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Propositions

1. Vitamin A supplementation of pregnant women leads to increased serum retinol
concentrations of their newborn infants (this thesis).
2. Further research should be directed towards improving growth during infancy rather
than increasing birth weight of Indonesian infants. However, pregnancy should still be
considered as a possible period for intervention (this thesis).
3. The concern of possible toxicity of vitamin A during pregnancy is out of proportion
to the lack of concern of the world-wide burden of vitamin A deficiency.
4. The problem of stress perceived by women during pregnancy and thereafter needs
more attention because of possible negative consequences for their infant's
development.
5. More recognition of the interaction of psychological and physiological problems by
general practitioners would enhance human well-being and reduce the costs of health

6. Research projects aimed at solving malnutrition in developing countries should be
enriched with a national P h D fellow. Such a policy would lead to capacity building and
more sustainable application of results.
7. The perceived lack of culture in the Netherlands derives from the definition of culture
applied.
8. Als je oude koeien uit de sloot haalt, kunnen de kalfjes vers water drinken (after a
Dutch saying).

Propositions pertaining to the thesis 'The role of maternal nutrition in growth and health
of Indonesian infants: a focus on vitamin A and iron'
Marjanka K. Schmidt
Wageningen, 17 December 2001

Abstract
The role of maternal nutrition ingrowth and health of Indonesian infants:
a focus on vitamin A and iron.
PhD thesis of Marjanka K. Schmidt, Division of Human Nutrition and Epidemiology,
Wageningen University, The Netherlands, 17December 2001.
Nutrition during pregnancy is important for women's health, pregnancy outcome, and
infant growth and health. The aim of the present study was to investigate whether weekly
supplementation with iron and vitamin A of pregnant women improves growth and
health, as indicated by reduced morbidity and improved mental and psychomotor
development, of their infants. At ~18 weeks of pregnancy, women from 5 villages were
randomly assigned on an individual basis to supervised, double-masked supplementation
once weekly from enrolment until delivery. Supplementation comprised 120 mg iron as
F e 2 S 0 4 and 500 ug folic acid with (n=121) or without (n=122) 4800 RE vitamin A.
Pregnant women participating in the ongoing national iron supplementation programme
and receiving i r o n /folic acid tablets through medical services were recruited at the same
time from 4 neighbouring villages ('daily' group, n=123). Compliance with iron tablet
intake in this group was expected to be very low. Newborn infants were followed up at
least until 1 year of age.
At ~ 4 months of age, infants in the weekly vitamin A plus iron group had
significantly higher serum retinol concentrations than infants in the weekly iron group.
However, in all groups > 7 0 % of the infants had serum retinol concentrations <0.70
umol/L. Higher serum retinol levels were associated with better growth and nutritional
status during the first 6 months of life. Iron status did not differ among groups, while
29% of the infants had a haemoglobin concentration <100 g / L and only 3 infants had a
serum ferritin concentration <12 ug/L. During the first year of life, anthropometric
parameters, morbidity and mental and psychomotor development of infants, whose
mothers were supplemented with vitamin A plus iron during pregnancy, did not differ
from those whose mothers had received iron alone. In addition, none of the investigated
parameters differed between the infants in the weekly iron supplementation group and
infants in the 'daily' group. Growth faltering of infants started at 6 months of age and led
to high prevalence of stunting (24%) and underweight (32%) at 12 months of age. Almost
all infants were breast-fed during the whole follow up period. Neonatal weight and length,
reflecting prenatal factors, were the strongest predictors of growth and nutritional status
of infants at 12 months of age. In addition, maternal weight and height at ~18 weeks of
pregnancy, housing, and postnatal variables such as intake of certain food groups and
morbidity were predictors of growth and nutritional status of infants at 12 months of age.
In conclusion, vitamin A supplementation in concurrence of iron supplementation of
pregnant women does not improve growth or health of their infants. However, it
improved vitamin A status of their infants at ~ 4 months of age. Considering the
association between growth and vitamin A status, and the high prevalence of serum
retinol levels <0.70 umol/L, vitamin A intake during infancy may need to be increased.
However, in order to optimise nutritional status and growth of infants the whole life cycle
should be considered.
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Article25oftheUniversalDeclaration ofHuman Rights
1. Everyone has the right to a standard of living adequate for the health and well-being of
himself and of his family, including food, clothing, housing and medical care and
necessary social services,and the right to securityin the event of unemployment, sickness,
disability, widowhood, old age or other lack of livelihood in circumstances beyond his
control.
2. Motherhood and childhood are entided to special care and assistance. All children,
whether born in or out ofwedlock, shall enjoy the same social protection.
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Infant nutrition and health

1.1 The importance of pre-andpostnatal nutrition
Nutrition during pregnancy is important for women's health, pregnancy outcome, and
infant growth and health [1,2]. Iron and marginal vitamin A deficiency during pregnancy
and lactation is a common problem world-wide and specifically in Indonesia [3-8]. In
South East Asia, including Indonesia, 40% of infants and children are stunted (linear
growth retarded) and suffer from deficiencies of iron and vitamin A [3,4,9]. Stunting is
defined as linear growth retardation as indicated by a height-for-age z-score less than —2
SD below the median of a reference population of children exposed relatively litde to
malnutrition or infection [10].
1.2 Infant growth andnutritional status
Most growth faltering, as indicated by being underweight or stunted, occurs from birth
until about 2years of age and may already start during the gestation period [11,12]. Intrauterine growth retardation (being small for gestational age) is estimated to occur in 24%
of newborn infants worldwide [13].Because gestational ageisdifficult to assess accurately
in field settings, low birth weight is often used as a proxy for intra-uterine growth
retardation. Although some catch-up growth is possible, infants who are born too small
orwith lowbirthweightareathighriskof becoming stunted during subsequent phases of
childhood [11,14,15].Stuntingindicates an important public health problem because of its
association with impaired cognitive development [16,17], increased susceptibility to
infection [18] and increased risk of mortality [19,20].The long-term outcome of stunting
includes increased risk for chronic disease [21] and elevated risk of poor reproductive
outcomes (Figure 1.1). Thus infant growth retardation indicates a loss of health for the
next generation.
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Figure 1.1Nutrition throughout the life cycle (adapted from reference 4).
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1.3 Aetiology of infant growth retardation
Infant linear growth retardation is determined by factors during the gestation period as
well as during the postnatal period. However the causes and the underlying biological
explanations of infant stunting are poorly understood [22,23]. Genetic background plays a
limited role in the prevalence of stunting [24]. This is illustrated in a study in Indonesian
families of high socio-economic class, which shows that growth of pre-school children is
equal to that of the American reference population [25]. Inadequate maternal nutrition
during gestation may contribute to growth retardation of the foetus. In addition, infants
may be born with low nutrient stores [12,26-28]. During the postnatal period, insufficient
food intake, inadequate feeding practices and continued or repeated infections contribute
to growth retardation [24,29,30]. In countries with a high prevalence of micronutrient
deficiencies such as Indonesia, it may be that specific deficiencies such as those of vitamin
A and iron contribute to growth retardation during the prenatal and postnatal period [11].

2

Prenatal nutrition

2.1 T h e impact o f maternal nutrient intake on pregnancy outcome
Maternal weight before pregnancy and weight gain during pregnancy has been related to
infant birth weight [1].Reviews of studies directed at increasing energy and protein intake
during pregnancy concluded that a balanced increase of energy and protein intake results
in modest increases in maternal weight gain and foetal growth [26,31]. 'Balanced' was
defined as a supplement in which protein provided < 2 5 % of the energy content.
However protein supplementation during pregnancy did not show any benefit on infant
birth weight or length [31]. Other trials that supplemented pregnant women with food
together or not with micronutrients were not effective in preventing intra-uterine growth
retardation [26]. One trial in Gambian women showed that supplementation with
groundnut based biscuit and fortified tea during pregnancy increased birth weight, but
only in the wet season [32]. Another trial in Colombian women showed that
supplementation with food and micronutrients (mostly vitamin A and iron) during the
third trimester of pregnancy improved weight gain of women but did not significantly
improve infant birth weight [33]. A trial in Indonesian women showed that energy
supplementation during the last trimester of pregnancy increased length and weight of
their infants significantly from the third month of age and height throughout the first 5
years of age, although birth weight was not increased [27]. Thus increasing energy or
protein intake of pregnant women, especially in community settings where logistics,
targeting and leakage are a problem, will have a small chance of increasing birth weight or
reduce stunting in infants.
2.2 Vitamin A
2.2.1 The impact of maternal vitamin A status and intake on pregnancy
outcome
Vitamin A is an essential nutrient throughout the life cycle but most importandy during
pregnancy and early childhood. Vitamin A is needed for proliferation and differentiation
of cells and plays a role in the immune system. Vitamin A deficiency may result from
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inadequate dietary intake or from losses or increased requirements during disease [34].
Most dietary vitamin A is obtained from animal products or by conversion in the body
from provitamin A from green leafy vegetables and orange/yellow fruits. However
bioconversion of provitamin A to retinol is much less than previously assumed and when
needs are increased, it is impossible to acquire sufficient vitamin A through plant foods
[35].
The role of retinoic acid, a metabolite of vitamin A, in embryonic growth and
development has been demonstrated in animal studies [36-38]. A vitamin A-deficient diet
during pregnancy has been shown to affect organ growth and development of rats [39]. In
cross-sectional studies in humans, vitamin A deficiency during pregnancy has been
associated with low birth weight [28]. Serum retinol concentrations in cord blood of
newborn infants have been reported to be associated with birth weight, while infants with
intra-uterine growth retardation have been shown to be at almost three times greater risk
of having retinol concentrations <0.70 u m o l / L [40,41]. However, these studies cannot
provide causal evidence for an impact of vitamin A on birth weight of infants. In 2
intervention studies, supplementation with vitamin A during pregnancy has not been
shown to improve birth weight [42,43]. However, one of these 2 studies had insufficient
statistical power to detect differences in birth weight while the other study started
supplementation only at 28 weeks of pregnancy, which may have been too late. A welldesigned trial in Nepal did not show an impact of vitamin A supplementation on infant
mortality [44] while effects on infant birth weight or growth have not been reported.
Women with low vitamin A status and intake during pregnancy have low retinol
levels in breast milk, which may be insufficient for infants to build up their stores in the
postnatal period [45,46]. Vitamin A supplementation during pregnancy reduces night
blindness [47] and has been shown to reduce maternal mortality by 40% [48]. Night
blindness during pregnancy has been found to be associated with infant mortality [49]. In
conclusion, from animal studies it is clear that vitamin A has an important role in
pregnancy outcome, however so far this has not been confirmed in human studies. It may
be that improving vitamin A status of pregnant women will have less impact on birth
weight than on vitamin A stores in the foetus and vitamin A concentrations in breast
milk, which may affect growth and immunity during infancy.
2.2.2 The impact of maternal vitamin A status and intake on vitamin A stores of
the infant
During pregnancy, vitamin A is transferred from mother to foetus across the placenta.
This process involves retinol binding protein, but the exact mechanism is not yet known
[36]. Vitamin A concentrations in serum of newborn infants are low, about half of those
found in their mothers [37].According to Underwood [50],vitamin A status of newborn
infants is not correlated with that of their mothers, except at the extremes of deficiency or
excess. However, in vitamin A sufficient and as well as in vitamin A deficient women,
maternal vitamin A status during pregnancy has been shown to be associated with foetal
liver and infants cord blood concentrations of vitamin A [51-53]. In addition, aborted
foetuses of Indian mothers from a high-income group were found to have higher liver
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retinol concentrations than those from a low-income group [51].It also has been reported
that, serum retinol binding protein concentrations and saturation (serum retinol
concentrations/retinol binding protein concentrations) in cord blood of newborn,
fullterm infants are positively correlated with these parameters in their mothers [54]. Two
intervention studies assessed the impact of vitamin A supplementation on vitamin A
levels in cord blood of infants. In one study, supplementation with 6000 IU Vitamin A
together with iron for more than 12 weeks during pregnancy increased cord levels of
vitamin A [42]. In another study, daily supplementation with 8000 IU vitamin A from 30
weeks of gestation until term increased plasma retinol concentrations in the mother and
in cord blood, although the increase in the latter was not significant [43]. A major
constraint is that most studies, except for 2 [43,54], did not use HPLC for determination
of retinol concentrations. Vitamin A supplementation of vitamin A-deficient pregnant
women may lead to an increase of placental transfer of retinol to the foetus. However,
whether vitamin A stores of the infant are increased through vitamin A supplementation
during gestation cannot be concluded from the available evidence.

2.3 Iron
2.3.1 The impact of maternal iron status and intake onpregnancy
outcome
Although iron absorption increases with advancement of gestation [55,56], this is often
insufficient to meet the demands for iron. As a result, pregnant women often become
anaemic. In addition, iron deficiency may result from consumption of diets with
insufficient iron, reduced dietary iron availability, and losses due to intestinal worm
infestation [57]. Metabolism and bioavailability of iron has been reviewed extensively
[58,59]. Daily iron supplementation is usually prescribed for iron deficient anaemic
women and has been implemented in health care programmes in many countries
including Indonesia. Unfortunately, these programmes have not been shown to be
successful in reducing iron deficiency anaemia [60]. Folic acid is commonly included
because folate deficiency is a common cause of megaloblastic anaemia [61]. Anaemia
during pregnancy has been shown to be associated with low birth weight, premature
delivery, and with perinatal and foetal death [62-65].O n e study has shown that inadequate
iron status during the first trimester of pregnancy is associated with low birth weight and
preterm delivery [66]. Many other trials have also investigated the consequences of iron
deficiency anaemia during pregnancy on pregnancy outcome but no firm conclusions can
be drawn [28,67]. This is because many of the studies were poorly designed and because
of the difficulty in interpreting haemoglobin concentrations during pregnancy.
2.3.2 Relationship with infant iron status
It is generally thought that maternal iron status during pregnancy has little influence on
iron status of infants as indicated by haemoglobin concentrations or serum indicators of
iron stores [68]. However there are reports that iron levels in cord blood and iron stores
in infants of mothers with iron deficiency anaemia are reduced [69,70]. Thus, in irondeficient anaemic women, iron stores of infants may be affected by those of their mothers
during pregnancy [71]. In a placebo-controlled study in Niger, iron supplementation
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during pregnancy improved infant length at birth and serum ferritin concentration at 3
months after birth [72], Sufficient iron status of infants at birth is very important as
infants will deplete their iron stores during the first half year of life when rapid growth
occurs. Iron intake from breast milk is low and may not be sufficient to support growth
and building of iron stores [73]. Considering the evidence from the trial in Niger and
associations found in other studies, it may well be that iron supplementatation of
pregnant women can improve iron status of their infants at birth.

3

Postnatal nutrition

3.1 Nutrient intake
Adequate energy and protein intakes of infants are important for their growth. Breastfeeding is considered the optimal nutrition for infants up to 4-6 months of age [74] and
decreases the risk of morbidity and mortality in infants in developing countries [75,76].
Moderate maternal malnutrition does not diminish the capacity to produce sufficient milk
to sustain infant growth [77-79], However low levels of specific nutrients in breast milk
might contribute to infant growth faltering [77]. After 6 months, growth of breast-fed
infants may be limited by energy, protein or micronutrient content of complementary
foods [74,80,81]. The highest impact of supplementation on growth of infants has been
shown in periods of weaning or high incidence of diarrhoea [82]. However, intervention
studies with supplements late in infancy have not shown sustainable effects on growth
into childhood [83,84].
3.2 Vitamin A
3.2.1 Vitamin A status and intake during infancy
Colostrum and breast milk in the first week after delivery, are rich sources of vitamin A
exceeding 3.5 )J,mol/L [37]. Feeding colostrum and this 'transitional' breast milk can
therefore increase the neonatal body stores of vitamin A significandy [50]. In breast-fed
infants, breast milk continues to be an importance source of vitamin A. However, if their
mothers have poor vitamin A status, vitamin A levels in breast milk may be insufficient to
build up their stores [46]. Breast milk concentrations of vitamin A have been found to be
lower in developing than in developed countries [74], with the values from a study in
West Java being among the lowest concentrations reported: 0.58-0.76 u,mol/L [85].
Therefore, vitamin A supplementation during lactation is recommended for improving
maternal and infant vitamin A status in populations with vitamin A deficiency [86].
Indonesian women supplemented with 300000 IU vitamin A within 2 weeks after delivery
had higher vitamin A concentrations in their milk up to 8 months after delivery compared
with those who received placebo [6]. In addition, the proportion of infants with low
serum retinol concentrations (<0.52 |0.mol/L) and low vitamin A stores at 6 months of
age was lower in infants whose mothers were supplemented with vitamin A than in their
counterparts whose mothers received placebo [6].
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3.2.2 Consequences of vitamin A deficiency
Vitamin A plays an important role in immune function and vision, as severe deficiency
inevitable leads to blindness [87,88].Mild vitamin A deficiency in infants and children is
associated with diarrhoea, respiratory infections and measles [89,90]. In populations
where vitamin A deficiency is prevalent, vitamin A supplementation can reduce mortality
and morbidity in children aged 6 months until 5 years of age [91]. Vitamin A
supplementation to mothers during lactation has been shown to reduce morbidity of
infants through increased intake of vitamin Avia breast milk [6,92,93].It should be noted
that such effects have not been shown in infants younger than 6 months of age [94-96].
As reviewed before [83], vitamin A supplementation has not been shown to improve
growth in many studies.However vitamin A supplementation has been shown to improve
growth of children with vitamin A deficiency as indicated by low serum retinol
concentrations or xerophthalmia [97-100]. Hence, vitamin A clearly plays an important
role in growth and morbidity of infants, although the impact on young infants is not yet
clear.
3.3 Iron
3.3.1 Iron status and intake during infancy
Circumstances around the time of delivery, e.g. early or late clamping of the cord, and
foetal blood loss into the placenta or mother, may affect neonatal iron status [73,101].
Haemoglobin concentrations are particularly high at birth, reflecting the oxygen-poor
environment in the uterus, and decrease thereafter before stabilising at about 3months of
age.During that same period serum ferritin levelsincrease,reflecting increased iron stores
in the liver cells [73].Birth weight, the rate of growth and iron stores at birth are major
influences on iron status during infancy [68,73,102]. Bioavailability of iron in human
breast milk is high, but concentrations are low and fall during lactation from about 0.6
mg/L at 2weeks to 0.4 mg/L at 6-8weeks and 0.3 mg/L at 3-5 months [73].Iron levels
in breast milk seem to be relatively unaffected by food intake, iron supplements or iron
status [103,104]. Full term, breast-fed infants normally do not require additional sources
of iron in the dietuntil 6months of age [104,105].However after 6months of age,if iron
from complementary foods is insufficient, infants may develop iron deficiency anaemia
[73,105].
3.3.2 Consequences ofiron deficiency
Iron is needed for a wide range of metabolic activities and is essential for growth. Iron
deficiency has been found to have a negative impact on immunity [106] and is associated
with decreased growth rate and increased morbidity in children [83,107-110]. Iron
supplementation has been shown to improve growth of anaemic pre-school and school
children in 2 studies in Indonesia [107,108]. During infancy and childhood, iron
deficiency anaemia leads to impaired mental and motor development with possible long
term consequences [111-113].
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Other factors ininfant nutrition and health

Many other factors, including sanitation, clean water, time for child care, access to health
services and dietary factors, can play a role in pregnancy outcome and growth of infants
[28,114]. Feeding practices, i.e. timely introduction of complementary food, the duration
of breast feeding and type of food, but also feeding behaviour and feeding style may
affect infants growth [74,115]. Infection can affect nutrition through anorexia, impaired
nutrient absorption, losses of micronutrients in urine, increased metabolism or impaired
transport to target tissues [116,117]. The severity of the impact of morbidity on growth
differs among age groups and populations [83,116]. Studies in The Gambia and
Bangladesh, for example, have shown that lower respiratory tract infections, diarrhoea
and gastro-enteritis were associated with a reduction in growth [118-120]. Thus infections
may limit growth in infants and children, however breast-feeding may play a protective
role [24,120].

5

Interaction betweenvitaminAand iron

Vitamin A is known to play a role in iron metabolism and it has been suggested that
vitamin A deficiency impairs erythropoiesis and mobilisation of iron from body stores
into the circulation [121]. In marginally vitamin A deficient rats, supplementation with
iron and vitamin A was more effective in restoring normal iron status than was iron
supplementation alone [122]. An observational study in children showed a positive
association of serum retinol concentrations with those of serum iron, ferritin and
transferrin [123]. Supplementation with vitamin A in children increased haemoglobin
concentrations, serum iron concentrations and of transferrin saturation but did not affect
serum ferritin concentrations [124,125]. In pregnant Indonesian women who were
anaemic, daily supplementation with vitamin A and iron increased haemoglobin
concentrations levels about 12 g / L of which one third could be attributed to vitamin A
[126].

6

Study rationale

A large proportion of Indonesian infants suffer from nutritional deficiencies and growth
retardation while deficiencies of iron and vitamin A especially are highly prevalent in
pregnant and lactating Indonesian women. There is evidence for a role of maternal
nutrition during pregnancy in infant birth weight and subsequent growth. Vitamin A
status during pregnancy has been shown to affect vitamin A levels in breast milk and
possibly vitamin A stores of infants. Anaemia and possibly iron deficiency during
pregnancy have been associated with negative pregnancy outcomes, although strong
evidence is lacking. Both iron and vitamin A are important nutrients in growth and
immunity and have been shown to improve growth in some studies, while vitamin A has
been shown to reduce mortality and morbidity in infants. Vitamin A plays a role in iron
metabolism and has been shown to reduce anaemia in vitamin A deficient pregnant
women. Thus, we hypothesised that growth retardation of the foetus in uteroand of the
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infant postnatally may be prevented by improving the iron and vitamin A status of their
mothers during pregnancy.

7

Research objectives (outline of the thesis)

The following research questions have been addressed and are described in the thesis.
• To investigate the effect of supplementation with vitamin A and iron during
pregnancy on infant vitamin A and iron status (Chapter 2).
• To investigate the effect of weekly supplementation with vitamin A plus iron
compared to iron alone during pregnancy on growth performance, nutritional
status and morbidity of infants during the first year of life (Chapter 3).
• To investigate patterns and determinants of growth of infants during the first year
of life (Chapter 4).
• To investigate the effect of supplementation with vitamin A and iron during
pregnancy on mental and psychomotor development of infants (Chapter 5).
Chapter 6 consists of a general discussion and conclusions of all results described in this
thesis. The methodological aspects of the study, general conclusions, implications for
health policy and programmes and future research written joindy with Siti Muslimatun are
also presented in Chapter 6.

8

Studysite and design

From November 1997 until November 1999, a community-based study was carried out in
9 rural villages in Leuwiliang, a rural area in West Java, Indonesia. Indonesia has a
population of 207 million and infant mortality rate is 43 per 1000 live births [127].
Leuwiliang, one of the subdistricts of Bogor, has about 140000 inhabitants, measures 158
km 2 and is situated 26 km from Bogor centre. It has 19 villages and most of the villages
are situated on an altitude of 500-700 m. The average number of persons per household
was 5 [128]. The maximum distance between study villages was 20 km. Only the main
road had asphalt, the remaining roads were made from stone or soil.
For the study, 3 groups of women were recruited at approximately 18 weeks of
pregnancy. Women from 5 villages were assigned randomly to 2 groups on an individual
basis to receive weekly supplementation from enrolment until delivery. Supplementation
comprised 2 tablets each containing 60 mg elemental iron as ferrous sulfate and 250 ug
folic acid with or without 2400 retinol equivalent (RE) vitamin A. This amount was below
the safe level of intake of 7500 RE vitamin A during pregnancy [129]. As advised by the
Indonesian Ministry of Health, based on the RDA of vitamin A for Indonesian pregnant
women (700 RE) and the expected absorption and dietary intake of vitamin A, we
intended to supplement 6000 RE weekly (3000 RE per tablet). However, analysis of the
supplements ~1 year after production, revealed that the tablets contained —2400 RE; thus
we considered to have given 4800 R E weekly. Both types of supplements were similar in
physical appearance. The pregnant women received the supplement once a week between
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09.00 and 12.00 h from voluntary health workers who ensured that the women swallowed
the tablets in their presence.
Subjects from the other 4 villages were assigned to a third group, referred to as the
'daily' group. These subjects were participating in the ongoing national supplementation
programme and received iron plus folic acid tablets through medical services. This
programme has been implemented since 1970 [130]. It would therefore have been
unethical to include an iron placebo group in the present study. However, compliance was
expected to be low [131] thus this group was included as a 'control' group for comparison
with the weekly iron supplementation group. We recruited this group from different
villages in order to avoid confusion about the iron tablets among midwives, voluntary
health workers and other persons involved in the research. Following government
guidelines, women start receiving supplementation during their first visit for antenatal
care at the Posyandu (integrated health services post) and should receive 90-120 iron plus
folic acid tablets, each tablet containing 60 mg elemental iron and 250 (Xgfolic acid, to be
taken daily throughout pregnancy. These tablets were similar in appearance to the tablets
administered weekly. By including this 'daily' group, the study also intended to test the
hypothesis that iron supplementation once a week instead of daily would be a method of
choice for reducing iron deficiency anaemia in pregnant women [132,133]. The theory
behind this was that intermittent iron supplementation would avoid the postulated
mucosal block of iron absorption [134] and would have the advantage of higher
compliance due to decreased side effects [133,135], easier distribution and lower costs. In
addition, previous studies had shown that weekly iron supplementation had similar effects
on iron status as daily iron supplementation [136-138].
For the pregnant women, a sample size of 63 per group was calculated based on 5%
significance level (two-tailed test), power of 80%, difference in haemoglobin
concentration of 5 g / L and standard deviation of 10 g/L. For the infants, a sample size of
51 per group was based on 5% significance level (two-tailed test), power of 80%,
difference in length at 1 year of age of 1.5 cm and standard deviation of 2.7 cm. A sample
size of 120 women per group was chosen to allow for a 50% drop out during pregnancy
and during follow-up period until their infants reached 1 year of age.
In addition to this thesis, another thesis entitled 'Nutrition of Indonesian women during
pregnancy and lactation: a focus on vitamin A and iron' by Siti Muslimatun is based on
the described study.
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2
VitaminAandironsupplementation of Indonesian
pregnant women benefits vitamin A status of their
infants
Marjanka K. Schmidt, Siti Muslimatun, Clive E. West, Werner Schultink and Joseph
G.AJ. Hautvast
ABSTRACT Many Indonesian infants have an inadequate nutritional status, which may
be due in part to inadequate maternal nutrition during pregnancy. This study was designed
to investigate whether infant nutritional status can be improved by vitamin A and iron
supplementation during gestation. Mothers of these infants from 5 villages had been
randomly assigned on an individual basis to supervised, double blind supplementation
once weekly from ~18 weeks of pregnancy until delivery. Supplementation comprised 120
mg iron and 500 ug folic acid with or without 4800 retinol equivalent vitamin A. Mothers
of infants from 4 other villages who participated in the national iron/folk acid
supplementation programme were also recruited; intake of tablets was not supervised.
Anthropometric and biochemical parameters of infants and their mothers were assessed
~ 4 months after delivery. Infants of mothers supplemented with vitamin A plus iron had
higher serum retinol concentrations than infants of mothers supplemented with iron
alone. However the proportion of infants with serum retinol concentrations <0.70
u m o l / L was > 7 0 % in all groups. Maternal and infant serum retinol concentrations were
correlated. Iron status, weight and length of infants were similar in all groups. Iron status
of girls was better than that of boys, but boys were heavier and longer. We conclude that
supplementation with vitamin A in conjunction with iron supplementation of women
during pregnancy benefits vitamin A status of their infants. However considering the large
proportion of infants with marginal serum retinol concentrations it may still be necessary
to increase their vitamin A intake.
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In Indonesia many infants have an inadequate nutritional status as shown by the high
prevalence of micronutrient deficiencies, underweight and stunting [1]. Low nutrient
stores and growth retardation of infants may partly be caused by inadequate nutrition of
their mothers during pregnancy [2,3].A large proportion of Indonesian pregnant women
suffer from iron deficiency anaemia and marginalvitamin A deficiency [1,4,5].
Adequate maternal vitamin A status during pregnancy is important for the
development of the foetus and sufficient levels of vitamin A in breast milk [6]. The
relationship between vitamin A status of pregnant women and that of their newborn
infants is indicated by associations of serum retinol levels during pregnancy with foetal
liver retinol concentrations and by a high correlation of vitamin A concentrations in cord
and maternal serum [7,8].In addition vitamin A supplementation of pregnant women has
been shown to increase cord levels of vitamin A [9], Vitamin A intake and status in the
third trimester of pregnancy have been found to affect concentrations of vitamin A in
breast milk[10].
Iron deficiency anaemia during pregnancy is associated with higher risk of low birth
weight and preterm delivery [11]. In addition evidence is accumulating that maternal iron
deficiency in pregnancy reduces foetal iron stores and this may influence development
during the postnatal period [12]. In a placebo-controlled study in Niger, iron
supplementation during pregnancy improved infant length and APGAR scores at birth,
and serum ferritin concentration 3months after birth [13].Under conditions of poor diet
quality, iron alone may not be effective in correcting iron deficiency anaemia during
pregnancy [14]. Vitamin A supplementation has been found to improve haemoglobin
concentrations of pregnant women [9,15] and vitamin A plus iron supplementation to
benefit iron status of children [16]. Roodenburg et al. [17] confirmed the benefit of
vitamin A for iron status in a study in rats and suggested that mobilisation of iron was
improved byvitamin A supplementation.
In Indonesia iron supplementation during pregnancy is standard practice and
therefore it is not ethical to conduct a study in which pregnant women are not provided
with iron [14].However compliance in the governmental programme islow and we found
that supervised weekly iron supplementation performed similarly to the ongoing iron
supplementation programme with respect to improving maternal iron status during
pregnancy [18]. Considering the adverse effects of iron deficiency on mental and motor
development of infants [19] it is important to assess the impact of any new iron
supplementation regime oninfant iron status.
We hypothesised that improving the vitamin A and iron status of pregnant women
may also lead to an improvement in iron status, vitamin A status, length and weight of
their infants after birth. The present study was designed to investigate whether infant
nutritional status can be improved by weekly supplementation of their mothers during
pregnancywith vitamin A and iron.
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Materials and methods
Study design
The present study was carried out in infants from 9 rural villages in Leuwiliang subdistrict,
Bogor district, West Java, Indonesia. Mothers of these infants had been supplemented
with iron and folic acid, either with or without vitamin A, during pregnancy or had access
to iron/folic acid tablets through the ongoing government programme. Explanation of
the study had been given to the women at enrolment and only women who gave written
informed consent participated. The research proposal was approved by the Ministry of
Health Indonesia and the Ethical Committees of the Medical Faculty at the University of
Indonesia and Wageningen University.
Initially 366 women were enrolled to participate in the study (Figure 2.1). A sample
size of 120 women per group had been chosen to allow for 50% drop-out during the
study period [18]. The present article reports the effect of supplementation on the
nutritional status of infants at ~4 months of age. The results of the effect of
supplementation with iron and vitamin A during pregnancy on biochemical status near
term, including details of the study design, have been published elsewhere [18]. Briefly,
women, who were 16-20 weeks pregnant, aged 17-35 years and parity <6, from 5 villages
were randomly assigned on an individual basis to double-blind, weekly supplementation
until delivery. Supplementation consisted of 2 tablets each containing 60 mg iron as
ferrous sulphate and 250 ug folic acid with or without 2400 retinol equivalent (RE)
vitamin A. W H O guidelines [20] allow a maximum weekly dose of 7500 RE. The
intention was to supplement pregnant women with 6000 RE per week, based on advice of
the Indonesian Ministry of Health. However owing to losses during storage vitamin A
supplementation was found to be 4800 R E weekly. Tablet intake was supervised by
volunteer health workers and monitored by field assistants. Health personnel and
participants received clear instructions in order to avoid additional iron tablet intake. The
average period of supplementation in these 'weekly' groups was 20 weeks; thus mothers
had taken about 40 tablets. Women from the other 4 villages, referred to as the 'daily'
group, were recruited at the same time. These women had free access to iron tablets from
the health care services following government policy that pregnant women should receive
90-120 iron/folk acid tablets, containing 60 mg iron as ferrous sulphate and 250 ug folic
acid. Tablet intake in this group was not supervised because this was an effectiveness trial
comparing the weekly, supervised iron supplementation to the current programme.
Adherence of tablet intake was assessed though interview during a postnatal home visit
which revealed that the median tablet intake was 50 while only 17% of the subjects took
>90 tablets [18].
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nearest 0.1 cm by using a plastic measuring tape. At enrolment, height of mothers had
been measured to the nearest 0.1 cm using a standing height measurement microtoise.
Infanthealth
Physicians from the community health centre (Puskesmas) examined the general health of
the infants before blood sampling. Signs and symptoms examined were: running nose,
fever, cough, upper respiratory tract infection, diarrhoea, skin disease such as diaper rash
and dermatitis, and ear discharge. Besides the individual categories, the term 'sick' was
defined as having at least 1 of the signs or symptoms mentioned above. Medical treatment
was provided when necessary. At the time of the anthropometric assessment, the field
assistants interviewed the mothers to assess whether they were still breast-feeding.
Data an

Normality of data distribution was checked by visual evaluation using a histogram with a
normal curve. Serum ferritin and sTfR concentrations were not normally distributed;
therefore these data were logarithmically transformed and reported as mean with 9 5 % CI.
In the analyses the weekly vitamin A plus iron group was compared with the weekly iron
group to evaluate the effect of vitamin A supplementation. In addition, the weekly iron
group was compared to the 'daily' group to evaluate the different iron supplementation
regimes. Differences in age, anthropometric and biochemical variables between groups
were evaluated by independent /-test. A N O V A was used to evaluate differences between
groups or genders correcting for gender or group and age. Differences in proportions
were evaluated by %2-test.Trends in biochemical variables of infants by age were evaluated
using linear regression. Association of parameters of biochemical status within infants and
between infants and their mothers was estimated by the Pearson correlation coefficient.
To establish the determinants of infant serum ferritin and retinol concentrations stepwise
multiple linear regression was applied. Because the weekly iron and 'daily' groups did not
differ with respect to anthropometric and biochemical variables, groups were defined as
vitamin A supplementation (1) or not (0),i.e. weekly vitamin A plus iron group, 1; weekly
iron group, 0; 'daily' group, 0. Results did not change if we included the 3 groups as 2
dummy variables. Initially, variables of mothers during pregnancy, mothers at ~4 months
postpartum and infants were included in the model. However, analysis revealed that
association between maternal variables during pregnancy and infant variables were poor.
Therefore, it was decided to include only variables of mothers at ~ 4 months postpartum
and infants in the model. Variables of infants included in both models were age at the
time of blood collection, gender, neonatal weight, weight at ~ 4 months of age, and
haemoglobin, serum ferritin, serum sTfR and serum retinol concentrations. Variables of
mothers included in both models were haemoglobin, serum ferritin, serum sTfR and
serum retinol concentrations, and weight ~ 4 months postpartum and height. Prevalence
of upper respiratory infection was included in the model for serum retinol concentrations.
Neonatal length and length at ~4 months of age were not included in the model because
they were highly correlated with neonatal weight and weight at ~ 4 months of age
respectively (r >0.8). Also, maternal mid-upper arm circumference was not included
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because it was highly correlated with maternal weight ~ 4 months postpartum (r >0.8).
Variables that were found to be significandy associated with the dependent variable in the
stepwise multiple regression analysis were entered again in a model for each dependent
variable and are presented. The SPSS software package (Windows version 7.5.2. SPSS
Inc., Chicago, IL, USA) was used for all statistical analyses and a P value of <0.05 was
considered as significant.
Results
Women were recruited in 6 rounds from November 1997 until May 1998, and blood
samples for the postpartum assessment were taken between August 1998 and February
1999. From enrolment during pregnancy until ~ 4 months after delivery [3.7 (1.9-6.3)
months; mean (range)] 22 (18%), 20 (17%) and 20 (16%) mothers and infants dropped
out in the weekly vitamin A and iron group, weekly iron group and 'daily' group
respectively. Drop-out did not differ among groups and was not related to gender of the
infants. Of the infants eligible for the assessment at ~ 4 months of age, 28 (28%), 25
(25%) and 29 (28%) in the weekly vitamin A and iron, weekly iron and 'daily' groups
respectively did not provide a blood sample or did not attend the assessment. We present
data of infants (n=222) from whom sufficient blood was drawn for the assessment of
haemoglobin concentration, and their mothers (Figure 2.1). Age, parity, anthropometric
and biochemical variables of mothers and gender and anthropometric variables of infants
either at the postnatal visit (measured n=326) or at ~ 4 months of age (measured n=276)
did not significantly differ (corrected for age) between subjects included or excluded (data
not shown). However, infants for whom data are reported had higher neonatal length than
infants for whom data are not reported (49.6 ± 0.2 cm, n=222 versus 48.9 ± 0.2 cm, n=80;
P <0.05;mean ± SE).
Age and gender of infants was similar in all groups (Table 2.1). Infants in the weekly
vitamin A plus iron group had higher serum retinol concentrations than the infants in the
weekly iron group (Table 2.1). Serum retinol concentrations did not differ between the
weekly iron and 'daily' group. The proportion of infants with a serum retinol
concentration <0.35 u m o l / L was 3 % , 1 1 % , 20% and with a serum retinol concentration
<0.70 (Xmol/Lwas 7 1 % ,84% and 7 8 % in the weekly vitamin A and iron, weekly iron and
'daily' groups respectively.
Iron status, length and weight of infants did not differ between the weekly groups or
between the weekly iron group and the 'daily' group (Table 2.1). The proportion of
infants with a haemoglobin concentration <100 g / L and <110 g / L was similar in all
groups, 29% and 68% respectively while the lowest value was 83 g/L. Only 3 infants had
a serum ferritin concentration <12 ug/L. Serum ferritin and sTfR concentrations of
infants were inversely correlated (r =-0.420, P <0.01) in all groups. Iron status and serum
retinol concentrations of mothers and infants did not differ between mothers in the 'daily'
group who had taken less than 50 tablets and those who had taken more than 50 tablets
during pregnancy.
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