, and
cola drinks at the 28th and 36 week of gestation, and was related to the
week before interview. Total caffeine consumption per week was estima-
ted on the basis that a cup of coffee contained 85 mg, a cup of tea 50 mg,
a cup of cocoa 5 mg, and a drink of cola 40 mg. Gestational age was de-
termined from the last menstrual period and by ultrasonographic exami-
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nation. After adjusting for gestational age and controlling for maternal
height, parity, maternal smoking, and the sex of the baby, the total intake
of caffeine from coffee, tea, and cola showed no association with birth
weight (Table 55). The authors concluded that the main environmental
cause of birth weight variation in this population was smoking.

The data of Brook et al. (1989) related to smoking women has subse-
quently been used in a prospective London-based study investigating the
influence of alcohol and caffeine exposure at three stages of pregnancy
on the birth weight of infants to smoking women (Peacock et al., 1991).
Included in the study were 414 women who smoked and who completed
all pregnancy interviews. The number and brand of cigarettes smoked,
and the quantity of alcohol and caffeine ingested, were obtained by inter-
view at booking, and at 28 and 36 weeks of gestation. Regarding caffeine,
the intake of coffee, tea, cocoa and cola was recorded for the previous
week at these points in pregnancy, and the intake calculated using the
methods of Brook et al. (1989). The authors concluded that the results of
the study indicate that heavy smoking in combination with heavy drin-
king and high intakes of caffeine could enhance the risk of poor foetal
growth even more than heavy smoking alone. The amount smoked in
terms of quantity and brand could not explain the effect of alcohol con-
sumption on birth weight (corrected for gestational age and adjusted for
maternal height, sex of infant and parity). The effect of caffeine was also
independent of smoking. When alcohol, caffeine, and smoking were ana-
lysed together, alcohol and caffeine were both associated with more pro-
nounced reductions in birth weight. Caffeine was associated with a reduc-
tion of up to 6.5% after adjusting for tobacco and alcohol intake. Heavy
smoking (>13 cigarettes/day) and heavy drinking (>100 g alcohol/week)
in combination with a high caffeine intake (>400 mg/day) resulted in a
predicted reduction in mean birth weight of 18%. These effects were
strongest when consumption early in pregnancy was considered, and
weakest for consumption just before delivery. It might be difficult to
entangle to what extent the information on alcohol and caffeine consump-
tion leads to a quantitative diversification of smoking within the three
smoking categories used, thereby producing an apparent reduction in
birth weight.

Data from the prospective study of Brooke et al. (1989) have been
used by Cook and co-workers (1996) to examine the correlation between
foetal growth and either caffeine intake or plasma levels of caffeine in
women during pregnancy. Stored plasma from the study of Brooke et al.
(1989) was available for 1 500 women who had provided a blood sample
on at least one occasion, and for 640 women who had provided a sample
on all three occasions (at booking, 28 weeks, and 36 weeks). The final
analysis included 640 women, of whom 500 were non-smokers and 140
smokers. Blood levels of caffeine and cotinine (a biomarker for cigarette
smoking) were analysed by a sensitive gas chromatographic technique in
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1994. Blood levels of caffeine rose by 75% during pregnancy, though
caffeine intake showed no changes during the same period. The caffeine
intake increased steadily with increasing cotinine concentration above 15
ng/ml. Nonetheless, the blood caffeine concentrations fell. It was conclu-
ded that smokers consume more caffeine than non-smokers, but their
caffeine metabolism is faster, resulting in lower blood concentrations.
Blood caffeine concentrations during pregnancy were not related to foetal
growth, whereas the caffeine intake was negatively associated with birth
weight, but only in smokers (Table 55). The effect remained of borderline
significance after adjustment for other factors (gestational age, maternal
height, parity, and sex of infant). According to the authors, prudent advi-
ce for pregnant women would be to reduce caffeine intake in conjunction
with stopping smoking. By limiting the chemical analysis to measure-
ments of only caffeine (and no metabolites of caffeine), the time period
between last consuming caffeine-containing beverages and the time of
blood collection will heavily influence the biomarker used to approximate
caffeine exposure.

From a large Californian cohort of 9 564 women in the Kaiser Perma-
nent Medical Care Program (a cohort originally recruited to investigate
the potential adverse pregnancy outcome of aerial malathion) 131 cases
and 136 controls were selected to participate in a case-control study in-
vestigating the influence of maternal caffeine exposure in the first tri-
mester of pregnancy on birth weight of infants (Caan and Goldhaber,
1989). Cases were defined as women who had given birth either to babies
weighing less than two standard deviations lower than the mean birth
weight due to intrauterine growth retardation (n=97), or women having
babies weighing 2 500 grams or less but without growth retardation
(n=34). Caffeine intake was calculated from retrospective information on
daily consumption of coffee, tea, and soft drinks during the first trimester.
The interviews were performed after completed pregnancy. There was no
significant association between high caffeine intakes (>300 mg/day) or
heavy consumption (greater than 3 servings/day) of coffee or tea or cola
drinks and an increased risk of giving birth to a child with low birth
weight, although a non-significant trend could be recognised (Table 55).
The authors conclude that their data support previous findings of a mo-
dest, though not statistically significant effect of caffeine consumption on
foetal growth. The study contains a number of weaknesses: no description
of how cases and controls were selected; a small study base; a design
making recall bias possible; investigating caffeine intake only during first
trimester; and no accurate quantification of the confounding factor of
smoking. It should also be noted that gestational age was determined
from the last menstrual period.

A case control study was carried out on 1 230 women giving birth to
singleton live infants in California, USA, during the period 1986-1987, in
order to examine the association between maternal caffeine intake and
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low birth weight (<2 500 g), intrauterine growth retardation (< 10" per-
centile of mean weight at each gestational week using Californian stan-
dard), and prematurity (Fenster et al., 1991). The participants were inter-
viewed on average nine months after birth regarding their consumption of
coffee, tea, and soft drinks during the month before pregnancy, if it chan-
ged during pregnancy, and if so, when and to what extent. This informa-
tion was used to calculate each participant’s average caffeine intake du-
ring the first trimester. The calculation of caffeine intake was based on
the assumptions that a cup of coffee contained 107 mg caffeine, a cup of
tea 34 mg caffeine, and soft drinks 47 mg caffeine/can. The adjusted odds
ratio for low birth weight at heavy maternal caffeine consumption was
elevated but not statistically significantly so (Table 55). On the other
hand, the adjusted odds ratio for intrauterine growth retardation in infants
of women reporting heavy caffeine consumption was significantly increa-
sed. Furthermore, the increase was dose-dependent. Women who reduced
their caffeine intake from greater than 300 mg/day to less than that early
in pregnancy had no increased risk of giving birth to infants with intraute-
rine growth retardation or low birth weight compared to women who
continued to consume that amount. The main drawback in this incon-
sistent study (IUGR affected but not LBW) was that only caffeine intake
during the first trimester was investigated. It should also be noted that
gestational age was determined from the last menstrual period.

Smoking prevalence and intake of caffeine and alcohol during preg-
nancy, as well as the relation of these factors to birth weight, length, and
head circumference, was investigated in a Canadian prospective cohort
study (Godel et al, 1992). The selected participants were 162 women (56
Inuit, 38 Indian, 37 white and 31 of mixed race) who sought prenatal care
in their community and gave birth between September 1987 and January
1990. The women's caffeine intake was estimated from answers to
questionnaires, and assumed one serving of coffee to contain 120 mg
caffeine, one serving of tea 65 mg caffeine, and one serving of cola 35
mg caffeine. Of the investigated women, 64% (101/159) smoked, 57%
(88/154) ingested more than 300 mg of caffeine daily, and 34% (50/145)
drank alcohol during their pregnancy. Smoking, caffeine intake, and bin-
ge drinking were reported most frequently by the Inuit and Indian
mothers. Although no data was given on specific consumption categories
and the number of women in each category of consumption, a decreased
birth weight and birth length (both poorly defined) was reported to be
significantly associated with smoking. Alcohol intake, especially binge
drinking, was significantly related to decreased head circumference. In
contrast, caffeine intake was not related to any of the outcome variables
after smoking was controlled for (Table 55). Because of its poor quality,
this study has a negligible impact on the assessment of a potential rela-
tionship between foetal growth retardation and intake of caffeine.
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A Canadian retrospective study carried out in 1989 aimed at assessing
the relationship between caffeine intake during pregnancy and intrauteri-
ne growth retardation (birth weight lower than the 10™ percentile of the
sex-specific and gestational age-specific distribution of birth weight ac-
cording to Canadian standards), pre-term birth (birth before 37 completed
weeks of pregnancy), and low birth weight (<2 500g). The study also
evaluated the interaction of smoking with the studied outcomes (Fortier et
al., 1993). 7 025 women who lived in and around Quebec City and who
had given birth to a singleton live born neonate were included in the stu-
dy. Gestational age was determined from the last menstrual period and by
ultrasonographic examinations. Caffeine intake from coffee, tea, chocola-
te, and colas was registered during two periods of pregnancy: the first 16
weeks and the rest of the pregnancy. These and other data were obtained
by telephone interviews a few weeks after delivery. Caffeine consump-
tion was associated with an increased risk of intrauterine growth retarda-
tion. For participants whose average daily caffeine intake was 0-10, 11-
150, 151-300, or > 300 mg, the adjusted odds ratios for giving birth to an
infant with growth retardation increased in a dose dependent manner
(Table 55). An interaction between caffeine exposure and smoking was
noted. Drinking only decaffeinated coffee was not related to intrauterine
growth retardation, which might indicate that the association with intrau-
terine growth retardation does not reflect an effect of coffee per se. There
was no relationship between caffeine intake and low birth weight or pre-
term delivery. Shiono and Klebanoff (1993) have pointed out that the
methodology of retrospectively collecting data could lead to inaccurate
recall of caffeine consumption. Very few consumers in this study (around
4%) ingested more than 300 mg caffeine a day. Furthermore, the results
were inconsistent, as the intrauterine growth retardation was influenced
by high caffeine intakes by women, yet did not result in low birth weight.

Larroque et al. (1993) carried out a study on 628 women in order to
investigate the influence of women’s alcohol and caffeine consumption
during pregnancy on the birth weight (adjusted for gestational age) of
their infants. The interaction of smoking with the studied endpoints was
also studied. The women were interviewed at their first visit to the mater-
nity hospital in Roubaix, France, and included many heavy consumers of
alcohol and caffeine, and both smokers and non-smokers. Gestational age
was determined from the last menstrual period and by ultrasonographic
examinations. Information on the intake of coffee, tea, cocoa, and cola
drinks usually during the first trimester were converted to mg caffeine,
assuming one cup or glass of the beverage to contain 110, 40, 5, and 40
mg caffeine, respectively. Some of the women, however, were asked
about their beverage consumption during the third trimester. The total
caffeine intake of women was classified as < 400, 401-800 and >800 mg.
After adjustment for cigarette smoking, gestational age, infant sex, ma-
ternal age, parity, level of education and maternal height and weight, no
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relationship was noted between high caffeine intakes and lower birth
weight. A decreasing but non-significant trend in birth weight was ob-
served in deliveries of non-smoking women who had a high intake of
caffeine. Shiono and Klebanoff (1993) have pointed out that very few
women consumed no caffeine (6%) and that 457 of the 628 women stud-
ied ingested less than 400 mg caffeine per day. Since this was the lowest
category of caffeine intake, it was used as the reference group when cal-
culating the relative risk of low birth weight. Another categorisation of
the exposure parameter might have given rise to another result. An obvi-
ous problem with the exposure parameter was that it differed in time be-
tween the women (first and third trimester, respectively).

Mills and co-workers (1993) studied the relationship between caffeine
intake during pregnancy and the occurrence of spontaneous abortion and
intrauterine growth retardation in a highly educated cohort of 431 wo-
men. The women originally participated as the non-diabetic control popu-
lation in an American Diabetes study (a multicentre collaborative study
conducted between 1980 and 1985), and were enrolled in the study either
before pregnancy or within 21 days of conception. They were followed
throughout pregnancy to determine: (1) caffeine exposure, (2) exposure
to other risk factors, (3) foetal growth as assessed by ultrasonography,
and (4) pregnancy outcome (spontaneous abortion, birth weight percenti-
les (BW) as a mean to assess intrauterine growth rate (defined as falling
into a lower birth weight percentile specific for sex, race and gestational
age in the United States), head circumference (HC, defined according to
Swedish standards adjusted for gestational age and sex), and crown-rump
length (CRL, assessed according to Robinson standard to measure early
foetal growth)). The information used to calculate current caffeine intake
from regular coffee, decaffeinated coffee, hot tea, cocoa, iced tea, regular
cola drinks, diet cola drinks, or other diet drinks during the first-trimester
was ascertained at the time of pregnancy diagnosis five weeks after the
last menstrual period, as well as later during pregnancy (at 5, 6, 8, 10, and
12 weeks after the last menstrual period). For the calculation of caffeine
intake, coffee was assigned a caffeine level of 100 mg; tea, 40 mg; decaf-
feinated coffee, 1.5 mg; cocoa, 13 mg, and cola, 40 mg. The major source
of caffeine in the studied population was coffee (59.5 %), followed by tea
(20.5 %), cola (19.1 %), cocoa (0.5 %), and decaffeinated coffee (0.3 %).

High intakes of caffeine (>300 mg/day) affected neither early foetal
growth, assessed by crown-rump length on ultrasonographic examination,
nor the proportion of babies with birth weights and head circumferences
below the 10th percentile after other risk factors (notably smoking) were
controlled for (Table 55). It should be noted that very few women (n=13)
consumed more than 300 mg caffeine daily, and not many (n=30) 200-
299 mg caffeine daily, making it difficult or even impossible to draw
conclusions about the higher intake levels. In fact, the majority was con-
suming less than 100 mg daily. Measurements of crown-rump length
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during the first trimester of pregnancy as a marker for intrauterine growth
have been questioned, as most of the growth occurs during the second
trimester. The statistical calculations were not adjusted for nausea during
pregnancy.

Shu et al. (1995) investigated the association between maternal smo-
king, alcohol, and caffeine consumption and foetal growth in a prospecti-
ve study comprising 712 pregnancies. To obtain required information, for
example information needed to calculate the exposure to caffeine (from
coffee, tea and caffeinated soft drinks) during the first trimester of preg-
nancy, patients were interviewed by telephone upon entering pre-natal
care (on average around 13 weeks into pregnancy). Gestational age was
determined from the last menstrual period or by ultrasonographic investi-
gation. Information was updated for later trimesters by mailed question-
naires at 28 weeks and 36 weeks of gestation. To perform the calculation
of exposure from information on consumption, the investigator assigned a
caffeine level of 100 mg for a cup of coffee and 45 mg for a cup of tea or
a 12-ounce can of caffeinated soft drink. After adjusting for confounders,
there was no correlation between caffeine intake and foetal growth. Nor
were any of the sources of caffeine (coffee, tea or soft drinks) substantial-
ly related to birth weight or foetal growth (Table 55). As in many of the
other epidemiological studies mentioned in this report, the group with a
high caffeine exposure (>300 mg/day) was very small (4 women
throughout pregnancy).

A study performed in Belgrade, in former Yugoslavia, examined the
effect of women’s caffeine consumption (and its possible interaction with
smoking) during pregnancy on the birth weight of the newborn (Vlajinac
et al.,, 1997). The participating 1 011 women were interviewed during
their first 3 days after delivery. The mothers were asked to estimate the
frequency and amount of intake of coffee, tea, and cola drinks during
each trimester of pregnancy. A cup of coffee and tea and a glass of a cola
drink was considered to contain 70 mg, 61 mg and 26 mg caffeine, re-
spectively. Only results on data based on the third trimester were presen-
ted. Of the 1 011 women participating in the study, 137 reported no caf-
feine intake during pregnancy. The mean intake in the other 874 women
was low, only 133 mg. After adjustment for gestational age (adequately
determined), infant sex, parity, and maternal height and weight, an avera-
ge caffeine intake of as little as >71 mg was associated with a significant
reduction in birth weight (on average 116 g) in non-smoking mothers
(Table 55). The reduction in birth weight was dose dependent, being 153
g at an intake of >140 mg caffeine. In comparison to other studies, the
caffeine intake was very low in this study. No information about caffeine
intake from chocolate, cocoa, and medicinal drugs was available. The
reduction in birth weight was not statistically significant when both smo-
king and non-smoking women were included in the analysis. The presen-
tation of potential confounders and how these have been controlled for in
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the statistical treatment of the data is not very clear in this publication.
Such information is also required given the background of the chaotic
conditions present in this part of Balkan during the period of the investi-
gation.

A multicentre study with matched case-control design was conducted
in Southern Brazil in order to investigate the effects of caffeine intake
during pregnancy on the birth weight (Santos et al., 1998). Within the
first 24 hours after delivery, the 1 205 mothers (401 cases (with children
with birth weight < 2,500 g and gestational age > 28 weeks) and 804
controls) were interviewed and their newborn children examined to assess
birth weight and gestational age. The interview included questions on
caffeine intake during each trimester of pregnancy. To assess caffeine
intake, 10% of the mothers were re-interviewed at home, and samples of
beverages (drip coffee and mate) collected and sent to the laboratory for
caffeine determination by liquid chromatography. The analyses revealed
that a cup of coffee contained between 19.8 and 45 mg caffeine and a
gourd of maté 10 mg of caffeine. Exposure to caffeine from tea, chocola-
te, soft drinks, and medicinal drugs was estimated from a reference table.
Conversion figures used were as follows: tea (depending on strength) 34-
54 mg/180 ml serving, drinking chocolate 4 mg/200 ml serving, chocola-
te bars 20 mg/30 g, and soft drinks 20 mg/200 ml serving. Analyses were
performed by conditional logistic regression. Cases on average ingested
148 mg caffeine, and controls 146 mg. The statistical analysis showed
that intake of caffeine had no effect on birth weight, pre-term births or
intrauterine growth retardation (Table 55). The study has several limita-
tions. The selection of controls could be questioned. The quantity of caf-
feine-containing beverages was poorly reported, and data from some
individuals seems to have been used more than once in the study. Infor-
mation concerning the quantification of smoking has not been reported.
Finally, it may be noted that gestational age was determined by the
method of Capurro et al (1978), which utilises a scoring system based on
somatic and neurological signs.

Grosso et al (2001) investigated the effect of maternal caffeine con-
sumption throughout pregnancy on foetal growth. The study comprised 2
714 women from the Yale Health in Pregnancy study who gave birth to a
live born infant between 1988 and 1991. The study collected detailed
information after delivering regarding coffee, tea, and soda drinking du-
ring the first and third trimesters of pregnancy. The authors estimated
caffeine intake by assigning 107 mg caffeine/5 oz cup of coffee, 34 mg
caffeine/5 oz cup of tea, and 47 mg caffeine/12 oz serving of soft drink.
The total monthly caffeine consumption was calculated from these sour-
ces. The contribution of chocolate foods and drinks to the total caffeine
consumption was negligible during the two months studied (month 1 and
7 of pregnancy). The outcome measured was intrauterine growth retarda-
tion, which was defined as <10"™ percentile of birth weight for gestational
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age at birth. Gestational age was determined according to Ballard et al
(1979), which is a simplified clinical scoring system for determining the
maturation of newly born infants.

The study population comprised primarily non-smoking married white
women. 40% of the participants abstained from coffee, tea, and soft
drinks, while 45 % of the participants consumed 1-150 mg caffeine per
day. Coffee was the largest source of caffeine. Average caffeine intake
during month 1 of pregnancy was higher than during month 7 (72.4 vs
54.0 mg per day). Neither the consumption of >300 mg caffeine per day
during the first month of pregnancy, nor that during month 7 was associa-
ted with intrauterine growth retardation. There was little evidence for any
effect modification due to cigarette smoking on the caffeine associations.
The authors concluded that their study provides evidence that prenatal
caffeine consumption has no adverse effect on foetal growth. The most
severe limitation of this study is that few women consumed more than
300 mg caffeine daily, and that a considerable part of the study base did
not drink the investigated caffeine beverages at all. Thus the study parti-
cipants seem to be a very special group of women. Therefore, it may be
difficult to use this study in order to draw general conclusions.

The latest study in this field investigated the effect of caffeine exposu-
re during pregnancy on birth weight and gestational age in Swedish wo-
men (Clausson et al., 2002). The investigation was carried out as a pro-
spective cohort study. The study participants were also recruited as
controls in a case-control study of the relationship between early sponta-
neous abortion and caffeine consumption (Cnattingius et al., 2000). The
study base was reviewed in chapter 12. Included in this study were 873
women delivering live born singleton infants. Information on caffeine
consumption was obtained from in-person interviews performed on a
week-by-week basis in the first trimester and biweekly in the second and
third trimesters. Analysis of variance was used to estimate the effect of
caffeine on birth weight, gestational age (determined by ultrasonographic
examinations in the second trimester) at delivery, and birth weight stan-
dardized for gestational age (birth weight ratio). The calculations accoun-
ted for the effects of other co-variates such as maternal sociodemographic
characteristics, plasma cotinine, and pregnancy symptoms. No associati-
ons were found between caffeine consumption (0-> 500 mg/day) and
birth weight, gestational age, and birth weight ratio (Table 55). The re-
sults did not change when caffeine exposure was averaged from concep-
tion to the 32nd to 34th gestational weeks, or when caffeine exposure was
stratified by trimesters of pregnancy. The authors concluded that the re-
sults did not support an association between moderate (not defined) caf-
feine consumption and reduced birth weight, gestational age, or foetal
growth.

The level of caffeine present in body fluids is dependent on the
amount of caffeine consumed as well as on the caffeine elimination from
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the body. Caffeine is primarily metabolised by CYP1 2A to paraxanthine.
Klebanoff et al. (2002) analysed the association between the third-
trimester maternal serum concentration of paraxanthine and the delivery
of a small-for-gestational age infant in 2 515 women of the 2 816 preg-
nancies enrolled in the Collaborative Perinatal Project from 1959 to 1966.
In contrast to the serum concentration of caffeine, which exhibits a wide
short-term fluctuation during the day depending on recent intake, the
primary metabolite of caffeine, paraxanthine, fluctuates less. Small-for-
gestational age, defined as less than the tenth percentile for maternal eth-
nicity and infant gender. Among the 2 515 studied pregnancies, 222
(8.8%) children were small-for-gestational age and 2 293 not small-for-
gestational age. Small-for-gestational age infants were more commonly
born to women who smoked, women with fewer years of education, those
with first births, and those who were younger, shorter, and lighter. The
mean paraxanthine concentration in serum specimen drawn after 182
days gestation (a period of fast growth) was significantly higher among
women who gave birth to small-for-gestational age infants compared with
those who gave birth to infants that were not small-for-gestational age.
When the serum paraxanthine level was categorized by level a statistical-
ly significant trend was observed among smokers but not among non-
smokers. The increased risk of delivery of a small-for-gestational age
infant at high serum paraxanthine was confined to women who smoke,
and adjustment for the actual number of cigarettes smoked per day did
not change the results substantially.

As the study of Klebanoff et al. (2002) was planned quite a bit after
the original Collaborative Perinatal Project cohort, it is understandable
that several caveats can be pointed out. One is that the biological samples
had been stored at —20°C for 30 years, and the stability of paraxanthine
during this time period at these conditions is not well known. Being the
primary metabolite of caffeine in humans, the serum paraxanthine level
was used as a biomarker for biological dose of caffeine, because the level
fluctuates less throughout the day than does the serum level of caffeine.
Therefore, it is possible that some of the women would have been alloca-
ted to other exposure groups if caffeine had been analysed instead of
paraxanthine. Although very little is known about the stability of para-
xanthine over 30 years in frozen serum, there are no strong indication that
paraxanthine has deteriorated. As non-smokers metabolise caffeine less
rapidly than do smokers, the serum paraxanthine concentration is higher
among non-smokers than among smokers. Whereas the interaction bet-
ween intake of caffeine and smoking is well established, the interaction
between smoking and serum paraxanthine might differ. The mechanism
for a caffeine-tobacco interaction is however unclear. An obvious
weakness with the study is the fact that only one measurement of serum
paraxanthine was available from each participating women, and this sam-
ple might not be representative for the general caffeine exposure, as the
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single measurement of paraxanthine is a marker of short-term caffeine
intake.

15.2. Foetal growth retardation in relation to intake of
caffeine-containing beverages

The studies are reviewed in a chronological order in order to facilitate
reading. If a study has been previously presented in section 15.1, only
additional information of importance will be given here. It should be
noted that in the description of the studies, parameters other than those
primarily related to foetal growth retardation would not be referred to in
this section.

One of the earliest published studies dealing with the relationship
between caffeinated beverages and low birth weight (defined as <2 500
grams or <10"™ percentile) was the prospective cohort study by Mau and
Netter (1974). Their study base consisted of 5 200 pregnant women ha-
ving attended 20 German clinics for gynecology and pediatrics. The wo-
men were interviewed regarding intake of coffee and alcohol during the
first trimester of their pregnancy. However, no quantitative data
(cups/day) were collected. Instead the frequency of consumption was
described as "never”, ”seldom”, or "often”. The results of the study were
as follows (Table 56). Pregnant women who often consumed large
amounts of coffee delivered infants with a low birth weight, according to
both definitions of low birth weight. For various reasons (coffee con-
sumption and smoking poorly quantified, data only from first trimester,
non-adequate control for confounding factors) this study has very little
value for the assessment of a potential relationship between coffee intake
and foetal growth retardation.

Data from the Child Health and Development Studies performed in
Oakland, California 1960-1967 were used by van den Berg (1977) to
investigate the relationship between birth weight, length of gestation, and
coffee consumption. Among the 15 000 interviewed gravidas, 67 % were
white, 23% black, 3% Mexican-American, 4% Oriental and another 3%
were of other ethnic backgrounds. A simple and practical classification of
prematurity according to birth weight and gestation was proposed, utili-
sing as points of separation 2 500 grams and 37 weeks (Yerushalmy,
1967). Newborn infants were thus divided into four groups: 1) premature
by both criteria, 2) premature by birth weight, but mature by length of
gestation, 3) mature by birth weight but premature by gestation, and 4)
mature by both criteria. There were a large proportion of smokers (65%)
among the heavy coffee drinkers, defined as those drinking at least 7
cups/day. The combination of heavy coffee consumption and smoking
resulted in 9% infants weighing 2 500 grams or less, whereas this percen-
tage was 4.4 among non-smoking heavy coffee consumers. Excessive
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consumption of coffee appeared to be associated with increased rates of
prematurity in all subclasses. However, when smoking was controlled
for, the effect of coffee on prematurity disappeared (Table 56). Neverthe-
less, it can be questioned whether confounders were adequately control-
led for in this study. For example, no attempt to quantify smoking was
made, and the period of coffee consumption was not specified. In a recent
reanalysis of these data, Hogue (1981) demonstrated a significantly in-
creased risk of low birth weight among consumers of seven or more cups
of coffee daily after adjusting for smoking.

In a large American study based on 12 205 non-diabetic, non-
asthmatic women from the area around Boston, Linn and co-workers
(1982) studied the effect of coffee consumption during the first trimester
on the adverse outcome of pregnancies. Only women pregnant with a
single child were included in the study. About one third of those inter-
viewed reported drinking no coffee or tea during the first trimester, and
56.6% reported drinking no coffee. Only 5% of the population reported
drinking four or more cups of coffee per day (defined as “heavy” coffee
drinkers). Higher coffee consumption was related to older maternal age,
white ethnicity, and Catholicism, but not to marital status, college educa-
tion, or socio-economic status. The heavy coffee drinkers also had a
higher alcohol intake and smoked more frequently than those with a lo-
wer coffee intake. Low birth weight (<2 500 g) was more common
among the offspring of heavy coffee drinkers (=4 cups/day). Controlling
for smoking revealed, however, that coffee drinking was unrelated to low
birth weight (Table 56). In fact, the coffee intake also had no effect on
bleeding during pregnancy, toxemica and eclampsia, preadmissions for
false and premature labour, abnormal presentation, shorter gestation, or
malformations. When interpreting the results of this study, it is important
to remember that only first trimester consumption was considered, and
that no information concerning the determination of gestational age was
given. In addition, it cannot be excluded that the non-coffee or tea-
drinking group may have been exposed to caffeine from other sources.
Furthermore, smoking was not adequately quantified. Finally, it can be
noted that the retrospective design of the study could have introduced
recall bias.



Table 56. Foetal growth retardation in relation to intake of caffeine containing beverages

Reference and

location of study

Sample size and
selection

Exposure period considered

Sources of caffeine

End-point(s)
Definition

Results
Risk estimate adjusted odd ratios,
including 95% confidence interval

Comments

Mau and Netter, 1974

5200 pregnant

1% trimester of pregnancy

Low birth weight

Quantities consumed only specified as "never”, "seldom” and "often”

Unacceptable poor quantification of caffeine intake.

women defined as Women who "often" consumed coffee more often delivered low birth Only consumption during the 1** trimester known.
Cohort study Coffee <2500g, or <10" weight infants. Confounding factors controlled for one at a time.
percentile Smoking not quantified.
Germany No information about determination of gestational
age.
van den Berg et al., 8 514 pregnant During pregnancy Birth weight Birth weight <2 500 g at <37 weeks gestational age Poor definition of study base, quantification of
1977 women in the (not specified) <2500 g. >7 cups/day smoker 5.1% of women | exposure and period of exposure not well characte-

Cobhort study

USA

Kaiser Health Plan

Coffee

>7 cups/day non-smoker 2.6% of women
Birth weight <2 500 g at >37 weeks gestational age
>7 cups/day smoker

>7 cups/day non-smoker

3.9% of women
1.8% of women

rised, and non-optimal control of confounders.

Linn et al., 1982

12 205 non

1% trimester of pregnancy.

Low birth weight

Low birth weight

Only coffee and tea consumption during 1% trimester

diabetic women defined as 0 cups of coffee vs considered. The confounder smoking was not
Retrospective cohort who delivered a Coffee <2500 g. >4 cups of coffee NS quantified. Retrospective design-bias may be pos-
study single child sible. Insufficient measurement of consumption of
caffeine-containing beverages.
USA
Furuhashi et al., 1985 9921 healthy "During pregnancy” Mean birth Small foetus for gestation age No control for confounding factors (smoking and

Prospective study

Japan

pregnant women
with gestational
age > 24 weeks

Coffee and green tea

weight/Intra-uterine
growth retardation
was not defined.

<5 cups coffee/day vs

>5 cups coffee/day Stat.sign. (p<0.005)

others). Few women with a heavy coffee consump-
tion. No information available on how gestational
age was determined.

Munoz et al., 1988

48 pregnant

Last trimester and early

Birth weight (no

Birth weight

Very small study having a low power. Only one level

women; lactation period definition) 0 cup coffee/day vs of coffee consumption studied. Drop outs had higher

Prospective study 26 coffee drinkers >3 cups/day p<0.001 | parity. Gestational age was determined by method
and 22 non coffee | Coffee of Dubowitz (1970).

Costa Rica drinkers

Brooke et al., 1989 1 513 white wo- 27" and 35" Birth weight adjusted Birth weight Measurement of gestational age adequately perfor-
men week for gestational age Coffee consumption med.

Prospective population and maternal height, 0 cups coffee/week vs

study Coffee, tea, cola and parity and baby’s sex | 1-7, 15-28, >29 cups/week NS

Great Britain

cocoa

Tea consumption
0 cups coffee/week vs
1-7, 15-42, >43 cups/week NS




Reference and
location of study

Sample size and
selection

Exposure period considered

Sources of caffeine

End-point(s)
Definition

Results
Risk estimate adjusted odd ratios,
including 95% confidence interval

Comments

Caan and Goldhaber,
1989

131 cases and 136
controls

1% trimester of pregnancy

Coffee, tea and cola

Low birth weight
defined as 2SD <
mean birth weight

Low birth weight
Coffee, tea and cola drinks
none vs

Inclusion criteria for study base not described. Small
study, leading to imprecise risk estimates. Recall
bias possible.

Case control study (n=97), light/moderate, heavy intake NS Dichotomization of smoking.
oras >2500g (smoking not quantified)
USA (n=34) Total intake of coffee and cola Gestational age was determined only from last
none vs menstrual period.
light/moderate/heavy intake3.53 (1.05-11.81)
Olsen et al., 1991 11 858 pregnant Before and at 1% and 2™ Birth weight and low Low birth weight Only average consumption across trimesters repor-
women trimester of pregnancy birth weight defined as | Coffee consumption ted
Retrospective cohort <2500g 0-3 cups coffee/day vs Measurements of gestational age adequately per-
study Coffee and tea 4-7 cups/day 1.4 (1.1-1.7) | formed.
>8 cups/day NS
Denmark
Tea consumption
0-3 cups tea/day vs
4-7 cups/day 1.3 (1.0-1.7)
>8 cups/day NS
Mc Donald et al, 1992a | 40 445 women Average consumption Low birth weight Low birth weight Only average consumption during pregnancy repor-
with just completed defined as 0 cups coffee/day vs ted.
Retrospective cross- pregnancies <2500 g, and low birth | 1-2, 3-4, 5-9 cups/day NS

sectional study

Coffee

weight for gestational
age as <2500 g at <37

>10 cups/day

1.43 (1.02-2.02)

Canada weeks of gestation Low birth weight for gestational age

0 cups coffee/day vs

1-2, 3-4 cups/day NS

5-9 cups/day 1.34 (1.10-1.65)

>10 cups/day NS
Fortier et al., 1993 7 025 women During two periods of Low birth weight was Intrauterine growth retardation Inconsistent results for low birth weight and intraute-

pregnancy: defined as Coffee consumption rine growth retardation. There were few "heavy"

Retrospective cohort the first 16 weeks and <2500 g, and intrau- | O cup coffee/day vs consumers. Gestational age was determined by last
study the rest terine growth retarda- | < 1 cup coffee/day NS menstrual period only.

Canada

Coffee, tea, chocolate,
and
Cola

tion as
<10" percentile

>1 cup coffee/day

Tea, colas and chocolate consumption
No consumption vs
Consumption

1.35 (1.12-1.63)

NS




Reference and
location of study

Sample size and
selection

Exposure period considered

Sources of caffeine

End-point(s)
Definition

Results
Risk estimate adjusted odd ratios,
including 95% confidence interval

Comments

Spinillo et al., 1994

Prospective case
control study

Italy

347 cases with
foetal growth
retardation and
694 controls

Data obtained at prenatal
visits and at delivery

Coffee

Intrauterine growth
retardation defined as
a birth weight < sex
specific 10™ percentile
of Italian standard
curves

Intrauterine growth retardation
0-1 cup coffee/day vs

1-4 cups/day

>4 cups/day

1.78 (1.10-2.73)
10.5 (3.0-37.85)

How consumption data were obtained was not
reported. Few high consumers of coffee.
Measurement of gestational age adequately perfor-
med.

Shu et al., 1995

Prospective study

712 pregnancies

All three trimesters

Coffee, tea and caffeina-
ted soft drinks

Mean birth weight
adjusted for gestatio-
nal age

Birth weight
Coffee
> 3 cups/day

No decrease in foetal

growth in any trimester

Very few patients in higher exposure groups. Smo-
king not treated as a continuous variable.

USA Tea and soft drinks
> 1/week No decrease in foetal
growth in any trimester
Rondo, 1996 356 mother- baby | No information on exposu- | Intrauterine growth Intrauterine growth retardation It has been questioned whether the study opulation

Case-control study
(unmatched)

Brazil

pairs with intraute-
rine growth retar-
dation, and 356
mother-baby pairs
with normal gesta-
tional age

re period

Coffee

retardation defined as
a birth weight less
than the 10" percenti-
le according to Lub-
chenco et al. (1963)

Coffee

0 glass (180 ml) coffee/day vs
<1 glass/day

1-2 glass/day

>3 glass/day

NS

2.25 (1.34-3.78)
2.07 (1.14-3.78)

More mothers with children showing intrauterine growth retardation
(85.4%) than mothers with average gestational age (70.5%) consumed

coffee during pregnancy (P < 0.001).

was representative. Exposure period not defined.
Gestational age determined by the method of Capur-
ro (1978).

Maruoka et al., 1998

23 132 infants

Exposure time not defined

Low birth weight

Low birth weight

Coffee consumption not specified in time. Some low

1 month old defined as a birth Coffee birth weight infants may have been missed if they
Retrospective cohort at check up Coffee weight <2500 g <1 cup coffee/day vs remained in hospital for care. No information given
study > 1 cup of coffee NS about determination of gestational age.
Japan
Santos, 1998 401 cases During each trimester Low birth weight Low birth weight and intrauterine growth retardation Some women were used more than once in the
(children with birth defined as Coffee: 0 mg vs > 100 mg study. Selection of controls could be questioned.
Multi centre case- weight <2 500 g Coffee, mate, tea, choco- | <2500 g, and intrau- | Instant coffee: 0 mg vs > 100 mg Consumption of caffeinated beverages poorly
control study and gestational late, soft drinks, and terine growth retarda- | Maté: 0 mg vs > 100 mg reported. Mean caffeine intake very low. Qantity of
age >28 weeks) medicines tion defined as low Black tea: 0 mg vs > 40 mg smoking not reported. Gestation age determined by
Brazil and 804 controls birth weight at <37 Chocolate bars: 0 mg vs > 40 mg the method of Capurro (1978). Still births <28 weeks
weeks of gestation Chocolate drinks: 0 mg vs 1-50 mg included.
Soft drinks: 0 mg vs > 40 mg
All sources NS




Reference and
location of study

Sample size and
selection

Exposure period considered

Sources of caffeine

End-point(s)
Definition

Results
Risk estimate adjusted odd ratios,
including 95% confidence interval

Comments

Eskenazi et al., 1999

Retrospective cohort
study

7 855 live births

During 4" -5" months of
pregnancy, collected after
delivery

Coffee, decaffeinated

Birth weight, low birth
weight, small for
gestational age

Birth weight

Caffeinated coffee
A statistically significant reduction of
-3.0 gm/ cup/week* was observed

Exposure period limited to one month of pregnancy
(4-5 months). Recall bias is probable.

Gestational age determined only by last menstrual
period.

USA coffee, tea and cola
Decaffeinated coffee, tea and cola
NS
Low birth weight, small for gestational age
All beverages NS
* refers to exposure period considered
Grosso et al., 2001 2 714 women Exposure data regarding Intrauterine growth Intrauterine growth retardation Many women did not drink caffeinated beverages at
delivering a live 1% trimester collected retardation defined as | Coffee, tea and soda drinks NS all. Selection bias may be possible. Few women had

Cohort study

USA

born infant at
Yale-New Haven
1988-1991

before 16" week of
gestation and 3" tri-
mesters collected after
delivery

Coffee, tea, soda drinks

<10" percentile

the high coffee intake. Gestational age determined
by the method of Ballard et al (1979).
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In the Japanese study carried out by Furuhashi and co-workers (1985), 9
921 healthy pregnant women with a gestational age of 24 weeks were
interviewed about caffeine ingestion during pregnancy. The women were
divided into five categories: those consuming less than 5 cups of coffee
per day during pregnancy (n= 3 815), those consuming more than 5 cups
of coffee per day (n= 53), those consuming both coffee and green tea
(n=473), those consuming only green tea (n= 348), and those neither
consuming coffee nor green tea (controls) (n=5 232). Subsequently, the
intake was correlated to pregnancy outcome: mean birth weight (definiti-
on not stated), length of labour, mean amount of intrapartum haemorrha-
ge and incidence of intrauterine growth retardation (definition not stated),
spontaneous abortion, premature labour, and foetal abnormality. Women
who consumed more than 5 cups of coffee per day gave birth to babies
small for gestational age, but the condition was not defined and no infor-
mation was given about how it was determined (Table 56). There was no
control for confounding factors. The authors, however, concluded that
socio-economic variables might be more important than any direct effect
of coffee for this outcome. It may also be noted that the study included
very few heavy coffee drinkers. More than one category of coffee con-
sumption should have been used. Consequently, dose response could not
be assessed.

In a small study from Costa Rica, Munoz et al. (1988) investigated the
influence of consumption of coffee on haematologic and trace element
status in pregnant women. Two groups of pregnant low-income women
were studied: 22 coffee drinkers (consuming >3 cups of coffee daily) and
26 women who consumed no coffee at all. Women who drank 1-2 cups of
coffee/day were excluded (n= 188), as were women who did not drink
coffee but only tea (n=3). The birth weight was significantly lower for
infants whose mothers consumed coffee (mean: 3 189 £300 grams) than
for those whose mothers abstained from coffee consumption (mean: 3
310 £343 grams) (Table 56). It should, however, be noted that gestational
age was determined according to Dubowitz et al (1970) — a scoring sy-
stem based on somatic and neurological signs. As this study is small and
has a very low statistical power, the results should be interpreted with
great caution. Drop outs (n=62) had higher parity, which has been sugge-
sted to be a contributing factor to higher birth weight. Since only one
category of coffee-consuming women were included in the study, it was
not possible to study birth weight in relation to coffee dose.

The British prospective population study of Brooke et al. (1989) pre-
sented in the previous section also investigated the effect of coffee, tea,
cola drinks and cocoa consumption on birth weight. At the 28" and 36"
week of gestation interviewers obtained information on consumption of
coffee, tea, cocoa, and cola during the week before the interview. After
controlling for smoking, the intake of coffee and tea was unrelated to
birth weight (Table 56). Smoking was the most important single factor
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influencing birth weight. The authors concluded that social and psycho-
logical factors such as the consumption of caffeine-containing beverages
have little or no direct effect on birth weight corrected for gestational age
(foetal growth).

The retrospective case-control study of Caan and Goldhaber (1989),
presented in more detail in section 15.1, studied the relative risk for low
birth weight in relation to daily consumption (0, >0-<3, >3 servings) of
caffeinated coffee, tea, and soft drinks during the first trimester of preg-
nancy. No association was found between risk of low birth weight and
consumption of coffee, tea, or cola drinks. Heavy total consumption of
coffee and cola drinks was associated with a marginally increased risk of
low birth weight (Table 56). The authors conclude that their data support
previous findings of a modest effect of caffeine consumption on foetal
growth. The selection of cases and controls could be questioned in this
small study. The estimation of risk could also be regarded as imprecise.
Recall bias is probable, and smoking was not adequately quantified.

In a Danish study, Olsen et al. (1991) investigated the influence of
women’s coffee consumption on birth weight, pre-term births, and con-
genital malformations. It was a case control study comprising 11 858
pregnant women recruited from two Danish cities between 1985 and
1987. The participants responded to a mailed questionnaire on eating and
drinking habits during pregnancy. Among other things, the women were
asked how many cups of coffee and tea they consumed daily during the
period before becoming pregnant. The questions were repeated for the
first two trimesters of pregnancy. Data on the intake of caffeinated soft
drinks were not recorded in this study, as it has been found that the intake
by adults in Denmark is low. Thirty-five percent of the women in the
study drank four cups of coffee or more per day and seven percent 8 or
more cups. It was found that high coffee consumption was associated
with habitual alcohol consumption as well as smoking. Maternal con-
sumption of at least four cups of coffee a day or more was associated
with a moderate decrease in birth weight, especially among smokers
(Table 56). No obvious dose response effect was observed. Low birth
weight was defined as <2 500 grams. A drawback with this study is that
only average consumption across trimesters was reported. Thus, no sepa-
ration of results in relation to each trimester was possible. Gestational age
was adequately determined.

A Canadian retrospective cross-sectional study carried out by McDo-
nald et al (1992a) assessed the effects of smoking and alcohol and coffee
consumption on pregnancy outcome. Of the 51 512 pregnancies, 11 067
were excluded for different reasons, mainly because of factors known to
affect length of gestation (determined from last menstrual period) and
birth weight, leaving 40 445 pregnancies for analysis. Birth weights were
studied in connection with prematurity. Prematurity was defined in three
ways: low birth weight (<2500 g), pre-term birth (<37 weeks), and low
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birth weight for gestational age (bottom 5%). Trends of increasing risk
with increased coffee consumption were observed for low birth weight
and low birth weight for gestational age (Table 56). The risk of low birth
weight for gestational age increased by a factor of 1.04 per cup of coffee
and day. A drawback with this study is that only average consumption
across trimesters was reported. Thus, no separation of results in relation
to each trimester was possible.

Another Canadian study with retrospective design was performed by
Fortier and co-workers (1993) using 7 025 women living in Quebec City
as the study base. The aim of this study, which was presented in detail in
the previous section, was to assess the relationship between caffeine inta-
ke during pregnancy and intrauterine growth retardation (IUGR), pre-
term birth and low birth weight, and to evaluate the interaction of caffeine
and smoking on these outcomes. The adjusted odds ratios for delivering a
newborn with growth retardation was significantly increased in women
whose average daily coffee consumption was >1 cup/day (Table 56). No
statistically significant relationships were found between intake of tea,
cola drinks, or chocolate and growth retardation. The intakes of these
beverages were, however, not quantified (yes or no).

In order to estimate the risk of foetal growth retardation resulting from
the interaction between maternal smoking during pregnancy and other
recognised risk factors, a case-control study of prospectively collected
data was performed at the University of Pavia, Italy (Spinillo et al, 1994).
Included in the study were 347 pregnancies with diagnosis of foetal
growth retardation (a sex specific birth weight < 10™ percentile of Italian
standard curves, confirmed by sonographic diagnosis of IUGR) and 694
control pregnancies with foetuses of appropriate size. Excluded were
cases with foetal malformations and women who had stopped smoking
during pregnancy. The following parameters were studied: maternal age,
unmarried/married, nulliparity, pre pregnancy weight, weight gain, pre-
vious low birth weight, foetal sex, first trimester haemorrhage, hyperten-
sion, maternal education, social class, alcohol consumption, and coffee
consumption. It was concluded that several factors could affect the risk of
foetal growth retardation in smoking women. The combined effect of
smoking and coffee consumption on the risk of foetal growth retardation
was found to be additive rather than multiplicative. Coffee consumption
was also found to be an independent predictor of intrauterine growth re-
tardation - there was a significant positive trend relating the number of
cups of coffee consumed during pregnancy (Table 56). No information
was given about how information on coffee consumption was obtained in
this study. Very few of the women (n=3) consumed > 4 cups of cof-
fee/day, leading to a very imprecise estimation of the risk of high coffee
consumption.

The prospective study of Shu et al. (1995) on 712 pregnancies in
Pennsylvania and New York was presented in the previous section. The
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aim of the study was to investigate the association between maternal
smoking, alcohol consumption, and caffeine intake. The frequency and
amount of coffee, tea, and caffeinated soft drinks consumed during each
trimester of pregnancy were obtained in interviews. The authors conclu-
ded that none of the sources of caffeine (that is, coffee, tea and soft
drinks) were substantially related to birth weight (adjusted for gestational
age) or foetal growth. The study was handicapped by the fact that only 4
women reported consumption of > 3 cups of coffee/day.

In Sao Paulo, Brazil, Rondo and co-workers (1996) examined the as-
sociation between coffee consumption during pregnancy and foetal
growth in an unmatched case-control study. Included in the study were
mother/baby pairs showing intrauterine growth retardation (IUGR, defi-
ned as a birth-weight <10™ percentile according to Lubchenco et al.,
1963) and 356 mother/baby pairs who showed appropriate growth for
gestational age (AGA). Gestational age was determined by the method of
Capurro et al (1978), which utilises a scoring system based on somatic
and neurological signs. During pregnancy, coffee was consumed by
85.4% of the women delivering a growth retarded child, whereas 70.5%
of women delivering children of appropriate growth for gestational age
consumed coffee. The proportion of women who gave birth to intrauteri-
ne growth-retarded babies increased as the average consumption of coffee
increased (Table 56). The tendency for heavy coffee drinkers of delive-
ring babies with intrauterine growth retardation remained after control-
ling for alcohol intake and cigarette smoking. Of eight independent risk
factors for intrauterine growth retardation, coffee consumption attributed
28% of the risk in this Brazilian population. Important questions when
assessing this study are whether the population investigated is representa-
tive, and whether the methodology is suitable. Finally, it should be noted
that no information on when the women were interviewed, or on the ac-
tual period of exposure, was provided. The investigators also did not fully
control for identified potential confounders.

Maruoka et al. (1998) recently carried out a study in order to identify
risk factors for low birth weight (<2500 g) in Japanese infants. The data
were collected from questionnaires completed by the parents of 23 132
infants who underwent a standardised baby check-up for 1-month-old
infants conducted by the Fukuoka City Medical Association between
1987 and 1995. Coffee consumption was reported to not contribute signi-
ficantly to low birth weight in this population (Table 56). However, the
period of coffee consumption was not stated, and the data poorly presen-
ted.

In the previous section, a Southern Brazil case-control study investi-
gating the effects of consumption of coffee, tea, maté, chocolate, caffein-
ated soft drinks, and medicinal drugs during each trimester of pregnancy
on the birth weight of infants was presented (Santos et al., 1998). The 401
mothers of children having a birth weight <2 500 g and gestational age >
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28 weeks (cases), and 804 mothers of children with a normal birth weight
(controls) were interviewed within 24 hours after delivery. The cases and
controls were recruited from four maternity hospitals in Pelotas, and were
matched for time of birth and hospital of delivery. The mean intake of the
various caffeine-containing beverages was similar among cases and con-
trols. No association was found between consumption of the beverages
and intrauterine growth retardation or low birth weight (Table 56). As
reported in the previous section, the study has many limitations.

In order to examine the relationship between maternal consumption of
decaffeinated and caffeinated coffee during pregnancy and foetal growth
and gestational duration, Eskenazi et al. (1999) performed a population-
based study comprising 7 855 live-births in California, United States. At
the time of completing the birth certificate, mothers answered a question-
naire in the hospital. The questionnaire contained questions about con-
sumption of decaffeinated as well as normal coffee, tea, and cola during
the fourth and fifth month of pregnancy. The following endpoints were
investigated in the study: pre-term delivery (gestation of less than 37
weeks length), low birth weight (<2 500 gram), small for gestational age
(<10"™ percentile of weight for each completed gestation week between
week 22 and 44), mean birth weight and gestational age. Women who
consumed coffee only in decaffeinated form did not have an increased
risk for delivering a child with low birth weight or for being small for
gestational age at birth. Women who always consumed coffee as regular
coffee, however, had an increased risk of giving birth to babies with a
reduced birth weight. When considered as a continuous variable, regular
coffee was found to be associated with a 3.0 g/cup/week reduction (in the
studied time period) in adjusted mean birth weight (Table 56). When
interpreting this study, it is important to consider that the exposure period
investigated was limited to a one-month period in the middle of the preg-
nancy (4-5 months). Furthermore, recall bias cannot be excluded, as con-
sumption was registered a considerable time after the exposure period. It
should be noted that gestational age was determined from the last
menstrual period, which is not regarded as being as reliable as ultraso-
nographic examination.

The study by Grosso et al. (2001), extensively presented in section
15.1, also analysed the association between consumption of the different
caffeine-containing beverages and foetal growth. No statistically signifi-
cant association was found between these parameters (Table 56). As men-
tioned in the previous section, the study base seems to have been a spe-
cial group of women with a very low intake of caffeine-containing beve-
rages.
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15.3 Meta-analysis of foetal growth retardation in relation
to intake of caffeine/caffeine-containing beverages.

As varying results have been found in the referred publications regarding
intake of caffeine/caffeine-containing beverages and foetal growth retar-
dation, two meta-analyses have been performed in order to clarify if a
relationship exists between the studied parameters or not.

The former of these meta-analysis was performed by Santos et al.
(1998b). Epidemiological studies published between 1966 and 1995 and
devoted to the relationship between intake of caffeine and the birth
weight or duration of pregnancy (pre-term delivery) was identified by
searches performed on Medline. Twenty-six studies were located. A sco-
ring system specific for each type of epidemiological study was used in
order to rank the overall quality of each paper in an objective manner.
Each study was treated as the stratification variable and its weight, in the
weighed average, was proportional to the inverse of its variance. Among
the twenty-two studies on birth weight, eleven were on mean birth
weight, nine on low birth weight (<2 500 gram), and four on intrauterine
growth retardation (birth weight under the 10™ percentile for gestational
age). Only thirteen of these twenty-two studies could be used for pooled
estimation, as the remaining nine studies did not provide adequate sta-
tistical information.

Combined analysis of the three approved studies on mean birth weight
showed a significant decrease in birth weight of nearly 43 g among new-
borns of the heavier caffeine-consuming mothers in comparison with
mothers who consumed lower amounts or no caffeine at all. The homo-
geneity test (estimating the variability in treatment effect) was not signifi-
cant (p>0.05). Concerning the nine studies reporting on low birth weight,
the pooled estimate suggested an increased risk for low birth weight of
33% among consumers having a high intake of caffeine compared to
those having a low or no caffeine intake at all. Intrauterine growth retar-
dation was the outcome assessed in three studies. The pooled estimate of
these studies indicated an increased risk for intrauterine growth retardati-
on of 24% among women with a high caffeine intake, compared to those
exposed to a low or no caffeine intake at all. Homogeneity tests were,
however, significant (p<0.001) for both low birth weight and intrauterine
growth retardation, indicating that the studies were highly heterogenous
for both parameters, and thus should not be summarised in single estima-
tes. The high heterogeneity of the available epidemiological literature on
the relationship between caffeine intake and birth weight adjusted to
gestational age prevents a reliable pooled estimate to be obtained though
meta-analysis. According to the scoring system, the reported studies were
not highly discrepant in quality, but problems in exposure measurements
and/or bias induced by exclusion of some studies (lacking statistical in-
formation) were suggested as possible explanations for the inconsistency.
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Another meta-analysis (Fernandes et al., 1998), was performed in or-
der to determine the association of moderate to heavy caffeine exposure
during pregnancy to spontaneous abortions or birth weight. In this analy-
sis, the criteria for including the studies in the meta-analysis were: ar-
ticles written in the English language, case-control or cohort design, caf-
feine exposure during pregnancy, documented caffeine consumption,
control group with low or no consumption of caffeine (0-150 mg/day),
and documented data regarding birth weight. The necessarily strict inclu-
sion criteria resulted in only a part of the studies reviewed in section 15.1
and 15.2 being included in the meta-analysis. The following seven studies
dealing with caffeine exposure and birth weight met inclusion criteria:
Caan and Goldhaber, 1989; Fenster et al., 1991b; Fortier et al., 1993;
Linn et al., 1982; Martin and Bracken, 1987; McDonald et al., 1992; and
Mills et al., 1993. The group of women with the highest caffeine exposu-
re and the control group were compared using Mantel-Haenszel pooling.

The authors concluded that the overall risk ratio for low birth weight
was 1.51 among the 64 268 pregnancies. The 95% confidence interval
was 1.39-1.63. This means that there is a small but statistically significant
increased risk of women who have a “high” (>150 mg caffeine/day) inta-
ke of caffeine giving birth to a baby with low birth weight. The risk ratio
was shown to increase with increasing daily caffeine consumption. Data
from two studies (Caan and Goldhaber, 1989 and Fenster et al., 1991b)
also analysing intrauterine growth retardation supported this conclusion.
However, controlling for confounders like maternal age, smoking, and
consumption of alcohol was not possible in the meta-analysis, which
obviously diminishes the value of the exercise considerably.

15.4 Summary of results of studies devoted to the
relationship between exposure to caffeine/caffeine-
containing beverages and foetal growth retardation

Since 1974, thirty epidemiological studies concerning the relationship
between foetal growth retardation and intake of caffeine and/or caffeine-
containing beverages have been published. These have predominantly
been of American or Canadian origin. There are, however, also two stu-
dies from Brazil, one from Costa Rica, and two from Japan and nine from
Europe. The main outcome parameters studied were low birth weight,
reduction in birth weight in comparison with a referent group (birth
weight observed as a continuous variable), and intrauterine growth retar-
dation. Low birth weight has been defined as a birth weight of <2 500 g
or a birth weight below the 10th percentile of national growth standard
curves. Intrauterine growth retardation has been defined as a birth weight
below a specific percentile of growth standard curves. Both low birth
weight and intrauterine growth retardation have been observed as non-
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continuous variables. Approximately fifty percent of the studies had a
prospective design, the majority being fairly large to very large cohort
studies, having a study base of some hundreds to several thousands of
women. The majority of the retrospective studies were cohort studies,
while some were performed with a case-control design. Of the thirty stu-
dies, nineteen have assessed the relationship between foetal growth retar-
dation and consumption of caffeine (Table 55). Seventeen studies have
assessed the relationship between foetal growth retardation and consump-
tion of caffeine-containing beverages (Table 56). Thus in six studies, the
exposure variable were amount of caffeine as well as amount of caffeine-
containing beverages.

15.4.1 Caffeine

In nine out of the nineteen studies investigating a relationship between
caffeine exposure and foetal growth retardation, no statistically signifi-
cant relationship between exposure and studied endpoint(s) was observed.
It should be noted that the majority of these negative studies had a pro-
spective design.

Eight out of the nineteen studies designed to investigate a potential re-
lationship between caffeine exposure and foetal growth retardation ob-
served a statistically significant relationship between the exposure and the
studied endpoint (Kuzma and Sokol, 1982; Watkinson and Fried, 1984;
Beaulac-Baillargeon and Desrosiers, 1987; Martin and Bracken, 1987;
Peacock et al., 1991; Fenster et al., 1991b; Fortier et al., 1993; Vlajinac et
al., 1997). In four of these studies (Martin and Bracken, 1987; Fenster et
al., 1991b; Fortier et al., 1993; Vlajinac et al., 1997) a dose response rela-
tionship was observed. In some studies, the effect was confined to sub-
groups of the studied population. Thus, Beaulac-Baillargeon and Desro-
sier (1987) and Peacock et al. (1991) observed a foetal growth retardation
at high caffeine intakes only in smokers, while Vlajinac et al. (1997)
found an association only in non-smokers. In two retrospective studies
(Fenster et al., 1991; Fortier et al., 1993) a significant effect could be seen
only on intrauterine growth retardation, whereas low birth weight, which
was also measured, was unaffected. This inconsistency has not yet been
explained, and the results should, therefore, be interpreted with care. In
addition, it may be noted that two studies (Larroque et al., 1994; Cook et
al., 1996) found a borderline association between caffeine intake and
foetal growth retardation in non-smokers and smokers, respectively. The
lowest dose of caffeine, which resulted in a statistically significant reduc-
tion in birth weight in the reviewed studies, was 11-150 mg/day and 70-
140 mg/day (Fortier et al., 1993; Vlajinac et al., 1997). In most of the
other studies >300-400 mg caffeine/day was required before a statistically
significant effect was induced.
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It may be possible that the same women have been included in several
of the studies. This could be the case in the studies by Cook et al. (1996),
Brooke et al. (1989), and Peacock et al. (1991), and also in Watkinson
and Fried (1985) and Fried and O’Conell (1987), respectively.

15.4.2 Caffeine-containing beverages

Eleven of the seventeen studies exploring a relationship between con-
sumption of caffeine-containing beverages and foetal growth retardation
observed a statistically significant relationship between these parameters.
A dose-response relationship was found in five studies (Mau and Netter,
1974; van den Berg, 1977; McDonald et al., 1992; Rondo et al., 1996;
Eskenazi et al., 1999). In half of the studies, ”caffeine-containing bevera-
ges” was equivalent to coffee consumption. In the remaining studies, the
consumption referred to tea, and sometimes to cocoa and cola drinks. The
lowest amount of caffeine-containing beverage(s), which resulted in a
statistically significant reduction in birth weight/intrauterine growth re-
tardation, was >1 cup of coffee daily (Fortier et al., 1993; Eskenazi et al.,
1999). In most of the other studies, higher exposure levels were required
in order to produce a statistically significant effect - usually >4-9 cups of
coffee daily (or =6 cups of tea). In two of the eleven positive studies, a
significant synergistic relationship was found between consumption of
caffeine-containing beverages and smoking (Olsen et al., 1991 and Spi-
nillo et al., 1994).

15.5 Discussion

The studies assessed and discussed in this chapter are diverse in many
aspects. They differ with respect to design, selection and number of parti-
cipants, choice of outcome variable, quality of intake data, controlling for
confounding factors, and statistical power.

Most studies that have presented data on the association between caf-
feine intake or consumption of caffeine-containing beverages and foetal
growth retardation have originally not been designed for this purpose.
Many studies have explored a potential relationship between intake of
caffeine/caffeine-containing beverages and other end-points of pregnan-
cy, or collected information on caffeine exposure as necessary informati-
on in order to adjust other statistical calculations for confounding factors.
This obviously may result in the inappropriate design of studies specifi-
cally focusing on the association between caffeine intake or consumption
of caffeine-containing beverages and foetal growth retardation.

The aim of most epidemiological studies is to draw conclusions for
the general population. In some of the reviewed studies, it may be
questioned as to whether the investigated sample could be considered as
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being representative for the general population of pregnant women. This
is particularly obvious in the studies by Fried and O Conell (1987) who
recruited women consuming cannabis, alcohol, and tobacco, and Godel et
al. (1992) who investigated a sample with a very special racial distributi-
on. Some women are likely to have been studied in more than one in-
vestigation.

Many outcome variables have been used in the assessed studies in or-
der to investigate foetal growth retardation. Most common have been
mean birth weight (birth weight observed as a continuous variable) in
comparison with a referent group, low birth weight, and intrauterine
growth retardation. In the reviewed studies, low birth weight and intraute-
rine growth retardation have been defined as a birth weight less than 2
500 g, or a birth weight less than the 10" percentile of all birth weights of
the regional population, or alternatively, as a birth weight more than two
standard deviations lower than the mean birth weight. Thus, both low
birth weight and intrauterine growth retardation have been treated as non-
continuous variables.

In addition to the outcome parameters mentioned above, birth length,
crown-rump length, head circumference, placental weight and ponderal
index have been utilised as indicators of foetal growth retardation in some
studies. In all studies it is important that gestational age of the foe-
tus/child has been measured and controlled for. This has fortunately been
done in almost all studies. In this context, it should, however, be noted
that in many studies there is no specific information about the method
used to determine gestational age. Furthermore, it is evident that in many
of the older studies gestational age was determined by recording the last
menstrual period, which is not regarded to be as reliable as using
ultrasonographic methods. Obviously the method used is an important
factor in the assessment of foetal growth retardation.

From what has been stated above, it should be clear that comparing
results of different studies on the relationship between caffeine/beverage
exposure and foetal growth retardation is complicated by the use of diffe-
rent outcomes. The general problems related to the consumption data
have been discussed in chapter seven. However, it should be stressed that
a general problem with the retrospective design is the possibility of intro-
ducing a recall bias in the assessment of consumption, as the time period
between actual consumption and reporting this consumption may be
lengthy. Another drawback in many studies is that consumption by tri-
mester has not been considered. Consumption in the third trimester is
especially important, which should have been registered in all studies of
this type, as foetal growth is particularly intense during the later periods
of pregnancy. In many studies, however, only average consumption or
first trimester consumption has been reported, and this is a severe limita-
tion of the study. All studies, except the study of Cook et al. (1996), rely
on self-reporting. It is important to remember that the validity of self-
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reporting is dependent on the understanding and co-operation of the par-
ticipants in the study. Educational levels could thus influence the reliabi-
lity of consumption data. Information regarding sources of caffeine intake
varies between studies. In most cases consumption of coffee has been
reported. In addition, some studies have also registered consumption of
tea and caffeinated soft drinks. In rare studies, the use of cocoa, chocolate
and medicinal drugs containing caffeine have also been investigated.
Because of individual taste and the cultural consumption pattern in the
country where the study was performed, the importance of obtaining data
from the various sources contributing to the total caffeine exposure dif-
fers. For example, the contribution of caffeinated soft drinks to the total
caffeine consumption among adults in Denmark is of minor importance
(Olsen et al., 1991), whereas this caffeine source obviously should not be
neglected in studies performed in North America.

The intake of caffeine in most of the studies reviewed in this section
(except for the studies of Olsen et al. (1991), Peacock et al. (1991), and
Larroque et al. (1993)) could be characterised as fairly low in comparison
to the mean consumption in the Nordic countries. Accordingly, a general
problem in the majority of the studies is that the number of participants
consuming > 300 mg of caffeine daily is small or in some studies even
very small, which reduces the ability to predict the outcome (at this con-
sumption level) with statistical precision.

Controlling for confounding factors is of course very important. Ac-
cordingly, most investigators have assessed the relevance of potential
confounding factors in a stepwise multiple regression model. Certain
confounding factors have almost consistently been shown to be of impor-
tance in studies on foetal growth retardation. Among these confounding
factors are: smoking, duration of pregnancy (e.g. gestational age), pre-
pregnancy weight, weight gain during pregnancy, ethnicity, parity, and
use of alcohol (Kuzma and Sokol, 1982).

Smoking, being perhaps the most important confounder, should never
be neglected in this context. In most epidemiological studies that have
studied coffee consumption, an association between caffeine intake and
cigarette smoking has been observed. It is also known that caffeine is
eliminated much faster in smokers than in non-smokers, because the ciga-
rette smoke induces enzymes that degrade components of the cigarette
smoke. The same enzymes also metabolise caffeine. As smoking is
known to affect birth weight in a dose-dependent manner, adjusting for
smoking means that the number of cigarettes smoked must be accounted
for. This has, however, not been considered in all studies — the only in-
formation available in some studies was if the women was a smoker or
not. Inadequate control of confounding factors, including smoking (not
assessed at all), characterises, for example, the studies of Furuhashi et al.
(1985) and Mau and Netter (1974).
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15.6 Conclusion

A statistically significant relationship between caffeine exposure and
foetal growth retardation was found in nearly half of the reviewed epide-
miological studies, although the adjusted odd ratios did not much exceed
1.00. A dose response was demonstrated in some of the studies. Borderli-
ne significance was obtained in two additional studies.

It should, however, be emphasised that many studies showing a signi-
ficant decrease in foetal growth at high caffeine intakes have used a retro-
spective design, suffer from severe limitations (see below), and have
observed the effect only in specific subgroups such as smokers or non-
smokers. In the majority of studies carried out with a prospective design,
no statistically significant relationship between caffeine exposure and
foetal growth retardation was observed.

When referring to consumption of caffeine-containing beverages, a
statistically significant relationship between intake of at least some caf-
feine-containing beverages and foetal growth retardation was found in
eleven of seventeen published studies. In half of these studies, ”caffeine-
containing beverages” was equivalent to coffee. The lowest amount of
caffeine/caffeine-containing beverages, which could be attributed to a
statistically significant reduction in foetal growth, was estimated to be 11-
150 mg or >0.5-1.5 cup of coffee daily. In most studies, however, a much
higher exposure was required in order to produce a significant reduction
in foetal growth retardation: >300-400 mg or >4 cups of coffee daily.

Methodological problems in many of the studies make it difficult to
perform an overall assessment. The methodological problems may be
connected with the study base (selection of studied sample and to few
individuals), recall bias, non-optimal control of confounding factors, and
statistical considerations. Furthermore, an undefined lifestyle associated
with high intakes of caffeine may contribute to confounding. In this con-
text not reporting - or not adequately reporting - personal habits such as
smoking or drinking alcohol may play a significant role.

In summary, the resilient quality of most assessed studies does not en-
able reliable conclusions to be drawn. Although it may not be prudent to
rule out a possible relationship between the intake of caffeine or caffeine-
containing beverages and reduced mean birth weight based on the results
of the reviewed investigations, it should be kept in mind that in most
modern prospective studies no significant association has been observed.



16. Caffeine intake and effects on
foetuses in utero

Only a few studies have dealt with the possible relationship between caf-
feine exposure of the foetus and effects on the foetus in utero. In general,
these are clinical investigations rather than epidemiological studies. The-
se and three in vitro studies are summarised in this chapter.

16.1. In vitro studies on caffeine exposure of foetal
organs/tissues

Resch and co-workers have performed two in vitro studies on the effects
of caffeine on foetal heart muscles removed micro-surgically from indu-
ced abortions and cultured in nutrient solution. The first of these studies
showed that foetal hearts cultured in vitro were increasingly more sensi-
tive to the inotrophic effect of caffeine with gestational age from 6 to 17
weeks (Resch et al., 1985). Furthermore, the effect was dose dependent at
all developmental stages, and the agreement between dose, gestational
age and effect was excellent (Table 57). The lowest concentration tested
(1.94 pg/ml) did not deviate much from the blood levels found in one of
the groups of foetuses studied by Devoe et al. (1993), see section 16.2.

In the second study, the same investigators studied the contractility of
twenty-five heart muscles 6 to 20 weeks old by incubating the tissues in
nutrient solutions containing 0, 0.01, 0.1 and 1 mM caffeine (1 mM caf-
feine corresponds to 194 ug/ml). Caffeine induced an age- and concentra-
tion-dependent change in contractility of the hearts (Table 57). The grea-
test changes were observed in the oldest hearts at the two highest caffeine
concentrations.

The caffeine concentrations used in the in vitro experiment were simi-
lar to those reached in the plasma of pregnant women who had ingested
2-5 cups of coffee (3.2-30 pug/ml), as well as in the tissues of foetuses of
coffee-drinking mothers (1.9-9.9 pg/ml). The authors concluded that
pregnant women should be advised to be cautious regarding caffeine-
containing medical preparations and coffee consumption, as caffeine
might exert harmful effects on the foetus. The experiments were well
designed. However, the relevance of these results for the in vivo situation
is not clear.

In order to investigate whether caffeine-induced alterations in placen-
tal vascular tone might produce adverse effects on the foetus, Ramirez et
al. (1998) performed a well-designed in vitro study on isolated human
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placental arteries and veins. The tissues were kept at resting tone in the
presence and absence of endothelium exposed to cumulative doses of
caffeine (0.1 nM - 0.1 mM). Prior to caffeine exposure, some of the ves-
sels were sub-maximally pre-contracted with U44619 (a tromboxane
mimethic). Dose-response curves for the reaction to serotonin, KCI,
U46619, and prostaglandin F2o on contractility were also obtained. At
resting tone, caffeine did not alter vascular tone in human placental arte-
ries and veins (Table 57). Caffeine also failed to alter the efficiency of
other contractile agents. Addition of the drug to pre-contracted placental
blood vessels resulted in modest relaxation (15-30% of maximal tone).
Thus, caffeine does not appear to alter human placental vascular tone in
vitro. The relevance of these results for an in vivo situation is not clear.

16.2. Clinical studies on the effect of maternal caffeine
intake on foetuses in utero.

Common study parameters in the in vivo studies of the effect of maternal
caffeine intake on foetuses in utero have been foetal breathing, body mo-
vement, and effects on the foetal cardiovascular system. Four of the six
studies (McGowan et al., 1987; Salvador and Koos, 1989; Devoe et al.,
1993; Miller et al., 1994) were performed in the United States.

In a Finnish study, Kirkinen and co-workers (1983) investigated the
effects of maternal ingestion of two cups of coffee on placental blood
flow within the last trimester of 20 pregnancies. Maternal serum levels of
caffeine and epinephrine at 30 minutes after ingestion of the coffee were
significantly elevated in comparison with the fasting values. The average
caffeine level was as high as 8.4 pg/ml. Although the level of noradrena-
line remained unchanged, the level of adrenaline increased significantly.
The maternal pulse rate and blood pressure remained unchanged. The
intervillous placental blood flow decreased, but the foetal umbilical vein
blood flow was unchanged (Table 58). Patients with hypertension during
pregnancy initially showed a reduced intervillous blood flow, which did
not change after maternal caffeine intake. The authors concluded that
confirmatory studies on caffeine effects in human pregnancy are needed,
as decreased placental blood supply and increased maternal serum epi-
nephrine levels associated with maternal coffee ingestion may constitute
a potential perinatologic risk.

However, as the study base was heterogenous and small, no conclu-
sions can be drawn from this investigation.

McGowan and colleagues (1987) studied the effects of short- and
long-term maternal ingestion of caffeine in 14 uncomplicated pregnancies
on the breathing and body movements of third-trimester foetuses. The
participants had been selected from a larger sample of pregnant women
based on their dietary intake of caffeine. They were divided into two
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equally large groups: high consumers of caffeine (>500 mg/day) and
“low” consumers (<250 mg/day). All mothers followed a standard study
protocol and underwent overnight fasting. Studies began with a 30-
minute control period, followed by oral administration of 200 mg caffei-
ne, and a 180-minute observation period with continued maternal fasting.
Blood samples for the analysis of glucose and caffeine levels were collec-
ted every 30 minutes, and continuous recording of foetal breathing and
body movements were entered on a microcomputer for off-line analysis.

The two groups were similar for all obstetric outcome features. Plas-
ma glucose levels were similar and constant in both groups. The baseline
caffeine level was higher in the group of women having a high coffee
intake, but the caffeine levels increased significantly at 60 minutes after
caffeine administration in both groups. Foetal breathing rates and body
movement incidences were similar in both groups before and after caffei-
ne administration (Table 58). Foetal breathing movement incidence
decreased significantly in foetuses of women with a low caffeine intake,
but was sustained at baseline levels in women with a high caffeine intake
throughout the study. It was concluded that short-term administration of
200 mg caffeine does not appear to have a significant physiological im-
pact on the studied activities. However, long-term ingestion of high levels
of caffeine during pregnancy is associated with higher maternal plasma
caffeine levels and foetal breathing activity when compared with low
caffeine ingestion. This paper can be considered a prelude to a more im-
portant study performed at the same research institute (Devoe et al,
1993).

The results of McGowan et al. (1987) were partly confirmed by Devoe
et al. (1993). These researchers investigated whether the level of long-
term maternal caffeine ingestion influenced foetal behaviour in 20
healthy third-trimester pregnancies. The study participants were selected
from answers in a dietary questionnaire that identified each women to
either have a high (>500 mg/day) or a low (>200 mg/day) caffeine intake,
10 women for each group. Between the 30th and 40th week of gestation,
biweekly 2-hour continuous ultrasonographic observations of foetal heart
rate, breathing activity, and eye, trunk, and extremity movements were
conducted. Maternal serum levels of caffeine were determined at each
session, and were found to always be significantly higher in the high caf-
feine intake group than in the low caffeine intake group.

When compared with low exposed foetuses, the foetuses exposed to
high caffeine levels spent similar mean time in quiet sleep, less mean
time in active sleep, and much greater mean time in arousal (Table 58).
The authors concluded that this is the first study to demonstrate that long-
term maternal caffeine consumption may affect foetal behaviour. The
authors pointed out that there is no established “’safe” threshold for ma-
ternal caffeine consumption, but that a daily intake of less than 200 mg
did not seem to influence foetal behaviour (Devoe et al., 1993). It should
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be noted that the birth weight of infants and parity of the mothers in the
group of women/foetuses exposed to high caffeine concentrations was
significantly lower than the birth weight of infants from the group of
women/foetuses exposed to low caffeine concentrations. It is not known
whether the fact that women in the group exposed to low amounts of
caffeine were older than women in the higher exposure group had any
influence on the results. No obviously abnormal behaviours were noted in
infants during the first two days of life.

With exception for the poor matching of groups in other respects than
caffeine intake, and not controlling for use of drugs such as ethanol and
benzodiazepines, the study was well performed.

Using a single-blind crossover design, the effects of maternal con-
sumption of regular or decaffeinated coffee on the foetus were studied in
eight non-smoking pregnant women during weeks 32 to 36 weeks of
gestation (Salvador and Koos, 1989). Before initiation of the study, wo-
men had abstained from caffeine-containing drugs or beverages for at
least one week. After an overnight fast, the women drank 2 cups of coffee
(regular or decaffeinated), and were followed during the subsequent 4
hours. The following parameters were studied: maternal blood pressure
and heart rate, serum concentrations of caffeine, catecholamines and glu-
cose, foetal breathing, and foetal heart rate. This procedure was repeated
1 week later, when the woman drank the type of coffee she had not con-
sumed the week before.

According to the authors, the 2 cups of coffee contained 454 mg caf-
feine, which is a considerable amount for two cups of coffee, whereas the
equivalent volume of decaffeinated coffee contained only 12 mg caffeine.
Maternal consumption of regular coffee resulted in maximum average
caffeine concentration (5.7 pug/ml) 30 minutes after the women began
drinking the coffee, and was associated with a doubling in the incidence
of foetal breathing activity and a significant fall in foetal heart rate that
remained for some hours (Table 58). Since consumption of decaffeinated
coffee also increased the incidence of foetal breathing activity significant-
ly (during the second experimental hour), and produced a slight but non-
significant reduction in foetal heart rate, it is possible that the observed
effects may be attributed to other ingredients in coffee than caffeine. It
seems mandatory to study the effects of decaffeinated coffee further un-
der controlled conditions. The significance of these results should also be
weighted against the low number of women studied. The strength of the
investigation was its design, but the actual caffeine exposure from coffee
could be questioned.



Table 57. In vitro studies on caffeine exposure of foetal org_;ans/tissues.

Reference

Type of study

Sample size and selection

Exposure period considered

Sources and dosage of
caffeine

End-point(s)

Results

Comments

Resch et al., 1985

In vitro study

Twenty-five foetal hearts
from terminated pregnan-
cies

Age: 6-17 weeks of gesta-
tion

0, 1.94, 19.4 and 194 ng
caffeine/ml

Changes (%) in heart rate in
comparison with control
hearts

A significant age- and concentration- dependent increase
in foetal heart rate was observed.

Relevance of the results for an in vivo situation is not
clear.

Resch et al., 1987

In vitro study

Twenty-five foetal hearts
from terminated pregnan-
cies

Age: 6-20 weeks of gesta-
tion

0, 1.94, 19.4 and 194 ng
caffeine/ml

Changes (%) in contractility
in comparison with control
hearts

A significant age- and concentration- dependent increase
in contractility was observed.

Relevance of the results for an in vivo situation is not
clear.

Ramirez et al., 1998

In vitro study

Placentas, arteries and
veins (n=10) isolated from
uncomplicated term
pregnancies: at least 38
weeks of gestation

Caffeine concentration in
solution:
0.1 nM- 0.1 mM

Placental vascular tone
alterations

Vascular tone in human placental arteries and veins
No change with caffeine at resting tone.

Ad(dition of the drug to precontracted placental blood
vessels

Modest relaxations (15-30% of maximal tone) were
observed.

Caffeine does not appear to alter human placental
vascular tone in vitro.

Relevance of the results for an in vivo situation is not
clear.
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The most recent of the American in vivo studies aimed at assessing the
acute cardiovascular effects of caffeine ingestion in pregnant subjects and
their foetuses (Miller et al., 1994). Seven caffeine-naive gravidas at the
24-28 and 34-38 weeks of gestation were examined for a large number of
parameters. These were maternal pulse and blood pressure, and foetal
heart rate, uterine artery, foetal aorta, and umbilical artery flow velocity
waveforms before and after ingestion of a 100 mg caffeine citrate soluti-
on per m” body surface area. The dosage was roughly equivalent to one
brewed cup of coffee. The caffeine exposure influenced maternal pulse (a
reduction), diastolic blood pressure (an increase), mean arterial blood
pressure (an increase), uterine artery systolic-to-diastolic (S/D) ratio (an
increase), foetal heart rate (a reduction), and foetal heart rate acceleration
(an increase) (Table 58). The gestational age did not influence the effect.
The caffeine administration did not influence foetal aortic and umbilical
artery S/D ratios. However, foetal aortic peak velocities increased upon
caffeine exposure, and the increase was augmented with advancing gesta-
tional age. Thus, modest amounts of caffeine citrate in caffeine-naive
subjects affected both the foetal and the maternal cardiovascular systems
in this study. However, it was performed with a very limited number of
pregnant women. It should also be noted that only five of the seven parti-
cipants were truly caffeine-naive. A serious problem with this study is the
lack of analyses of caffeine in maternal blood. The experimental design
might thus have introduced unknown bias, apart from the fact that the
experiments were not carried out with a single or double blind design.

A very small Dutch study aimed at evaluating the effect of caffeine in
women with twin pregnancies who volunteered to take part in the investi-
gation (Huisman et al., 1997). Five women were investigated before and
after drinking coffee for the following parameters: maternal haemodyna-
mics, umbilical blood flow, foetal heart rate and twin behaviour (longitu-
dinally documented during a 30-minute session from 8§ to 16 gestational
weeks). There was a significant mean increase in maternal heart rate (8
beats per minute) after drinking coffee. Also the pulsatility index of the
umbilical artery showed significant increase after intake of coffee. Two
of five behavioural parameters (swallowing and breathing) of the twin
foetuses demonstrated significant changes after the mother’s consumption
of coffee (Table 58). This study on only 5 women was poorly presented.
However, it demonstrated significant effects of caffeine consumption on
maternal and foetal haemodynamics, and indicates that it seems worth-
while to study the influences of coffee consumption on early twin beha-
viour in larger samples of pregnant women.



Table 58. Clinical studies on caffeine exposure in utero

Reference

Study type and location

Sample size and selection

Exposure period, Sources
Dosage of caffeine

End-point(s)

Results

Comments

Kirkinen et al., 1983
Clinical trial

Finland

20 pregnancies

3" trimester

Coffee 2 cups

Caffeine and epinephrine
concentrations in maternal
serum

Placental blood flow

Caffeine and epinephrine conc. in maternal serum
Sign. increase (p<0.01)

Placental blood flow
Sign decrease (p<0.05).

In pregnancies associated with hypertension
intervillous blood flow was reduced initially, and
did not change after caffeine intake.

Small and heterogeneous study base.

McGowan et al., 1987
Clinical trial

USA

14 patients, divided into
high consumers

(>500 mg/day) and

low consumers

(<250 mg/day) of caffeine

36-39 weeks of pregnancy

Both groups were admi-
nistrated

200 mg caffeine orally; the
foetus was observed for
180 minutes thereafter

Maternal plasma caffeine and
blood glucose concentrations
(every 30 minutes),

foetal breathing and body
movements (continuous)

Mean maternal plasma caffeine concentrations
Significantly higher in the high consumers compa-
red with low consumers at all intervals.

Maternal blood glucose concentrations
No difference between groups.

Foetal breathing rates and body movements
Similar in both groups before and after caffeine
administration.

Foetal breathing movement Incidence decreased
significantly in low consumers, whereas no
deviation from baseline was observed among
high consumers

The results of this paper were partly confirmed in Devoe et
al, 1993, but birth weight was the same in both groups in
this paper.

For American conditions the exposure seems high.

Salvador and Koos,
1989

Single-blind clinical
crossover study

USA

8 pregnant women
Non smokers

32 - 36 weeks
pregnant

Coffee 2 cups (regular or
decaffeinated);
procedure was repeated
one week later

Foetal heart rate and
breathing activity.

Concentrations of caffeine,
cate-cholamines, glucose in
serum.

Foetal heart rate

Intake of regular coffee was associated with a
significant fall.

Decaffeinated coffee also produced a slight but
NS, reduction.

Foetal breathing activity

Intake of regular coffee was associated with a
sign. increase. Decaffeinated coffee also increa-
sed foetal breathing activity (sign during 2™ exp.
hour)

Limited number of participants.

Advantages of this study: the cross over procedure and
the single blind design.

The effects of decaffeinated coffee should be studied
under controlled conditions.




Reference

Study type and location

Sample size and selection

Exposure period, Sources
Dosage of caffeine

End-point(s)

Results

Comments

Devoe et al., 1993
Clinical trial

USA.

20 normal pregnancies
divided in two groups:

"High" caffeine consumers
(> 500 mg/day)

“Low" caffeine consumers
(<200 mg/day)

Normal consumption of
caffeine-containing beve-
rages and foods

Maternal caffeine levels and
foetal behavioural states.

Examinations at 30-40 weeks
of pregnancy biweekly.

Mean maternal serum caffeine levels
Significantly higher in "high" caffeine consumers
compared with "low" caffeine consumers

Foetal behaviour states

Foetuses exposed to "high" caffeine levels spent
in comparison with foetuses exposed to "low"
caffeine levels:

- similar mean time in quiet sleep

- less mean time in active sleep

- and much greater mean time in arousal

The study was well performed, but no analyses of com-
monly used drugs like ethanol or benzodiazepines were
performed.

Birth weight and parity groups exposed to "high" caffeine
levels were at term significantly lower than birth weights of
infants exposed to "low" caffeine levels in utero. Mothers
with low caffeine intake were older than mothers having
"high" caffeine intake. No withdrawal symptoms were
observed.

Miller et al., 1994
Clinical trial

USA

7 pregnant women

1% investigation:
at 24-28 weeks pregnancy

2™ investigation:
at 34-38 weeks pregnancy

Caffeine citrate solution:
1% invest: 178+14.3 mg
2" invest:

Maternal pulse and blood
pressure (diastolic and
arterial).

Foetal heart rate, and accele-
rations

Uterine artery, foetal aorta,
umbilical artery flow velocity

Significant differences after caffeine administrati-
on

Maternal pulse , diastolic blood pressure T,
mean arterial blood pressure T, uterine artery
systolic - to-diastolic (S/D) ratio T. Foetal heart
rate |, foetal heart rate accelerations T, foetal
aortic peak velocities 7.

No sign. differences after caffeine administration

Limited number of participants. Two of seven participants
were not caffeine-naive. Analyses of caffeine in maternal
blood are lacking. The experiments were neither carried
out with a single or double blind design.

185+16.1 mg Foetal aorta, umbilical artery (S/D) ratios.
Huisman et al., 1997 5 women with twin preg- Early pregnancy Maternal hemodynamics, Maternal heart rate Low number of participants (n=5). Results were poorly
nancies were investigated | (8 weeks) umbilical blood flow, foetal Mean increase was 8 bpm (p<0.01) after coffee presented.

Clinical pilot study

The Netherlands

before and after drinking
coffee.

2 cups of strong coffee
(total exposure approxi-
mately 500 mg of caffeine)
at weekly intervals

heart rate and twin behaviour
assessed weekly -from 8 to
16 gestational weeks.

intake.

Pulsatility index of the umbilical artery
Significant increase after coffee intake (p <0.05).

Behaviour
Swallowing and breathing showed significant
changes after intake of coffee (p <0.001).
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16.3. Summary of caffeine intake and effects on foetuses.

Three studies differed markedly from the rest, since they were performed
in vitro. One of these studies investigated the rate of foetal hearts (Resch
et al., 1985), and another the contractility of foetal hearts in caffeine solu-
tions (Resch et al., 1987). In both studies, a significant age- and con-
centration-dependent increase was registered. In the third study, vascular
tone alterations were examined in human placental arteries and veins
(Ramirez et al., 1998). The latter study indicated that micromolar con-
centrations of caffeine could bring about a modest relaxation (15-30% of
maximal tone) of pre-contracted placental blood vessels.

The six clinical investigations presented in this section were all very
small, and focused on the effects of maternal caffeine exposure on foetal
breathing (foetal breathing rate and foetal breathing movements), foetal
body movements (foetal eye, trunk and extremity movements), and ef-
fects on the foetal cardiovascular system (foetal heart rate, foetal heart
acceleration, foetal blood pressure; uterine artery, foetal aorta, and umbi-
lical artery flow velocity waveforms). The following parameters were
simultaneously studied in the mother: blood pressure (diastolic and systo-
lic), heart rate, serum concentration of caffeine, glucose and catecholami-
nes (epinephrine, norepinephrine and dopamine). The studied parameters
varied between studies. McGowan et al. (1987), Devoe et al. (1993), and
Salvador et al. (1989) concentrated on the effects of caffeine on breathing
and body movements of the foetus, whereas Kirkinen et al (1983), Miller
et al. (1994), and Huisman et al. (1997) paid more attention to how this
compound influenced haemodynamic parameters.

With the exception of one of the studies, which investigated the in-
fluence of caffeine on early twin pregnancies (Huisman et al., 1997), all
other clinical studies were carried out on women in the third trimester of
pregnancy. The administration of caffeine differed between studies. In
two studies (McGowan et al., 1987; Miller et al., 1994) the pregnant wo-
men ingested purified caffeine, whereas in the studies by Kirkinen et al
(1983), Salvador and Koos (1989) and Huisman et al. (1997) the women
drank 2 cups of coffee. Caffeine is likely to be more quickly absorbed
when administered as a pure compound. The sixth study (Devoe et al.,
1993) investigated the effects of a natural (unsupplemented) long-term
exposure to caffeine from coffee.

The study results are contradictory. For example, high caffeine intakes
of pregnant women increased the foetal heart rate in two studies (Devoe
et al., 1993; Huisman et al., 1997), whereas the rate was reduced in two
other studies (Salvador and Koos, 1989; Miller et al., 1994). Similarly,
two studies found high caffeine exposures to increase the foetal breathing
rate (Salvador and Koos, 1989; Devoe et al., 1993), whereas another
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found high caffeine exposures to have no effect on the foetal breathing
rate (McGowan et al., 1987). It is possible that some of the discrepancies
could be explained by the fact that the background intake of caffeine
from foods was poorly controlled for. Furthermore, administered dosage
and form (tablets, solutions or as coffee), and the genetic constitution of
the pregnant women, varied considerably between studies.

In conclusion, the available data on foetuses exposed to caffeine in
utero reviewed in this chapter are so divergent that it is difficult to predict
what effects are likely to appear upon exposure of pregnant women to
caffeine, and to what extent the effects could be defined as adverse. An
interesting finding by Salvador and Koos (1989) should be noted, namely
the observation that decaffeinated coffee (like regular coffee) also increa-
sed the incidence of foetal breathing activity and produced a slight reduc-
tion in foetal heart rate. This observation raises the question as to whether
constituents of coffee other than caffeine may have pharmacological ef-
fects on foetuses in utero and influence their behaviour.



17. Maternal intake of caffeine
and effects on neonates, infants
and older children.

The definitions used for neonates and infants in this report are the defini-
tions suggested by Dorland (1985). A neonate is a child younger than 4
weeks, while an infant is a child younger than 24 months. The chapter
reviews data from case reports, clinical investigations and epidemiologi-
cal studies carried out in order to study the effects of maternal intake of
caffeine on neonates, infants and older children. In most studies, the ef-
fects of caffeine exposure in utero have been investigated, while in a few
of the studies caffeine exposure via breast milk has also been included.

As thoroughly described in chapter 8, the half-life of caffeine is
doubled or tripled during pregnancy due to hormonal influences. As a
result, the elimination of caffeine is much slower in pregnant women than
in non-pregnant women, especially during the third trimester. Elimination
is also delayed in the neonate. The greatly increased half-life of caffeine
during pregnancy is expected to cause a significant increase of tissue
concentrations of caffeine, as long as the pregnant women do not reduce
their caffeine intake.

After birth the neonate/infant may be exposed to caffeine via breast
milk. It has been shown that the time courses for caffeine and its primary
degradation products in milk parallel their respective serum profiles
(Stavchansky et al., 1988, Oo et al., 1995). Tyrala and Dodson (1979)
reported that peak concentrations of caffeine in serum and milk were
attained 60 minutes after oral intake of caffeine, but the levels were lower
in milk than in serum. Breast milk collected during the first hour after the
mother’s dose (one cup of coffee with 150 mg caffeine) contained appro-
ximately 1.5 pg/ml caffeine, that is a fraction of the amount ingested by
the mother. These observations were confirmed by Berlin et al. (1984),
who studied fifteen lactating women and nursing infants between 2 weeks
and 9 months of age, who ingested various but known amounts of a caf-
feinated beverage. On average, the elimination half-life of caffeine was
6.1£4.4 h for milk. Oo et al. (1995) reported a 5.5+1.8 h half-life for caf-
feine in breast milk 6-28 weeks post partum. The corresponding half-lives
of paraxanthine, theobromine, and theophylline were 6.742.8 h, 12+2.5 h,
and 8.2+3.7 h, respectively (Oo et al., 1995).

Using the data of Oo et al. (1995) on the pharmacokinetics of methyl-
xanthines in breast milk, and assuming neonatal milk consumption at 150
ml/kg/day, the newborn would ingest an equivalent of 18% of the mater-
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nal caffeine dose (on a body weight basis). Approximately 7% of this
18% would be caffeine. Although caffeine is excreted to a limited extent
in breast milk, and the dose of caffeine presented to the infant is generally
regarded as small (i.e. <5% of maternal dose), clinical concern continues
to focus on the inability of the neonate to metabolise caffeine (for more
details, see chapter 8). It is known that the enzymes of the metabolic sy-
stem needed for caffeine metabolism are not completely developed until
the child is six months old. Consequently, caffeine is to a larger extent
eliminated in an unchanged form in the newborn (and in particular the
premature newborn), which is at greater risk for accumulating caffeine.
The amount of caffeine accumulated by the baby depends on the average
caffeine concentration in the mothers’ serum and breast milk during nur-
sing, as well as the amount of milk ingested by the baby, the absorption
of caffeine by the infant, and the baby’s rate of caffeine elimination. The
caffeine elimination rate varies from one infant to another, and is very
slow in the premature or full-term newborn human infant (Tyrala and
Dodson, 1979; Le Guennec and Billon, 1987; Parsons and Neims, 1981).

Adequate possibilities of metabolising and eliminating caffeine are
lacking in the foetus. In the case of a high maternal consumption of caf-
feine-containing foods during pregnancy, the resulting enhanced exposu-
re of the foetus to caffeine could therefore be potentially dangerous. (For
more details, see chapter 8.3). Investigations concerning the effects of
caffeine/theophylline in the treatment of apnoea, which is a fairly often-
reported condition of prematurity, have not been reviewed in this chapter,
except for the study done by Toubas et al. (1986). The reason for this is
that doses and administration (intravenous) are not relevant when consi-
dering an exposure via food (Nehlig and Debry, 1994a, 1994b).

17.1. Effects of chronic caffeine consumption by the
mother on neonates, infants and older children

The effects of maternal exposure to alcohol, nicotine, and caffeine during
pregnancy on the mental and motor development of infants at eight
months of age were studied by Streissguth and colleagues (1980). As the
same workers have subsequently have made follow-up studies of the
same cohort the resulting observations will be discussed in connection
with the original study. The studied subjects were 462 infants who’s pri-
marily white, married, and well-educated mothers were interviewed du-
ring the fifth month of pregnancy. They were selected from a larger sam-
ple of 1 529 mothers (part of the Seattle longitudinal study 1974-75) to
maximise the number of offspring of heavily drinking and smoking wo-
men in this sample. Caffeine intake during early and mid-pregnancy was
estimated from the reported consumption of coffee, tea, cola beverages,
and cocoa. Of the 462 women, 20% consumed >444 mg caffeine/day, a
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relatively high amount for American women (Barr et al., 1984). Caffeine
intake was higher among women consuming >10z alcohol per day (32%)
than in women having a lower alcohol consumption (16%). The mother’s
caffeine intake did not influence the mental and motor development of
infants at 8 months of age as assessed using the Bayley Scales of Infant
Mental and Motor Development (Table 59). It should be noted that the
main interest of the investigators of this publication was the effect of
maternal consumption of alcohol. No specific hypothesis regarding any
expected effects of caffeine has been presented, which makes it difficult
to know what kind of behavioural tests it would be optimal to use. This is
also apparent in the follow-up studies of the cohort. Furthermore, the
interpretation of the study is complicated by the fact that no data on the
level of caffeine consumed by the mother in relationship to the studied
outcome in the infant was reported.

The same cohort was also used in order to explore the relationship
between maternal caffeine intake during pregnancy and infant size at 8
months of age. The 453 infants were examined at birth and again at their
8-month birthday. As shown in Table 59, there was no correlation bet-
ween maternal caffeine intake during pregnancy and the studied parame-
ters of infant size (length, weight, and head circumference) at birth or 8
months of age (Barr et al., 1984).

The cohort was followed up again at an age of 4 years and 3 months
(Barr et al., 1990). This examination focused on the effects of prenatal
caffeine exposure on fine and gross motor performance in the children. In
some of the fine motor performance tests, statistically significant rela-
tionships were observed. The authors, however, considered the findings
inconsistent, and thus difficult to interpret.

When the children were 7 years old the cohort was studied again, this
time to evaluate the influence of prenatal caffeine on offspring develop-
ment (Barr and Streissguth, 1991). The developmental parameters studied
were height, weight, and head circumference, and results from individual-
ly administered IQ and attention tests. After appropriate statistical ad-
justment for relevant co-variates (cigarette smoking, alcohol, maternal
size, demographics, etc.) prenatal caffeine exposure was found to be un-
related to most newborn and infant outcome measures at 7 years of age.
A significant association was found only between prenatal caffeine expo-
sure and breech presentation (Table 59). No biological mechanism for the
observed influence on breech presentation was given. Since this study
involved a secondary analysis of data collected for other purposes, speci-
fically designed studies are required to determine the validity of the indi-
cated association between caffeine exposure and breech presentation. The
general conclusion was that the long-term consequences of prenatal caf-
feine exposure are absent in this cohort (Barr and Stressguth, 1991).

In a clinical investigation published as a letter to Lancet, Van't Hoff
(1982) reported on the caffeine plasma concentrations in the umbilical
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cord in 52 healthy pregnant women giving birth to 55 full-term healthy
neonates. No information was given on how the women were selected.
Thirty-eight of the babies had plasma caffeine levels below 15 pmol/l.
Seven of the babies with higher plasma levels had been treated for recur-
rent apnoea. The mean intake of caffeine (from coffee, tea, cola drinks
and cocoa) during pregnancy (average) was estimated to 290 £230 mg.
The caffeine exposure did not influence either the pregnancy or the baby,
as judged by the records of the labour, Apgar scores, and clinical exami-
nation. However, no statistical evaluation was presented (Table 59).

The effects of prenatal exposure to smoking, caffeine, and alcohol on
the neonate were studied in 173 infants whose mothers consumed little or
no alcohol during pregnancy (Jacobson et al., 1984). The data were origi-
nally collected in order to study the effects of prenatal exposure to PCBs
(in most cases via contaminated fish). However, intakes of caffeine and
alcohol, as well as smoking habits before and during pregnancy, were
registered in maternal interviews administered in the hospitals 2-3 days
after delivery. Over 85% of the women consumed caffeine during preg-
nancy, with the mean daily consumption being 121.44 mg/day or 1.45
cups of coffee. Less than 3% of the women drank quantities characteristic
of ”heavy consumers” in this study, e.g. equivalent to more than 591 mg
caffeine per day. A significant 32% reduction in caffeine intake was re-
gistered during pregnancy. The following outcomes were studied in rela-
tion to caffeine intake: birth weight (BW), crown-heel length (CHL),
gestational age (GA), neonatal behavioural (according to Brazleton,
1973) including reflexes, orientation, arousal, and irritability. Twenty-
eight of the forty-eight potential confounders could be controlled for.
Interestingly, the study found a high caffeine intake prior to pregnancy to
be associated with poorer orientation, greater arousal on range of state
and general irritability. During pregnancy, a high caffeine intake was
associated with shorter gestation and a higher incidence of abnormal re-
flexes (Table 59). It should be noted that the behavioural effects reported
were limited to the immediate post partum period and that no measure-
ments of caffeine concentrations in infants’ blood were carried out. The
number of participants in the study was quite limited in relation to the
large number of confounders being controlled for.



Table 59. Maternal intake of caffeine during pregnancyi/lactation period and effects on neonates, infants and older children.

Reference Sample size and Exposure period considered End-point(s) Results Comments
selection Risk estimate adjusted odd ratios,
Study type Sources of caffeine including 95% confidence interval
(NS = Non significant)
Location of study
Streissguth et al., 1980 | Originally Early pregnancy and mid- Mental and motor Mental and motor development Alcohol intake was the main

Longitudinal study

1 529 pregnant
women;
462 selected

pregnancy

Coffee, tea, cola, cocoa

development

Caffeine did not influence the mental and motor development.

interest of this publication. The
exposure in relation to studied
outcome was not adequately

USA infants reported.
Van't Hoff, 1982 52 women healthy | During pregnancy (average) | Umbilical cord caffeine | Mean maternal caffeine intake No statistics presented.
pregnant women concentration, labour, | 290+230 mg/day No data regarding selection of
Clinical study Apgar score, “clinical participants. Some of the children
Coffee, tea, coal and cocoa | examination” Umbilical cord caffeine concentration received caffeine as treatment of
Great Britain 27% of the babies had >15.4 umol/l, apnoea.
All other endpoints studied
No effects were found
Barr et al., 1984 Originally Early pregnancy and mid- Infant size at 8 Infant size at 8 month Alcohol intake was the main

Longitudinal study

USA

1 529 pregnant
women;

453 selected
infants

pregnancy

Coffee, tea, cola, cocoa

months:
Length,
Weight,
Head circumference

Caffeine did not influence infant size at 8 month.

interest of this publication. The
exposure in relation to studied
outcome was not adequately
reported.

Jacobson et al., 1984
Longitudinal study

USA

173 newborns and
their mothers

Before and during pregnan-
cy

Coffee, tea and cola

Behavioural testing

Mean caffeine intake:
121+137 mg

Caffeine consumption prior to pregnancy
Neonatal behaviour

Negative effects (statistically significant) on:
orientation, greater arousal, irritability

Caffeine consumption during pregnancy
Neonatal behaviour

Negative effects (statistically significant) on:
gestational age, neuromuscular maturity, reflexes

No measure of caffeine con-
centrations in the neonates.
Behavioural outcomes only from
the immediate post partum period.
Limited number of participants.

Ryu, 1985

Clinical double-blind
cross-over design

USA

11 mothers and
their babies (22-74
days old)

During lactation

Decaffeinated coffee with
and without added caffeine
(500 mg/week) during a 5-
day periods

Caffeine concentration
in serum of infant and
in breast milk

Heart rate, sleep time
of infants

Heart rate or sleep time of infants

Decaffeinated coffee had no effect on heart rate or sleep time of

infants.

Decaffeinated coffee caffeine with added caffeine (500 mg/day) had no

effect on heart rate or sleep time of infants.

Few patients.
Short exposure time




Reference

Study type

Location of study

Sample size and
selection

Exposure period considered

Sources of caffeine

End-point(s)

Results

Risk estimate adjusted odd ratios,
including 95% confidence interval
(NS = Non significant)

Comments

Toubas et al., 1986

Retrospective cohort
study

USA

298 mother-infant
pairs; infants
(minimum 38
weeks post con-
ception) with
apnoea.

"Pre- and postpartum”
consumption
(not defined)

Coffee, tea, cola chocolate

Rates of
central and
obstructive
apnoea

Central apnoea

A positive significant relationship was observed between caffeine
intake during pregnancy and the studied condition, but not between
caffeine intake during infancy and the studied condition.

Obstructive apnoea
No relationship was observed between caffeine during either pregnan-
cy or infancy and the studied condition.

For American conditions the
caffeine consumption seems very
high in this study.

Hronsky and Emory,
1987

Clinical study

USA

40 full term healthy
new born infants
(24-48 hrs old)

and their mothers

Last 3 days before delivery

Coffee, tea, cola

Correlation between
caffeine concentration
in saliva and cord
blood and behaviour,
sleep states

Mean caffeine intake: 23.7-45.9 mg/day
A high correlation between salivary and cord blood levels was found.

Behavioural testing
Muscular tone and consolability scores significantly lower with increa-
sing cord blood levels of caffeine

Sleep states
NS

It is not clear whether the study
was controlled for “social interac-
tions”.

Short exposure time.

Low intake of caffeine.

Emory et al., 1988
Clinical study

USA

40 full term healthy
new born infants
(24-48 hrs old)

and their mothers

Last 3 days before delivery

Coffee, tea, cola

Correlation between
caffeine concentration
in saliva and beha-
viour,

sleep states

Number state changes and startles
Statistically significant correlation with caffeine concentration in saliva

Sleep states
NS

The study is an extension of
Hronsky and Emory, 1987.

Mc Gowan et al., 1988

8 new born infants

7 cases during whole preg-
nancy;

All types of symptoms
and infant behaviour.

Maternal caffeine intake:
200-1 800 mg caffeine/day

Case study 1 caseduring last 5 months Caffeine was present in serum of 6 infants and in urine in 3 infants.
Caffeine conc. in
USA Coffee, tea and cola serum and urine. Symptoms:
Irritability, jitteriness, vomiting, bradycardia, tachypnea. Duration: 44-
168 hrs after birth
Mc Culloch 7 pre-term infants | Exposure period unknown Apnoea, periodic All outcomes: Pilot study
etal., 1989 with cord blood breathing, bradycardia | No statistically significant differences between cases and controls No data regarding maternal

Case-control study

USA

concentration 2.4-
3.7 ug/ml caffeine,
and

14 pre-term infants
with non-
detectable caffeine
levels

Caffeine and metabolites
from breast milk

before 2 weeks of age

intake.




Reference Sample size and Exposure period considered End-point(s) Results Comments
selection Risk estimate adjusted odd ratios,
Study type Sources of caffeine including 95% confidence interval
(NS = Non significant)
Location of study
Barr and Streissguth, Originally Early pregnancy and mid- Effects on fine and Fine motor performance tests The exposure in relation to stu-

1990

1 529 pregnant

pregnancy

gross motor perfor-

Statistically significant relationships with caffeine consumption for

died outcome was not adequately

women; mance at4 | some parameters reported
Longitudinal study 449 selected Coffee, tea, cola, cocoa years The results of the tests were
infants inconsistent and thus difficult to
USA interpret.
Barr and Streissguth, Originally Early pregnancy and mid- Neurobehavioural Breech presentation It may be questioned whether the
1991 1 529 pregnant pregnancy outcomes at Statistically significant increase at >296 mg/day (linear threshold) used tests are relevant. A mecha-
women 7 years (the only parameter affected by caffeine consumption in the study) nism for influence on breech was

From their
offspring 482
infants were
analysed

Coffee, tea, cola, cocoa

General conclusion
No long term effects of caffeine

not presented.

Hadeed and Siegel,
1993

Case-control study

USA

16 case infants
excreting caffeine
in urine, and 56
control infants with
no excretion of
caffeine in urine

Exposure period unknown

Coffee, tea, chocolate and
cola

Tachy-arrhytmias,
premature atrial
contraction,

fine tremours,
tachypnea

Maternal consumption
Cases:>500 mg/day
Controls: <250 mg/day

All endpoints studied:
Statistically significant increased frequencies in cases compared with
controls. All symptoms disappeared by 3 days of age.

Selection of patients was not
described.

Exposure period not clearly
stated.

Few patients in the caffeine group

Ford et al., 1998
Case-control study

New Zealand

393 sudden infant
death syndrome
cases, and

1 592 matched
infant controls

1°'and 3" trimester

Coffee, tea and cola

Caffeine intake in
relation to sudden
infant death syndrome

1 trimester
0-399 mg caffeine /day vs
>400 mg/day NS

3" trimester

0-399 mg caffeine/day vs
>400 mg/day 1.46 (1.05-2.05)
All pregnancy

0-399 mg caffeine/day vs

>400 mg/day 1.65 (1.15-2.36)

No dose response
Threshold effect

Alm et al., 1999
Case-control study

Scandinavia

244 sudden infant
death syndrome
cases, and

869 matched infant
controls

Mean intake during preg-
nancy

Coffee, tea

Caffeine and alcohol
consumption

in relation to sudden
infant death syndrome

0 mg caffeine/day vs
1-400, 401-800, >800mg/day NS
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In order to determine the effect of maternal caffeine ingestion (500
mg/day) on the heart rate and sleeping patterns of their breast-fed infants,
11 mother-infant pairs were entered into a small study with a balanced
crossover design (Ryu, 1985). Infants were 22-74 days old at the onset of
the study. The mothers ingested 5 cups of decaffeinated coffee daily du-
ring one 5-day period, and 5 cups of decaffeinated coffee with added
caffeine (100 mg/cup) during another 5-day period. Concentrations of
caffeine in breast milk on the last day of the caffeine period ranged from
1.6 to 6.2 ng/ml, and the intake of caffeine by the infants was estimated
to be 0.3-1.0 mg/kg body weight/day. Infant serum did not contain detec-
table amounts of caffeine on the last day of either experimental period.
There was no difference in the 24-hour heart rate and sleeping patterns
during the two conditions of exposure (Table 59). Due to the low number
of mother-infant pairs included in the study, these results should only be
considered as preliminary.

In order to explore the relationship of prenatal maternal smoking and
caffeine intake to the occurrence of apnoea in their offspring, rates for
central and obstructive apnoea were analysed in a cohort of 298 mother-
infant pairs (Toubas et al., 1986). Central apnoea was defined as the si-
multaneous cessation of both breathing effort and airflow, and obstructive
apnoea as the cessation of air flow with continued thoraic breathing ef-
forts. The age of the infants ranged from 26 to 58 weeks when the study
began and their gestational age at birth ranged from 26 to 46 weeks. All
studies were performed at a post-conceptional age of at least 38 weeks.
Caffeine intake was calculated based on dietary information concerning
the mother's coffee, tea, chocolate, and cola drink consumption, and ex-
pressed as mg caffeine consumed per day. Rates of central and obstructi-
ve apnoea of 6 to 10 seconds in duration were calculated. After control-
ling for smoking, there was no correlation between caffeine intake and
obstructive apnoeas during pregnancy or infancy (Table 59). However,
for central apnoea rates, there was a positive significant relationship for
caffeine intake during pregnancy.

Hronsky and Emory (1987) measured the caffeine concentrations in
cord blood and saliva from 40 vaginally delivered breast-fed infants (24-
48 hours old) and their healthy non-smoking mothers, and studied the
behavioural effects of caffeine on the infant. The caffeine intake from
coffee, tea and cola drinks during the last three days before delivery was
quantified from information given in a food frequency questionnaire ad-
ministered shortly after delivery, and controlled by measuring the caffei-
ne level in blood and saliva from both mothers and infants. Maternal caf-
feine intake was correlated with caffeine levels in cord blood, but this
correlation was not as strong as that seen in infants’ salivary and cord
blood levels of caffeine. The average caffeine intake on the day of testing
was as low as 46 mg in studied women. Infant behaviour was assessed
using the BNBAC method (Brazelton 1973), which included the study of
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13 specified behaviours, none of which were very well characterised. In
addition, sleep-state observations of infants were made. Increased expo-
sure to caffeine significantly influenced certain interactive behaviours
(muscular tone and consolability scores) in response to stimulation (Table
59), but had little or no effect upon spontaneous sleep states (Honsky and
Emory, 1987). Infant salivary caffeine levels were significantly correlated
with the number of state changes and startle reactions observed during the
administration of the Brazelton Neonatal Behavior Assessment Scale
(Emory et al., 1988). It is not clear whether social interactions between
the mother and her infant were controlled for in this study.

In a case report describing a few patients, Mc Gowan et al. (1988) re-
ported a withdrawal syndrome in 8 infants born to mothers who had
chronically ingested average to large doses of caffeine (200-1 800 mg)
daily during pregnancy. Seven of the mothers had maintained this con-
sumption during the entire pregnancy, while one mother reported “heavy
consumption” only during the last 5 months of gestation. The infants
exhibited unusual behaviour in the immediate newborn period - predomi-
nant irritability, jitteriness, and vomiting (Table 59). Two infants also had
bradycardia and tachypnea. No other causes for the symptoms other than
caffeine were identified. The age at onset ranged from 11 to 42 hours.
Caffeine was present in the serum of seven of the infants, and three of the
six infants had caffeine in their urine. The duration of symptoms ranged
from 44 to 168 hours, and then resolved spontaneously. At 9 to 18
months of age, the infants were judged to be developing normally.

In a pilot study, McCulloch and co-workers (1989) investigated the in-
fluence of transplacentally acquired caffeine on the occurrence of apnoea,
bradycardia, and periodic breathing in pre-term infants. Cases and
controls were selected among 79 pre-term infants who had the cord blood
caffeine concentrations measured at the time of delivery. No information
on the mothers’ intake of caffeine-containing beverages was available.
Eleven infants (14%) had detectable caffeine concentrations, ranging
from 1.1 to 3.7 pg/ml. Seven infants with detectable caffeine had impe-
dance pneumograms recorded before 2 weeks of age. Each of these seven
infants was matched with two infants without detectable caffeine by birth
weight, gestational age, and chronological age at pneumogram recording,
to yield a control group of 14 infants. Comparison of quantitative measu-
res of apnoea, bradycardia, and periodic breathing (obtained from pneu-
mogram analysis), as well as the incidence of monitor alarms on bedside
nursing records between the infant groups during the first two weeks of
life, revealed no significant differences between the groups (Table 59). It
should be stressed that differential exposure to caffeine related to the time
period of delivery and the studies on behavioural effects to the first two
weeks of life.

Out of a study sample originally consisting of 154 full-term infants
born at a medical centre in Los Angeles between 1985 and 1987, new-
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born infants with urine tests that were positive (n=16) or negative for
caffeine (n=56), and negative for drugs and/or alcohol, were identified.
The infants were assessed for caffeine effects on the central nervous sy-
stem (Hadeed and Siegel, 1993). In the relatively small caffeine group,
the mothers had an intake of more than 500 mg of caffeine daily, while
mothers in the control group consumed less than 250 mg/day. The time
period that defined the maternal caffeine exposure was not clearly stated.
The predominant sources of caffeine were, however, coffee, tea, and cola
drinks. During the first 12 hours of life, newborn infants from the caffei-
ne group showed increased frequency of cardiac arrhythmias, premature
atrial contraction, fine tremors, and tachypnea in comparison to the
control group (Table 59). These symptoms usually disappeared by 3 days
of age, and could, according to the author, be characterised as withdrawal
symptoms.

A multicentre case-control study on the association between maternal
caffeine consumption during pregnancy and the risk of sudden infant
death syndrome (SIDS) was performed in New Zealand by surveying
parents of 393 SIDS victims and parents of 1 592 control infants (Ford et
al.,, 1998). The mothers’ caffeine exposure from tea, coffee, and cola
drinks, in each of the first and third trimesters was estimated by question-
naire, assuming one cup of coffee to contain 100 mg caffeine, one cup of
tea 40 mg caffeine, and one glass of cola drink 40 mg. Women with a
daily caffeine intake of at least 400 mg during the first and third tri-
mesters of pregnancy had an increased risk of giving birth to infants that
experienced SIDS (Table 59). After adjusting for confounding factors, the
increased odds ratio was significant only for caffeine consumption during
the third trimester. No dose response was evident. Reducing heavy caf-
feine intake during pregnancy could, according to the authors, be a way
of lessening the risk of SIDS, but this needs confirmation in new investi-
gations. The adjustment for smoking was not optimal, as it only took into
account whether the mother had smoked (yes/no) in the last two weeks
before delivering a dead child.

The influence of maternal caffeine exposure on sudden infant death
syndrome (SIDS) has also been investigated by the Nordic epidemiologi-
cal SIDS study, a case control study in which all parents of SIDS victims
in the Nordic countries from September 1992 to August 1995 were invi-
ted to participate (Alm et al., 1999). Of the 294 families of SIDS victims,
244 agreed to participate in the study (82%), whereas only 869 of the 1
207 matched control families (72%) agreed to participate. The crude odds
ratios for consumption of more than 800 mg caffeine per day during
pregnancy and after pregnancy were significantly raised, 3.9 and 3.1,
respectively. However, after adjustment for maternal smoking in the first
trimester, maternal age, education and parity, no significant effect of caf-
feine during or after pregnancy remained (Table 59). Thus, in this study,
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high caffeine exposure during or after pregnancy was not found to be an
independent risk factor for sudden infant death syndrome.

17.2. Effects of chronic consumption of caffeine-
containing beverages by the mother on neonates, infants,
and older children

In 1984, Khanna and Somani reported a case of a premature infant with
unusually high concentrations of transplacentally acquired caffeine. The
mother drank 24 cups of coffee per day during pregnancy. The infant
developed apnoea, and as the treating medicinal staff did not know about
the mother's extraordinary consumption of coffee, the infant was given
caffeine therapy. Serum caffeine concentration was found to be 40.3
micrograms/ml prior to caffeine administration on the fifth day of age
(Table 60). Caffeine concentration at birth was estimated (based on the
pharmacokinetic extrapolation - caffeine half-life of 100 hours) to have
been much higher. The authors suggested that the manifestation of ap-
noea in this infant might have been related to caffeine withdrawal.

Munoz et al. (1988) investigated the influence of the consumption of
coffee on haematological and trace element status in non-smoking preg-
nant women in Costa Rica (see also section 14.3). Two groups of preg-
nant low-income women were studied: 22 coffee drinkers ingesting at
least 450 ml coffee per day, and 26 women who did not drink coffee.
Women who drank 1-2 cups of coffee/day (n=188) and women who con-
sumed only tea (n=3) were excluded from the study. The following para-
meters were studied in the coffee-drinking and coffee-abstaining groups:
maternal haemoglobin (Hb) and haematocrit (Hct) at 8 months of gesta-
tion, cord blood Hb and Hct, infant birth weight (no specific definition)
and Hb and Hct at 1 months of age, and breast-milk Fe concentration.
The birth weight was significantly lower for infants whose mothers con-
sumed coffee (3 189 £300 grams) than for infants whose mothers did not
consume coffee (3 310 £343 grams) (Table 60). Maternal haemoglobin
(Hb) and haematocrit (Hct) at 8 months of gestation, cord blood Hb and
Hct, infant birth weight and Hb and Hct at 1 months of age, and breast-
milk Fe concentration were significantly lower in the coffee group than in
the non-coffee group (Table 60). The association between the mothers’
coffee consumption and the infants Hb and Hct was independent of ma-
ternal Fe status and birth weight. These results are consistent with pre-
viously reported data in rats, and indicate that maternal coffee intake may
contribute to maternal and infant anaemia. As the study was small, and,
therefore, had a low statistical power, the results should be interpreted
with great caution. It could also be questioned whether the method of
selecting the two groups of women could have confounded the studied
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result. The 62 women who dropped out of the study had a higher parity,
and parity has been suggested to contribute to a higher birth weight.

In a letter to the editor of the Medical Journal of Australia, Thomas
(1988) reported five cases assumed to have caffeine abstinence syndrome
(Table 60). The symptoms observed were excessive crying, irritability,
and poor sleeping patterns, feeding difficulties and vomiting. In three of
the infants caffeine was detected in the urine. (The urine from two other
infants was not analysed.) The mothers of these infants had ingested up to
15 cups of percolated coffee and/or 2 litres of Coca-Cola daily. The
author concluded that the failure to consider this and other non-narcotic
abstinence syndromes could lead to many unnecessary investigations and
delay in treatment.

Oei and colleagues (1989) reported foetal arrhythmia caused by the
excessive intake of caffeine by three pregnant women. The mothers had
ingested extreme amounts of caffeine-containing beverages: 1.5 litre of
cola drinks or 10 cups of coffee daily, respectively. The infants (two
cases) and the foetus (one case) had irregular heart rhythms, which were
restored to normal several days after birth, or when the pregnant mother
stopped drinking cola (Table 60). The authors concluded that excessive
intake of caffeine can cause tachycardia, extrasystoles, and arrhythmia.

In 1990, epidemiologists at the National Health Institute in Helsinki,
Finland, performed a regression analysis of the association of the coffee
consumption in different countries (kg/person/year) and the annual inci-
dence of diabetes mellitus. Countries with the highest per capita con-
sumption of coffee also had the highest incidence of insulin dependent
diabetes (Tuomilethto, et al., 1990). However, the investigators pointed
out that the results must be interpreted with caution. As could be expec-
ted, their publication was criticised by other researchers who questioned
the scientific evidence of their conclusion. The results inspired Virtanen
and co-workers (1994) to perform a further study in order to determine
whether coffee or tea consumption by the child before diagnosis of diabe-
tes, or consumption by parents at the time of the child's conception or
during pregnancy, was associated with the risk for childhood type 1 dia-
betes. 600 newly diagnosed diabetic children younger than 15 years and
536 randomly selected population-based children and their parents took
part in this nation-wide study. Data on coffee consumption during preg-
nancy (which could have been a long period back in time) were available
from only 366 case-control pairs. This could of course have introduced a
bias. After adjustment for the mother's education, child's age and child's
sex, the risk for type 1 diabetes increased significantly in children who
consumed at least 2 cups of coffee or at least 1 cup of tea per day (Table
60). It is not clear whether sugar intake, which could be a possible con-
founder, was controlled for.



Table 60. Intake of caffeine containing beverages and effects on neonates, infants and older children

Reference

Study type
Locationn of study

Sample size and selection

Exposure period consi-
dered
Sources of caffeine

End-point(s)
Definitions

Results
Risk estimate; adjusted odd ratios,
including 95% confidence interval

Comments

Khanna and Somani,
1984

Case report

USA

1 mother/infant pair
(premature )

During pregnancy

Coffee

Maternal intake: 24 cups of coffee/day
Caffeine concentration in infants serum:
40.3 pg/ml at an age of 5 days
Symptoms:

Apnoea

Symptoms probably related to
caffeine withdrawal

Munoz et al., 1988

Prospective longitudinal
study

48 pregnant

women

(26 coffee drinkers and
22 non coffee drinkers)

Last trimester and
early lactation period

Coffee

Hb (mother, cord,
infant)
Hct (mother, cord,
infant)

Coffee consumption

Non coffee group (0 ml/day) vs

Coffee group (<450 ml/day):

all endpoints statistically significantly lower in the coffee group

Very small group —very low
power.

Only one level of coffee consump-
tion.

Drop outs had higher parity.

Costa Rica Fe-concentration in
breast milk
Thomas, 1988 5 neonates Exposure period not Maternal daily intake: Letter to the editor.
stated 15 cups of coffee or 2 litre of Coca-Cola Specific data lacking
Case report
Coffee, Coca-Cola Symptoms:
Australia Neonatal abstinence syndrome
Qei et al., 1989 3 women: Last hours-weeks of Maternal intake:
2 neonates pregnancy 10 cups of coffee or 1.5 L of cola;
Case report 1 foetus (23 weeks Symptoms:_Arrhythmias, tachycardia, extrasystoles, which ceased
gestation) Coffee, cola when the mothers stopped intake of coffee or cola

The Netherland

Virtanen et al., 1994
Case-control study

Finland

600 cases and 536
controls

All diabetic children less
than 15 years 1986-1989

Current use of cof-
fee/tea by mothers
and fathers (= indica-
tor of the consumption
at the time of concep-
tion). Coffee use
during pregnancy
(time not specified).

Coffee, tea

Type 1 diabetes

Current use (=use at the time of conception)

Fathers

0 cups vs

1-8 cups NS
>9 cups 1.87 (1.10-3.18)

Mothers; or Fathers and mothers
0 cups vs
All dose levels NS

Use during pregnancy

Mothers use of coffee

0 cups vs

All doses NS

Recall bias is likely. Control for
sugar consumption was not
carried out. It is possible that
heavy consumption of coffee by
the fathers may be associated
with other life-style factors, which
may explain the observed effects.

Engle et al., 1999
Randomized trial

Guatemala

132 infants 12-24
months old, split into an
anemic and a non-
anemic sub-group

Each trimester during
pregnancy and during
childhood

Coffee

Behaviour and sleep-
ing time

During pregnancy (median intake 3 cups/day)
Statistically significant negative association with behaviour

During childhood:
Statistically significant longer sleeping time




Reference

Study type
Locationn of study

Sample size and selection

Exposure period consi-
dered
Sources of caffeine

End-point(s)
Definitions

Results
Risk estimate; adjusted odd ratios,
including 95% confidence interval

Comments

Schiiz et al., 2001
Case-control study

Germany

177 cases
(children <10 years old)

2006 control children

During pregnancy

Coffee (regular and
decaffeinated), tea

Wilms tumour
(nephro-blastoma)

All studied sources of caffeine
0 cups coffee/day vs
1-3, 4+ cups/day

NS

Selection and recall bias can not
be excluded

Few persons in the 4+ group.
Hereditary factor in the cases was
unknown.




Intake of caffeine and other methylxanthines... 325

Parental consumption of coffee or tea during the conception period of the
child and maternal coffee consumption during pregnancy did not affect
the risk of diabetes in the children. Strangely enough, heavy coffee (=9
cups/day) use by the fathers (post-natally) was found to be associated
with a greater risk for diabetes type 1.

Coffee is commonly given daily to toddlers in Guatemala. Possible
negative effects of coffee ingestion on cognitive development and sleep
patterns were assessed in 132 children 12-24 months of age who had
received coffee for > 2 months and were iron deficient as judged by at
least one indicator (Engle et al., 1999). Children were stratified by initial
haemoglobin as anaemic (Hgb < 10.5 g/dl) or non-anaemic (Hgb >10.5
g/dl) and were randomly assigned to an experimental group receiving a
coffee substitute consisting of sugar and colouring, and a control group
continuing with coffee. Of the 72 toddlers in the experimental group, 53
were non-anaemic and 19 anaemic. The corresponding figures in the
control group were 42 non-anaemic and 18 anaemic. Anaemic children
were provided Fe supplements for 2-3 months, and compliance was as-
sessed every second week. The children were evaluated for their cogniti-
ve development and sleep after 5 months supplementation by test perso-
nal that was not aware of either the treatment group or the anaemic condi-
tion. The evaluation was performed with the Bayley Scales of Infant
Development II. Scores were the Mental Development Index (MDI), the
Psychomotor Development Index (PDI), and scales from the Behaviour
Rating Scale (BRS). The child's sleep during the previous 24 h was asses-
sed with a set of standardised sleep questions to the caregiver on the first
visit and every 2 weeks thereafter.

No significant effects of treatment on cognitive development as indi-
cated by test scores or BRS ratings were found (Table 60). However, an
effect of postnatal coffee ingestion was observed for sleep duration. At
the final visit to the tester, children in the substitute group slept more
during the night and overall (night plus naps during a recent 24 h period)
than children in the coffee group, a difference not seen at the first visit.
No differences were found in sleep difficulty or number of waking times
during the night. Women's reported coffee intake per day during preg-
nancy was associated with lower BRS ratings, even after controlling for
socio-economic status and child age. The authors concluded that prenatal
coffee ingestion was negatively associated with Behaviour Rating Scales,
and that this should be investigated further.

Schiiz et al. (2001) analysed pooled data from two population-based
case-control studies on Wilms tumour (a nephroblastoma) carried out by
the German Childhood Cancer Register. Included in the studies were a
total of 177 children under the age of 10 years with Wilms tumour diag-
nosed between 1988 and 1994, and 2 006 control children sampled from
population registration files in western Germany. The parents of the
children gave information on potential risk factors via questionnaires and
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by subsequent telephone interviews. Information was collected on mater-
nal exposure to alcohol, coffee, and tea during pregnancy. Regarding the
intake of coffee (regular and decaffeinated), the following categories
were used: none, 1-3 cups, and 4 or more cups daily. Two models were
used for the statistical analysis. One was based on pooled data from the
two studies, the other on separate analysis of the studies. But the investi-
gator chose to present the results from the pooled analyses only, as the
most stable risk estimates were obtained with this model. The investiga-
tors failed to confirm an association between maternal coffee and tea
consumption during pregnancy and the occurrence of Wilms tumour
(Table 60). The authors concluded that high birth weight may play a role
in the aetiology of Wilms tumour in these studies, but many risk factors
previously suggested are of lesser importance. The strength of this study
is its size. However, it is also burdened by drawbacks. Recall bias regar-
ding the actual consumption of caffeine-containing beverages cannot be
excluded. The number of “heavy” coffee drinkers was low, making it
difficult to draw conclusions from the highest levels of exposure. Finally,
and probably the most serious disadvantage in this investigation, it was
not controlled for as to whether cases had a hereditary predisposition for
Wilms tumour.

17.3. Results of studies regarding caffeine/caffeine-
containing beverages and effects on children including
neonates and infants.

Twenty-two reports, predominantly of American origin, concerning the
relationship between maternal intake of caffeine and/or caffeine-
containing beverages and effects on infants, neonates and young children
have been published since 1980. Fifteen reports have assessed the rela-
tionship between consumption of caffeine and the effects on studied
children, while seven reports have been devoted to the relationship bet-
ween consumption of caffeine-containing beverages and effects on the
studied children.

The publications are of varying quality. It should be noted that many
of the studies suffer from methodological problems. One example is the
lack of hypotheses to be studied, which of course makes it difficult to
know whether the used methods are appropriate and optimal for the pur-
pose, even if the used tests of mental and motor development are conside-
red to be well working and valid. Another common limitation is the size
of the study base. Four publications can be characterised as case reports
and two as pilot studies, with one having a randomised design. The re-
maining investigations are epidemiological studies. Nine have been per-
formed with a retrospective design (usually case-control studies), and five
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with a prospective design. The results of the studies are summarised in
Tables 59 and 60.

17.3.1 Caffeine

A number of studies discussed in this section found no relationship bet-
ween the caffeine intake of mothers during pregnancy and the studied
effects on neonates, infants and older children (V’ ant Hoff, 1982; Ryu,
1985; Mc Culloch et al., 1989; Streissguth et al., 1980; Barr et al., 1984;
Barr and Streissguth, 1991; Alm et al., 1999). A few of these studies
should be categorised as small pilot studies with a low chance of finding
any significant effects (Ryu (1985; Mc Culloch et al., 1989), and the stu-
dy of V’ant Hoff (1982) did not verify the absence of effect by proper
statistical treatment of the data. A series of reports (Streissguth et al.,
1980; Barr et al., 1984; Barr et al., 1990; Barr and Stressguth, 1991) came
out of the Seattle long-term study, which followed a cohort of newborn
infants for seven years. Unfortunately, the cohort was not established
specifically for the purpose of investigating potential risks related to caf-
feine exposure of foetuses in utero or new-borns in utero via breast milk.
The study was initially designed to investigate the effect of social drin-
king on the health and development of offspring. The Seattle long-term
study, however, found no effects in new-born children at 8 months of age
regarding mental and motor development or size of infants: length,
weight, and head circumference. In the follow-up study at 4 years (Barr et
al., 1990), a relationship between caffeine and certain parameters in the
fine motor tests was observed. The results were, however, inconsistent
and difficult to interpret. At 7 years, caffeine did not affect height,
weight, head circumference, or motor ability. These results were obtained
by individually administered IQ and attention tests (Barr and Streissguth,
1991).

The eight remaining studies found that a high caffeine intake influen-
ced one or more of the studied parameters. Thus, neurobehavioural ef-
fects were observed in the studies of Honsky and Emory (1987), Jacob-
son et al. (1984), and Emory et al. (1988) (the same cohort was studied in
the two latter investigations). In these studies, negative effects on refle-
xes, neuromuscular maturity, muscular tone, numbers of state changes,
and startle reactions were associated with a high caffeine intake during
pregnancy. Caffeine exposure before pregnancy was associated with a
decrease in orientation capacity, increased alertness, and irritability. Ma-
ny of the studies, however, suffer from methodological weaknesses, as
indicated above.

Symptoms like irritability, vomiting, unusual behaviour, arrhythmia,
bradycardia, and effects on respiration resulting in tachypnea or apnoea
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have been associated with a phenomenon usually referred to as withdra-
wal symptoms, and have been observed in some reports (see also section
17.3.2). An association between caffeine consumption and apnoea is not
unlikely, according to the study of Toubas et al. (1986). Abstinence
symptoms have generally appeared when pregnant women have consu-
med very large amounts of caffeine-containing beverages. The symptoms
seen in the neonate that seem to be biologically plausible have often re-
solved spontaneously several days after birth, and no long-term effects
have been reported.

A relationship between caffeine consumption and sudden infant death
syndrome (SIDS) has been found in one multi-centre study from New
Zealand not adequately controlled for smoking (Ford et al, 1998). A
Scandinavian study that was unable to confirm this finding (Alm et al,
1999) actually indicated that the relation to sudden infant death syndrome
could have been a result of poor adjustment for confounders.

17.3.2. Caffeine-containing beverages

Seven reports have been published regarding the effects of maternal con-
sumption of caffeine-containing beverages and effects on neonates and
older children. Three case reports (Khanna and Somani, 1984; Thomas,
1988; Oei et al., 1989) showed an association between high coffee or cola
consumption and the development of apnoea and arrhythmia, that is, a
neonatal abstinence syndrome (see above). Other investigations noted in
a single study and requiring confirmation, indicate that maternal coffee
intake may contribute to maternal and infant anaemia, and that coffee and
tea consumption by the studied children during childhood was associated
with an increased risk for type 1 diabetes. In a randomised study on in-
fants 12-24 months old from Guatemala, children who were given coffee
had significantly longer sleeping times than children who were given a
substitute, but the behaviour of the coffee-exposed children was not nega-
tively influenced by increased maternal coffee consumption during preg-
nancy.

17.3.3. Conclusions

Most studies carried out in order to investigate the possible effects of
maternal exposure to caffeine/caffeine-containing beverages on children
in utero have been performed on neonates and infants younger than 6-12
months. Studies concerning long-term effects on older children are scar-
ce. In addition, several studies have also assessed the possible effects of
caffeine via breast milk on children.

Withdrawal (abstinence) symptoms in infants whose mothers have
consumed large amounts of caffeine-containing beverages during preg-
nancy have been described in several case reports and pilot studies. In
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general, no abnormalities have been detected in subsequent clinical fol-
low-ups of the studied children. A suggested association between sudden
infant death syndrome and maternal caffeine intake or coffee consump-
tion, however, seems to disappear when smoking is adequately controlled
for. It is much too early to speculate on any possible association between
diabetes type 1 and maternal consumption of caffeine-containing bevera-
ges.

It is possible that consumption of caffeine/caffeine-containing bevera-
ges during pregnancy (and in early childhood) may be associated with
effects on infants’ behaviour. But as the data available are inconsistent,
and often of questionable quality, such associations cannot be verified or
excluded.






18. Summary of the results in
epidemiological studies on the
relationship between caffeine
intake, or intake of caffeine-
containing beverages and foods,
and adverse effects on the
pregnancy or the foetus

It is highly unlikely that a consumer in the Nordic countries is not expo-
sed to caffeine and other methylxanthines through either the diet, medici-
nal products and/or skin care products. These compounds occur naturally
in a number of beverages such as cocoa, coffee, guarana, maté, tea, yau-
pon, and yoco as well as in cola nuts and food products containing cocoa
and chocolate (mainly candy and bakery products). Caffeine is also added
to foods, typically to various types of drinks, notably cola drinks, energy
drinks, smart drinks, and certain other soft drinks. In medicinal products,
caffeine is often a part of analgesic, antipyretic, antihistaminic, and cen-
tral stimulating products, as well as an ingredient of drugs used for mi-
graine and fatigue. Caffeine also occurs in tonics and vitamin B supple-
ments. A minor part of the exposure may come from dermal application
of skin care products.

As the exposure to the other trimethylxanthines, theobromine and
theophylline, is quantitatively less important, the rest of the discussion
will focus on caffeine. Exposure to theobromine mainly occurs though
products containing cocoa or chocolate, and exposure of theophylline
occurs mainly through tea and specific medicinal products.

Although most people are exposed to caffeine as well as the other me-
thylxanthines, the quantity they are exposed to varies greatly from person
to person. Most estimates on caffeine exposure have been done on adults
at the population level. Thus, there are data available on the average daily
intake of caffeine (per capita figures or data on a small group of individu-
als) in consumers from Australia, Canada, the USA, Brazil, the United
Kingdom, Denmark, and Sweden. These data show that the average caf-
feine intake is lower in Australia, Brazil, and the North American coun-
tries than in the European countries, in particular, lower than in Finland
and the Scandinavian countries. Whereas the average intake of caffeine in
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North America has been estimated to be between 186 and 240 mg per
day, it has been estimated to be between 425 and 490 mg per day in
Finland and the Scandinavian countries. The average caffeine intake in
the United Kingdom has been estimated to between 280 and 444 mg per
day. The main reason for the Nordic countries having the highest intake
of caffeine is that coffee consumption is higher in these countries than
elsewhere, and coffee is, in most countries, the main contributor to caf-
feine intake. In countries where tea consumption is high, as for example
in Ireland and the United Kingdom (and possibly other countries such as
Russia and India), tea provides the main contribution to the total intake of
caffeine. The limited data available on total caffeine intake in individual
consumers indicates a very large interindividual variation from low val-
ues to significantly over 1 000 mg per day.

Re-calculated into average daily exposure per kg body weight, the
Nordic data mentioned above results in 6-7 mg/kg body weight for an
adult person of 70 kg. This figure could be compared to the limited
amount of data available on the caffeine intake of children and teenagers.
Data from the Nordic countries indicate that caffeine exposure in teenag-
ers starts to resemble the intake of adults, whereas data from the United
States show that in younger children the highest exposures occur in the
age group of 2-3 years. On a per kilogram body weight basis, the expo-
sure of these young children is 2 to 4 times higher than the exposure of
adults.

Available information shows that the average caffeine intake in
women is reduced during pregnancy. However, the magnitude of the
reduction varies from person to person. The reduction is mainly due to a
transient reduced consumption of coffee occurring within the first and
second trimester of the pregnancy. One factor contributing to this reduc-
tion is the nausea experienced by many women early in pregnancy. As a
result, the average daily caffeine intake among Danish women is esti-
mated to be reduced from around 490 mg before or after pregnancy to
around 375 mg during pregnancy.

In adult humans, caffeine and other methylxanthines are rapidly and
essentially completely absorbed from the gastrointestinal tract and
distributed into body tissues in approximate proportion to their water
content. Caffeine crosses the placenta, enters gonadal tissue, uterine
secretion, and blastocysts, and is secreted into milk. Caffeine, and to a
lesser extent theophylline, also diffuses though the blood/brain barrier.
There is no accumulation of caffeine in any tissue or organ.

The peak plasma level of caffeine is reached within 30 min after con-
sumption of the pure compound, and somewhat later (after 1'%-2 hours)
after consumption of foods or beverages containing caffeine. The half-life
of caffeine in the blood plasma of adult humans is normally about 3-6 h
(corresponding values for theophylline and theobromine are 4.9 h and 10
h, respectively), due mainly to metabolism and lesser to excretion. A
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"normal” concentration of caffeine in tissues of consumers of caffeine-
containing beverages is in the range 0.2-2 pg/ml. A complication for the
interpretation of experimental data is the finding by Denaro et al. (1990)
and Cheng et al. (1990) that caffeine may exhibit dose-dependent kine-
tics, such that the rate of caffeine metabolism may decrease with increa-
sing doses of caffeine. Denaro et al. (1990) observed a decline in clea-
rance capacity of 22% after an increase in caffeine dose from 4.2 mg/kg
body weight per day to 12 mg/kg body weight per day, and Cheng et al.
(1990) reported a similar decline of 29% after escalating single oral doses
of caffeine from 70 to 300 mg. If high caffeine intake does dampen CYP1
A2 activity, this may increase overall exposure to caffeine but might also
work to counteract any potential detrimental effects of caffeine metaboli-
tes, making the assessment of any cause-effect relationship between caf-
feine and spontaneous abortion very complex (Signorello et al., 2001).
Another reason for the rather wide variation in half-life of caffeine in
humans is the fact that metabolism is dose-dependent, being a little slo-
wer at higher caffeine intakes. The first and most important step in the
biotransformation of caffeine in humans, is the removal of the 3-methyl
group by the enzyme CYP1A2 to yield 1,7-dimethylxanthine or para-
xanthine. This pathway represents almost 80 % of the primary caffeine
metabolism. Paraxanthine is then further oxidized and demethylated.
Hydroxylation produces water-soluble uric acids. Less than 2 % of the
ingested caffeine is excreted unchanged in the urine.

Caffeine metabolism is, however, dependent on a number of other fac-
tors such as age, hormonal status, and presence of other chemical com-
pounds or drugs. In the foetus and newborn, which are defective in the
liver enzymes that metabolise the compound (mainly CYP1A2), caffeine
has a much longer half-life than in the adult human. In the newborn it is
close to 4 days. Many chemical compounds alter caffeine metabolism.
Cigarette smoking, exposure to polychlorinated biphenyls, or to rifampi-
cin drugs has been shown to increase caffeine metabolism, thereby redu-
cing its half-life. Since they all induce CYP enzymes in man, the mecha-
nism for the increased caffeine metabolism is increased amounts of
CYP1A1 and CYP1A2 in the liver. The former is usually nearly absent in
liver. Of course, diseases that damage the liver may decrease caffeine
metabolism. This has been reported to be the case with liver cirrhosis,
viral hepatitis, and alcohol-induced fatty liver. Pregnancy and use of oral
contraceptives are known to increase the half-life of caffeine in plasma to
around 10 h due to decreased expression/activity of CYP1A2 in the liver.
The prolonged half-life results in the accumulation of caffeine in the bo-
dy, unless the consumption is reduced appropriately. Caffeine elimination
is essentially unchanged during the first trimester of pregnancy, which is
the period of greatest risk for the development of morphologic anomalies.
The rate then slows progressively to one-half and one-third that in the
non-pregnant state during the second and third trimesters, respectively. In
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contrast, the plasma half-life of caffeine is shorter than the ‘normal’ 3-6 h
in older infants and young children (Figure 5), in normally ovulating
women, and in adult smokers (in comparison to non-smokers). The rea-
son for these variations are probably immature, inhibited, or induced
biotransformation systems.

It should not be forgotten that the main enzyme involved in the
metabolism of caffeine, CYP1 A2 also is involved in the metabolic
activation of numerous chemical carcinogens, such as heterocyclic and
aromatic amines and nitroaromatic compounds, as well as in the
biotransformation of many xenobiotics. Therefore, the result of some of
the studies referred to in the present document may reflect an inter-play
of various unmeasured factors that are possibly related to the biological
endpematstudnetdhylxanthines readily cross the placenta, the exposure of
the foetus to methylxanthines is dependent on the consumption habit of
the pregnant woman. Thus, a few pg/ml is a normal concentration in the
foetus as well. Although individuals vary greatly in their sensitivity to
heavy doses of caffeine, toxic symptoms, such as severe restlessness and
muscular tension and twiching, do not begin to appear until concentra-
tions higher than 30 pg/ml are reached. The short-term lethal dose of
caffeine in adult humans appears to be about 5 to 10 g in a normal sized
person. One cup of coffee contains approximately 0.1 g caffeine.

The newborn may be exposed to caffeine though breast milk; the milk
concentration parallels the concentration profile in serum. The half-life of
caffeine in breast milk is not much longer than in serum. Assuming a
neonatal milk consumption of 150 mg/kg/day and the pharmacokinetic
data on methylxanthines by Oo et al. (1995), the newborn would ingest
an equivalent of 18% of the maternal caffeine dose (on a body weight
basis). Around 7% of this 18% would be caffeine, with the rest being
caffeine metabolites.

Analytical data show that methylxanthines can be detected in the se-
rum of the breast fed infant only if the mother ingested a relatively large
quantity of the compounds. Usually the amount of caffeine ingested is
considered too small to induce measurable clinical effects. Yet irritability
and insomnia are observed in some breast-fed babies when their mothers
have ingested coffee, beverages, and/or medication with high caffeine
contents. By analysing the urine of breast-fed infants it has been estab-
lished that the adult metabolite pattern of partially demethylated xanthi-
nes and ureates was attained at an age of 7 to 9 months. The data indicate
that the approximately 4 days long half-life of caffeine characteristic of
the newborn depends in large part on slow urinary excretion of un-
changed caffeine, since there is little or no metabolism.

Based on what is stated above, it seems clear that the foetus is at risk
of being exposed to high concentrations of caffeine if the mother has a
high consumption of caffeine-containing beverages, foods, or drugs. The
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caffeine exposure of the newborn child is usually less than that of the
foetus.

Over 140 epidemiological studies have investigated the relationship
between women's caffeine intake or intake of caffeine-containing bevera-
ges (and thereby foetal exposure) and adverse effects on the pregnancy
and the foetus and newborn child. The endpoints studied in relation to the
given intake parameters have included fertility, spontaneous abortion,
pre-term delivery, foetal growth retardation, congenital malformations of
the foetus, foetal behaviour, and effects on neonates, infants and older
children.

The rationale for performing these studies comes from experimental
mechanistic studies and epidemiological research. Several plausible bio-
logical mechanisms for a relationship between caffeine exposure and the
studied parameters have been proposed, and these have been presented in
brief in chapter 11-16.

This report aims at critically assessing the available epidemiological
literature to be able to identify any adverse condition during pregnancy,
on the foetus, and in young children that could be related to a high intake
of caffeine. The following sections summarise the impression received
from the critical assessment of the published studies, and present the
conclusions drawn by the Nordic expert group based on these epidemio-
logical studies.

18.1. Summary of the critical assessment of
epidemiological studies and their results

In a substantial number of the epidemiological studies discussed in chap-
ters 11-16 the criteria for including participants in the study and the
methodology to estimate caffeine exposure can both be called in question.
A probable reason for the weakness in this area is that many of the studi-
es originally were planned to investigate other hypotheses than the one
explored in the assessed articles. Monitoring of exposure is crucial, and
estimating individual intakes from food frequency questionnaires are
known to have severe limitations (chapter 10), in particular when
questions refer to consumption that took place much earlier.

When assessing epidemiological studies of the type reviewed in this
report, in which most of the caffeine exposure of the studied subjects is
derived from beverages enjoyed in a social context, it must be born in
mind that the beverages contain a large number of other compounds than
the ones investigated, complicating the task to identify the causal factor
for the established relationship. There is always a risk that another com-
ponent in a food is responsible for an observed effect than the compound
actually studied. Regarding coffee, which is the main contributor to the
caffeine intake in the Nordic countries, Viani (1993) has reviewed the
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chemical composition and Arnaud (1993) the metabolism of many of
these components.

18.1.1. Conclusion on intake of caffeine or caffeine-containing beverages
and fertility

The fertility parameters studied were time to pregnancy/time to concep-
tion, fecundability (the probability of becoming clinically pregnant in
each menstrual cycle), pregnancy rate, success of in vitro fertilisation and
embryo transfer, and effects on sperm quality. Most studies were devoted
to time to pregnancy/time to conception, and this time span was defined
as the time between stopping contraception and clinically diagnosed
pregnancy.

In epidemiological studies related to fertility it is very important to
consider what time period of exposure the study actually refers to. The
appropriate period should be the time when attempts to get pregnant were
made, that is, the time directly before conception, not during pregnancy,
as it has been shown that many women tend to reduce their caffeine inta-
ke early in pregnancy. Thus, investigating caffeine intake during preg-
nancy retrospectively, as has been done in many studies, may result in an
underestimation of the actual exposure during the period prior to concep-
tion. Consequently, information in epidemiological studies that have rela-
ted daily levels of caffeine intake during various parts of the pregnancy to
delayed conception/reduced fecundability must be interpreted with great
care.

Five retrospective studies investigated the relationship between time
to pregnancy and caffeine exposure, and eight studies investigated the
relationship to the number of cups/cans of caffeinated beverages consu-
med daily. As the published results are contradictory, available data only
gives marginal support for high caffeine intakes being related to time to
pregnancy/conception. These studies give no indication of a relationship
between consumption of tea, caffeinated soft drinks, or decaffeinated
coffee and time to pregnancy. Studies on the relationship between coffee
consumption and time to pregnancy give a less clear picture. However,
considering the limitations of the studies, the results of most of them in-
dicate that high coffee consumption is not strongly correlated with an
increased time to pregnancy.

In eight studies, the probability of becoming clinically pregnant in
each menstrual cycle (fecundability) was explored in relation to caffeine
exposure, and in five studies this probability was explored in relation to
the number of cups/cans of caffeinated beverages consumed each day.
These studies give even less support of a relationship between the studied
parameters than do the studies related to time to pregnancy/time to
conception.
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To what extent the male partner may influence reduced fertility, besi-
des influencing the frequency of intercourse and having semen of non-
optimal quality, has usually not been explored in the epidemiological
studies, and therefore is not controlled for. /n vitro incubation of human
semen with caffeine, as well as with other methylxanthines, appears to
increase the motility of fresh and previously frozen human spermatozoa.
Thus, there are some in vitro data available that could be interpreted that
the quantity of caffeine ingested by the male partner of the studied wo-
men could influence fertility. Whether this is also the case in vivo is a
hypothesis open for testing.

It can be concluded that the results obtained in epidemiological studies
concerning a possible relationship between caffeine or caffeine-
containing beverages and fertility are contradictory and difficult to in-
terpret. The data of many studies have limitations due to the experimental
design. A relationship between caffeine intake and time to pregnan-
cy/time to conception/fecundability cannot be ruled out, but at present the
evidence for such a relationship must be considered weak. The reason for
this conclusion is that there is no consistency in results between studies,
and that accurate data regarding caffeine exposure during the time period
shortly before pregnancy seldom has been available in the epidemiologi-
cal studies. Furthermore, there are only a few studies that have related
caffeine exposure to effects on spermatozoa in vivo.

18.1.2. Conclusion on intake of caffeine or caffeine-containing beverages
and spontaneous abortion

Spontaneous abortion is one of the most common complications of preg-
nancy. The definition of spontaneous abortion varies over the world. Ac-
cording to one accepted definition, a spontaneous abortion is a pregnancy
that ends before 22 completed weeks of gestation, or results in a birth
weight of 500 grams or less, and does not end in a live birth. In Sweden
the definition is a pregnancy that ends before 28 complete weeks. Miscar-
riages not recognised by the mothers are of course unlikely to be registe-
red. Therefore, the frequency of early (pre-clinical) loss is not very well
known, mainly because of the difficulties in recognising the condition.
One complication in the assessment of studies concerning spontaneous
abortion is that there obviously are many causes of this pregnancy out-
come. Spontaneous abortions may thus be regarded as a heterogenous
group of disorders. Besides chromosomal abnormalities, which are re-
sponsible for about 60% of clinically recognised spontaneous abortions
during the first three months of pregnancy, and uterine/cervical causes,
the factors most consistently associated with recognised spontaneous
abortion risk are prior spontaneous abortion and older maternal age. Pre-
vious reproductive events of other types, exposure to exogenous factors
such as tobacco, alcohol, and chemicals in the occupational setting, and
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psychological factors have all given conflicting results when studied epi-
demiologically. One of the exogenous factors suggested to influence
spontaneous abortion rate is caffeine intake. Potential effects of caffeine
on foetal development may follow prolonged accumulation of caffeine in
pregnant women and passage to the foetus, which lacks the enzymes ne-
cessary for the metabolism of caffeine until several days after birth.

Because many factors have been postulated to influence the rate of
spontaneous abortion, the problem of confounding factors pushing a non-
existent relationship into looking like a significant relationship, or, on the
contrary, reducing an existing relationship into non-significance, has to
be addressed in all epidemiological studies. Not all investigators have
adequately controlled for such confounding factors. A very important
confounding factor that can never be neglected in this context is smoking.
In several prospective and retrospective studies, an increased rate of
spontaneous abortion has been reported in smokers with the relative risks
being in the range 1.2 to 1.8. It might not be enough to adjust only quali-
tatively for smoking (yes/no), as the amount smoked might govern, for
example, how much the caffeine metabolism is influenced.

Maternal illness during pregnancy, such as nausea and gastrointestinal
and cardiovascular problems, might also be a confounding factor. Nausea
coupled to pregnancy typically begins at 4-6 weeks of gestation, and
peaks in incidence and severity by 8-12 weeks (Deuchar, 1995; Furneaux
et al., 2001). It has been anticipated that women with a viable pregnancy
are more likely to experience nausea, and reduce their intake of caffeine
(and other compounds), than women who have a non-viable pregnancy
and experience nausea less frequently. Nausea has been controlled for in
the studies by Cnattingius et al. (2000) and Wen et al. (2001), which at
present seem to be the most accurate investigations of the relationship
between caffeine/coffee consumption and early spontaneous abortion.
Mothers who have gastrointestinal or cardiovascular problems that may
predispose them to spontaneously abort might be advised to avoid or limit
caffeine consumption. In both cases, the bias introduced would spuriously
reduce the risk estimates for caffeine.

A difficult circumstance to control for is the non-equal influence of
environmental factors on different foetuses. The fraction of foetuses car-
rying chromosomal abnormalities that are non-compatible with survival
differs during pregnancy. It is very high in early pregnancy, drops during
the late first trimester, and becomes comparatively low at the end of
pregnancy. As exposure to environmental factors such as caffeine might
have potential to influence healthy foetuses but not foetuses already
bound to be aborted, carefully controlling for the karyotype of the foetus
might be required but be very difficult. It is particularly important to
control for the karyotype during early pregnancy when the fraction of
chromosomally abnormal foetuses is higher, as the rate of abnormal foe-
tuses drops quickly with the gestational age of the woman.
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Eighteen epidemiological studies have explored the relationship bet-
ween caffeine/coffee consumption and spontaneous abortion. The defini-
tion of spontaneous abortion or miscarriage differed between studies. As
the risk factors and cause of spontaneous abortion may vary during the
pregnancy, it is very important that the condition is accurately defined.
Seven research groups limited their study base to patients with early foe-
tal loss (before 12 weeks of gestation) and two studies were devoted to
miscarriages only in late pregnancy. The rest of the studies included both
fairly early and late abortions.

It can be concluded that the results of more than half of the described
epidemiological studies concerning intake of caffeine/caffeine-containing
beverages and spontaneous abortions indicate a positive relationship.
However, as repeatedly pointed out throughout the report, most studies
have weaknesses in their adjustment of potential confounding factors and
in the selection of the study base. Thus, the results are far from easy to
interpret. However, taking all information into account, we have come to
the conclusion that high intake of caffeine during pregnancy, at least du-
ring early pregnancy, might increase the risk for spontaneous abortions.
Although the epidemiological studies have been criticised for problems in
design, six of them have been used in a meta-analysis, which arrived at
the same conclusion as presented above. The combined odds ratio in the
meta-analysis was 1.36 with a 95% confidence interval of 1.29-1.45. One
particular note of caution should be given, and that is that the potential
confounders identified in the separate studies were not adjusted for in the
meta-analysis because they were too poorly presented in some of the
individual studies.

Three studies have been devoted to a possible relationship between
caffeine metabolism and spontaneous abortion. These studies made use of
biomarkers of caffeine metabolism in blood and urine, as well as infor-
mation on acetylator genotypes (slow or fast). The profile of caffeine and
caffeine metabolites in the body fluids portrays caffeine metabolic activi-
ty, reflecting the capacity for caffeine clearance and hence the ultimate
caffeine load on the body. The speed of caffeine metabolism will also
determine the exposure to caffeine metabolites, mainly paraxanthine.
Whereas Fenster et al. (1998) observed no interaction between caffeine
intake and enzyme activities, Signorello et al. (2001) found women with
high CYP1A2 activity to have an increased risk of normal karyotype
spontaneous abortion. The data of the latter study could be interpreted as
indicating that the metabolites of caffeine play a role in the ethiology of
spontaneous abortions. At present there are no experimental data to con-
firm this theory. However, the third study found that women with the
highest quintile of serum paraxanthine had an increased risk for both
early and late spontaneous abortion (Klebanoff et al., (1999). As two of
these studies have been criticised for substantial shortcomings in design
and performance, a possible relationship between caffeine metabolism
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and spontaneous abortion needs further investigation. It should be stres-
sed that the main enzyme metabolising caffeine, CYP1A2, is also invol-
ved in the metabolic activation of numerous chemical carcinogens, and
therefore data of this kind may reflect the interplay of various unmeasu-
red factors that are possibly related to spontaneous abortion.

18.1.3. Conclusion on caffeine intake and congenital malformations

Although exposure of laboratory animals to a single high dose of caffeine
during gestation results in an increased risk for the development of facial
clefts and limb anomalies, both apportioning the total dose in animals
studied to several administrations with lower doses, and the results of
epidemiological studies on humans, reveal no obvious relationship bet-
ween maternal caffeine intake and foetal facial clefts, skeletal malforma-
tions, or any other infant birth defects. Nor has any relationship between
the intake of caffeine-containing beverages and congenital malformations
been established.

The finding of a relationship between late testicular descent into the
scrotum and intake of cola drinks in low quantities is very puzzling and
may be a study artefact. In addition, heavy coffee consumption (>4
cups/day) in one study appeared to be associated with a reduced inci-
dence of Down syndrome. This phenomenon could, however, be explai-
ned by the fact that high coffee consumption (possibly caffeine intake) is
more likely to reduce the viability of a Down syndrome conceptus than
that of a normal conceptus.

Because of the huge variation in quality of the epidemiological data
available (see chapter 12), the question of whether caffeine is teratogenic
or not in humans cannot be considered completely settled. However, at
present, there is no evidence from epidemiological studies that high caf-
feine exposures cause congenital malformations in humans.

18.1.4. Conclusion on caffeine intake and pre-term delivery

Pre-term delivery/pre-term birth within all twenty studies reviewed in this
report has been defined as a gestational age of less than 37 completed
weeks of pregnancy. Some authors have also considered a birth weight of
less than 2 500 grams as part of the definition of pre-term births. The
close agreement on definition makes it much easier to draw conclusions
from the study results. Low socio-economic status, a history of adverse
pregnancy outcome, and antepartum haemorrhage have consistently been
reported as risk factors associated with pre-term delivery, and must, the-
refore, be controlled for in studies on this endpoint of pregnancy. This is,
however, not as easy as it seems, as pre-term delivery is a heterogenous
condition caused by, for example, premature rupture of membranes, pre-
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mature onset of labour, vaginal bleeding (including placenta previa and
abruptio placentae), and maternal illness (most often preeclampsia).

The majority of the studies devoted to this condition have a retrospec-
tive design, which could have introduced exposure bias due to faulty
recall of consumption. The eight studies with a prospective design should
be less burdened by recall bias compared to the retrospective studies.
Although the studies have used a common definition of the studied biolo-
gical endpoint, they have quantified caffeine intake differently. A draw-
back with many studies is the fact that the consumption of caffeine-
containing foods and beverages has not been dichotomised by trimester.
Especially important is consumption in the third trimester, which ought to
have been registered in all studies of this type. However, it is not unusual
to find that only consumption during the first trimester or average con-
sumption during pregnancy has been reported.

Fourteen of the twenty studies conclude that there is no association
between caffeine intake or intake of caffeine-containing beverages and
pre-term delivery. One study reported a positive association between
caffeine intake and pre-term delivery, and four reported an association
between the consumption of caffeine-containing beverages and pre-term
delivery. However, as many of the positive studies suffer from severe
limitations such as not controlling for smoking, these positive correla-
tions may be explained by other factors. It can be concluded, therefore,
that a relationship between caffeine intake and pre-term delivery is unli-
kely, at least for most causes of pre-term delivery.

18.1.5. Conclusion on caffeine intake and foetal growth retardation

Thirty epidemiological studies concerning the relationship between foetal
growth retardation and intake of caffeine and/or caffeine-containing be-
verages have been published. The main outcome parameters studied were
low birth weight, reduction in birth weight in comparison with a referent
group (birth weight observed as a continuous variable), and intrauterine
growth retardation. Low birth weight has been defined as a birth weight
of <2 500 g or a birth weight below the 10™ percentile of national growth
standard curves. Intrauterine growth retardation has been defined as a
birth weight below a specific percentile of growth standard curves. In
addition to these outcome parameters, birth length, crown-rump length,
head circumference, placental weight, and ponderal index have been utili-
sed as indicators of foetal growth retardation in some studies.

It is important that the gestational age of the foetus (child) has been
controlled for. Fortunately, this has been done in almost all studies,
although far from all studies have specified the method used to determine
gestational age. The ultrasonographic method, which is considered to be
more accurate, is preferred to methods based on determinations from the
last menstrual cycle. Particularly important for the exposure parameter is



342 Intake of caffeine and other methylxanthines...

knowledge about consumption during the third trimester of pregnancy,
which should have been assessed in all studies of this type, as foetal
growth is particularly intense during the later stages of pregnancy. In
many studies, however, only average consumption or consumption during
the first trimester has been reported. This drawback severely limits the
conclusions that can be drawn from these studies.

Controlling for confounding factors is, as always, important. Some
confounding factors have nearly consistently been shown to be of impor-
tance in studies on foetal growth retardation. Among these confounding
factors are: smoking, duration of pregnancy (e.g. gestational age), pre
pregnancy weight, weight gain during pregnancy, ethnicity, parity, and
use of alcohol. The importance of accurately controlling for smoking
should be stressed, as an association between caffeine intake and cigarette
smoking is commonly observed. It is known that caffeine is eliminated
much faster in smokers than in non-smokers, because the cigarette smoke
induces enzymes that degrade components of the cigarette smoke. The
same enzymes also metabolise caffeine. As smoking is known to affect
birth weight in a dose dependent manner, adjusting for smoking means
that the number of cigarettes smoked must be accounted for. This has,
however, not been considered in all studies — the only information avai-
lable in some studies was if the women was a smoker or not.

Approximately fifty percent of the thirty reviewed studies had a pro-
spective design. The majority were fairly large to very large cohort studi-
es. Of the studies, nineteen had assessed the relationship between foetal
growth retardation and consumption of caffeine, whereas seventeen studi-
es assessed the relationship between foetal growth retardation and con-
sumption of caffeine-containing beverages. Thus, in six studies, the ex-
posure variable was the amount of caffeine as well as the amount of caf-
feine-containing beverages.

A statistically significant relationship between caffeine exposure and
foetal growth retardation was found in about half of the reviewed epide-
miological studies, although the adjusted odd ratios did not much exceed
1.00. A dose response was demonstrated in some of the studies. Borderli-
ne significance was obtained in two additional studies. It should, howe-
ver, be emphasised that many studies showing a significant decrease in
foetal growth at high caffeine intakes had a retrospective design, and
observed the effect only in specific subgroups such as smokers or non-
smokers. Many of these studies had weaknesses in experimental design,
often due to the study originally being designed for investigating other
relationships. This would lead to methodological problems connected
with the study base, recall bias, and non-optimal control of confounding
factors in the statistical analysis. In two retrospective studies, a signifi-
cant effect could be seen only on intrauterine growth retardation, whereas
low birth weight, which was also measured, was unaffected. This incon-
sistency has not yet been explained, and these results should, therefore,
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be interpreted with care. The majority of studies carried out with a pro-
spective design showed no statistically significant relationship between
caffeine exposure and foetal growth retardation.

In most of the studies reviewed in this section, the intake of caffeine
could be characterised as fairly low in comparison to the mean consump-
tion in the Nordic countries. Accordingly, a general problem in the majo-
rity of the studies is that the number of participants consuming > 300 mg
of caffeine daily is small or in some studies even very small, which redu-
ces the ability to predict the outcome (at this consumption level) with
statistical precision. The lowest dose of caffeine, resulting in a statistical-
ly significant reduction in birth weight in one of the reviewed studies,
was 70-140 mg/day, which approximately corresponds to the amount of
caffeine in a large cup of coffee. In most other studies >300-400 mg caf-
feine/day (>4 normal cups of coffee) was required before a statistically
significant effect was induced.

Eleven of the seventeen studies exploring a relationship between con-
sumption of caffeine-containing beverages and foetal growth retardation
observed a statistically significant relationship between these parameters.
A dose-response relationship was found in five studies. In half of the
studies “caffeine-containing beverages” was equivalent to coffee. In the
remaining studies, the consumption referred to tea, and sometimes to
cocoa and cola drinks. The lowest amount of caffeine-containing bevera-
ge(s) resulting in a statistically significant reduction in birth
weight/intrauterine growth retardation was >1 large cup of coffee daily.
In most other studies higher exposure levels were required in order to
produce a statistically significant effect - usually >4-9 cups of coffee
daily (or 26 cups of tea). In two of the eleven positive studies, a signifi-
cant synergistic relationship was found between the consumption of caf-
feine-containing beverages and smoking.

In summary, the resilient quality of most assessed studies does not en-
able definitive conclusions to be drawn. Although it is definitely not pru-
dent to rule out a possible relationship between the intake of caffeine or
caffeine-containing beverages and reduced mean birth weight based on
the results of the reviewed investigations, it should be kept in mind that in
most modern prospective studies no significant association has been ob-
served. However, the two meta-analyses that have been devoted to the
relationship between intake of caffeine and the birth weight of infants or
duration of pregnancy revealed significant growth retardation at high
intakes of caffeine. On the other hand, confounders could not adequately
be controlled for in these meta-analyses. Specifically designed and con-
trolled studies are required to establish whether a high intake of caffeine
may result in intrauterine growth retardation.
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18.1.6. Conclusion on caffeine intake and effects on foetuses

Whether maternal caffeine exposure can affect foetal behaviour has been
investigated in in vitro studies of human tissue and six clinical studies of
the mother and foetus using the ultrasonographic techniques. As all clini-
cal investigations were very small and focused on different beha-
viour/effect parameters in the foetus (foetal breathing, foetal body mo-
vements, and effects on the foetus cardiovascular system) it is not surpri-
sing that it is difficult to draw general conclusions.

The in vitro studies showed that caffeine had a significant effect on
the foetal heart rate and contractility, as well as on the vascular tone of
human placental arteries and veins at exposures of biologically relevant
doses of caffeine. This is not unexpected, as caffeine has pronounced
pharmacological effects in adults (see chapter 9), and the methylxanthine
readily crosses the placenta. Possible effects of caffeine on the foetus in
vivo are much less clear, partly because the studied parameters varied
between studies, partly because caffeine was administered differently (as
pure caffeine, as coffee, or in normal food) in the various studies (caffei-
ne is likely to be more quickly absorbed when administered as pure com-
pound). The different study designs make it more difficult to confirm or
contradict earlier observations.

With the exception of one of the studies, which investigated the in-
fluence of caffeine on early twin pregnancies, the five other clinical stu-
dies were carried out on women in the third trimester of pregnancy. The
study results have been contradictory. For example, high caffeine intake
of pregnant women increased the foetal heart rate in two studies, whereas
it was reduced in two other studies. Similarly, two studies found high
caffeine exposures to increase foetal breathing rate, whereas another
found high caffeine exposures to have no effect on foetal breathing rate.
It is possible that some of the discrepancies could be explained by the fact
that the background intake of caffeine from foods was poorly controlled
for. Furthermore, administered dosage and form (tablets, solutions, or as
coffee), and the genetic constitution of the pregnant women varied
considerably between studies.

In conclusion, it seems probable that maternal consumption of caffei-
ne or coffee influences foetal behaviour. The reviewed study results on
foetuses exposed to caffeine in utero are, however, so divergent that it is
difficult to predict what effects are likely to appear upon the exposure of
pregnant women to caffeine, and, particularly, to what extent the effects
could be defined as adverse. Larger and accurately designed studies are
needed to explore whether this relationship exists. An interesting finding
by Salvador and Koos (1989) should be noted, namely, the observation
that decaffeinated coffee (like regular coffee) also increased the incidence
of foetal breathing activity and produced a slight reduction in foetal heart
rate. This observation raises the question as to whether constituents of
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coffee other than caffeine may have pharmacological effects on foetuses
in utero and influence their behaviour.

18.1.7. Conclusion on maternal caffeine exposure and effects on
neonates, infants, and older children

The extent of research on possible effects in children of exposure to caf-
feine/caffeine-containing beverages in utero is limited and often of
questionable quality, and have mainly been performed on neonates and
infants younger than 6-12 months. Studies concerning long-term effects
on older children are scarce. The lack of well-designed epidemiological
studies to address the question limits the conclusions that can be drawn.

Although withdrawal (abstinence) symptoms in infants whose mothers
have consumed large amounts of caffeine-containing beverages during
pregnancy have been described in several case reports and pilot studies,
no persistent abnormalities have been confirmed in a subsequent clinical
follow-up of the studied children. As available data is limited and the
results are inconsistent, an association between the consumption of caf-
feine/caffeine-containing beverages during pregnancy (and in early
childhood) and infants’ behaviour can at present be neither verified nor
excluded.






19. Concluding discussion

In 1980 the American Food and Drug Administration (FDA) issued re-
commendations to women to limit their intake of caffeine-containing
beverages during pregnancy. This recommendation was based on results
from studies on experimental animals, which had shown teratogenic ef-
fects of caffeine at very high doses. Since then, many epidemiological
studies have been conducted in order to investigate whether intake of
caffeine could affect pregnancy outcome. These studies have predomi-
nantly been performed in the US and Canada, but there are also some
Europeans studies. The cultural affiliation is important, as the average
caffeine intake in North America is substantially lower than in Europe, in
particular lower than in the Nordic countries.

As the mean consumption of caffeine is especially high in the Nordic
countries, the Working Group on Food Toxicology and Risk Evaluation
(NNT) within the Nordic Council of Ministers, commissioned an expert
group of Nordic food toxicologists to evaluate available epidemiological
data concerning the relationship between maternal exposure to caffeine
and other methylxanthines and adverse effects on the pregnancy, the foe-
tus and young children. The adverse effects analysed in the epidemiologi-
cal studies included: fertility/delayed conception, spontaneous abortions,
congenital malformations, pre-term delivery, foetal growth retardation,
effects on foetuses, and, finally, effects on neonates, infants and older
children. The expert group has reached the following conclusions:

Fertility:

It cannot be ruled out that an association exists between caffeine exposure
and fertility (delayed conception), but the evidence for such an associati-
on must at present be considered weak. One important reason contribu-
ting to the uncertainty in this respect is the lack of reliable data on caffei-
ne exposure during the time before pregnancy.

Spontaneous abortion:

It seems probable that at least relatively high intakes of caffeine may
adversely affect the risk of having a spontaneous abortion, especially
early in pregnancy. Although the results of the available epidemiological
studies in this field partly are contradictory and not easy to interpret, de-
pending mainly on problems with confounding, the possible association
is currently supported by some modern studies, which can be considered
well designed and performed.
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Congenital malformations:

The available epidemiological data give no evidence that high caffeine
exposure of women during pregnancy cause congenital malformations.
However, the number of epidemiological studies is limited and their qua-
lity sometimes of questionable standard.

Pre-term delivery:

No relationship between caffeine exposure and pre-term delivery has
been demonstrated in most acceptable epidemiological studies exploring
this relationship. A few studies have found a positive association, but this
may be explained by other factors that were not well controlled. Hence
the expert group concludes that an association between prenatal caffeine
exposure and pre-term delivery is unlikely at the exposure levels docu-
mented in the studies.

Foetal growth retardation:

As the overall result of the studies on a possible relationship between
caffeine exposure and foetal growth retardation (mainly studies on birth
weight) is contradictory, it is not possible to exclude a relationship bet-
ween high intake of caffeine and reduced mean birth weight. It should,
however, be kept in mind that in most modern prospective studies no
significant effects have been observed. If a relationship between foetal
growth retardation and caffeine intake exists, the resulting reduction in
birth weight would probably be small and, thus, in most cases of minor
importance clinically.

Effects on the foetus:

As only a few studies with a limited number of participants and a diver-
ging design, have been carried out, it is very difficult to predict what ef-
fects will appear upon high exposure of pregnant women to caffeine. It
seems probable that consumption of caffeine-containing foods, beverages
and drugs could influence foetal behaviour but it is much less clear to
what extent the effects could be considered adverse. Consequently, new
and better-designed studies are warranted to be able to conclude on this
relationship.

Effects on neonates, infants and older children:

The available studies on prenatal caffeine exposure via the placenta and
postnatal via the breast milk have shown no consistent behavioural or
cognitive effects on infants. It should, however, be pointed out that most
of the assessed studies in this field are of questionable quality. Therefore,
an association between prenatal caffeine exposure and behavioural or
cognitive effects in infants can neither be verified nor excluded.

Health authorities in many countries have advised and are still advis-
ing women to limit their consumption of caffeine during pregnancy. Rec-
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ommendations of this type are probably based on many of the epidemiol-
ogical studies assessed in this report. However, there is still considerable
lack of data of high quality in relation to effects on reproduction. Under-
standably, this has resulted in uncertainties in the risk assessment of caf-
feine. To improve on the situation, a large number of investigators and
authorities during the last two decades have reviewed the potential repro-
ductive toxicity of caffeine or coffee (e.g. FDA, 1980b; Dlugosz and
Bracken, 1992; Leviton, 1993; Nehlig and Debry, 1994c; Golding, 1995;
Hinds et al., 1996; SCF, 1999) with the aim of establishing the safety of
consuming foods and beverages containing caffeine. The following dis-
cussion 1s, however, limited to the results of two recent assessments.

The EU Scientific Committee on Food (SCF) performed the first of
these safety assessments. The Committee launched a statement on the
safety of consuming caffeine in pregnancy as part of an assessment of
energy drinks January 21, 1999. The SCF states: “contradictory results
have been noted in human studies on the effects of prenatal caffeine in-
take on birth weight and on incidence of spontaneous abortions. Some
reviews attribute apparent effects of caffeine on birth weight to the con-
founding effect of smoking. No clear association has been established
between caffeine intake in early pregnancy and spontaneous abortion or
delayed conception. Similarly there are no consistent associations be-
tween prenatal caffeine exposure and pre-term delivery or congenital
malformation. In many of the human studies reviewed, caffeine consum-
ers have been subdivided into low, moderate and high consumers for
analysis of data. In those studies indicating effects on pregnancy out-
come, the association with caffeine was confined to high consumers.
Studies on prenatal caffeine exposure have shown no consistent behav-
ioural or cognitive effects on children either at pre-school or school age.
A long-term follow-up study in children whose mothers were exposed to
150-200 mg caffeine/day during pregnancy found no clear effects on
mental development, psychomotor functions or behaviour up to 7 years of
age.” The SCF concluded: “In general, maternal consumption during
pregnancy does not appear to have any measurable adverse consequences
for the human foetus at intakes up to 300 mg/day” (SCF, 1999).

In another recently published assessment on the safety of caffeine in
pregnancy, Leviton and Cowan (2002) presented the following conclu-
sions: “(a) An association between caffeine consumption and a reproduc-
tive hazard is more likely to be seen in lower-quality studies than in stu-
dies that come closer to approximating the ideal. This is especially evi-
dent for "lower" birth weight and congenital anomalies. (b) The
association between caffeine consumption and spontaneous abortion may
well reflect the Stein-Susser epiphenomenon (women with prominent
nausea tend to reduce caffeine consumption and nausea appears to be a
marker of good implantation, perhaps reflecting a favorable balance of
hormones produced by a healthy placenta). (¢) The claim that caffeine
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consumption by women delays conception has not been followed by con-
vincing support. (d) Reproductive hazards associated with cigarette smo-
king tend to be associated with caffeine/coffee consumption. Sometimes
this appears to be a consequence of residual confounding associated with
inadequate adjustment for cigarette smoking, which is over-represented
among those who drink the most coffee/caffeine. Sometimes this reflects
the tendency of women to underreport socially undesirable behaviors
(e.g. smoking) while accurately reporting socially neutral behaviors (e.g.
coffee and caffeine consumption). Thus, it seems reasonable to conclude
that no convincing evidence has been presented to show that caffeine
consumption increases the risk of any reproductive adversity.”

The expert group under the Nordic Working Group on Food Toxicol-
ogy (NNT) agrees with many of the conclusions expressed by the EU
Scientific Committee on Food (SCF) in their Opinion published January
21, 1999. Some differences in opinion should, however, be noted. A cou-
ple of new well-designed studies on caffeine intake and spontaneous
abortion have appeared since the statement of the Committee was made.
The results of these studies allow the expert group to conclude that there
is a probable association between caffeine intake and spontaneous abor-
tion instead of “no clear association” as claimed by the SCF, at least at
relatively high intakes of caffeine. In the case of delayed conception, the
NNT group doubts that there is an association to caffeine exposure, but
on the other hand, it cannot be entirely ruled out at present. Furthermore,
though no consistent association has been found in the studies of congeni-
tal malformations, the fact that studies in this field are comparatively few
and suffer from many limitations, a new well-designed study to close the
subject would be welcome. Like the SCF, the NNT group has come to the
conclusion that contradictory results have been obtained in human studies
on the effects of maternal caffeine intake during pregnancy on birth
weight. The NNT group takes the position that if high intakes of caffeine
reduce birth weight, which is at present uncertain, this effect is likely to
be small.

The NNT group also shares some of the conclusions expressed by Le-
viton and Cowan (2002) in their recently published assessment on the
safety of caffeine in pregnancy. In agreement with Leviton and Gowan
(2002), the NNT group has identified many methodological problems that
limit the conclusions that can be drawn from the results of these epide-
miological studies. The problem caused with nausea occurring in preg-
nant women during the first and second trimester of pregnancy as a con-
founding factor when analysing an association between caffeine con-
sumption and spontaneous abortion has also been pointed out by the NNT
group. The possibility of residual confounding associated with inadequate
adjustment for cigarette smoking (which is over-represented among wo-
men who consume large amounts of coffee) has also been addressed by
the NNT group. The overall conclusion by Leviton and Cowan (2002) is
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that it seems reasonable that no convincing evidence has been presented
to show that caffeine consumption increases the risk of any reproductive
adversity. The NNT group has more confidence in the recently published
well-designed studies. Furthermore, as the epidemiological results are
split between studies that give significant and non-significant effects, it
can be claimed that there is no convincing evidence that caffeine does not
increase the risk of reproductive adversity.

The possibility that caffeine, especially at high doses, could affect
pregnancy in a negative way should be communicated in a non-traumatic
way to women in childbearing age having a high caffeine intake from
caffeine-containing beverages, foods, and drugs. For these women, a
reduction in caffeine intake from all sources is warranted. As a dose-
effect response has been found in many of the reviewed human studies,
the NNT group, like the SCF and the FDA, finds it appropriate to con-
tinue the current discussion on limiting the caffeine intake during preg-
nancy. In the absence of sufficient studies of good scientific quality re-
garding many of the parameters dealt with in this report, the NNT group
would like to recommend concentrating available resources in the future
to only perform precise and well designed studies that are able to control
for the majority of the many factors that may confound a relationship
between intake of methylxanthines by women of childbearing age and
adverse effects on herself, her foetus and young children.
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21. Abbreviations used 1n this

report

adj

AGA
Ah-receptor
AMP

BL

BIBRA
BRS

bw

BW

CA

CAMP
CAS-number
CHO cells
CI

Cig

CIS

CNS
CRL
CYP 1A1
CYP 1A2

CYP3A4
CYP3A7
CYP2D6
CYP2D met
CYP2EI
DNA
EPA

EU

FAO
FDA

G2 phase
GA
GABA
GC

GLP
GMP

Adjusted for

Appropriate for gestational age
Aryl hydrocarbon receptor
Adenosine monophosphate
Birth length

The British Industrial Biological Research Association
Behaviour Rating Scale

Body weight

Birth weight

Chromosome Aberration (test)

Cyclic adenosine monophosphate

Chemical Abstract Service Registry Number
Chinese Hamster Ovary cells

Confidence Interval

Cigarette(s)

Commonwealth of Independent States: Russia, Belarus,

Kazakhstan, Kyrgyzstan, Tajikistan and Armenia
Central Nervous System

Crown-rump length

Cytochrome P450 isoenzym

Cytochrome P450 isoenzym

Cytochrome P450 isoenzym

Cytochrome P450 isoenzym

Cytochrome P450 isoenzym

Cytochrome P450 isoenzym

Cytochrome P450 isoenzym
Deoxyribonucleic acid

Environmental Protection Agency (USA)
European Union

Food and Agriculture Organization (United Nations)
Food and Drug Administration (USA)
Phase in the mitotic cell division cycle
Gestational age

Gamma-aminobutyric acid

Gas chromatography

Good Laboratory Practice

Guanosine monophosphate
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Hb

HC
Hct
HCG
HPLC
IARC
Im
IMP

In vitro
In vivo
Ip
IPCS
IUGR
IUPAC
Iv
JECFA
JMPR
LBW
LBWGA
LDso

LMP
LO(A)EL
MAFF
MDI
MTD
NCI
NOEL
NNT

NO(A)EL
NOC
NTP

NS
OECD
OR

PDI

PI
PMTDI

Po
Ppm
PT
PX
PW

Hemoglobin

Head circumference

Hematocrit

Human chorionic gonadotropin

High Pressure Liquid Chromatography

International Agency for Research on Cancer
Intramuscularly

Inosinic acid (inosine 5’-monophosphate)

Experiments in cell cultures and bacteria

Experiments in intact animals

Intra-peritoneally

International Programme on Chemical Safety (WHO)
Intrauterine growth retardation

International Union of Pure and Applied Chemistry
Intravenously

Joint FAO/WHO Expert Committee on Food Additives
Joint FAO/WHO Meeting on Pesticide Residues

Low birth weight

Low birth weight for gestational age

Lethal Dose, median. The dosage of chemical needed to
produce death in 50% of the treated animals.

Last menstrual period

Lowest Observed (Adverse) Effect Level

Ministry of Agriculture and Fishing, Great Britain
Mental Development Index

Maximum Tolerated Dose

National Cancer Institute (USA)

No Effect Level

Nordic Working Group on Food Toxicology and Risk As-
sessment

No Observable (Adverse) Effect Level

N-nitroso compounds.

National Toxicology Programme (USA)

Not statistically significant

Organisation for Economic Co-operation and Development
Odds ratio

Psychomotor Development Index

Ponderal index; the ratio (birth weight/ birth length)
Provisional Maximum Tolerable Daily Intake. Term used
like TDI.

Per os (by mouth)

Parts per million

Preterm birth

Paraxanthine

Placental weight
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RNA
RTCS
SA
SAM
sc
SCE
SGA
SCF
SGOT
SGPT
SIDS
sign
SOS chromotest
UsS
uv
WHO
XMP
X0

Ribonucleic acid

Registry of Toxic Chemical Substances
Spontaneous abortion, misscarriage
S-adenosyl-L-methionine

Subcutaneous

Sister chromatide exchange

Small for gestational age

Scientific Committee on Food (previously for food)
Serum glutamate-oxalatetransaminase
Serum Glutamate PyruvateTransaminase
Sudden Infant Death Syndrome

Significant

DNA repair test

Ultrasonographic examinations

Ultraviolet light

World Health Organization (United Nations)
Xanthosine monophosphate

Xanthin oxidase
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