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ABSTRACT

Background: Differences in health and living conditions between urban and rural settings
can be seen as an important example of gaps between population groups. Birth weight and
child growth are important predictors for the future health of a person and at aggregate
level, for the public health of a population.

The general aim of this thesis is to describe and discuss birth weight, physical growth and
breastfeeding of children, as well as associated factors, from birth to 24 months of age in
urban and rural areas of Vietnam, thus contributing to the evidence base for health strategy
and policy.

Methods: Two Health and Demographic Surveillance Sites in Hanoi were used; urban
Dodalab and FilaBavi in the rural part. To study rural birth weight 1999 to 2010
information was obtained for 10,114 newborn in FilaBavi. To study urban rural growth
disparities 2008-2010, 1,466 children were followed for two years after birth with
measurements of weight and length. A study of breastfeeding included 2,572 mothers
followed for one year after delivery. Background information about households and
mothers was taken from routine surveys in the two sites.

Results: The mean birth weight in FilaBavi remained stable at about 3,100 grams, over the
12 years studied despite rapid economic and technological development. At the individual
level we found birth weight to be associated with household economy and the education of
mothers. In the urban rural comparison, the mean birth weight for urban boys and girls
were 3,298 and 3,203 g as compared with 3,105 and 3,057 g for the rural infants. Children
in the urban area grew faster than those in the rural area. There were markedly higher
frequencies of stunting in the rural area compared with the urban. The initiation of
breastfeeding during the first hour of life was more frequent in the urban area. Exclusive
breastfeeding during the first three months of age was more commonly reported in the
rural than in the urban area. Both birth weight and child growth were statistically
significantly and positively associated with economic conditions and mother’s education.

Conclusion: The results of the studies presented in this thesis show that there are large and
important differences in child birth weight, child growth and infant breastfeeding between
urban and rural areas. There are also major differences between the areas with respect to
education and economic resources. All predictors of child birth weight and growth
discussed are directly or indirectly associated with the social and economic conditions.

Globalization and urbanization means obvious risks for increasing gaps between as well as
within the rural and urban areas. Large discrepancies in a society will lead to serious public
health problems in all segments of the population, not only the underprivileged.

Key words: Birth weight, child growth, breast feeding, urban rural discrepancy, Vietham



LIST OF PAPERS

This thesis is based on the following paper:

Paper I: Huong Thu Nguyen, Bo Eriksson, Toan Khanh Tran, Chuc Thi Kim Nguyen,
Henry Ascher. Birth weight and delivery practice in a Vietnamese rural district
during 12 year of rapid economic development. BMC Pregnancy and Childbirth 2013,
13:41

Paper Il: Huong Thu Nguyen, Bo Eriksson, Liem Thanh Nguyen, Chuc Thi Kim
Nguyen, Max Petzold, Géran Bondjers, Henry Ascher. Physical growth during the first
year of life. A longitudinal study in rural and urban areas of Hanoi, Vietham. BMC
Pediatrics 2012:12:26

Paper I11: Huong Thu Nguyen, Bo Eriksson, Max Petzold, Géran Bondjers, Toan Khanh
Tran, Liem Thanh Nguyen, Henry Ascher. Factors associated with physical growth of
children during the first two years of life in rural and urban areas of Vietham. BMC
Pediatrics 2013, 13: 149.

Paper 1V: Huong Nguyen Thu, Bo Eriksson, Toan Tran Khanh, Max Petzold, Géran
Bondjers, Chuc Nguyen Thi Kim, Liem Nguyen Thanh, Henry Ascher. Breastfeeding
practices in urban and rural Vietnam. BMC Public Health 2012: 12:964



ABBREVIATIONS

ANC Antenatal care

BMI Body Mass Index

CHC Commune Health Centre

CS Caesarean section

FP Fractional Polynomials

DHS Demographic and Health Survey

HDSS Health and Demographic Surveillance Site
IMR Infant Mortality Rate

IUGR Intrauterine growth retardation

LBW Low birth weight

MoH Ministry of Health

NCHS National Centre for Health Statistics

SD Standard deviation

SRB Sex Ratio at Birth

usD US dollar

UNICEF UN International Children’s Emergency Fund
WHO World Health Organization

Vi



CONTENT

ABSTRACT .t bbbttt b bbbt e bt et b bbbt neeneas 1\
LIST OF PAPERS ...ttt sttt et e ettt sneeneana e e e neens v
ABBREVIATIONS ...ttt bbbttt ettt bbb enbenneas Vi
(01 ]V I =] O SRS vii
PREFACE ..ottt bbbt b bbbt b e s et bbbt et nneene s viii
IR Lo (0o [0 ox o o ISR TUSPRRRR 1
L1 BIrth WEIGNT ..o ra e nae e nre s 3
1.2. Child growth and factors associated with child growth ...............ccccociiiiiiin 4
1.3. Breastfeeding and factors associated with breastfeeding ............cccooevviieiiiciniiennn, 6
2. Research qUESLIONS aNd @IMS ..........oouiiiriiieiieieiee e 9
2.1. Research questions Of the StUAIES ..........ccocveiiiieiiccccce e 9
2.2. General aim 0Of the reSEarCh ..........oovov i e 9
2.3. SPECITIC AIMS...cuiiiiieie ettt e et e et e e e be e b e eneesreeneenes 9
3. THe reSEArCN CONTEXES ....evieieiiieiieeie ettt steeseeere e reeneesreennees 10
3.1. Demography, social and economic conditions in Vietnam ............cccccccoeiveveiinenen, 10
3.2. Healthcare System iN VIBINAM .........ooiiiiiiieiecese e 11
3.3. Preventive health care, mortality and morbidity of children in Vietnam ................. 13
3.4. Legislation and cultural context in VIEtNam..........cccooviiiiiiniiiene e 14
3.5.Urbanization and migration ............cccccveieiieie e 15
Y 1= 1 T o USSR 16
S (110 |V R=1 1 o TSSOSO 16
4.3. Concepts, definitions and variables .............ccoevveriiiiiieeicsec e 19
4.4, StatiStICAl ANAIYSIS.......ecveiieee et 21
4.5. Ethical CONSIABIATION ......oiviiiiciiccieee e nnees 22
5.1. Birth weight and delivery practice in a Vietnamese rural district, Ba Vi during 12
years of rapid economic development (Paper 1) ..o, 23
5.2. Urban and rural birth weight (Paper Il and paper H1) ........cccoooeeviiieiiiiiee e, 25
5.5, STUNTING . ..ttt bbbt 33
5.6. Breastfeeding of infants in rural and urban areas............ccccceeeeviiiievesiesiece e, 34
O T I ST 1 [ o SRS 37
6.1. Birth weight and delivery practice in FilaBavi from 1999 to 2010............c..cceenen. 37
6.2. Differences in birth weight between rural and urban areas............cccccevvvcvereiinennen, 39
6.3. Differences in child growth in rural and urban areas .............ccccoevvevieiiicie e, 40
6.4. Differences in breastfeeding of infants in rural and urban areas...........ccc.cceecvevenen, 43
6.5. MEthOT TISCUSSION ...ttt bt neeas 45
7 O o 1171 oo SRS 49
8. RECOMMENUALIONS ...ttt bbbt r e nne e 49
0. FULUIE TESBAICH ...ttt et e s teebe s e nre e teeneeareenne e 49
ACKNOWLEDGEMENTS ...ttt sttt st sne s e 51
REFERENGCES ... ..ottt sttt sttt et et et e teereeneenaenee e 53

vii



PREFACE

| graduated as a paediatrician in 1992 at Hanoi Medical University. Then | decided to
continue to study medicine at Master’s level in Hanoi Medical University and completed
studies at a Master’s level in Paediatrics in 1996. Luckily then I had the chance to work in
the National Hospital of Paediatrics, Hanoi. Our hospital, which was constructed using a
donation by the Swedish Government and the Swedish people, is the biggest paediatric
hospital in Vietnam. There | was able to make contacts with some Swedish doctors, which
led me to love Swedish people and their country. Every day | have seen and treated
children at our hospital for diarrhea and pneumonia due to malnutrition. In 2007, |
participated in a cooperative workshop organized by the Hanoi Medical University and the
Nordic School of Public Health about research in epidemiology and health systems
research in Dong Da district, Hanoi. | came to believe that morbidity and mortality due to
some diseases will decrease if we focus on the primary healthcare system in the
community. After discussions with Professor Bo Eriksson and Professor Nguyen Thi Kim
Chuc, I decided in 2008 to apply for registration as a PhD student in the Nordic School of
Public Health. My thesis is about following children from birth to 24 months of age
measuring birth weight, physical growth and studying factors associated to growth in rural
and urban areas. With the support of my supervisors and other co-authors, | drafted,
revised and submitted four papers and wrote a cover story. The research training that |
have gone through these years has further increased my interest in the systematic search
for knowledge of the particular public health problem related to children’s health in
Vietnam. After this thesis has been defended | hope to continue following all children, who
were involved in my research as long as possible and work both in community studies and
in clinical work to improve child health and healthcare in Vietnam.

viii



1. Introduction

This thesis is concerned with the physical growth of children in urban and rural Vietnam
studied through observations of birth weight, weight and length growth during the first two
years of life and associated possibly influencing factors.

Birth weight and child growth are important predictors for the future health of a person and
at aggregate level, for the public health of a population. Abnormal growth in utero and
during infancy can have immediate negative effects but may also lead to adverse health
effects later in life e.g. as expressed in the Barker hypothesis [1]. Suboptimal growth
during fetal life and infancy can influence weight gain in childhood and increase risk of
hypertension, coronary heart disease and type Il diabetes later in life [2, 3]. These diseases
are today major public health challenges, established in high income countries and
emerging in many low and middle income countries. Epidemiological transition from
communicable to non-communicable diseases, or to a combination of both, poses a major
public health problem involving the whole or large groups of a population [4, 5]. Recent
studies in Vietnam indicated that the country is moving in this direction [5].

The growth of children is a complex process that depends on many interacting factors
including both genetic and environmental factors. Particularly important are the prenatal
and postnatal nutritional status of the mother and infant factors such as birth weight, diet
and infections. These factors are in turn and to different degrees determined by
socioeconomic, cultural and biologic conditions [6].

The conceptual framework for this thesis (figure 1) is based on the one given for
malnutrition by Black et al [7], however modified for the present situation. The factors
included are at three levels, termed basic, underlying and immediate. In the original model
the term “cause” is used. It has been changed here to “factor”. Discussions of causality in a
strict sense are likely to be highly complicated for growth and are beyond the scope of this
thesis. There is extensive literature about child growth, breastfeeding and related issues.
Much of the basic information is found in the reports, publications and homepages of
international organizations like World Health Organization (WHQO) and United Nations
International Children’s Emergency Fund (UNICEF).



Figure 1. Conceptual framework of this study

The most important basic factors possibly indirectly influencing child growth are the
general social, cultural, economic and political contexts. These are fundamental for
establishing human, social, financial, physical and natural capital: all determinants for
living conditions and distinctively different between urban and rural contexts.

Underlying factors are primarily the characteristics of persons and households. For
persons, the traditional demographic factors like age of the mother and, to some extent, the
father are of interest. Education and occupation of parents, particularly of the mother, can
also be expected to be of importance [8, 9]. Children with mothers who have higher
education have shown better growth (lower prevalence of stunting, underweight, obesity
and overweight) [8]. At the household level, economy, dwelling characteristics, assets and
size, numbers of adults and children, are key factors [9, 10]. Satisfactory personal and
household social and economic resources are needed as underlying factors to create
conditions and interest for health promotive choices and behavior.



Immediate factors directly influence child growth at the individual level. The birth weight
of a child is the result of intrauterine growth as well as the nutritional conditions and
gestational age at birth. It also reflects the mother’s health, nutritional status and behavior
during pregnancy including e.g. use of antenatal care and smoking. After birth, nutritional
practices, primarily breastfeeding, and child illness are likely to influence growth.

The present studies consider three specific immediate factors: antenatal care, breastfeeding
and child illness. Education about nutrition and counselling provided in Antenatal Care
(ANC) during pregnancy can help to reduce the risk of anemia, increase gestational weight
gain and improve birth weight [11]. The counseling provided during antenatal care can
also promote the mother’s willingness to register their babies early in under-five clinics,
which possibly promotes good child growth [12].

To obtain good public health of a population the gaps between individuals and groups of
individuals must be reasonable as stated in the Ottawa charter document [13]. Differences
between urban and rural settings can be seen as very important examples of gaps between
groups in a population. Differences in birth weight and growth of infants between urban
and rural areas have not been described earlier in Vietnam and associations between
growth and child, mother and household factors are largely unexplored.

1.1. Birth weight

Birth weight is a central element in the conceptual framework. It shows the weight after
the intrauterine growth of the child and is the starting point for the continued growth after
delivery. The mean birth weight varies over time and between different contexts. Mean
birth weight is normally from about 3,000 g to 3,500 g. The birth weight variation
expressed as standard deviation is 10-15% of the mean birth weight [14]. In any context
studied so far there is a difference between boys and girls, the latter having lower mean
weight and length [14-17]. Low Birth Weight (LBW) has been defined by WHO as weight
at birth less than 2,500 g (5,5, pounds) [18].

LBW may be due to prematurity, intrauterine growth retardation (IUGR) or both [18].
Preterm birth is defined as childbirth occurring with less than 37 completed pregnancy
weeks or 259 days of gestation [18, 19]. About 9.6% of all births (12.9 million) in the
world were preterm in 2005. Approximately 85% of these children were born in Africa and
Asia. Only about 0.5 million preterm births occurred in Europe and equally many in North
America, while 0.9 million occurred in Latin America and the Caribbean [19]. Preterm
birth has increased over time because of increasing numbers of induced preterm births and
preterm delivery of artificially conceived multiple pregnancies. The reasons for induced
preterm births include pre-eclampsia or eclampsia, and IUGR. There are also multiple
reasons for a child having spontaneous preterm delivery such as infection [20]. Risk
factors for spontaneous preterm births include a previous preterm birth, low maternal
body-mass index, short cervical length and a raised cervical-vaginal fetal fibronectin
concentration [20].

IUGR is defined as being born with a birth weight under the 10th percentile of the birth-
weight-for-gestational-age reference curve. Approximately 30 million newborns annually



are born with [JUGR. Almost 75% are in Asia, mainly in South-central Asia, 20% in Africa,
and 5% in Latin America [21]. Fetal growth is dependent on genetic, placental and
maternal factors. IUGR is normally considered to be a result of genetic disorders, placental
insufficiency, chronic maternal disease, infection, poor maternal nutrition, substance abuse
(smoking, alcohol, drugs), multiple gestation and low social and economic status [22].

Several genetic and environmental factors are known to influence the intrauterine growth
of a fetus and hence the birth weight. Studies have shown that variations of genetic factors
(fetal and parental components) account for 30-80% of the birth weight variance [23-25]
and that the remaining part could be explained by environmental effects [24, 25].
Differences between population groups with respect to such factors can therefore lead to
differences in birth weight between countries, ethnic groups [14-17] as well as different
social and economic contexts. Demographic, social and economic conditions are also
known to be determinants for birth weight [14-16].

A study of newborn at Fujian Provincial Maternal and Children Hospital, China
investigated some factors related to low birth weight, including women's height, number of
prenatal examination, abnormal non-stress test, week of gestation when the first
examination was performed, sex (boy) preference and abnormal family history. Awareness
of health information appeared to be a protective factor, suggesting that low birth weight
could to some extent be prevented during pregnancy [26]. A study in Norway showed that
height and weight of both mother and father were associated with variation in birth weight
[23]. Another study in the United Kingdom showed that maternal weight was associated
with child birth weight. Paternal weight did so as well but less strongly [27].

Smoking has been shown to be a very important single negative factor associated to low
birth weight [28]. In a study in London, the difference between the means in birth weight
comparing non-smokers and smokers of one to 14 cigarettes a day was 140 g [28]. Another
study in the USA showed that the proportion of LBW babies was 6.4% among non-
smokers, 9.5% among light smokers, 11.7% among moderate and heavy smokers, i.e. a
dose response relation [29].

LBW is a public health problem in many countries, where as much as 15 % of births result
in LBW babies [30]. Ninety-six percent of all LBW babies are born in low income,
developing countries [18]. LBW infants are at much higher risk of early death than infants
with normal weight at birth [31]. Infants with LBW put on weight more rapidly than
infants who were heavier at birth and can risk overweight [32]. Reducing LBW incidence
is one of the major goals in “A World Fit for Children”, the Declaration and Plan of Action
adopted at the United Nations General Assembly Special Session on Children in 2002 [18].

1.2. Child growth and factors associated with child growth
1.2.1. Weight and length growth of children

The growth of infants after the perinatal period is the most rapid in human life
[33]. Normal infants, born at full term, increase their length 50% and triple their weight in
the first 12 months. After that, children increase about 10-13 cm during the second year,
7.5-10 cm during the third year and thereafter 5-6 cm per year until puberty [33].
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Different growth charts are available to monitor the nutritional state of children from 0-5
years of age. The most important are those from National Centre for Health Statistic, USA
(NCHYS) first presented 1977, Centre for Disease Control and Prevention USA (CDC) from
2000 and the World Health Organization (WHO) first presented 2006.

In the 1977 charts from NCHS, with children followed from 2 to 18 years, all social
classes are included but only white middle class individuals are included in another
follow-up from 0 to 36 months [34].

The CDC growth charts from 2000 consist of revised versions of the growth charts
developed by the NCHS in 1977 with the addition of new Body Mass Index (BMI) -for-
age charts. Americans of different ethnicity between 0 to 20 years old were included [34].

The WHO Multicentre Growth Reference Study was undertaken between 1997 and 2003
to generate new growth charts for assessing growth and development of infants and young
children around the world. The MGRS collected primary growth data and related
information from approximately 8,500 children with widely different ethnic backgrounds
and cultural settings (Brazil, Ghana, India, Norway, Oman and the USA). The new growth
curves were constructed to provide an international standard representing the best possible
physical growth for all children from birth to five years of age and to establish the
breastfed infant as the norm for growth and development [35].

There are three key dimensions of child growth defined from weight, length and age of the
child according to WHO [36].

1. Stunting- children with height for age below the mean - 2 Standard Deviations
2. Underweight- children with weight for age below the mean - 2 Standard Deviations
3. Wasting- children with weight for height below the mean - 2 Standard Deviations

More than 300 household surveys have been completed in the Demographic Health
Surveys (DHS) project in 90 countries since 1984 collecting information on different
health topics for nationality representative samples with one strong focus on children and
women [37, 38]

Results from 21 different national DHS show that the wasting in infants younger than 6
months is a considerable public health problem. The wasting prevalence of infants ranged
from 1.1 to 15% using NCHS or from 2.2 to 34.1% with the WHO growth chart as
standard [39]. Wasting due to some disease before 6 months often continue for the same
reason after 6 months [39]. According to WHO, the median prevalence of stunting among
children aged five or younger in low and middle-income study countries was 27.3% for
girls and 31.3% for boys [40]. Forty seven percent of Indian children under five year of
age are moderately or severely malnourished. At least half of all infant deaths are related to
malnutrition, often associated with infectious diseases [41]. Assessing growth is common
in pediatric care all over the world [42].

1.2.2. Factors associated with child growth

According to UNICEF, birth weight is an indicator of a newborn's chances for survival,
growth, long-term health and psychosocial development [30]. Infants with low birth weight
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put on weight more rapidly than infants who were heavier at birth and can risk overweight
[32]. A study to investigate risk factors of protein energy malnourishment among 0-5 year
old children in Oman found that low birth weight, higher birth order and sibling with
history of underweight were risk factors [43]. A longitudinal study from birth to 3 years of
age in United State found that the prevalence of asthma varied by birth weight category:
6.7% in children 2500 g or more at birth, 10.9% in children 1500 to 2499 g at birth, and
21.9% in children less than 1500 g at birth [44]. Associations between birth weight and
coronary artery disease in adulthood were seen in a case-control study in Italy in 2009,
different in male and female. In females, LBW was more common than in control. In
males high birth weight was more common [45].

Relations between child growth and the immediate factors focused in this study were seen
in previous studies. Birth weight can influence growth of children in different directions,
e.g. later overweight is more frequent in children with birth weight less than 2500 gram
[46] or LBW infants can have difficulties to achieve the NCHS standard weight or length
at 12 months [47].

The duration of breastfeeding was found to be associated with height for age among
children in their first two years of life in Zambia [48]. Exclusive breastfeeding of infants
tended to give faster growth regarding both weight and length during the first 6 months of
life compared to a weaned group and a group of partially breastfed children, but without
increasing the risk for later obesity [49]. A systematic review of 61 published studies
showed that breastfeeding was associated with reduced risk of obesity, compared with
formula feeding [50].

Some studies have shown associations between morbidity, mainly due to infectious
disease, and growth of infants. A study in India found that there was a marked negative
relationship between diarrhoea and physical growth of the child. Each day of illness due to
diarrhoea was estimated to produce a weight deficit of 20-40 grams [51]. Another study in
Brazil estimated that diarrhoea reduced the increases in weight and length by averages of
13.4 g and 0.132 mm per day with disease [52]. Diarrhoea during the first year increased
the risk of low BMI for age, weight for length and weight for age in Vietnam [53]. Data
from Indonesia showed no significant association between morbidity and growth during
the first 6 months of life. However, between 6 and 11 months of age, acute respiratory
infection was significantly associated with incremental weight loss [54].

1.3. Breastfeeding and factors associated with breastfeeding

Breastfeeding, exclusive and partial, is a natural way of feeding newborn, infants and small
children. The major WHO recommendations are early (first hour of life) initiation of
breastfeeding and exclusive breastfeeding for the first 6 months of life, with continued
breastfeeding through the second year of life [55].

The short term benefits of breastfeeding for infants are widely acknowledged [56-60].
Breastfeeding has been found to reduce the occurrence of postpartum bleedings, breast
cancer and ovarian cancer of mothers. Benefits for the economy of families and
environment have been reported [56]. Breastfeeding can also decrease the incidence and



severity of infectious diseases and post neonatal infant death [56]. A study conducted in
the United States on 1,204 infants, who died between 28 days and 1 year from causes other
than congenital anomaly or malignant tumor and 7,740 children who were still alive at 1
year concluded that breastfeeding was associated with a 21% reduction of risk for post
neonatal death. Longer breastfeeding was associated with even lower risk [57]. A
prospective Scottish study of a cohort of children (mean age 7.3 years) suggested that the
introduction of solid foods before 15 weeks was associated with increased respiratory
symptoms and excess fatness [58]. Not breastfeeding resulted in an increased risk of death
by diaorrhea compared with exclusive breastfeeding among infants 0-5 months of age and
to any breastfeeding among children aged 6-23 months [59]. Infants who continue
exclusive breastfeeding for 6 months appear to have a significantly reduced risk of
gastrointestinal infection and no deficit in growth [60].

A systematic review of the long term effects of breastfeeding [61] found evidence of long-
term effects of breastfeeding on lower mean blood pressure, lower total cholesterol and
higher intelligence test scores. The prevalence of overweight or obesity and type-2 diabetes
was also lower in the breastfeeding group [61]. On the other hand no effect of prolonged
and exclusive breastfeeding on height, adiposity, or blood pressure was observed in a
randomized study of Belarusian young school children [62]. Also there was no evidence of
causal effects of breastfeeding on BMI and blood pressure in a study aimed at
understanding the confounding structure of breastfeeding by socio-economic position in
the British Avon Longitudinal Study of Parents and Children or the Brazilian Pelotas 1993
cohorts [63]. In the largest randomized breastfeeding trial ever conducted, researchers
provided strong evidence that prolonged and exclusive breastfeeding improves children's
cognitive development [64].

Despite this quite strong evidences the WHO recommendations are not followed very well:
in 2007, a national survey in USA reported that 26% of all women who had children aged
0 to 5 years, did not give any breastfeeding to their children [65]. In a study of five Asian
countries 2002 to 2005, exclusive breastfeeding of infants younger than 6 months was
reported to be 30.7% in Timor-Leste, 33.7% in Philippine, 38.9% in Indonesia and 60.1%
in Cambodia. The fifth country, Vietnam, reported 15.5% [66].

Associations between delayed initiation of breastfeeding, discarding of colostrum and lack
of knowledge about these aspects were found in Bangladesh [67]. A study of Vietnamese
women in Australia suggested that the proportion of early initiation of breastfeeding was
low due to negative views on colostrum. Only 25.7% thought that colostrum was healthier
for babies than formula, 64.9% said that it was equally healthy and 40% gave their babies
formula milk in the hospital [68].

The use of Caesarean section (CS) as delivery method has in some studies been seen to
increase the risk for not breastfeeding [69, 70]. After surgery, babies are often taken away
from the mother. Mothers might also worry about side effects of medicines like antibiotics
which may pass to their babies through the breast milk [69]. Marketing of formula milk
has been shown to generally affect the breastfeeding behaviors of mothers. Mothers are
given the impression that formula milk is as good as, or better than, breast milk [71].



Education of mothers and families, especially fathers, as well as healthcare professionals
regarding the benefits of breastfeeding were positive factors for the choice to breastfeed by
mothers in the United States [72]. Non-exclusively breastfeeding mothers had less
education than exclusively breastfeeding mothers [69, 73]. Husband and senior member of
the family, as the maternal mother, could influence the decision [69]. Health care
professional can have considerable influence on the decision of breastfeeding. Mothers
who deliver at home do less breastfeeding than mothers who deliver in Commune Health
Centre [69].

Mothers’ return to work has been found to be one of the reasons for not breastfeeding [72,
74]. Mothers were more likely to breastfeed longer than six months if they delayed their
return to work [72]. The maternity leave regulation is thus an important factor of influence
for breastfeeding in a country [75]. Before May 2013, the maternity leave was only 4
months in Vietnam [76].

The reasons for giving complementary food was discussed in China, where the belief is
that it improves weight gain and leads to healthier babies [77]. A Chinese tradition is that
friends and relatives come to visit the mother and child after delivery. The most popular
gift is infant milk formula. This can be a reason for the extensive use of early formula milk
in China [70].

Improved socioeconomic conditions both at the individual and community level were
found to be negative factors for exclusive breastfeeding in some Asian countries such as
the Philippines, Indonesia and Timor — Leste. Infants in households with wealth index
indicating middle or rich status showed a higher risk for early stopping of exclusive
breastfeeding [78].



2. Research questions and aims

2.1. Research questions of the studies

The following research questions led to the studies presented and discussed in this

thesis:

Has the birth weight changed systematically over the period 1999-2010 in a rural
area of Hanoi?

If there are trends in birth weight, how do these relate to the socioeconomic
development?

Has delivery practices changed over the same time period in the area?

Are there differences in birth weight, physical growth and breastfeeding patterns
between children in the urban and rural areas of Hanoi, Vietham?

What underlying and immediate factors are associated with birth weight and
physical growth?

Are the associations between growth and underlying and immediate factors
different between the rural and urban areas?

To what extent can differences in household socioeconomic conditions, mother’s
education, use of ANC, child characteristics, breastfeeding and infant illness
explain birth weight and growth variation between and within the two sites?

2.2. General aim of the research

To describe and discuss birth weight, physical growth from birth to 24 months of age and
breastfeeding of children, as well as associated factors, in urban and rural areas of
Vietnam, thus contributing to the evidence base for health strategy and policy.

2.3. Specific aims

To study trends in birth weight as well as birth and delivery practices over the time
period 1999-2010 in the rural FilaBavi Health and Demographic Surveillance Site
(HDSS) related to social and economic development.

To describe and compare birth weight and growth in weight and length during the
first two years of life in one urban (Dodalab HDSS) and one rural (FilaBavi HDSS)
setting in Vietnam.

To investigate associations between the outcomes birth weight and growth and
some possibly influencing, underlying and immediate factors in the two areas.

To describe and compare breastfeeding practices during the first year of life in the
two areas.



3. The research contexts

3.1. Demography, social and economic conditions in Vietham

Vietnam is located in Southeast Asia with 90 million people living in an area of 331,000
square kilometers (Table 1). The country is divided into 63 provinces and large cities in
eight geographic regions. Hanoi is the capital of Vietnam with more than 8 million
inhabitants (2009). Each province is hierarchically divided into districts, communes and
hamlets.

There are 54 ethnic groups in Vietnam. The largest group is Kinh which accounts for about
85% of the population and which resides mainly in the lowland plain areas. The highest
population densities are found in the two river delta regions, the Red River in the north and
the Mekong River in the south. More than 70% of the adult population are farmers who
live in rural areas [79].

Table 1 contains some information about demographic, socio-economic and health
indicators for Vietnam in 2009 [79].

Table 1- Demographic, socio-economic and health indicators for Vietham in 2009

Indicators

Area (km?) 331,200
Population 85,789,573
Population density (inhabitants km?) 259
GDP per capita (USD) 964
Adult literacy (%) 94
Crude death rate (deaths per year and thousand population) 6.8
Annual population growth rate (per year and thousand population) 10.5
Life expectancy at birth (years) 72.8
Infant mortality rate (deaths during first year per thousand live born children) 16
Under five mortality rate (deaths per thousand live born children) 25
Maternal mortality ratio (maternal deaths/100,000 live births) 75
Number of doctors per 10,000 inhabitants 6.6
Number of nurses per 10,000 inhabitants 8.8
Health budget in GDP (%) 3.63
Health budget per capita and year (USD) 35
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Vietnam started liberalization of the socialistic political system with the Doi Moi in 1986.
Doi Moi means "renewal” and describes the economic reforms aimed at creating what the
government refers to as a socialist-oriented market economy. The Doi Moi policy accepted
free market values which meant changes of Vietnam's economic structure and influenced
domestic productivity and international trade positively [80].

Vietnam has shown impressive economic growth and social development over the last 20
years. The national percentage of poor households (USD 1.25 per person per day in
purchasing power parities) decreased from 55% in 1989 to 10.6% in 2009. Seen from a
global economic perspective, by passing GDP USD 1,000 per capita in 2009, Vietnam
entered the ranks of middle income countries [79].

Vietnam has been successful in achieving a comparatively high level of social
development and has 94 % adult literacy. Rural, agricultural activities are important. Half
of the national income and nearly three quarters of the national employment are related to
agriculture. Vietnam is the second largest rice exporter in the world [79]. Living conditions
for the 26 million Vietnamese children have changed profoundly in the last 20 years [81].
Most children now attend primary and secondary school, have access to adequate health
care and can expect to live longer than their parents [81].

Despite this overall socio-economic progress however, nearly 10 million people live below
the poverty line and in undignified housing. Over 38% of the rural population lack access
to clean water and over 50% lack adequate sanitation as reported in 2011 [82]. In contrast,
82% of the urban population has access to clean water and more than 76% has good
sanitation since 2004 [83]. The plan of the Vietnamese government is that 100% of rural
population will have access to at least 60 I/day clean water and use hygienic latrines by
2020. One hundred percent of the urban population will have access to clean water, 120-
150 I/day [83].

3.2. Healthcare system in Vietnam

Before the Doi Moi reform in 1986, the health care system in Vietnam was totally run and
financed by the Government. In 1989, the private health sector was introduced in Vietnam
to reduce the overload of patients in the public healthcare facilities. Since then, Vietnam
has had a mixed private and public healthcare system [84].

Public healthcare in Vietnam comprises four levels (Figure 2).

At the central level is the Ministry of Health (MoH), responsible for the provision of all
preventive and a large part of the curative health services in the country.

At the provincial level there are the 63 Provincial Health Bureaus. Each province has at
least one general hospital. In addition, each province may have one or more specialized
hospitals (e.g. paediatric hospital, tuberculosis hospital, psychiatric hospital).

At the district level there are the District Health Centres, each of which serves the
population of their respective district. Each district has a District General Hospital with
150 to 200 beds. Units for maternal and child healthcare and family planning are mostly
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attached to these hospitals. District Health Centres are responsible for curative activities,
preventive programs, surveillance and health statistics. District hospitals are supposed to
serve as referral institutions for all polyclinics in the district. They also provide training
facilities for health staff working in polyclinics and commune health centres in the district.

At the commune level, Community Health Centres (CHC) are responsible for providing
primary health care, including preventive, ambulatory and inpatient services and for
referring complicated cases to higher levels of care. Since 1995, commune health workers
have received their salaries from government. They are expected to implement national
health programs, such as maternal and child healthcare and family planning, acute
respiratory infection program, expanded program of immunization, control of diarrhoeal
diseases, malaria control, tuberculosis control as well as vitamin A and lodine
supplementation. They are also responsible for the management of all health services at
the commune level [5].

Level l Health authority ] Main health facilities

Central T - Departments in the MoH
- National medical, pharmacology universities

- Central research and professional institutions

Provincial Provincial - Provincial health offices
Health Bureau - Medical training colleges
- Provincial preventive medical centres
- Other provincial specialised medical centres

District District Health - District health centres
Department - District hospitals (615)
- Public polyclinics (686)
Commune - Commune health centres (10,926)
Health Centre - Willage health workers

Private - Private hospitals (102)
- Private polyclinics/clinics (30,000)
- Private pharmaceutical companies
- Private pharmacies/drug outlets (=90,000)

Source: Ministry of Health 2011

Figure 2. Healthcare system in Vietnam

The private health care sector has grown rapidly since the reforms in 1989. The total
number of private facilities rose from 19,386 in 1998 to 35,000 in 2009 [85, 86].
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3.3. Preventive health care, mortality and morbidity of children in Vietnam

According to the Health Insurance Act of 2008, the health insurance for all children under
6 years and poor people is the responsibility of the government [87]. Currently the national
expanded immunization program in Vietnam includes 7 vaccines as protection against 10
infectious diseases. BCG vaccine, Hepatitis B, DPT (Diphtheria - Pertussis - Tetanus),
Measles, Japanese encephalitis B, Cholera and Typhoid vaccines are given. To prevent
neonatal tetanus and to give tetanus prophylaxis for mothers, immunization programs have
been developed for pregnant women and women at childbearing age in high-risk areas. All
vaccines in the expanded immunization program are free of charge [88]. High
immunization coverage helped to eradicate polio in 2000 and maternal and neonatal
tetanus in 2005 [81]. The IMR decreased from 44.4 per 1000 live born children in 1999 to
16 per 1000 in 2010. Figure 3 shows the trend of IMR from 1990 to 2010 in Vietnam
according to the MoH [89]. The stipulated goal for 2010 was reached.

Infant mortality rate
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Source: Ministry of Health

Figure 3. Infant Mortality Rate, deaths during first year of life per 1,000 liveborns
in Vietnam, 1990-2009

UNICEF has reported that the proportion of LBW children decreased from 9 % in 2000
[18] to 7% in 2007 throughout Vietnam [90]. However, the overall success conceals the
fact that disparities are widening between the rich and the poor, between the Kinh majority
and ethnic minorities and between urban and rural areas [81]. The infant and child
mortality rates are much higher among ethnic minorities, the very poor, and those living in
remote regions [91]. In 2006, the ethnic minorities in the Northwest region had IMR of 30
per 1,000 live born, more than three times that in the majority ethnic group, Vietnamese
Kinh in the Southeast region (8 per 1,000 live births) [81]. Illnesses such as acute
respiratory infection, diarrhea, dengue fever and malnutrition are common among children
[91]. Poor nutrition and infection are claimed to be the main reasons why one out of three
Vietnamese children is considered stunted [91]. The geographical variation of stunting is
large. In 2010, the prevalence of stunting in children under five was much lower in the
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South-eastern region (25.5%) than in the Central highland region (35.2%) [92]. The
prevalence of underweight children decreased from 45% in 1990 to 26.6% in 2004. The
rate of reduction of malnutrition has been higher in urban areas than in rural [93]. The
percentage of LBW newborns in Vietnam was estimated to be higher in rural areas (5.9 %)
than in urban areas (3.9%) in 2002 [94]. On the other hand, the prevalence of overweight
children and obesity increased rapidly in children aged 4 to 5 years in urban Ho Chi Minh
city from 2002 to 2005 particularly in well-off families [95].

In Vietnam a low national average proportion of exclusive breastfeeding of infants during
the first six months is reported (19.2 per cent) to be compared with the WHO
recommendation [91]. The average proportion of any breastfeeding of children during the
first two years of life is 22.1% [92]. This may contribute to the high stunting level of
children in Vietnam [91].

3.4. Legislation and cultural context in Vietham

A two child population regulation was introduced in Vietnam at the end of the 1980s [96].
The Population Ordinance was revised in 2003 to say that each couple and individual have
the right to decide on the time of delivery and number of children in their family [97].
However, a government decree for government staff and party members to enforce the two
child policy was issued in 2006 [98]. Vietnamese people, especially in urban areas,
currently prefer to have a small family with two children in line with the government’s
encouragement. The total fertility rate decreased from 6.36 children per women in 1960 to
2.03in 2009 [79, 99].

Under the strong influence of Confucianism, sons are considered more valuable than
daughters to parents in Vietnam. The first son will maintain the family line and be
responsible for carrying out the cult and paying respect to ancestors. Almost all parents
want only their sons, especially the first one, to inherent their house and other wealth [100,
101]. All parents therefore try to have at least one son. High sex ratios at birth (SRB), i.e.
the number of boys divided by the number of girls born in a time period, have been
reported in Vietnam. According to the MoH, SRB in Vietnam was 1.108 in 2008 [102].

After delivery, almost all Vietnamese mothers believe that the nutritional value of breast
milk depend on the health of the mother and their use of traditional postnatal diet. For
some time after delivery they therefore try to eat large quantities of food and drink much
warm water. They also avoid sea food because their child is thought to have high risk of
allergy if they do not. The most common food eaten to increase breast milk are pig nails
with green papaya or red bean and potatoes [71].

A study in Vietnam showed that introduction of complementary food for infants increased
from 16.4% at week 1 to 56.5% at week 16 and to nearly 100% at week 24. Home-cooked
solid food was introduced by 4.8%, 40.9% and 74.3% at weeks 1, 16 and 24, respectively
[103].

A study of the nutritional content of traditional Vietnamese complementary food given to
children showed that it mainly consists of gruels made from rice flour, sometimes with the
addition of green bean or soybean, oil seeds, vegetables, sugar, salt, and monosodium
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glutamate. The nutrient value of the complementary food is often too low to appropriately
meet the nutritional requirements of 6 to 12 month old children even together with breast
milk [104]. Therefore, in Vietnam growth faltering often starts around the time of the
introduction of complementary foods, when the child is 5-6 months old. In one study the
prevalence of stunting was seen to increase from 20-30% by 12 months to 30-40% when
children were 15-20 months old [105].

3.5.Urbanization and migration

Urbanization is rapid in many developing countries. In Vietnam the internal provincial
migrant population increased from 1.3 million people in 1989 to 3.4 million people in 2009
[106]. Migration contributes substantially to the increased urban population size and rural-
to-urban migration might contribute to increased socio-economic gaps between rural and
urban areas. Inequalities are also created within the urban areas. Urban non-migrants have
been seen to have more advantages regarding education, profession, living conditions or
health care than in-migrants from rural areas [106] and migration had negative impacts on
the education of children. Children among migrants attended primary school and
secondary school less than children among non-migrants [106].

A city is generally defined as a political unit, i.e. a place organized and governed by an
administrative body. The United Nations defines settlements of over 20,000 as urban, and
those with more than 100,000 as cities [107]. Migration is defined as the long-term
relocation of an individual, household or group to a new location outside the community of
origin [107]. Urbanization is migration from rural to urban areas leading to increased
concentration of people living in urban areas. Urbanization not only changes the
distribution of population, but also the socioeconomic patterns, and diffuses urban
lifestyles to rural areas [106].

In poor countries, urban areas for many appear to be more favorable settings for the
resolution of social and environmental problems than rural areas. People, who live in urban
areas, are thought to have better opportunities to get job and higher income than in rural
areas. Urban areas are also supposed to present opportunities for social mobilization and
women’s empowerment. People living in urban areas have been seen to be the most
optimistic about their future [108, 109]. Negative aspects of urban living like increased
stress, crowding and pollution are however, also discussed.
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4. Methods
4.1. Study setting

The studies that form the basis for this thesis were conducted in two HDSS, one urban,
DodalLab and one rural, FilaBavi. Figure 4 shows the geographical locations of Vietnam,
Hanoi and the two sites.

Dong Da is an urban district in central Hanoi with about 352,000 inhabitants. Three
communes with 38,000 persons (12% of district’s population) in 11,000 households,
strategically selected from the 21 communes of the district to have different economic
levels, were defined as the DodalLab HDSS in 2007 [110, 111]. In 2009, the reported
yearly income per capita was equal to USD 1,300 [101]. Ba Vi is a rural district,
incorporated into Hanoi in 2011, with 250,000 persons. A random sample of 12,000
households in 69 clusters with totally 51,000 persons, called FilaBavi HDSS has been
followed there since 1999.

-
Study setting
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Ho Chi Minh City
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11,000 households
Con Dao
B L TS R RErsons (2t 37,000 persons (12%)

Figure 4. Geographical location of the study sites. For FilaBavi the 69 clusters are
displayed as black spots. There are three area types: riverside in green, lowland in light
pink and mountain in red. For DodaLab the three selected communes are Kim Lien in

grey, Trung Phung in red and Quang Trung in blue.

Vietnamese Kinh is the ethnic majority in both sites with 99% in DodaLab and 95% in
FilaBavi. The illiteracy percentage among adults is less than 0.5% in both sites. The
proportion of adult people who graduated at least from high school is higher in DodalLab
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(80%) than FilaBavi (35%). The main adult occupations are office work and business in
DodaLab (65%) and farming in FilaBavi (70%) [101].

Household surveys were undertaken on both sites during 2007/2008, 2009 and 2012 to
obtain baseline information about demographic conditions, education, occupation and
economic conditions of the selected persons and households. The FilaBavi households
were also surveyed in 1999, the baseline survey, 2001, 2003 and 2005. The protocol and
questionnaires used in these surveys basically remained the same over time and in both
places. Smaller changes were made, e.g. the list of household assets had to be extended.

At both sites, all households were routinely visited every three months to record vital
events, birth, death and migration. Pregnancies were also routinely recorded and followed
on the quarterly basis [110, 111]. Households and persons were included in the HDSS
surveys, follow-up and the present studies after giving verbal consent. The non-response
rate was 2.3% in DodalLab and 0.7% in FilaBavi.

Totally 106 field workers (46 in FilaBavi and 60 in DodalLab) were recruited. The field
workers were employed part time in DodalLab and full-time in FilaBavi. With very few
exceptions they were women. The field workers had the responsibility for collecting data
through interviews with household representatives using structured questionnaires.

The information obtained in the interviews was forwarded to the field supervisors (8 in
DodaLab and 6 in FilaBavi) who were healthcare staff or members of the communal
women union. Both field workers and supervisors were rigorously trained on data
collection procedures, interview skills and the contents of questionnaires. Manuals were
developed and used for training courses and during the data collection. All questionnaires
were carefully tested outside the sites before the start of field work. The field workers and
supervisors reported to the researchers who were alternating PhD students serving on the
two sites.

A multi-stage supervision procedure including the field workers, the supervisor and the
researchers was established to control the quality of the data collected. The supervisors
observed field workers during some interviews and feedback was provided to the field
workers. Supervisors also had to check all information and order re-interviews when
necessary. They also did routine re-interviews to maintain the quality standards over time.

Databases, one for DodalLab and one for FilaBavi were created in Access software. Normal
routine checks were applied to detect abnormal data, duplications et cetera.

The information collected specifically for the studies of growth and breastfeeding was
collected and subjected to quality control in the same way as the routine data.

4.2. Study design and subjects.

For the first specific aim of the thesis, following birth weight in FilaBavi over 12 years, the
information about the 10,144 infants, born in the years 1999 to 2010, was taken from the
routine data collected in the FilaBavi. Birth weight, sex of the child, twin state, parity and
the date of last menstruation before pregnancy were reported by the mothers together with
information about delivery. Maternal age and education as well as economic data were
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taken from the major household surveys conducted in FilaBavi every second year from
1999 to 2009. Birth weight information was missing for 98 children.

For the later three aims, 1,466 children were intended to be followed from birth to 24
months of age. Information from an earlier pregnancy follow-up study of the mothers with
interviews every three months [110] was also available. Information about antenatal and
delivery care was taken from that study which was also the basis for the subsequently
obtained information on breastfeeding. Totally 2,572 mothers were included in that study
but only 1,466 were included in the two year follow-up of children. Table 2 shows some
details of the different studies.

The mothers were interviewed after delivery about breastfeeding, supplemental food,
vaccination, health care utilization and symptoms of illness every month from one month
to 12 months. The 1,466 children, born from 1% March, 2009 to 30" June 2010, were
measured monthly from one to 12 months of age and every three months during the second

year of life with respect to weight and length.

Table 2. Overall design of thesis

Paper Specific objective Data collection
To study birth weight, delivery, Data collected routinely for 10,144 children. Birth weight,
| sex ratio at birth and economic delivery place and type, child sex and, infant death from
conditions during 12 years in a quarterly follow-up in FilaBavi 1999-2010. Mother and
rural  district  in  Northern household information from household surveys in 1999,
Vietnam. 2001, 2003, 2005, 2007 and 2009.
To compare birth weight and  Specific data collection for 1,466 children, born March 2009 -
I growth in weight and length June 2010, subgroup of the children in paper 4 below. Weight
between one urban and one rural and length measurements monthly for one year. During the
area in Hanoi, Vietnam. second year children were measured every three months. The
total number of measurements was 17,148. Mother and
household information from household surveys in 2007 and
2009.
To investigate the associations Same 1,466 children and measurement as paper |II.
between birth weight, growth and  Information about pregnancy from antenatal care study.
social and economic conditions Information about breastfeeding from the study in paper IV.
" for mother and household, sex,
antenatal care, breastfeeding and
illness of infants in the two sites.
To investigate breastfeeding Specific data collection from 2,572 mothers with children
v practices and related factors of born March 2008 to June 2010. Breastfeeding, exclusive

infants in one urban and one rural
area Hanoi, Vietnam.

breastfeeding, vaccination, illness episodes et cetera recorded
monthly for one year. Mother and household information
from household surveys in 2007 and 2009. The number of
interviews was 27,197.

18



4.3. Concepts, definitions and variables
4.3.1. Outcome variables

Birth weight: Mothers reported the information they received in hospitals or community
health centres immediately after delivery.

Gestational age: The date of the last menstruation as reported by the mothers was used for
the estimation of a proxy for gestational age at birth.

Child age: age is the number of days from the date of birth to the date of interview and
measurement.

Attained weight and length: These are the absolute measurements for a child at any
specific child age. Growth curves are the corresponding mean functions of child age
estimated using fractional polynomial regression [112]. Cf. statistical analysis.

Child weight measurements: Standardized equipment for measuring the child
recommended by Hanoi Medical University was used. A number of commune health
centre staff members in DodalLab were trained specifically to measure children. In
FilaBavi, a number of the permanent interviewers were trained to measure children. The
principle for measurements was that the same field workers should assess a child at each
visit using the same equipment. Two persons worked together measuring children, one
doing the measuring and one filling the form. Weight was measured to the nearest 10 g
with the child in light clothes using a Vietnamese mechanical infant scale.

Child length measurements: Length was measured to the nearest centimeter in horizontal
position using a length board. Two persons worked together in order to have valid and
reliable measurements.

Stunting, underweight, wasting and overweight are defined as length-for-age below mean
minus 2 standard deviations (SD), weight-for-age below mean minus two SD and weight-
for-length below mean minus 2 SD or above plus 2 SD according to WHO standards [36].

4.3.2. Underlying social and economic variables

Mother’s education: Two key variables for social positioning of persons and households
are education and occupation. The education of the mother was used as indicator of the
social situation. Three levels were used: primary school or less, secondary school and
higher than secondary school. The occupation for mothers did not provide much additional
information when considering the urban rural dichotomizing at the same time. Urban
women work in offices and business, whereas rural predominantly report farming as
occupation.

Mother’s age. Two strongly correlated variables were investigated, mother’s age and
parity. The age was used in the studies since it is the most informative. Due to the two-
child policy parity mainly takes two value, one and two. Age therefore has a larger
variation and is more informative.
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Household economy: To describe household economy, we investigated different forms of
wealth and assets indices and the reported household income. Traditionally, a list of assets,
(bicycle, telephone, television et cetera) has been used to describe the economic status of
households in the two sites. Two variables can be defined using the assets. One is the first
component of a Principal Component Analysis (PCA) of variables indicating individual
assets. Another is simply the sum of available assets. Both have been tested. They turn out
to be almost identical and lead to the same conclusions when used as explanatory
variables. In addition the households have reported annual monetary income. The variable
has a strongly positively skewed distribution so a logarithmic transformation was used in
the exploratory studies conducted. For the economic analysis in the thesis the variable used
was the number of assets in the following list: bicycle, motorbike, car, telephone, radio,
television, video player, sewing machine, computer, refrigerator and buffalo.

Antenatal care variables: Three indicators of describing ANC use were defined [110].
Three variables aimed at describing the use of ANC:

o Sufficient number of ANC visits during pregnancy (at least three, yes or no)

e ANC reported to contain counselling and advice (yes or no)

e First ANC visit during first trimester (yes or no)

Breastfeeding variables: At the monthly interviews, information about breastfeeding and
additional food during the period since last interview was recorded carefully. Three
variables were used to describe breastfeeding during infancy:

e Early initiation of breastfeeding defined as breastfeeding starting during the first
hour after birth (yes or no).

e Exclusive breastfeeding: The infant receives breast milk, from the breast of the
mother or a wet nurse or expressed, with the only additional oral intake of oral
rehydration solutions or medication including vitamins or minerals. The age for the
first statement of no exclusive breastfeeding was used to define duration.

e Any breastfeeding: The infant receives breast milk, from the breast of the mother or
a wet nurse or expressed, with or without additional oral foods. This category
includes the WHO definitions of exclusive breastfeeding as well as non-exclusive
breastfeeding, that is predominant breastfeeding and complementary feeding
according to the WHO definitions [113]. The age for the first statement of no
breastfeeding was used to define duration.

Reported illness symptoms: The indicator Reported illness symptoms (fever, cough,
diarrhea) for a child was defined as the number of interviews with any reported symptom
divided by the number of interviews.

Smoking means that a woman reports herself as smoker or previous smoker.
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Urban and rural: The type of area, urban and rural, can be seen as a basic factor. The
classification is built on several factors, some rather widely accepted to define the two area
types, other more problematic. The urban rural variable has been included in all regression
models. In situations when the urban rural division can be suspected to modify associations
between growth and other factors, it will define subgroups for stratified analysis.

Child sex: The variable denoting the child’s sex also has a special position. With respect to
birth weight, child sex can be seen as a basic factor since all experience points to boys
being heavier than girls. Child’s sex has therefore been included in all regression models.
Like the urban rural division, when child sex can be suspected to modify associations it
will also define subgroups for stratified analysis. In fact, most of the statistical analysis in
the entire thesis in different ways takes four subgroups into account: urban boys, urban
girls, rural boys and rural girls.

4.4, Statistical analysis

Standard simple and multiple, linear and logistic, regression models were used for the
analysis of birth weight and associations with time and other factors.

The growth curves were smoothed using the Fractional Polynomials technique (FP)
proposed by Roystone [112]. Degree three was used for these estimations. For the analysis
of association between attained weight and various factors, we used the relative residuals
from the predicted curves. The relative residuals were defined as the deviations, positive or
negative, of measurements from the FP predicted curve divided by the predicted value:

Relative residual = (value observed — value predicted)/ (value predicted).

Two approaches were used to study associations. One was assessment through repeated
measurement analysis using linear mixed regression models applied to the relative
residuals. This analysis was supplemented with analysis of the means of the relative
residuals for individuals in collapsed datasets (one record per child). The variance of the
relative residuals was reasonably constant over child age. The results were compared with
those from repeated measurement analyses. The same conclusions were obtained with
either method.

Results showing association were given as correlations, crude or partial (adjusted). The
latter correspond to partial regression coefficients in multiple linear regression but are
standardized to have values between minus one and plus one.

Survival analysis was used to study the duration of breastfeeding and exclusive
breastfeeding, “surviving” meaning remaining breastfed. Log-rank tests, simple and
stratified, as well as Cox regression were used to study associations between different
factors and the duration of breastfeeding.

All statistical analysis used commands available in the software STATA version 11.
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4.5. Ethical consideration

Approval of the project was obtained from the Scientific and Ethical Committee of Hanoi
Medical University, Hanoi Health Bureau, Dongda district authorities and Bavi district
authorities. The project proposal was also approved by the MoH and permission for the
study was given. All mothers invited to participate were informed about the purpose of the
studies and their right to decline participation or to withdraw unconditionally at any time.
Verbal consent was sought and given by more than 99% of all invited mothers. All
information about participating, mothers and children as well as their households was
coded and could only be accessed by researcher and data managers. The information was
used only for research purposes. The mothers and children could not be identified in
analyses and presentations. Results have been duly disseminated to the involved local
authorities. The mothers and their children received advice and help from obstetricians and
paediatricians during the studies when needed.
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5. Empirical results

The review of results is mainly organized according to the four papers of the thesis.
However, papers two and three are closely related and will be presented in parallel. These
papers both show the analysis of associations of child growth with immediate, underlying
and basic factors.

5.1. Birth weight and delivery practice in a Viethamese rural district, Ba Vi during 12
years of rapid economic development (Paper I)

Totally 10,114 children born alive 1999 — 2010 in FilaBavi, 5,389 boys and 4,725 girls,
were included in the study. The number of mothers was 6,860, where 4,093 had one birth
and 2,305 had two. The maximum number of births reported for one mother was five. The
absolute number of births per year increased over the period. Comparing 2000 and 2009
the increase was about 30% for boys and 10% for girls.

Figure 5 shows the distribution of all available birth weights (absolute frequencies). The
mean birth weight for all boys recorded 1999 - 2010 was 3,136 g (SD 451 g). For girls the
mean was 3,057 g (SD 421 g). There were no strong tendencies for systematic change in
birth weight over time for the main group of children, singleton children. The percentage
of LBW was 5.3 with no systematic difference between boys and girls.
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Figure 5. Birth weight distribution of 10,018 newborn in FilaBavi 1999-2009

The birth weight information was obtained from the mothers. Possible sources of errors
were how the measured birth weight was reported to the mother and the recall by mothers.
It could be suspected that the hospital or health centre staff tends to report a higher weight
to please the mother. The percentage of LBW newborns was lower than expected. The
precision of birth weight reporting was 100 g. Systematically and incorrectly rounding
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upwards would create a bias of at least half that size. One could well suspect heaping of
birth weights at 2500 g meaning that classification as LBW was deliberately avoided. With
LBW defined as weight strictly less than 2,500 g the percentage was 5.3%. When we
included the newborns with a birth weight of exactly 2,500 g we found 8.8%, which is a
more realistic estimate and an indication of heaping. An unexplained peculiarity was that
the frequencies for 3,000 and 3,200 g were more than 1,000 children each whereas the one
for 3,100 g was just about 600.

Recall biases are likely to be small as it is considered important in Vietnamese tradition to
remember the birth weight of a child.

The results of simple regressions at aggregated level of mean birth weight on birth year
gives a minor average decrease of 3.4 g per year with a p-value equal to about 0.01. The
stratified analysis by sex gives a yearly decrease for boys of 4.5 g and 2.5 g for girls. The
former decrease is statistically significant, the latter not. Table 3 shows the detailed results.

Table 3. Results of the regression analysis of mean birth weight on birth year

Dependent variable: Estimated regression,  Confidence interval Probability of linear
mean birth weight coefficient grams per for estimated trend being random
year regression coefficient (p-value)
Boys -45 [-7.5; -1.5] .030
Girls -25 [-5.0; -1.0] 111

We also analyzed the data at the level of the individual child. The dependent variable was
birth weight. Two independent variables, gestational age and child sex were systematically
included in all models. For mothers, age and education level were used. The number of
reported household assets was taken as an indicator of economic level. The time variable
in the regressions was the year of birth. A variable indicating birth in hospital was also
included in one model. The strategy for analysis of the birth weight variation was to use an
overall linear model including all independent variables except the CS variable. In addition
separate analyses by year were run for all variables, also excluding the CS variable. All CS
took place in hospitals. To study possible associations between birth weight and CS
therefore, a separate analysis including the CS variable and the other independent variables
was run for the children where delivery took place in hospital. This analysis showed that
children delivered using CS were on average 65 g heavier than those who were not.

Two variables, gestational age and child sex, were statistically significant in all analyses.
The former showed the strongest correlation throughout (r=0.30) and child sex pointed to a
boy girl difference somewhat less than 100 g. We also found that there were associations
between birth weight and household economy as well as mother’s age and education.
Older mothers who had higher education living in households with good economic
conditions delivered children with higher birth weight. Table 4 shows the basic regression
results.
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Table 4. Results of the regression analysis of birth weight

Independent variable Estimated change (g) in Confidence Probability of
dependent variable per interval for observed change being
unit change estimated change random (p-value)
Sex girls-boys -88.1 [-105; -70.7] .000
Gestational age proxy 4.96 [4.555.38] .000
Mother’s educational level 40.4 [25.9; 54.9] .008
Assets (items) 16.0 [10.7; 21.3] .000
Mother’s age (years) 9.97 [8.28; 11.7] .001
Year of birth -1.01 [-3.56; 1,54] 439
Birth in hospital -111 [-129; -94.1] .000

No model for birth weight had an R? larger than 0.15 that is the variation in the
independent variables explained 15% of the variation in the dependent variable.

The male to female sex ratio at birth (SRB) increased from 1.04 in 1999 to 1.19 in 2010.
For some years it was larger than 1.21 which is the limit for being statistically significantly
above 1.08 (at the 5% level), usually considered as an upper limit for a normal SRB [114].

The percentage of mothers giving birth in hospital roughly doubled over the studied time
period. The increase was numerically not as fast for girls as for boys but the difference
between the sexes was not statistically significant. Overall, delivery in hospital was more
common for boys (p<0.001). The use of CS during the studied period increased for both
boys (2.0% in 1999 and 12.7% in 2010) and girls (2.7% in 1999 and 7.4% in 2010).

The median reported yearly income increased by 150% from 5,990,000 VND in 1999 to
about 15,000,000 VND (adjusted for 118% inflation) in 2009. For the households in the
lowest wealth-index quintile the increase was only 88%. In the highest quintile, income
increased by 227%. Reported household health expenditures roughly doubled during the
period and were not much different between the income quintiles.

5.2. Urban and rural birth weight (Paper Il and paper I11)

Figure 6 and 7 show the distributions of birth weight for DodaLab and FilaBavi. The
suspicion of heaping at 2,500 grams mentioned in relation to Paper 1 remains for FilaBavi
but is not as striking for DodalLab. Note that the graphs here are based on a smaller sample
than the earlier from Filabavi resulting in increased irregularities.
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Figure 7. Birth weight distribution in FilaBavi

Considerable differences in mean birth weight were found between the urban and rural
areas. Table 5 shows means, standard deviations and confidence intervals by area and child
sex. The estimated birth weight difference between the areas for boys was 193 g (95% CI:
134; 252) and 146 g (95% CI: 79; 213) for girls.
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Table 5. Birth weight and background variables*

Urban boys Urban girls Rural boys  Rural girls

Birth weight, mean 3,298 3,203 3,105 3057
standard deviation and 450 435 390 408
95% confidence interval, g [3,247;3,348] [3,148;3,259] [3,071;3,139] [3,017; 3,097]
Low birth weight, % 2.3 4.2 4.1 4.9
Number of children in with

reported birth weight 300 231 513 409
Days fI’OfT:I reportgd last 979 271 271 279
menstruation to birth, mean

Mother age, mean , years 28.7 28.3 25.4 25.3
M.other highest education 8.6 49 548 546
primary school, %

Mother education higher than 58.2 671 174 16.8
secondary school, %

Number of household 456 44 59 57
members, mean

Number of household assets, 9.4 9.1 47 48

mean

Yearly reported household

. . 75 300 000 78 600 000 35 000 000 35 000 000
income, median VND

* Table 1 in Paper Il with adjustment for errors in the confidence interval for urban boys and reported household income

Table 5 also gives an overview of the variables that were considered as independent
variables in regression models i.e. area (urban vs. rural), child sex, gestational age,
mother’s age, mother’s education (three levels), household income, number of household
members and number of household assets. A key feature of this information is that rural
mothers are younger and less educated than the urban. The reported number of assets and
income are higher in urban households. The household size is somewhat larger in the rural
area.

In a linear regression analysis of birth weight with three independent variables, area, child
sex and gestational age (Model A of Table 6), all had statistically significant regression
coefficients (all p<0.003). The estimated urban rural difference was 179 grams and boys
were 63 grams heavier than girls. The share of birth weight variation that was explained by
the regression was 9.0%. In Model B the variables indicating mothers education and
household assets were added. All basic variables remain statistically significant. The linear
model was further extended with housechold income and mother’s age (Model C). The
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share of explained variance then increased marginally to 9.7%. The regression coefficient
for child sex was about the same and remained statistically significant. No other
regression coefficient had p-value smaller than 0.05, the closest appeared for the assets
variable (p=0.083). The correlations between birth weight and mother’s weight and height
were separately investigated and found to be rather weak. Details of the regression analysis
including the three models A, B and C are shown in Table 6.

Table 6. Regression analysis of birth weight

Model A Model B Model C
p-value p-value p-value
Regr. Coeff Regr. coeff. Regr. coeff

Area (urban-rural) 179 0.000 158 0.000 20 0.877
Child sex (boys — girls) 63 0.003 61 0.004 60 0.006
Gestational age proxy 4.4 0.000 4.3 0.000 4.3 0.121
Mother age 2.1 0.366
Education -24 0.133 -25 0.121
Assets incr. per item 10 0.022 8.5 0.083
Income (logarithm) 17 0.309
Household members -5.2 0.301
Explanatory value R? 0.0897 0.0942 0.0976

We extended the analysis to also include investigation of possible relations between birth
weight and antenatal care use by the mother during pregnancy. Also the number of
ultrasound scans was investigated as an explanatory variable. No statistically significant
associations between birth weight and ANC or ultrasound use variables were found.

Very few women reported themselves as smokers, four in the urban area and 17 in the
rural. However, the differences in birth weight between the smokers and the non-smokers
were large. Adding the smoking variable to the above mentioned basic model we obtained
an estimate of the overall difference, adjusted for place, sex, household assets and mother
education as 239 grams. Due to the small number, the corresponding confidence interval
was very large [71; 407] grams. The p-value was 0.005 and the determination coefficient
for the model increased with about 0.5%. This is rather small but expected considering
there were few smokers.

5.3. Child growth and factors associated to child growth in urban and rural areas

To describe growth of a child we used graphs showing the means of weight or length as
functions of age. The distribution of weight for a specific age sometimes exhibits certain
positive skewness. The natural choice of mean can then be the geometric. The distribution
of length measurements is normally symmetric. This thesis however, uses only arithmetic
means since no definite skewness was observed. Different mathematical functions can be
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fitted to summarize empirical observations as functions of age showing the mean state of
children at different ages. The Fractional Polynomial approach generated comparatively
simple functions with very good fit to the observations.

Beside the level of attained weight or length at different ages, there is also an interest in
describing the rates of weight and length increase normally called “velocity of weight or
length growth”. Velocity for any given age interval can be crudely estimated as the weight
or length increment over the interval divided by the length of the interval. If a
mathematical function is used to describe growth, the velocity becomes simply the first
derivative of that function. For clinical practice, velocity is normally considered as
averages over longer age periods, like three or six months.

The estimated weight and length growth curves differed statistically significantly between
the sites for both sexes (Figure 8 and Figure 9). The mean attained weight was generally
higher in the urban than in the rural area. The difference increased in absolute term with
increasing age during the first year of life but decreased later. The differences in length
were comparatively smaller.

Boys Girls
o
S
o 4
N
o
o
o 4
=)
o
(==
S
[ce)
o
S |
o
©
o
S |
)
<
T T T T T T T T T T
0 200 400 600 800 O 200 400 600 800
Age days
Urban area ‘Rural area

WHO standard

Graphs by SEX

Figure 8. Estimated mean curves showing attained weight for age by sex together
with WHO standard
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Lines showing the WHO growth standards published in 2006 [115] are included in the
figures. The WHO curve for weight falls between the fitted curves for the urban and the
rural area for both child sexes. The deviations from the WHO standard are statistically
significant (p <0.01). The WHO standard for length is statistically significantly higher
than the curve observed for the rural area (p<0.01). For the urban area no significant
deviation can be stated.

In a linear regression with the mean of the relative residuals for a child as the dependent
variable (Model A), all three independent variables, area, child sex and gestational age, had
statistically significant regression coefficients (all p<0.003) both for attained weight and
length (Table 7). The share of the weight residual variation that was explained in the
regression was 15.2% for weight and 8.6% for length. This linear model was extended with
household assets and income as well as mother’s education and age (Model C). The
number of household members was also included. The share of explained variance
increased marginally to 16.7% for weight and to 10.0% for length. The regression
coefficient for child sex and gestational age were about the same and remained statistically
significant. The variable indicating urban or rural area changed and became non-
significant. The variables “mother’s education” and “household assets” were both
statistically significantly and positively associated with the weight residuals. For child
length only the education variable was significantly associated. Generally thus, the growth
was faster for boys and for children with longer gestational age. In addition the analyses
showed associations with mother’s education and household assets (for weight). The
growth was better for children where the mother had a good education and had better
household resources. The detailed regression results are shown in Table 7.
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Table 7. Regression coefficients and p-values for Model A and C analysis of mean
relative residuals for attained weight and length

Model A Model C
Weight Length Weight Length
Coeff p Coeff p Coeff p Coeff p
Area (urban-rural) .057  .000 .010 .000 .044 157 -.012 . 292
Child sex (Boys —girls) .061  .000 021 .000 .060 .000 .020 .000
Gestational age proxy .00041 .002 .00014 .003 .00041 .003 .00001 .011
Mother age -.00006 .917 .0002 .238
Education .010 .010 .0024 125
Assets incr. per item .0029 .010 .00072 .106
Income (logarithm -.0010 .802 .0022 191
Household members .00002 .988 -.0007  .162
Explanatory value R? 1523 .0857 1674 .0995

Some estimates of growth velocity are shown in table 8.

Table 8 - Growth velocity for weight and lengths at selected ages

Weight (g/day) Length (cm/10days)
Urban Rural Urban Rural
Age Boys Girls Boys Girls Boys Girls Boys Girls
90 days 24.0 20.9 23.3 21.4 .84 .82 .79 76
180 days 141 13.8 12.2 114 .60 .56 .59 .59
270 days 10.0 115 7.8 7.7 51 43 .53 42
360 days 7.7 10.3 5.7 5.8 47 35 .53 .36
Average velocity 12.8 13.5 111 10.5 .58 .59 .59 49

90-360 days with

[12.2; 13.4] [12.7; 14.3] [10.7; 11.6][9.9; 11.1] [56; .60] [.57; .61] [.57;.61] [.48;.50]
95% ClI

The average weight velocity differs between urban and rural areas for both boys and girls.
The velocity differences between sexes are not statistically significant. For the averages of
length velocity, three of the groups are at the same level but rural girls come out clearly
lower.
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5.4 Factors explaining growth variation

Three underlying factors of possible importance for growth are the mother’s use of
antenatal care (ANC) during pregnancy, the use of breastfeeding, particularly exclusively
and child morbidity. These were studied separately. The growth data for the first year was
used. The second year of follow-up had a substantial drop-out rate and the risk of bias did
not appear to be compensated by the increase in precision.

Some statistically significant correlations between the use of ANC and growth were found.
The strongest positive correlations between weight and length residuals were those with
the number of ANC visits and a positive answer to the question if the mother was given
advice and counselling, which was reported by 44% of all women (Table 9)

Table 9. Correlations and partial correlations between weight and length residuals and
ANC, breastfeeding and reported illness. The partial correlations are adjusted for area,
sex, mother’s education and household assets.

Attained Attained Attained Attained
weight weight length length
adjusted adjusted
Number of ANC visits 1979 .0379 1790 .0762
Advice during .1859 -.0063 .0923 -.0392
ANC
Early initiation of breast- .0687 .0790 .0546 .0359
feeding
Duration of exclusive 1211 .0404 -.0051 -.0200
breastfeeding
Reported illness symptoms -.3076 -.1769 -.1770 -.0808

The ANC variables could together explain about 4% of the growth variation. Adding the
ANC variables to the basic regression model A in Table 7 above, increased the
determination coefficient less than one percent unit. The partial ANC correlation
coefficients, adjusted for area, sex, education and assets, differ markedly from the overall.
The correlation between length and number of ANC visits remains positive and
statistically significant. A further breakdown for strata defined by site and child sex is
given for weight residuals in Table 10. The correlations with number of ANC visits are
highest for the rural area but in general quite weak.
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Table 10. Partial correlations between weight residuals and ANC, breastfeeding and
reported illness, adjusted for mother’s education, by area and sex.

Urban boys  Urbangirls Rural boys Rural girls

Number of ANC visits .0340 .0003 .0942 .0378
Early initiation of breastfeeding .0224 .0575 .0914 .1653
Reported illness symptoms -.0803 -.0674 -.2165 -.1788

Early initiation of breastfeeding and duration of exclusive breastfeeding were positively
correlated to attained weight whereas the duration of breastfeeding showed a significant
association only for early initiation. The correlation between weight growth and early
initiation remained statistically significant also after adjustment. The stratified results in
Table 10 show stronger correlations between weight growth and early initiation of
breastfeeding for the rural children.

The reported symptom of illness variable was found to be associated to attained weight and
length. Both the crude and the adjusted correlation coefficients were statistically
significant at 5% or lower level (Table 9). The crude correlation coefficient between
growth and reported symptom of illness was as low as - 0.31. In the strata defined by site
and child sex (Table 10) the rural correlations remained statistically significant. The
associations between growth and illness were all negative, meaning that an increasing
number of reported symptoms of illness are numerically seen to reduce growth. Symptoms
of illness were much more commonly reported in the rural area where the risk (probability
of reported illness at an interview) was over 0.40 compared with about 0.20 in the urban.
The reported symptom of illness variable was also negatively correlated to growth
velocity, but less strongly.

Information about postnatal healthcare visits for the mother and the child was requested in
the interviews. Rather low frequencies of such visits were recorded in both areas and were
lowest in the rural. We could not establish any relations between the use of postnatal
healthcare and growth. Questions about vaccination during the first year of life were asked.
However, we consider the information obtained as uncertain.

5.5. Stunting

Table 11 shows percentages of measurements indicating stunting by basic factors in four
half-year age groups. The increases over time for children in the rural area, children with
low maternal education and in households with limited resources are particularly marked.
Overall, stunting measurements were most frequent in boys and children having mothers
with a low education and where there was a low level of household assets. Slight
overweight was seen in children (3.8%) where the mothers had high education in the urban
area.
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Table 11. Percentages of length measurements indicating stunting according to WHO
definition and standard

First half Second Third half  Fourth half  Overall, two

year half year year year years
Boys 12.0 12.7 14.2 21.4 141
Girls 8.2 8.9 114 19.8 10.7
Urban area 11.3 8.8 2.6 6.8 8.8
Rural area 9.9 12.2 18.4 26.4 14.6
Low education 9.2 13.2 19.6 285 15.2
Middle education 115 114 124 20.1 13.0
High education 10.3 7.9 6.7 9.5 8.8
Low assets 10.5 13.4 18.4 26.0 145
Middle assets 11.0 10.8 13.8 22.0 14.9
High assets 8.0 8.6 6.5 114 94
Total 10.3 11.0 13.0 20.7 12.4

5.6. Breastfeeding of infants in rural and urban areas

Early initiation of breastfeeding, during the first hour, was significantly more common in
urban (40% boys and 49% girls) than in rural newborns (35% boys and 40 % girls). After
CS, initiation of breastfeeding should be expected to be delayed. The differences between
sites as well as between the sexes were statistically significant (p<0.01). The statistically
significant results of a logistic regression analysis for the dichotomous variable early

initiation (yes/no) are shown in table 12.

Table 12. Logistic regression of early initiation of breastfeeding

Independent variable Odds ratio  95% confidence interval p-value
Site (urban=1, rural=2) 19 [.05; .68] 011
Child sex (boy=1, girl=2) 1,22 [1.01;1.47] .034
Birth weight 1.0006 [1.0003;1.0008] .000
CS (yes=1, no=2) 12 [.09; .16] .000
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Mother’s age, mother’s education, mother’s occupation, number of antenatal visits,
household income, household assets and household members did not show statistically
significant associations with early initiation.

Exclusive breastfeeding in the first months was significantly more common in the rural
area than in the urban (Figure 10). At all ages girls were more frequently exclusively
breastfed in both sites but the differences were not statistically significant.
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Figure 10. Estimated proportions of exclusive breastfeeding as a function of age for
urban and rural infants with some exclusive breastfeeding

T T
300 400

Most infants, in both areas, were breastfed at least partially for the first 6-9 month. Later,
breastfeeding declined, most rapidly in the urban area (Figure 11).
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The survival curves for any breastfeeding differ significantly between the urban and the
rural areas (p<0.001) but not between sexes (p=0.44).

The median duration of exclusive breastfeeding for the three groups of education were in
the urban area 108 days for mothers with primary school or less, 88 days for secondary
school and 82 days for higher education. These differences were however, not statistically
significant. The corresponding results for the rural area were 98, 98 and 108 days,
respectively. Here the difference was statistically significant.

The median exclusive breastfeeding duration for those attending less than three antenatal
care visits was 105 days, whereas the duration for those attending three visits or more was
significantly shorter, 92 days (p<0.05). For children delivered via CS the median duration
was 78 days. The difference was statistically significant different from the 98 days for
normal deliveries for both sites.

Cox regression analyses for exclusive breastfeeding were performed separately in four
strata of the total data material; urban boys, urban girls, rural boys and rural girls. The
independent variables were birth weight, mother age, mother’s education, mother’s
occupation, number of antenatal care visits, CS, household assets, household reported
income (logarithm) and number of household members. Table 13 summarizes the
statistically significant findings.

Table 13. Statistically significant findings from Cox regressions for exclusive
breastfeeding in four strata

Stratum Independent variable  Hazard ratio  95% confidence interval p-value
Urban boys Mother age 0.98 [.95; .998] .034
Mother educ. 1.23 [1.01; 1.51] .043
CS 1.29 [1.07; 1.56] .006
Income 1.27 [1.03; 1.56] .024
Urban girls Income 1.10 [1.00; 1.54] .035
Rural boys Income 1.12 [1.00; 1.26] .043

High household income turned out to be significantly associated with a hazard ratio above
one in three out of the four strata. For urban boys, the mother’s age and education were
significantly associated with the risk of ending exclusive breastfeeding earlier. Older
mothers showed a lower risk whereas better educated women exhibited increased risk
compared with the overall risk.
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6. Discussion

This thesis aims to summarize and discuss the results of studies in birth weight and growth
of infants in urban and rural areas in Northern Vietnam as well as to identify and discuss
statistically associated, possibly influencing factors. We found that birth weight was higher
and that the growth was faster in urban infants than in rural and that boys had higher birth
weight and faster growth than girls. At the level of underlying factors we identified the
mother’s education and household economy as being related to birth weight and growth.
ANC utilization, early initiated breastfeeding and child symptoms of illness were also
associated. Generally, the most important factors appear to be education and economy, not
least since all other identified factors are in turn related to these.

6.1. Birth weight and delivery practice in FilaBavi from 1999 to 2010

This study gives a picture of birth weight trends in FilaBavi during twelve years as well as
the incidence of LBW, the choice of delivery place, presence of medical attendance at
delivery and type of delivery, particularly the use of CS. We found associations between
birth weight and delivery characteristics on the one hand and economic condition of
households as well as maternal education on the other.

The main finding regarding birth weight in FilaBavi from 1999 to 2010 is that the mean
birth weight has been stable over the years despite rather drastic economic and
technological development. Previous studies in Vietnam, and other countries, have found
increases in mean birth weight and reductions in the incidence of LBW over time periods
with improved economy [14-17]. Possible explanations for the observed increases in mean
birth weight have been proposed. Improvement of socioeconomic conditions can lead to
better nutrition of mothers. Increased economic resources can facilitate access to ANC for
pregnant women [14-17].

The present FilaBavi results show no systematic changes over time in the gestational age
proxy indicator used. The stable mean birth weight cannot be explained by increased
prematurity. The yearly distributions of birth weight are in fact strikingly similar with
respect both to central tendency and variation. There is no trend over time in the birth
weight standard deviations which might be the case if the economic gaps increase.

The present study shows that the median reported yearly income dramatically increased
during the period from 1999 to 2009 but also that there are large discrepancies between
different economically defined segments of the population and that the gaps have been
widening. The relative increase, adjusted for inflation, was smaller in the poorest group
than in the richest. The reported household health expenditure roughly doubled during the
period, similarly in different income quintiles, meaning that poor households spent a much
higher share of their total income on health than the higher income groups. Also the
educational level of mothers has increased over the time period.

The number of private health facilities increased from 19,386 in 1998 to 35,000 in 2009 in
Vietnam [85, 86]. In Bavi more than half of all household’ healthcare expenditure was
spent in private healthcare [116]. The increased number of private healthcare providers has
been regarded as increasing the population’s access to healthcare but the quality of private
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healthcare facilities is considered to be lower than in the public health facilities [117]. This
could negative influence the overall quality of ANC and birth weight in Vietnam.

The utilization of health insurance in Vietnam is rather low. A study in FilaBavi showed
that 52% of households pay the full cost of each visit to the Commune Health Station or
District Health Centre and for the medicine prescribed by doctors despite the fact that they
could benefit from having some kind of health insurance [116]. Many pregnant women
have to pay themselves for antenatal care, even if they are covered by health insurance,
particularly if they go to a private clinic or directly to a provincial or national hospital,
without referral from primary healthcare. There is a need for detailed studies of how the
increased economic resources are actually used for different purposes. The present data
however, were collected routinely and do not allow detailed studies e.g. of the extent to
which money was used for good maternal nutrition during pregnancy.

The percentages of women who delivered in hospitals and women who delivered using CS,
increased during the time period observed. Another study in Vietnam found that the use of
ultrasound has become increasingly common in Vietnam [118]. The percentages
of women, who delivered with trained attendance increased over the twelve years.
Increased technology does not appear to promote increased birth weight related to
pregnancy and delivery.

It cannot be judged from the available information if health expenditure is rational. For
pregnant women it may to an unknown extent be payment for unnecessary health
technology, like ultrasound investigations, instead of for improvement of nutrition and
other forms for truly beneficial ANC. Also other improvements that would have been
expected have not occurred. For example the prevalence of anaemia in pregnant women in
Vietnam have not changed significantly between 2001 (32.2%) [119] and 2008 (31.4 %)
[120]. A study in Vietnam about nutritional status of middle-aged Vietnamese women in
Ho Chi Minh City showed that the total protein intake remained lower in rural women
compared with other groups [121].

From more detailed studies in 2008-2009 we know that the proportion of deliveries in
hospitals in FilaBavi is higher among women with higher education [101]. Most likely all
women want to have the best possible delivery care and believe that the quality of delivery
care is better in hospitals than in commune health centres. There is no formal barrier for
women to go directly to any hospital to give birth, if a woman can pay for delivery care
herself. According to the Health Strategy and Policy Institute, about 90-95% of all patients
in the Central Obstetric Hospital in Hanoi, including mothers with low economic
conditions, went directly to this hospital without transferring from local hospitals. Delivery
in a specialized hospital should be motivated by medical indications like high risk
deliveries. Still the proportion of normal delivery (delivery without any medical
intervention) there is high (33%) [122]. The main reason for this behavior can be that there
is a high confidence in professional staff, medical equipment, and infrastructure in central
and specialized hospitals [122] or turned the other way around, such confidence is not
there for lower level health care.
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The use of CS increased from a level lower than that which should be expected as
clinically justified, over the 12 years in FilaBavi along with the improved economic
conditions and mother’s education. At the individual level, CS use has been seen to
increase with increased education level, among women living in lowland areas or in richer
households [101]. The use of CS has increased in many low, middle and high income
countries. The highest percentages of CS in Asia have been found in China (46.2%)
followed by Vietnam (35.6% in 2007) [123].

One reason for the use of CS without medical indication can be that families want to
choose a “good” time and day for delivery according to Vietnamese tradition, that the
operation is believed to be safe and generally a wish that the child will have a good future.

The use of CS has advantages and disadvantages. In some situations it can be a lifesaving
action. E.g. a large study of CS use in situations of obstructive labor showed that CS could
prevent asphyxia for newborns and that it is believed to be a safe and painless technique
for both mother and child [123]. However, the same study also shows that CS increased the
risk of breathing problems in newborn, maternal mortality and led to a higher cost for the
health system [123]. The use of CS without medical indication is therefore debated in
Vietnam and other countries. For the data in FilaBavi from 1999 to 2010 we unfortunately
do not have information about the distribution of medical vs. non-medical indications. The
increase of CS in FilaBavi during the study period starts from a very low level to what is
considered normal. The increase together with other results points to the need for
surveillance of CS use.

The SRB was not a primary aim of the study in FilaBavi 1999-2010 but it can not be left
without comment. We found that the male to female SRB increased in Filabavi to 1.19 in
2010 i.e. quite far from the normal (1.04-1.08) [114]. In Vietnam as a whole, SRB
increased from 1.05 in 2001 to 1.12 in 2006 [124], similar to result from other studies in
Vietnam [102] and other Asian countries, particularly India and China. Some research has
estimated that around 80 million females in China and India are “missing” [125].

A strict population regulation was introduced in Vietnam at the end of the 1980s saying
that families should have no more than two children [124]. In Vietnam, parents may in
different ways try to have at least one son since sons are considered more important than
daughters [100]. It is forbidden by Vietnamese law to make ultrasound and inform the
mother about the sex of the foetus, but it is nevertheless not very difficult for women to
know early on. Women can also decide freely about early abortion. One can suspect that
the beliefs and traditions also influence the choices of delivery place and method. It has
been observed that mothers with no previous sons more frequently deliver in hospitals than
others [101].

6.2. Differences in birth weight between rural and urban areas

In the 2007-2009 studies comparing DodaLab and FilaBavi we found that the mean birth
weight was higher in the urban area than in the rural area. This conclusion holds for both
sexes. The birth weight of boys was higher than for girls as expected in both the
investigated sites [14, 126]. The area variable in itself, urban vs. rural, was found to be less
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important when other variables with large differences between the areas, like mother’s
education and household assets, were taken into account. Previous studies have concluded
that birth weight is associated with social and economic conditions, maternal nutrition and
weight gain during pregnancy and antenatal care [14-17]. Maternal education, also
radically different between the present two study contexts, has also been reported
positively correlated to birth weight [127].

We did not find any significant statistical associations between the ANC variables, e.g.
number of visits, and birth weight. This finding is different from some other studies where
larger numbers of prenatal visits and early first antenatal visit during pregnancy were
associated with higher birth weights [128, 129]. There can be several reasons why these
findings are not confirmed in the present studies. ANC can mean different things, have
varying quality and therefore vary in relevance for birth weight. Comparison of research
results can also be confounded by differences in study design, not least differences in
sample size.

We are led to the question about what services are actually provided within ANC? Is the
health expenditure spent on ANC by pregnant women rational? A study of pregnant
women’s use of ANC during pregnancy in the same settings showed several indications of
poor antenatal care quality [101]. Many antenatal visits did not contain advice and
information about the nutrition of mothers during pregnancy and basic clinical tests were
not made.

No statistical association between the number of ultrasound scans used by a mother during
pregnancy and the birth weight was found in our study. Undoubtedly though, the use of
ultrasound scans is high, both in the rural and the urban area. The present data do not make
it possible to state how much resources that are spent on health technology rather than on
nutrition and more appropriate antenatal healthcare.

Several previous studies have indicated that smoking is an important negative factor for
birth weight [28, 29]. Very few women in the present study reported themselves as
smokers, but the difference in birth weight between the children of those who did and the
children of non-smokers was still large and statistically significant. As smoking has an
effect on fetal growth, it is important that pregnant women do not smoke. If they do, they
must not do so during pregnancy. From a public health point of view monitoring the trends
of smoking among young women and creating smoking cessation programs are urgent
preventive strategies.

6.3. Differences in child growth in rural and urban areas

The main conclusion from the present study is that urban children grow faster than rural.
This is in accordance with results from previous studies in other countries [130-132].
Differences in the growth of infants between urban and rural areas were previously
described in Peru in 1980. Length and weight of rural infants were lower at birth and did
not later catch up with the urban [132]. Later studies in China showed that urban infants
were taller than rural from one to 12 months [130, 131]. Compared with the results of a
study in urban Hanoi more than 15 years ago, the attained weight and length of children
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at ages from birth to one year of age in the present study are higher in both sites [133].
This indicates that growth of children is likely to have improved in both urban and rural
areas. There is, however, a large gap between the two Hanoi contexts in the present study,
suggesting significant differences in child healthcare and nutrition.

Poor nutrition has been seen as the most important risk for poor growth [134]. The
nutritional status of children under five years of age has been proposed as a sensitive
indicator of parental and household economic conditions. The education of parents has
been demonstrated as one of the main factors behind this [135]. Differences in economic
conditions and education could therefore be the main underlying and basic reasons for the
observed differences.

According to WHO and UNICEF, the prevalence of stunting among children under five in
Asia was 27 % in 2011 [36]. One third of all children under five were stunted or
underweight or both for age in Vietnam [136]. In the present study, the percentage of
measurements indicating stunting at the age of two years exceeds 20% and increases as age
increases, especially in the rural area and for mothers with low education and low
household assets. The Viethamese Government has declared stunting as a public health
problem [53].

A plan to reduce the prevalence of stunting to 23% by 2020 and being underweight to
12.5% by the same year in children under five was launched in 2012 [137]. A contributing
factor for the high stunting measurement proportion in boys may be that boys are less
breastfed than girls [75]. This can be another expression of the more intensive care for the
higher valued boys given the belief that breastfeeding is inferior to the use of formula milk.
In a sense this is also an irrational “technology” preference.

The results for stunting were presented as proportions of measurements indicating stunting.
In a cross-sectional study they could be said to be the prevalence of stunting in the
surveyed group at the particular time. However, stunting is supposed to be a chronic state.
This causes problems for the definition of a child being stunted or not when a particular
child shows stunting at some of the repeated measurement occasions but not at others. This
can happen if the child grows close to the cut-off points for stunting. For the present study
we simply consider the measurements at specific ages as results from repeated cross-
sectional studies in which case it is appropriate to talk about prevalence.

Some estimations of being overweight were made in this study. In contrast to being
underweight, overweight, is more common in children of mothers with many household
assets. Being overweight is expected to become a public health problem in Vietnam in the
future. One study in Ho Chi Minh City 2005 showed that the prevalence of overweight and
obesity in preschool children increased from 21.4% in 2002 to 36.8% [95]. A study in
2011 in a northern city of Vietnam showed that 6.7% of secondary school children were
overweight and obesity was seen in 2% [138].

The partial correlations between growth and ANC use, adjusting for education level of the
mother and the household resources, are small and not statistically significant. The simple
explanation can be that the ANC variables are themselves associated with education and
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economy. In regression models with all background variables, underlying and immediate,
the education and assets variables turn out to be much more important than the ANC
indicators.

A fairly strong negative association between growth of children and reported illness
symptoms was found, particularly in the rural area. The most common causes of illness
are diarrhea and acute respiratory infection. Diarrhoea has been seen to drastically reduce
the velocity of increases in weight and length in a Brazilian study [52]. Diarrhoea during
the first six months increased the risk of low BMI and weight for length after 6 months in
Vietnam [53]. Beside diarrhoea, acute respiratory infection has been seen to be
significantly associated with incremental weight loss of infants in Indonesia [54]. In the
present study, symptoms of illness were more commonly reported in the rural area than in
the urban. At the same time the negative correlations with growth were stronger in the
rural area. Illness could thus be important to explain the slow growth of rural infants.

Early initiation of breastfeeding, within one hour, can be a positive factor for growth and
has been claimed to protect newborn from acquiring infections [139]. This can partly
explain why there is a difference in growth as early initiation of breastfeeding is more
common in urban areas [75]. Exclusively breastfed infants have been seen to grow faster
during the first 6 months of life compared with groups of weaned and partially breastfed
children in other studies [49, 140]. It is also known that exclusive breastfeeding can
decrease the number of diarrhea and acute respiratory infection episodes [141]. The
duration of exclusive breastfeeding though, does not relate significantly to growth in the
present study. A reason may be that the duration of exclusive breastfeeding is actually
rather short in both areas, less than two months for most children. The Vietnamese
Government has noted that the short duration of breastfeeding is a serious problem in
Vietnam and has extended opportunities for mothers to stay home from work. From May
2013, Vietnamese mothers have six months of maternity leave [142].

Rather small fractions, less than 20% of the variation in weight and length growth, can be
explained by the variation of education of the mother, household wealth, ANC use, early
initiation of breast feeding and illness symptoms in regression models. In addition, all
variables explanatory for growth variation are associated to social and economic
conditions. The decisions taken by mothers about use of ANC, breastfeeding, nutrition,
child healthcare utilization are dependent on the educational level of mothers and
household resources. Likewise the risks for illness are associated with education and
economy. Most of the explained variation in growth in the present study is therefore
directly or indirectly due to variation in education and economy.

Different standards for child growth have been published by various institutions and
international organisations. Most recently, WHO launched growth standards in 2006.
These were constructed to show child growth under ideal conditions [143]. A recent study
in Vietnam that assessed the growth of children using the new WHO child growth
standards as reference, showed that deficient growth of infants is common in Vietnam
[53]. The present results for urban boys and girls reached levels similar to the WHO child
growth standards whereas the growth levels of rural infants were lower.
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In the analyses for this thesis, birth weight and growth data have not been linked since they
have been obtained by different methods. It is interesting though to note that the WHO
growth standards give the birth weight means for boys and girls as 3,346 g and 3,232 g
respectively i.e. almost 200 grams more than the results for both areas combined in the
present study.

6.4. Differences in breastfeeding of infants in rural and urban areas

Breastfeeding can be expected to influence infant growth, both directly, being the basis for
good nutrition, and indirectly by preventing disease and is thus an important factor to
discuss in its own right. Two aspects of breastfeeding are often considered to be important,
early start of breastfeeding and the duration of exclusive breastfeeding. In the present
study, early initiation of breastfeeding during the first hour, was statistically significantly
more common for urban than for rural newborns. Similar findings have been reported from
Tanzania where the percentages of early initiation were estimated to be 82% in an urban
area and 52% in a rural. Only 10% of the urban mothers discarded colostrum compared
with 43% of the rural mothers [144].

Comparisons between breastfeeding patterns in rural and urban areas in Vietnam have not
previously been published. In addition, little is known regarding the knowledge and
attitudes to colostrum. A study of Vietnamese women living in Australia suggested that the
proportion of early initiation of breastfeeding was low due to negative views on colostrum.
Only 25.7% thought that colostrum was healthier for babies than formula. Formula milk
was given already in the hospital to 40% of the children [68]. The education of mothers in
urban areas of Vietnam is likely to be better than in rural areas, suggesting that there is a
difference in knowledge about colostrum and the value of early breastfeeding. However,
evidence based breastfeeding positive knowledge has to fight the commercial information
that might emphasize other views.

Vietnam began to implement the policy of “Baby-Friendly Hospitals’, which is strongly
supportive of breastfeeding, in 1995 [145]. In the present research, the proportion of urban
mothers who delivered their child in hospitals was higher than in the rural area [101]. This
can have contributed to good information and a higher level of early breastfeeding in urban
areas. On the other hand, the more frequent use of CS in the urban area could hamper early
initiation of breastfeeding.

Exclusive breastfeeding during the first three months was more common in the rural area
than in the urban. This is in line with results from China where early exclusive
breastfeeding was more common in a rural area (61%) than in an urban (38%) [77]. The
opposite was however, reported from Tanzania [144]. The use of CS has been seen to
increase the risk for not breastfeeding in Vietnam and China [69, 70]. The babies are often
taken away from the mother. Mothers might also be worried about side effects of
medicines like antibiotics given prophylactically passing to their babies through breast
milk [70]. In the present study the median duration of breastfeeding of children delivered
using CS was significantly shorter than for other groups in both settings. The percentage of
women having CS was substantially higher in the urban (38.9%) than in the rural one
(12.2%) [101]. The use of CS could be one important factor behind the differences found

43



in exclusive breastfeeding. To support breastfeeding, every health facility should develop
routines to let babies stay together with mothers and also prevent overuse of antibiotic
prophylaxis at CS.

The economic situation of a mother and her household can influence breastfeeding
practices in different ways. Marketing of formula milk has been shown to affect the
breastfeeding behaviours of mothers [71, 73]. Mothers are given the impression that
formula milk is as good as or better than breast milk [71]. Marketing is likely to be more
aggressive in urban areas where the economic conditions are better than in rural areas. In
rural areas the reasoning can be turned the other way. The lack of economic resources may
actually prevent women from buying formula milk [73]. The different economic conditions
between the two sites might partly explain differences in breastfeeding practices.

Another economic aspect to consider is the fact that urban women, particularly with high
education, are more often employed than the rural women, including highly educated
women. This can be a reason to stop breastfeeding earlier since the officially granted
maternity leave, at the time of the study, was fairly short.

Another factor of importance behind the differences may be education. An earlier study in
a rural area of Vietnam showed that non-exclusive breastfeeding women had less
education than exclusively breastfeeding women [73]. In the present study, the median
duration of breastfeeding for the group with the highest level of education in the urban area
and for boys was the shortest. In the rural area, the longest median duration of exclusive
breastfeeding was in the group with the highest education level. The distributions of the
mothers educational level were radically different between the urban and rural areas. The
issue of education and information is complex. To understand the details it is necessary to
study what education really means and what type of information it is that actually reaches
mothers.

Mothers with three antenatal care visits or more breastfed for a shorter duration than other
mothers. A possible interpretation of the rather weak correlations between breastfeeding
and ANC is that many antenatal visits did not necessarily give mothers adequate
information about breastfeeding. The present study did not collect detailed information
about the actual breastfeeding recommendations given at the ANC visits. Lack of adequate
information and misunderstanding of mothers about breastfeeding has however, been
found to be a barrier for breastfeeding in Viethamese women in England [146].

The results of this thesis show that exclusive breastfeeding decreased rapidly with
increasing child age and was uncommon at six months of age in both sites. Similar results
have been seen in China and in other studies in Vietnam. The percentages of infants less
than 6 months of age, who were exclusively breastfed, was 19.6 % in a study from 2010 in
Vietnam [120]. In China, exclusive breastfeeding at six months of age dropped to 0.2% in
an urban area and to 7.2% in a rural area [77]. It seems that the most important reason was
that the mothers had to return to work [73, 74, 147]. Vietnamese mothers now have a legal
right to six months maternity leave [76]. This is strictly seen sufficient in relation to the
WHO recommendation of six months exclusive breastfeeding. The recent change gives an
opportunity to study possible effects on the breastfeeding practices in Vietnam.
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Most infants, in both areas, were breastfed at least partially for the first 6-9 months.
Towards the end of the first year, any breastfeeding declined, most rapidly in the urban
area. As previously mentioned, boys are considered more important than girls in Vietnam
[100], but the present study found that boys were given less breastfeeding than girls in both
sites and at all ages. This supports the hypothesis that formula is believed to be better than
breastfeeding.

6.5. Method discussion

Many low and middle income countries as Vietnam lack functioning health information
systems. Routine information might be collected but is often of low quality. There are
many advantages of performing research in an HDSS from a methodological perspective.
The context is well described and rich baseline information can be made available.
Sampling frames can easily be constructed both for random samples and strategic samples.
Triangulation from different sources, quantitative population studies, qualitative studies,
information from health care institutions and other data sources are facilitated. The most
important advantage of a HDSS is the possibility to conduct longitudinal studies to follow
health trends and healthcare systems in their demographic, socioeconomic and cultural
contexts. This advantage is clearly illustrated by the 12 year FilaBavi follow up of birth
weight. The longitudinal study following 1,466 pregnant women and their children during
the period from pregnancy to two years of age, is the first of its kind that has been
conducted in Vietnam.

6.6. Validity issues
6.6.1. Children lost to follow up

As in all longitudinal studies, a major problem is missing measurements. The original plan
was that all children should be interviewed and measured monthly from birth to one year
of age. During data collection, we found that it was more difficult to do this research in the
urban area than in the rural and particularly in one of the urban communes. The
percentages of scheduled measurements actually done were 65% for DodalLab and 77% for
FilaBavi. The frequency of missed measurements increased with the age of the child. The
percentages of children followed to at least 12 months were 80% in DodalLab and 90% in
FilaBavi. After 20 months the corresponding percentages were 65% and 80%.

There are several reasons for missing measurements. One was that after delivery, mothers
and children, especially in the urban area, moved to the house of the mother’s parents to
stay there for some time. Another reason was that after 4 months, urban mothers had to go
back to work, so their children could not stay at home during weekdays. Field workers had
to come to the household during weekends or return several times to do the measurement.
Another reason for early missing data i.e. late first interview, in the urban area was that
registration of newborn children can be done rather late after birth.

The drop outs cannot be expected to be random but systematic and possibly bias creating.
To investigate that, we compared the growth curves fitted using all available observations
with other curves using only the data from children with complete sets. The former curves
came out systematically lower than the latter but the differences were small, 30 to 50
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grams after two years of age, largest in DodalLab. A second approach was to correlate the
child relative residual means for the first half-year to the number of visits. Very weak
positive correlations were found. Both approaches thus indicate that the risk of dropping
out is higher for children with slower growth. The estimated correlations between birth
weight and number of measurements however, did not support that conclusion.

6.6.2. Validity of DodalLab and FilaBavi routine data

The validity of data collected in the household surveys and the quarterly follow-up was
monitored by the system for data check that is routinely applied. Specific studies have been
undertaken e.g. for the validity of information about deaths [148]. It was found that the
death reporting through FilaBavi gave larger numbers than the official administrative
reporting in Ba Vi district. Also the reporting of births appeared to be more complete in the
FilaBavi interviews. Other validation exercises have been undertaken as comparisons of
differences between repeated household surveys taking reported vital events in-between
into account. No serious problems have been noted and necessary corrections have been
undertaken.

6.6.3. Information from mothers

The specific information for the study of pregnancies and the subsequent follow-up of
newborn has been given by the mothers. Questionnaires were constructed and tested using
standard procedures. Just as with the routine data collection there is no direct way of
checking answers other than the partial re-interviewing that took place. Some pieces of
information reported by the mother are crucial to the present thesis. First, the mothers
reported the date of their last menstruation. This is needed to know the gestational age at
birth which in turn is crucial for the study of birth weight and growth. The date of birth is
known and the difference from the reported date of last menstruation can be calculated.
Many of the reported gestational ages however, turned out to be unrealistic and the
conclusion is that the dates for last menstruation can have serious errors. Vietnamese
women in general do not remember this date well. At the group level, it seems that the
mean gestational age is underestimated. As we need some information about gestational
age we still use the dates as uncertain proxies. The bias appears to be that gestational age
is systematically underestimated.

The information about birth weight for the child was also obtained through interview with
the mothers. We could not use birth weight information from hospital or commune health
centres birth certificates. These are kept by the commune administrations in different
offices and it would not have been possible for the field workers to examine all birth
certificates.

When a child is born it is weighed and the birth weight is communicated orally to the
mother. There are several threats to the validity of weight reported in the interview: (i) The
weighing procedure is inadequate. The procedure might create bias and excess random
variation due to poor standardization and poor calibration of the scales. An important
factor in this is that measurements are made by different persons possibly working
differently. This source of error is shared with many studies and difficult to eliminate in
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any context. (ii) The health staff report incorrectly to the mother. There can be some
reasons why the weight reported to the mother is incorrect such as a tendency to “increase”
for low weight babies and “decrease” for high weight babies, i.e. a wish to avoid extremes
and thereby “please” the mother. This could lead to underestimation of the proportions of
low birth weight children and to a biased estimate of the standard deviation
(underestimated). This appears to happen in the present data, although hardly to an extent
that distorts the main conclusions. (iii) The mother reports incorrectly in the interview. It
has been claimed though, that mothers are likely to remember the birth weight of her child
quite well for a longer time. This is part of the Vietnamese tradition. All these possible
sources of error can hardly be studied specifically one by one.

Theoretically one can think of comparing the estimated birth weights obtained from
clinical records and those obtained from the interviews with mothers. To use e.g. all the
more than 10,000 interviews done in FilaBavi 1999-2010 and records is unrealistic, so any
comparison has to be made at an aggregated level using a sample of clinical records. We
collected information about birth weight from 30 randomly selected children for each year
in a small study of records in the Bavi district hospital. The means of these birth weights
for each year were compared to the means obtained in FilaBavi. There were no trends over
the 12 years in the birth weight means estimated using the data collected at Bavi district
hospital. The overall means were 3,110 g for boys and 3,047 g for girls. The corresponding
estimates using mother reports were 3,110 and 3,057 g i.e. differences are 0 and 10 g. We
also collected birth weight data for 40 children in each of two CHC for two years, 2005
and 2009. There was no significant difference between the years. Generally, the CHC
means are higher than the reports from the mothers. The explanation can be that the group
of children delivered at the CHC is selected to be those where pregnancy and delivery is
uncomplicated. However, the conclusions are based on small numbers of observations.
Nevertheless we dare say that the mothers reported birth weights are not likely to deviate
grossly from those registered in the hospital.

We have also compared information of birth weight between the different kinds of
interviews, quarterly interviews in FilaBavi 1999-2010 and the quarterly interviews in
FilaBavi and Dodalab 2008-2010. The results are that the estimated means of birth weight
match very well for both sexes.

The conclusions concerning birth weight are basically about comparisons over time,
between socio-economic characteristics etc. The crucial issue is then if there could be
systematic differences between e.g. different years and economic groups. We find it hard
to think that mothers giving birth during specific years should intentionally exaggerate or
underestimate birth weight. It appears more plausible that mothers in different socio-
economic conditions should report differently but we fail to find any support for this.

The information about exclusive breastfeeding for the child was also obtained through
interviews with mothers. Even if the interviewers were carefully trained to ask for data e.qg.
on additional foods from the whole period since birth or last interview, recall bias cannot
be excluded. Moreover, it could not be excluded that hospital staff may have given an early
formula meal without the knowledge of the mother, particularly to babies born with CS.
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The present study shares these methodological problems with most other published breast
feeding studies.

6.6.4. Measuring weight and length of infants

The principle for measurement was that the same field worker should assess a child at each
visit using the same equipment. Weight was measured to the nearest 10 g with the child in
light clothes using a portable mechanical infant scale. Length was measured to the nearest
centimetre in horizontal position using a length board. Two persons worked together in
order to have valid and reliable measurements and recordings [111, 149].

Children were supposed to be weighed in “light clothing”. An adjustment of 50 g was
made for this. Special cases with more clothes were noted and appropriate adjustments
were made. A number of commune health centre staff members in DodalLab were trained
specifically to measure children. In FilaBavi, a number of the permanent interviewers were
trained for the same purpose.

Ten per cent of all measurements were observed by field supervisors. Three per cent
randomly selected forms were checked in re-interviews by field supervisors. Discrepancies
were discussed with the surveyor to identify problems. All questionnaires were checked by
the field supervisors. All forms were re-checked by data clerks before data entering.

6.6.5. Estimation of breastfeeding duration

Using the first time for reporting that a child is no longer exclusively breastfed to estimate
the duration means that the duration is overestimated. We might say this is an optimistic
approach. An alternative would be to use the last time for reporting breastfeeding which
would create a negative bias, a pessimistic view. We have chosen to present the former but
also investigated the other. The conclusions about urban rural differences and associations
remain the same although the Kaplan-Meier curves are shifted to the left.

6.6.6. Internal and external validity, generalization

Internal validity is the matter of how good a study is conducted and how “true” the result
are. To obtain a strong internal validity of the study, procedures and questionnaires were
designed, tested and adapted to local language and context. Field workers were trained
very carefully. Several supervision steps were applied to control the quality of data
collection.

External validity addresses the ability to generalize results of the study to other contexts
and other situations. The research was conducted on two sites within the capital of
Vietnam. These areas are generally considered to have rather good socio-economic
conditions compared with the rest of the country. Even so, the birth weights and growth of
infants are higher in the urban area than in the rural area. This suggests that differences are
also likely to occur in other, comparatively poorer, settings in Vietnam.

The results from the two specific HDSS cannot be generalized in a statistical sense. It is
impossible to claim that the studied sites formally represent more than themselves. Public
health research though, has a clear imperative that knowledge shall have a wider
applicability for improvement of health in a broader context. Various forms of theoretical,
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analytical and analogical generalization methods can help [101]. Ideally systems of several
HDSS should be built that together would create a broad representativeness. There is a
parallel to clinical trials. Individual experiments can produce interesting findings but only
repeated trials can create a solid basis for action.

7. Conclusion

This thesis shows that there are large and significant differences in child birth weight, child
growth and infant breastfeeding between urban and rural areas. All predictors of child birth
weight and growth discussed are directly and indirectly associated to social and economic
conditions.

To improve and maintain good conditions for child growth it is important to strengthen the
education of mothers and improve the socio-economic conditions particularly in the rural
areas. Globalization and urbanization means obvious risks for increasing gaps within and
between the rural and urban areas. Large discrepancies in a society will lead to serious
public health problems in all segments of the population.

8. Recommendations

The Vietnamese MoH should enhance the quality of the Integrated Management of
Childhood IlIness program aimed at helping lay community health workers assess and treat
sick children. Improvements of health staff skills as well as the health system itself are
obviously needed at least in the rural area.

The development of ANC practices, contents and quality, must be monitored. Programs
for education of mothers concerning specific nutritional issues like the use of colostrum,
importance of breastfeeding et cetera should be introduced into ANC routines.

The newly established regulation about a minimum of six months maternity leave will
hopefully be an important measure to prolong the duration of breastfeeding. Different
approaches to promote limitations of advertisement and marketing of formula milk should
be explored and imposed.

9. Future research

A natural extension of the present studies would be to follow the children beyond two
years of age to see how the observed differences develop with increasing age. Do the rural
children catch up or do the gaps widen? After two years of age is also where tendencies to
overweight as well as stunting are likely to develop more clearly and become possible to
study. One ambition for further research is to continue follow-up to at least 5 years.

The present study describes the current situation and finds some associated factors to birth
weight and growth of infants. To obtain a deeper insight of the mechanisms behind the
observed statistical associations, qualitative research should be conducted to create better
understanding of the knowledge, attitudes and practices of mothers, family members and
healthcare staff.
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The research was carried out in one rural area and one urban area of Vietnam and is not in
a statistical sense necessarily representative for Vietnam. The possibilities of using
methods for theoretical, analogical and other forms for generalization should be explored.
However, even if some theoretical generalization can be demonstrated to be meaningful,
the best way to get information for large areas, provincial and national, would be similar
studies in other, strategically selected areas of Vietnam. To monitor the development over
time it would be necessary to start new cohorts of newborns for follow-up with regular
time intervals.
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