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Abstract
Shaheen, R. 2015. Prenatal food and micronutrient supplementation to malnourished women
in Bangladesh. Effects, Equity, and Cost-effectiveness. Digital Comprehensive Summaries of
Uppsala Dissertations from the Faculty of Medicine 1165. 68 pp. Uppsala: Acta Universitatis
Upsaliensis. ISBN 978-91-554-9426-1.

Maternal nutrition is closely linked to child health and survival. In Bangladesh there is a
high prevalence of undernutrition in the form of chronic energy deficiency [CED, Body
Mass Index <18.5 (kg/m2)] in women and low birth weight. The aims of this thesis are to
explore women’s perceptions of maternal undernutrition, to analyse the association between
prenatal food supplementation and birth weight (BW), to analyse whether food- and multiple
micronutrient interventions generate pro-disadvantaged equity in child survival, and to examine
whether an early prenatal invitation to food supplementation and multiple micronutrient
supplements (MMS) represents value for money in infant survival compared to invitation to
food supplementation at usual time combined with 60 mg iron and 400 µg folic acid (standard
practice).

The study on women’s perceptions (n=236) was nested into the MINIMat randomized trial
where women (n=4436) were allocated to early (E), or usual (U) time of invitation to prenatal
food supplementation and 30 mg iron with 400 µg folic acid, or 60 mg iron with 400 µg
folic acid, or MMS. Live births (n=3625) were followed-up. The analyses of equity and cost-
effectiveness were based on this trial. A cohort design (n=619) was employed for the analysis
of food supplements and BW.

Women perceived maternal undernutrition as a serious health problem and attached very
low scores to CED in pregnancy. An average of four months of prenatal food supplementation
increased BW by 118 g. An early invitation to prenatal food supplementation and MMS lowered
mortality in children before the age of five years and reduced social disparity in child survival
chances. An increment from standard practice to E-MMS averted one extra infant death at a cost
of US$797 to US$907, and saved one extra life year at a cost of US$27 to US$30.

High priority should be given to the nutritional status of pregnant women in societies where
undernutrition and food insecurity occurs. Prenatal food supplementation has the potential to
significantly increase BW, and an early initiation of prenatal food supplementation combined
with MMS was considered cost-effective in lowering infant mortality and increase social equity
in child survival chances.
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Introduction 

Sub-optimal nutrition is common among women in low-income countries 
such as Bangladesh (1, 2, 3, 4). When manifested among pregnant women, 
the immediate effect of sub-optimal nutrition is foetal undernutrition that 
entails increased foetal, neonatal, infant and child mortality (1). This also 
contributes to the cycle of malnutrition over generations (5), especially when 
energy intake in pregnancy is low (6) and insufficient to compensate for the 
increased demand during pregnancy. Further, mounting evidence suggests 
that foetal undernutrition increases the risk for type 2 diabetes mellitus and 
cardiovascular diseases in adulthood (7-14).  

In Bangladesh, interventions have been implemented to combat maternal 
undernutrition. These include prenatal iron and folic acid supplementations 
from around 1986 (15) and food supplementation through the Bangladesh 
Integrated Nutrition Project (BINP) in 1996 (16) followed by its successor 
the National Nutrition Program (NNP) . Based on the positive effects of 
prenatal food supplementation on birth weight (BW) in other low-income 
countries (1), it was assumed that this also should be true for Bangladesh. 
There was also an increasing felt need to move from iron-folic acid to multi-
ple micronutrient supplements (MMS) under the assumption that populations 
in low-income countries are deficient in several micronutrients (17). Over 
time, it has become almost a prerequisite that comprehensive evaluations of 
interventions should also include cost-effectiveness and equity analyses. As 
reflected in Figure 1 in this thesis these issues related to prenatal food and 
micronutrient supplementations are addressed. The effects on BW and off-
spring mortality are presented as well as analyses of social equity in compli-
ance to the interventions and effects on mortality. We present an analysis 
whether the interventions are worthwhile from a cost-effectiveness perspec-
tive. We also explored women’s perceptions of maternal undernutrition. We 
used the terms undernutrition and sub-optimal nutrition interchangeably.   

Maternal undernutrition   
Maternal undernutrition is common in rural areas of South Asia including 
Bangladesh (1). About 19% of women in Cambodia have been found to be 
undernourished (18), and 40% in a study from rural Vietnam (19). In another 
study from central India (Nagpore and Indor), the proportion of underweight 
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women was high (20). Maternal undernutrition in the form of low height is 
also common. In a study in Nepal, the mean height was 150.5 cm and 14% 
were below 145 cm (21).  

Previous studies and recent data show that 30 to 50% of rural Bangladeshi 
women of childbearing age suffered from undernutrition characterized by 
chronic energy deficiency (CED): i.e., having a Body Mass Index (BMI) 
<18.5 kg/m2 (2, 3, 4, 22). The burden of CED may vary depending upon the 
food security situation and its seasonal variation (2, 3). While 
intergenerational effects, in the form of undernourished women giving birth 
to undernourished babies, maintain the cycle of malnutrition (5), sub-optimal 
food intake during pregnancy is another major cause of low birth weight 
(LBW). Depending on the season, the daily energy intake among rural adults 
in Bangladesh reportedly varied from 1767 to 2055 kcal (3), while that in 
late gestation was estimated at 1464 kcal (6).                                       

 
Figure 1. Maternal undernutrition, women’s perceptions, interventions and relevant 
related questions addressed in the thesis. 

There are seasonal fluctuations in calorie intake in Bangladesh, and individ-
uals have to adjust to that. Research has shown that adults cope badly with 
seasonal fluctuations of total energy intake as reflected in body weight and 
BMI, and this is also true for women of reproductive age (2). The prevalence 
of CED was found to be as high as 67% during the peak season, February-
March, as compared to 61% during the lean season, October-November (2). 
In Bangladesh the marked seasonal variations in food availability may be 
reflected not only in the calorie (macronutrient) intake but also in the con-
sumption of micronutrients as also has been found in rural Nepal (21).  In 
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general, a very low adequacy of micronutrient intake was found in women in 
rural Bangladesh (23).   

The choice of cut-off levels to classify undernutrition may be an issue. While 
<50 kg pre-pregnancy weight is considered as underweight in some areas of 
the world it may be “normal” in other areas; a body weight <45 kg may be 
considered as low weight in the latter area. Short stature and low pre-
pregnancy weight, and maternal undernutrition is a reflection of the low 
status of women over generations that also may include less access to quality 
and quantity of food from early childhood (24, 25).  

Maternal sub-optimal nutrition has severe consequences, including long-
term effects on the offspring’s health and mortality (1). The world has expe-
rienced prolonged and acute food shortages in the form of famines, and find-
ings from these famines may indicate the effects of maternal food depriva-
tion on the offspring’s nutritional status and later outcomes.  Research on the 
Dutch famine has examined the long-term sequel of the famine on offspring 
health (7, 8). Exposure to famine during early gestation has long-term effects 
on health (7) including increased risk of diabetes mellitus type 2 (8, 9, 10, 
11, 12) and early development of coronary artery disease (13), indicating 
early programming effects by the intrauterine exposure to nutritional depri-
vation. 

The last two major famines in the Bengal area were the Great Bengal 
famine in 1943 (26, 27) and the post-liberation famine in Bangladesh in 
1974 (28, 29, 30). In these famines, effects on foetuses through pregnant 
mothers have so far remained undocumented, because the immediate mortal-
ity was so overwhelming that other less immediate outcomes were ignored. 
Although famines affecting mass population have not been reported from 
this area in recent years, chronic food insecurity is still prevalent (2, 3) and 
may affect foetal growth and survival, and indicate a social disparity in the 
availability of food. 

Consequences of maternal undernutrition 
Maternal undernutrition is closely related to the outcome of the offspring (1). 
Foetal undernutrition is associated with foetal, neonatal, infant and child 
mortality. The suboptimal foetal nutrition, later expressed in a LBW, may 
lead to increased susceptibility to infections, a poor general health of the 
infant (1) and in the longer perspective a propensity to develop metabolic 
syndrome and chronic diseases in adulthood (7, 8, 13).                        
The immediate consequence of maternal undernutrition is possibly offspring 
mortality. Data from India have shown that short maternal height was asso-
ciated with growth failure in childhood and increased child mortality (31). In 
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the Gambia, perinatal mortality was reduced by food supplementation to 
pregnant women (32) indicating improvement of maternal nutritional status 
influences offspring mortality. In that geographical area, there was a marked 
seasonal variation in neonatal (32) and adult mortality (33) that partly may 
be due to altered immune function (32, 33). The different seasons may affect 
foetal viability via variation in total calorie intake as well as in availability of 
micronutrients in food that could lead to variation in immune function. This 
implies that consequences of maternal undernutrition on foetal outcome may 
depend on season of exposure during gestational life.  

Infant and child mortality in Bangladesh 
In Bangladesh, child mortality has been substantially and consistently re-
duced across the last two decades (34). From 1990 to 2000 and after that to 
2012, infant mortality decreased from 100 to 64 to 33 per 1000 live births, 
i.e. a reduction by 66% from 1990 to 2012 (35). The corresponding figures 
for under-five mortality were 144 to 88, and after that to 41 per 1000 live 
births, implying 72% reduction from 1990 to 2012 (35). During the same 
period, Japan achieved 60% reduction of infant mortality, from 5 to 3 to 2 
per 1000 live births, and 50% reduction in under-five mortality from 6 to 5 
to 3 per 1000 live births, while Sweden achieved 57% reduction in infant 
mortality, from a rate of 6 to 3 to 2 per 1000 live birth of infant mortality and 
7 to 4 to 3 per 1000 live birth in under-five mortality (35).  

Despite the significant decline, neonatal deaths are still frequent in Bang-
ladesh. This is reflected in the drastic differences in neonatal mortality be-
tween the high-income countries and Bangladesh. Data from 2012 show 
neonatal death rates on the level of one to two per 1000 live births in Japan 
and Sweden, and 24 per 1000 live births in Bangladesh (35) indicating that a 
significant proportion of neonatal deaths in Bangladesh is avoidable. While 
post-neonatal and child mortality has been significantly reduced, neonatal 
mortality comprises a major part of deaths in childhood (35). A study in 
South Asia and Sub-Saharan Africa presenting cause-specific mortality rates 
indicated persistently high neonatal mortality, which often is under-
estimated (36). 

During the last ten years deaths due to neonatal tetanus, pneumonia, diar-
rhoea, measles, injury and malnutrition have decreased substantially (37, 38, 
39). Consequently, two-thirds of infant deaths (40) and half of the under-five 
deaths (41) can be attributed to neonatal deaths. These deaths are mostly due 
to preterm births, intrapartum-related causes (birth asphyxia), infections and 
other neonatal causes (37, 42), indicating that suboptimal care during child-
birth and postnatal period may be linked to this mortality. Most of these 
deaths are avoidable.  
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LBW is closely related to child mortality (1, 43, 44). There has been evi-
dence on a significant reduction in the prevalence of LBW and also, in paral-
lel, a reduction of the under-five mortality in Bangladesh. To achieve further 
reductions of under-five mortality, neonatal mortality needs to be lowered. 
That requires improved foetal health, especially among the poor and disad-
vantaged.        

Birth weight and infant mortality 
In 1976 WHO defined LBW as a birth weight (BW) <2500g, with the ra-
tionale that below this level the BW-specific infant mortality increased 
sharply (43, 44, 45, 46, 47, 48). However, the appropriateness of this cut-off 
level should be re-evaluated using more recent data since some LBW infants 
exhibit similar health as normal BW babies (49). There may be arguments 
regarding whether it is more important to focus on foetal health rather than 
on BW.  
LBW is the result of either shorter duration of gestation, or intrauterine 
growth restriction (IUGR), or a combination of both (43). IUGR is often 
referred to as “small-for-gestational age” (SGA), or “small for dates”. The 
most commonly used definitions of SGA are a BW less than 2500 g, and 
gestational age greater than or equal to 37 weeks and BW less than two 
standard deviations below the mean value for the gestational age (43). Pre-
term is defined as gestational age less than 37 weeks at birth. Some re-
searchers, however, question the validity of the first definition for IUGR, 
small for date, since it is based on a biased sample of newborns while their 
counterparts are still inside the uterus (50). Another indicator of foetal 
growth restriction is the ponderal index, defined as BW in kilogram (kg) 
divided by birth length in meter cubed (BW in kg/Birth length m3) (51, 52). 
The ponderal index is used to subdivide IUGR infants as proportionate or 
symmetric, or stunted, and disproportionate or asymmetric, or wasted (43, 
53, 54). The lower tertile of the ponderal index is related to higher risk of 
death between eight and 365 days after birth (55). 

There are associations between IUGR, maternal nutrition and food securi-
ty. In societies where maternal undernutrition and chronic food insecurity are 
common food security and diet in pregnancy may influence maternal weight 
increase in pregnancy and BW. In this situation, LBW and suboptimal foetal 
health remain strong determinants of offspring mortality. Thus, the “birth 
weight paradox” indicates the distribution of causes of LBW differs between 
social groups, such as educational groups, and the causes are differently 
related to infant mortality (56). Foetal health is not only expressed in the BW 
but also in other aspects of health and wellbeing of the foetus. The causes of 
suboptimal foetal health range from genetics to socio-cultural factors but the 
foremost cause in low-resource countries is probably suboptimal maternal 
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nutrition (57) and food insecurity over generations. In malnourished popula-
tions, foetal growth restriction is expressed during genetic imprinting (58). 
In high-income countries, where most LBWs result from pre-term delivery 
the causes of which are only partially known (1, 59), the main cause of LBW 
due to IUGR may be maternal smoking (60).  

The non-nutritional causes of IUGR include haemorrhage, multiple births, 
uterine and placental abnormalities, parental size and genetics, and major 
congenital malformations (61). These causes explain about 50% of the vari-
ance in BW (62). 

There may be a seasonal variation in BW due to differences in calorie in-
take. In the Gambia, the proportion of SGA infants was highest in August-
December with a peak in November, 30.6%, and lowest in June, 12.9% (63). 
A recent study from rural India showed strong seasonality in calorie and 
protein intake and workload during pregnancy that could have effects on BW 
(64). In areas with a low prevalence of maternal undernutrition even among 
women with low BMI the prevalence of LBW was low, 7.3% (65). This 
figure should be compared to 30% in a mixed population of women in Bang-
ladesh in 2000- 2002 (66). This underscores why maternal calorie and mi-
cronutrient deficiencies are associated with LBW (67). 

In Bangladesh, the prevalence of LBW has decreased across the last two 
decades from 50% in rural Bangladesh (68), 40 to 46% in urban slums in 
Dhaka (69), 48% in rural Matlab in the years 1995-1997 (6) to 22% in rural 
Bangladesh in 2007 (70). But relatively recent data, 2001-2007, from rural 
northwest Bangladesh showed a very high prevalence, 55.3% (71). This 
indicates that there may be pockets in Bangladesh with persistent high to a 
very high prevalence of LBW. Prenatal food supplementation by the Bang-
ladesh Integrated Nutrition Project (BINP) and the National Nutrition Project 
(NNP) may have contributed to the reductions of LBW that have been 
achieved in some areas. The reduction of adolescent fertility, from 22.6% in 
2003 (72) to 12.7% in 2000 to 2007 (73), and an overall decline in fertility 
(74) may also have contributed in reducing LBW, since adolescent pregnan-
cy is strongly associated with LBW and infant mortality (1). 

A vast disparity remains in the burden of LBW, neonatal and infant death 
rates between Bangladesh and high-income countries as reflected in the pro-
portions of LBW that was 4% in Finland and Sweden based on data for the 
years 2000 to 2002, and 8% in Japan compared to 30% in Bangladesh for the 
same years (66), and 22% for the year 2007 (70). Levels of more than 15% 
of LBW and more than 20% of IUGR indicate that LBW is a major public 
health problem in Bangladesh that needs population-wide interventions (1). 

Another significant consequence of LBW is the intergenerational effects 
of undernutrition (5). A female LBW baby grows up as a malnourished 
woman, who gives birth to LBW babies including LBW girls, and the inter-
generational cycle of malnutrition is maintained (5). In the present context 
with a growing burden of non-communicable diseases in low-income coun-
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tries, an important consequence of suboptimal foetal nutrition is the in-
creased susceptibility of these babies to develop metabolic syndrome (7-14, 
75, 76, 77) in adulthood, type 2 diabetes mellitus and cardiovascular diseas-
es. Other consequences of LBW include reduced working capacity (78), 
impaired cognitive function (79), higher susceptibility to morbidity (44), and 
impaired immune function (80). 

Perceptions of maternal undernutrition 
Research on perceptions of maternal undernutrition is limited. Studies ad-
dressing perceptions of malnutrition in general and of child undernutrition 
may provide clues to the perceptions of maternal undernutrition. In a study 
in Bihar, India, the researchers found that child undernutrition was not being 
viewed as a disease itself; different local disease concepts were identified 
describing the clinical symptoms of undernutrition (81). In another study in 
Madagascar major themes regarding barriers to proper nutrition were found 
to be inadequate purchasing power, limited access to health care, lack of 
health literacy and misconceptions about nutrition and malnutrition, and 
insufficient variation of crops produced (82). Malnutrition was viewed to be 
related to these indicators.  

Using the SF 36 (short form 36), a study in Bangladesh compared the 
scores from poor women who were members of a microcredit programme 
with that of poor women who were non-members. The non-member poor 
women attached lower general health scores compared to members (83). 
This could indicate that these women were able to rate logically their health 
status as compared to those with another socio-economic status indicated by 
the membership of credit programme. We used a five dimension scale ena-
bling conversion of answers using a value tariff and a visual analogue scale 
for measuring women’s perception of maternal undernutrition; the results are 
presented in Paper I.  

Interventions to combat the effects of maternal 
undernutrition on foetal outcomes 
In low-income countries, sub-optimal foetal nutrition, originating from ma-
ternal undernutrition, and periodic food insecurity have motivated large-
scale prenatal food supplementations (1). In recent years, the view that popu-
lations in low-resource countries also are deficient in a variety of micronutri-
ents has motivated the need of trials providing multiple micronutrient sup-
plements (MMS) to pregnant women (17).  
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Prenatal food supplementation 
Prenatal food supplementations have been evaluated in high- and low-
income countries, mostly with the aim to reduce the occurrence of LBW. 
The results have varied from no effects (84) to substantial effects (85, 86, 
87) depending on the nature, magnitude, and causes of IUGR, maternal un-
dernutrition, food security, and other risk factors such as smoking during 
pregnancy. Reductions in early neonatal deaths have also been found (32, 
88). Cochrane systematic reviews concluded that a balanced protein energy 
supplementation in pregnancy modestly increased foetal growth and im-
proved foetal and neonatal survival (88), and increased mean BW and re-
duced the occurrence of SGA (89). A recent review assessing the impact of 
balanced protein energy supplementation in undernourished pregnant women 
in low- and middle-income countries showed that a balanced protein energy 
supplementation significantly improved BW (90). Based on the positive 
effects of balanced protein energy supplementation in other low-income 
countries (32, 85, 86, 87), and in the poorer section of a high-income country 
(84) the Bangladesh Integrated Nutrition Project (BINP) was initiated in 
1996 (16) based on the fact that Bangladesh had a very high prevalence of 
chronic energy deficiency in women and LBW (1). A few years later a num-
ber of systematic reviews concluded that a balanced protein energy supple-
mentation during pregnancy reduces the risk of LBW (91, 92, 93).  

BINP initially included prenatal food supplementation in six sub-districts. 
The aim was to incorporate nutrition into the routine heath interventions 
together with immunization, antenatal care, and family planning (16). Prena-
tal food supplementation was expected to improve BW and weight gain in 
pregnancy. As part of the evaluation, several research projects were con-
ducted to provide constructive feedback to the program. The main result of 
such a project has been presented in paper II. The National Nutrition Pro-
gram (NNP) was later formed to scale up the efforts of BINP (16).  This 
program may have contributed to the decline in LBW prevalence in Bangla-
desh from around 50% (68, 69) to 22% (70). Other child health interventions 
such as oral rehydration solutions (94), case management of pneumonia in 
accordance with WHO recommended guidelines (95), community based 
approaches to newborn care (96, 97, 98), and improved socio-economic con-
ditions in general may also have contributed to the overall decline in under-
five mortality in Bangladesh and in other low-income countries. 

Micronutrients and foetal outcomes 
Populations in low-income countries are often deficient not only in iron and 
folic acid but also in other micronutrients. UNICEF and partners have devel-
oped a multiple micronutrient supplement (MMS) for trial purposes in low-
income countries (17).  A Cochrane systematic review has shown that iron-
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folic acid supplementation increases BW in high-income countries, but data 
from low-income countries are inadequate (99). It has been shown that zinc 
reduced the risk of prematurity and reduced the risk of pre-term mortality by 
14% in low-income countries (100). Vitamin A has been shown to reduce 
maternal mortality, anaemia and night blindness among pregnant women 
(101). In Nepal, MMS increased BW by 64 g (102) and 77 g (103), and re-
duced the proportions of LBW, SGA, and maternal anaemia as compared to 
two or fewer micronutrients, no supplementation, or placebo but not com-
pared to iron and folic acid (102). A Cochrane systematic review including 
data from India and Tanzania has shown that MMS reduced the risk of LBW 
(104). Another review has also shown that micronutrient supplementation in 
pregnancy reduced the risk of LBW (105). However, one trial in Nepal indi-
cated an increased risk of mortality of term infants in the MMS arm (106), 
while a cluster-randomized trial in Indonesia demonstrated 18% reduced risk 
of infant mortality by MMS as compared to iron and folic acid supplements 
(107). A trial in Burkina Faso showed significantly increased birth length 
from food fortified with MMS compared to MMS alone (108). Recent meta-
analyses have shown that MMS compared to iron and folic acid supplemen-
tations in pregnancy generate a small increase in BW (109) but no effects on 
still birth, or neonatal mortality (110). A new review concluded that when 
given in pregnancy both iron-folic acid and several other micronutrients may 
improve foetal outcomes (111). Nevertheless, these studies have been per-
formed in populations where both food (macronutrient) and micronutrient 
deficiencies are common. Except one of these studies (108) in none of the 
above-mentioned studies MMS was delivered combined with food. Balanced 
protein-energy supplementation in pregnancy has been found to increase BW 
and decrease perinatal mortality (88, 89), a result that recently was con-
firmed in another review (90). In addition to examining the impact of these 
interventions on mortality, it is essential to investigate if the interventions 
reduced social inequity in survival and whether it was cost-effective.  

Equity issues, concepts and measurements of equity 
For a comprehensive evaluation of an intervention, a pertinent question is 
whether, or not, all social strata have equally benefited, or whether, or not, 
the most deprived stratum has benefited the most. The definition by 
Braveman and Gruskin (112) may be the one that covers the core principles 
defining equity in health. It defines equity in health as “the absence of sys-
tematic disparities in health (or in the major social determinants of health) 
between social groups who have different levels of underlying social ad-
vantage/disadvantage, that is different positions in a social hierarchy. Inequi-
ties in health systematically put groups of people who are already socially 
disadvantaged (for example, by virtue of being poor, female, and/or mem-
bers of a disenfranchised racial, ethnic, or religious group) at further disad-
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vantage with respect to their health; health is essential to well-being and to 
overcoming other effects of social disadvantage”. Another definition outlines 
equity in health as, “differences, which are unnecessary and avoidable, but, 
in addition, are considered unfair and unjust. So, to describe a certain situa-
tion as inequitable, the causes need to be examined and judged to be unfair 
in the context of what is going on to the rest of the society“ (113). This defi-
nition, however, lacks the protection of individuals who are disadvantaged 
due to biologically driven defects such as birth defects.                            

In recent past, concerns have been raised that during the initial phase of 
community-based interventions the uptake is usually higher among the more 
advantaged section of the community that widens the gap between the rich 
and the poor (114, 115). Research in India has shown that economic devel-
opment does not automatically lead to a reduction in childhood undernutri-
tion; the authors argued for direct investments in appropriate intervention to 
reduce undernutrition (116). In recent years, the Commission for Social De-
terminants of Health (117) has been striving for evidence on health gains 
from large-scale interventions that also reduce health gaps between social 
groups. Our results presented in paper III provide such evidence.  

Interventions often lead to increasing inequity at the start of activities due 
to higher uptake by the advantaged groups compared to the disadvantaged 
groups (114). As time pass by, probably due to saturation in the advantaged 
group, or increased awareness in the disadvantaged group, this situation may 
be altered with improved equity in utilization (118) and effect (119). In a 
quasi-experimental study in Bangladesh comparing health-seeking behaviour 
for maternal health, it was found that the intervention had an overall positive 
effect on utilization but also a positive effect on equity due to pro-poor 
changes (120). Still, persisting inequity is also evident. A study evaluating 
utilization of maternal care also in Bangladesh showed that despite increased 
utilization of maternal care among socially disadvantaged mothers in com-
parison with socioeconomically advantaged counterparts, the absolute gap in 
utilization of care between socioeconomic groups had increased (121).  

Research from the United States has shown that maternal disadvantage 
leads to the worst health at birth (122). Health at birth is an important indica-
tor of long-term outcomes of education, income, and disability (122). This 
research also shows that in a situation with overall newborn health im-
provements due to increasing knowledge and public health policies the most 
disadvantaged actually benefitted even though those at the bottom of the 
distribution have the worst economic conditions (122). These findings indi-
cate that despite constraints related to low socio-economic condition reduc-
tions in inequity is possible. In a study in India examining the effects of a 
cash-incentive program for institutional deliveries, the results showed that 
despite remaining inequality in access to institutional deliveries, this had 
been reduced after the introduction of the program (123). These findings 
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indicate that reduction in the inequity gap is possible. We have addressed 
such an issue in Paper III. 

Economic evaluation of interventions 
In recent years there has been increasing demand that comprehensive evalua-
tions of public health interventions should include economic appraisals. 
Economic evaluation can be in the form of cost-minimization, cost-
effectiveness (CE), cost-utility, and cost-benefit studies (124). The most 
commonly used analysis is probably CE studies, where the effects in the 
form of intermediate outcomes are shown in relation to the costs, such as 
cost per patient, or a final outcome such as cost per death averted, and com-
pares interventions that have the same outcome, such as death averted. When 
a new program is added, or a new program is launched, a relevant question is 
whether the extra gain achieved by the additional program or the new pro-
gram that entails additional costs represents value for money? This is ad-
dressed by “incremental CE analyses” such as cost per one extra death avert-
ed. In paper IV, we present incremental CE analysis by using cost per extra 
infant death averted and cost per extra LY saved. In rural areas of low-
income countries where problems of sub-optimal maternal and foetal nutri-
tion and child mortality are prevalent, a knowledge gap exists regarding ef-
fective and cost-effective interventions.  

A CE analysis was performed in Bangladesh assessing a community- 
based newborn care intervention compared to home care in terms of cost per 
neonatal death averted (125), and was interpreted in terms of whether the 
figures are above or below per capita GDP, as per the criteria set by the 
Commission on Macroeconomics and Health (126). Many of these compari-
sons are also presented as CE analyses in terms of cost/Disability Adjusted 
Life Year (DALY) estimates or cost/Quality Adjusted Life Year (QALY) 
estimates while the latter are based on perceived weights that are subjective. 
The DALY measure has been criticized on the basis that its conceptual and 
technical basis is flawed, and value judgment is open to serious question 
(127).  

In this context, we conducted a CE analysis on prenatal food and micro-
nutrient supplementation and presented the results in paper IV in terms of 
cost/infant death averted and cost/life-year saved. This evaluation was 
deemed necessary, particularly since other studies provided an incomplete 
account of the impact of BINP (128).  

Rationale for the studies 
Given the above background, the MINIMat (Maternal and Infant Nutrition 
Interventions, Matlab, ISRCTN16581394) trial was implemented in 
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Chandpur, Bangladesh, considering whether the timing of prenatal food sup-
plementation combined with micronutrient supplements may show new ave-
nues to optimize foetal outcomes (129). A long-time follow-up was planned. 
The study aimed to assess the effect of the interventions on birth anthropom-
etry including BW, gestational age at birth, change in haemoglobin in preg-
nancy, and infant and child mortality. Analysis of equity in gains and eco-
nomic evaluation were integral parts.  
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Aims 

This thesis departs from the situation in Bangladesh with chronic energy 
deficiency in pregnant women and children, with a high burden of foetal 
undernutrion in the form of LBW, and increased mortality that occurs due to 
malnutrition in the woman-child dyad. It explores the life situation of these 
women, and studies effectiveness, cost-effectiveness and equity of prenatal 
food and micronutrient supplementations on size at birth and survival of the 
offspring. The specific aims are  

 
1. To explore women’s perceptions of chronic energy deficiency in rural 

Bangladesh   
2. To analyse the effect of prenatal food supplementation on birth weight   
3. To analyse whether prenatal food and micronutrient supplementations 

are able to achieve pro disadvantaged equity in terms of utilisation and 
effects, and  

4. To estimate the incremental CE ratios for moving to an early invitation 
to prenatal food supplementation combined with MMS compared to the 
standard practice of invitation to food supplementation at the usual time 
in pregnancy combined with the standard iron-folic acid supplementa-
tion using different delivery strategies.  
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Subjects and methods 

A sub-study that was nested into the MINIMat study provided information 
on perceptions of women regarding maternal undernutrition and its conse-
quences, and presented in Paper I. The data used in Paper II came from a 
research project done at the initial stage of BINP activities. The data used in 
papers III and IV came from the MINIMat study. Cost data for paper IV 
were derived from the MINIMat study and compiled from a published study 
and reports.  

Study settings 
Data for Paper I came from a sub-study (January 1 to November 6, 2002) 
nested into the MINIMat study (130). The data for Papers III and IV also 
come from the MINIMat study. The MINIMat study was conducted in 
Matlab, a sub-district within Chandpur district, where icddr,b has been run-
ning an HDSS since 1966. The study was conducted in the area, where 
icddr,b provides health services covering about 110,000 population. Figure 2 
shows the study areas. 

Data for Paper II came from a study conducted in Shaharasti, another sub-
district within Chandpur district, Bangladesh (Figure 2). In this area, in 
1996, BINP initiated nutrition-related activities, including prenatal food sup-
plementation. The studies address relevant program and policy questions that 
are summarized in Table 1.     

Study design Paper I 
Paper I was based on interviews of a sub-sample of women who participated 
in the MINIMat study.  It explored women’s perceptions of undernutrition.  

The MINIMat study was a randomized trial with an invitation to food 
supplementation early in or at the usual time in pregnancy combined with 
micronutrient supplementations with planned long-term follow-up. In MIN-
IMat study (n=4436) pregnant women were randomized to early (E – at 
around 9 weeks of pregnancy), or usual (U - at around 20 weeks) time of 
invitation to prenatal food supplementation, and to daily doses of either 30 
mg iron and 400 g Folic acid, or 60 mg iron and 400 g Folic acid, or 15 
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micronutrients that included 30 mg iron and 400 g Folic acid. This resulted 
in six trial arms, EFe30F, EFe60F, EMMS, UFe30F, UFe60F, and UMMS. 

   

 
Figure 2. The study sites. Source: Google. 

Adherence to food and micronutrient supplements, maternal anthropometry 
and socio-economic status (SES) were measured. The primary outcomes 
were maternal haemoglobin in week 30, birth weight and gestational age, 
and infant mortality. The study was also designed to address a range of sec-
ondary outcomes and aimed to measure both short and long-term conse-
quences in the randomized groups (130). The follow-up studies are still con-
tinuing.  

During the period January 1 to November 6, 2002,  1185 pregnant women 
were enrolled in the MINIMat trial, and a sub-sample of 285 women having 
CED at week 8 of pregnancy formed the study group for Paper I. Data were 
collected in home settings and 261 (91.6%) women were interviewed: 176 
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were pregnant, and 85 had just given birth, and complete information was 
available for 236 (83%).  

Methods Paper I 
Out of all pregnant women enrolled in MINIMat from January 1, 2002 to 
November 6, 2002 those who had a BMI <18.5 kg/m2 were selected for the 
study of paper I. This sample based on a time frame formed the pool of 
pregnant women to understand women’s perceptions of maternal undernutri-
tion presented in Paper I (131).  

The EuroQol (EQ)-5D questionnaire and the visual analogue scale (VAS) 
with endpoints of 1 (full health), and 0 (death) were used for measuring 
quality of life (QOL) scores (132). The instrument provides a descriptive 
profile and a score for health status. The questionnaire consists of five di-
mensions that describe health and a vertical VAS for providing a rating of 
health. A validation study was conducted for testing whether the instrument 
was relevant in the study setting. By using semi-structured questionnaires 
women visiting icddr,b health facility at Matlab were interviewed on how 
the illnesses they have suffered had affected the dimensions in the question-
naire and if there were other dimensions related to the severity of illness. 

A scenario was used to represent CED. The scenario was based on the lit-
erature and women’s narratives about the consequences of CED. The scenar-
io included information on the burden of CED (133), its link with labour 
productivity (78, 134, 135), its expression as cumulative effects of malnutri-
tion (133), the fact that it increases the risk of LBW, which maintains the 
intergenerational cycle of malnutrition (5), and that LBW babies frequently 
suffer from disability (136), the treatment of which involves considerable 
costs. The scenario also included information from our formative research 
related to Paper I (131): the report that low maternal weight is associated 
with small, undernourished, and weak babies, the probability that LBW ba-
bies fall sick more frequently and die more readily, and that malnourished 
women are often unable to perform adequate household work, and incorpo-
rated the effects of the condition on productivity and leisure (137). Although 
rating of scores were obtained, the study actually addressed women’s per-
ceptions of CED. The interviewers were trained on the questionnaire, VAS, 
to describe the scenario, in providing women with opportunity to reflect on 
and respond to EQ-5D, and to attach scores to the VAS. 
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Analysis Paper I 
The respondents’ characteristics were compared with the rest of the MIN-
IMat participants, not only with women who were detected pregnant during 
the study period, i.e., January 1 to November 6, 2002. We examined the 
distribution of the scores from all three sources and frequencies of answers 
at different levels of each of the five dimensions. Scores for each woman 
were calculated using the EQ-5D scoring formulae. Means and SDs are pre-
sented of scores from EQ-5D and visual analogue scale (VAS), and 95th 
percentiles from all three measurements. The scores from EQ-5D were com-
pared with health of a general women population in Sweden (138). Informed 
written consent was obtained from all participants. The study was approved 
by the ethical review committee of icddr,b.                                                                               

Design Paper II 
Paper II was based on a cohort study conducted in Shaharasti, a sub-district 
within Chandpur district, Bangladesh, where BINP initiated nutrition-related 
activities, including prenatal food supplementation.  

Methods Paper II 
Four out of nine unions (administrative unit under the sub-district, each cov-
ering about 20,000 population) were randomly selected for this study. Preg-
nant women enrolled in the food supplementation program in these sub-
districts were enrolled from the registers of BINP. The BINP activities were 
performed at Community Nutrition Centres (CNC, 52 in the study area) op-
erated by Community Nutrition Promoters (CNP), who were women with 
children and a minimum of eight years of schooling. The centres were locat-
ed in the villagers’ houses, and the program activities were run in the morn-
ing hours, Saturday through Thursday. Each CNC covered about 1200 popu-
lation. The promoters paid regular household visits to identify pregnant 
women and invited them to the activities. Pregnant woman with BMI <18.5 
kg/m2 were eligible to participate. They were invited to visit the CNC early 
in pregnancy and received health and nutrition education, food supplementa-
tion and iron-folate supplementation (supplied monthly, two tablets/day, 
each tablet containing 60 mg iron and 250 µg folic acid), as per the national 
recommendations.  

Preparatory field activities started in November 1998, and BW measure-
ments were done from December 1998 to October 1999. In 1998, there was a 
severe flood in Bangladesh. Shaharasti was affected until the end of October 
1998. Activities in the field ceased during the peak flood and restarted in 
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mid-November 1998. Women participating in the BINP program with a cal-
culated probable birth (based on last menstrual period, LMP) from Decem-
ber 1998 to October 1999 were invited to take part in the study. Study field 
workers regularly visited the 52 CNCs to identify new enrolees and to obtain 
informed consent for the study. 

Food supplementation 
Village women, employed by the program, prepared the food supplements 
from local products, and provided this in plastic packets to be mixed with 
water. The supplement contained 80g roasted rice powder, 40g roasted pulse 
powder, 20g molasses, and 12 ml (6 g) soybean oil, providing about 608 
Kcal and 17.9 g vegetable protein (about 11.5% of the total energy). The 
supplements were usually eaten at the CNC, but in the third trimester often 
provided at home by the promoter.  

Measurements 
Information on participation in the food supplementation was retrospectively 
collected by three structured interviews performed by study field workers. 
The respondents were requested to report how many days they had con-
sumed the supplement. Important events in the preceding months were used 
to improve the recall with additional questions on any ‘gap’ in supplement 
intake.   

Standard procedures were followed for anthropometric measurements. 
The training of field workers included standardization of measurements 
(139). Women’s weight was measured after birth with a precision of 100 g 
(SECA Model 770, Hamburg, Germany), and length by a portable scale, 
with a precision of 1 mm. 97% of the analysed maternal post-partum weights 
were assessed within seven days after birth, at the same time as BW was 
measured.  A notification system had been established for births; 23% BWs 
were measured within 24 hours and 85% within 72 hours. BW was measured 
by SECA beam scale (Model 725, SECA, Hamburg, Germany) with a preci-
sion of 10g. BWs measured later than 24 hours after delivery but within sev-
en days were transformed to standard deviation (SD) scores, using the distri-
bution in this material as the standard. The SD scores obtained were trans-
formed back to the corresponding BW in grams. Gestational age at birth was 
assessed by date of LMP. Information on maternal age, parity, working 
hours/day, education, and household income was collected in the first inter-
view.                                                                             

For this study (Paper II) (140) the sample size was calculated with an aim 
to be able to show a difference of mean BW of 60 g or more between preg-
nant women having prenatal food supplements for 60 days or more with 
80% power (null hypothesis is not rejected when it is not true) and testing at 
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0.05 (null hypothesis is rejected when it is true). Initially, about 565 pregnant 
women were recruited from the registers of the on-going BINP activities 
within the time frame allocated for the study. However, significant differ-
ences were not possible to detect within 60 days of food supplementation. 
Later, when the time line for the study was increased, a total 777 women 
were recruited. Out of this cohort of pregnant women 619 mother-infant 
pairs were included in the multiple regression analysis in Paper II (140). 
With this sample, a 70 g difference in BW was possible to detect, comparing 
women having food supplements for <120 days (n=364) and ≥120 days 
(n=338) at p<0.02.  

Analysis Paper II 
Characteristics were presented for women with and without complete data. 
Descriptive information on the distribution of days of supplementation and 
BW were presented. Differences in mean values of BW in relation to season 
of birth were analysed by ANOVA with F test. We analysed the associations 
between days of supplementation and BW by linear regressions. We ana-
lysed the dose-effect relationship between days of supplementation and BW 
and tested whether any dose-effect varied with maternal postpartum weight 
groups (proxy for pre-pregnancy weight). BW was plotted against days of 
supplementation and Lowess moving average lines were fitted for higher and 
lower post-partum weight groups based on median value, <42 kg, under the 
assumption that low weight women would gain weight in pregnancy while 
BW will improve among higher weight women. Multivariate linear regres-
sion analyses were done based on the Lowess curves to test the dose-effect 
relationship between the days of supplementation and BW. Adjustment for 
potential confounding and co-factors was considered with a P < 0.20 for any 
linear or non-linear association with BW and days of supplementation. Po-
tential confounding variables were excluded if its influence on the effect 
estimates was <10%. Informed written consent was obtained from all partic-
ipants. The study was approved by the ethical review committee of icddr,b. 

Design Paper III 
Paper III was based on a randomized trial, the MINIMat study.  

Methods Paper III 
The participants were all pregnant women living in the icddr,b service area 
at Matlab. If a woman reported to the community health research workers 
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(CHRW) of icddr,b, who visited her every month, that her last menstrual 
period (LMP) was overdue, or that she was pregnant, she was offered a 
pregnancy test. A woman, who tested positive, was invited to join the study 
after giving written informed consent, and her LMP date was recorded.  She 
was advised to visit the nearby icddr,b clinic at 8-10 weeks of gestation.  At 
clinic visit, if her pregnancy was confirmed by ultrasound and gestational 
age was <14 weeks, she was individually randomized to early (E) or usual 
(U) invitation to food supplementation groups, and micronutrient groups. 
The micronutrient supplementation was double-blinded; food supplementa-
tion was randomized but not blinded. Women were advised to revisit the 
clinic at weeks 14, 19 and 30 of gestation, and were visited on a monthly 
basis at home by study interviewers.      

Interventions 
The on-going, government-supported, national nutrition program provided 
an energy-protein supplement (about 608 kcal/d, the same as in Paper II), 6 
d/week to pregnant women having BMI <18.5kg/m2. In MINIMat, all preg-
nant women in the study area were offered food supplements irrespective of 
BMI. Participant women were invited to the feeding program immediately 
after pregnancy detection, early assignment, or at the time of their choosing, 
usual assignment. Women randomized to “early assignment” were encour-
aged to attend nutrition centres (one for 1200 population) and their names 
were informed to the nutrition programme. Women were also randomized to 
one of the three types of micronutrient supplements distributed at the icddr,b 
clinics:  (a) 30 mg Fe and 400 g of folic acid (Fe30F); (b) 60 mg of iron 
and 400 g of folic acid (Fe60F); and (c) MMS which contained 15 micro-
nutrients as recommended by UNICEF/WHO/UNU for trial purposes: 30 mg 
iron, 400 μg folic acid, 800 μg RE vitamin A, 200 IU vitamin D, 10 mg vit-
amin E, 70 mg vitamin C, 1.4 mg vitamin B1, 1.4 mg vitamin B2, 18 mg 
niacin, 1.9 mg vitamin B6, 2.6 μg vitamin B12, 15 mg zinc, 2 mg copper, 65 
μg selenium and 150 μg iodine (17).    

Monitoring of adherence 
At every monthly home visit, the interviewers asked a series of questions to 
assess adherence to food supplements in the previous 30 days. The specific 
question asked on a monthly basis was “For the last 30 days, how many 
packages have you eaten?” Data from these interviews were summed up 
(total 24 weeks, week 10 to 34) and the adherence to food packets over 
pregnancy was derived. Food supplement data up to week 34 were included 
to avoid influence on adherence data by preterm delivery. 

Daily micronutrient supplements were offered at the 14 weeks clinic visit. 
The three types of micronutrient supplements looked identical and were dis-
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tributed in special pill bottles (eDEM®, Aprex, Fremont, California, US). 
Each bottle contained 35 capsules, and replacement bottles were provided at 
home during monthly visits by the interviewers. The eDEM® device was 
used for monitoring of adherence to the micronutrient supplementation. The 
pill bottle cap was equipped with a counting device and a microprocessor. 
Each time the pill-bottle was opened and closed, the time and date were rec-
orded. The information in the caps was downloaded into a computer from 
bottles collected from the enrolled women. Adherence to micronutrient cap-
sules was derived from the total number of openings of pill bottles from 
week 14 of pregnancy till childbirth. 

Notification of birth and measurement of socioeconomic status 
A birth notification system was established to make the study staff aware of 
births as soon as they occurred.  Maternal education was assessed as com-
pleted years of schooling and dichotomized to <6 and >6 years. Income-
expenditure status and household assets were assessed. The latter included 
possession of television, radio, domestic animals, chairs, tables, beds, and 
bicycles, or rickshaw. From these set of variables, an asset score was devel-
oped by use of principal component analysis (141). 

Mortality outcomes 
Mortality outcomes of MINIMat were relevant for both Paper III (142) and 
Paper IV (143). Information on infant and child mortality was collected at 
follow-up visits at 7-12 day postpartum, at monthly visits during infancy, 
and at follow-up studies. This information was verified using HDSS data 
that were independently collected by CHRWs, who visited households on a 
monthly basis and collected information on births, deaths, marriage and mi-
gration. This information was used to maintain a vital registration system for 
the population under surveillance. In the MINIMat trial, the cause of death 
was ascertained by verbal autopsy, which was part of the routine surveil-
lance system, by a team of trained interviewers and a physician and the 
cause of death assignment was done following international classification of 
diseases version 10, ICD10 (144).   The MINIMat study was approved by 
the ethical review committee of icddr,b.   

In the MINIMat study (130) relevant for Papers III and IV, the sample 
size was calculated to detect a 70 g difference (a minimum difference that 
was judged to have a public health importance) in BW between the early and 
usual invitation to prenatal food supplementation with 90% power with test-
ing at 0.05. The sample size estimated based on this was expected to suffice 
in demonstrating a mortality difference of 25/1000 live births (that is a dif-
ference between 40/1000 live births and 15/1000 live births). The sample 
size was sufficient to detect a significant difference in infant mortality risk 
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by food and micronutrient groups (130) and by food and micronutrient 
groups stratified by maternal schooling as a measure of socio-economic sta-
tus that demonstrated equity gains from the intervention, presented in Paper 
III (142). The sample for the main study was assumed to be sufficient for CE 
analyses presented in Paper IV (143).  

Analysis Paper III 
All mortality analyses were done based on intent-to-treat using dichotomized 
maternal schooling as the stratifying variable. Analyses were done for wom-
en having live births. Baseline characteristics between maternal schooling 
groups, i.e., <6 and ≥6 years of schooling, were evaluated by student’s t-test 
for continuous variables and chi square test for categorical variables. Adher-
ence to food and micronutrient supplementation for maternal schooling 
groups was compared by student’s t-test and by univariate analysis of vari-
ance adjusted for maternal age (years), parity and BMI (kg/m2) at week 8 of 
pregnancy. Mean adherence to food and micronutrient supplements by a 
combination of maternal years of schooling and randomization groups, inter-
actions between food groups and micronutrient groups, between food groups 
and maternal education groups and between micronutrient groups and ma-
ternal education groups were analysed by univariate analysis of variance. 
Except for those testing interactions, all analyses of adherence to the inter-
ventions were adjusted for maternal age (years), parity and BMI (kg/m2) at 
week 8 pregnancy. We tested the association between household asset scores 
and maternal schooling by linear regression. Mortality before the age of five 
years was analysed across the food and micronutrient supplementation 
groups and repeated after stratification for groups defined by the level of 
maternal education. The effect of the interventions on mortality was exam-
ined by Cox proportional hazard model by calculating Hazard Ratios (HRs) 
and 95% confidence intervals (CIs) comparing with the rate in standard in-
tervention, UFe60F (reference category) and other trial arms after stratifica-
tion by maternal schooling using UFe60F and lower schooling as reference, 
and taking maternal age (years), parity and BMI (kg/m2) at week 8 pregnan-
cy as co-variates (142). We tested the analysis by replacing maternal school-
ing groups by households’ asset scores dichotomized based on the median 
value. Statistical significance was set at p <0.05. Analyses were done using 
PASW Statistics version 18.0 (IBM Corporation). Informed written consent 
was obtained from all participants. The study was approved by the ethical 
review committee of icddr,b. 
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Design Paper IV 
Paper IV was also based on a randomised trial, the MINIMat study, and on 
published cost data.  

Methods Paper IV 
Outcome data and alternatives 
Outcome data, infant mortality (IM), came from intent-to-treat analysis of 
the MINIMat trial comparing UFe60F (standard treatment) and EMMS 
arms, demonstrating a reduced risk of mortality, HR 0.38 (95% CI: 0.18 to 
0.78) (130). Therefore, we compared the alternatives UFe60F and EMMS in 
the MINIMat trial.  

Adherence to food and micronutrient data also came from the MINIMat 
study; 60 food packets and 113 capsules of micronutrients in the UFe60F 
arm, and 94 food packets and 107 capsules of micronutrients in the EMMS 
arm (142).  

We assumed that the effects of the MINIMat intervention were accumu-
lated from June 2002 through June 2004 and that this could be represented 
by reductions in IM in the EMMS arm compared to the UFe60F arm.   

By using life expectancy (LE) at birth, 70 years in the year 2012 (145), 
we calculated the average life years (LY) that could be saved by avoiding 
one infant death; this was 29.99 years when discounted at 3% and 20.31 
years when discounted at 5%. Since we adjusted all costs using consumer 
price index, to remain consistent, we also adjusted the health gains by dis-
counting the LYs gained; this resulted in treating this nutrition intervention 
similarly in comparison with other sectors of the economy (124, page 108).  

Cost data 
The direct cost of the intervention included food and micronutrient supple-
ments, staff, training and meetings, administration, capital, community vol-
unteer time, and recurrent activities. The indirect cost included the cost of 
participants’ time.   

Most cost data were available from Khan and Ahmed (146), while data on 
the cost of micronutrients and some staff costs were obtained from the MIN-
IMat project administration. Figures for all cost items from Khan and Ah-
med (146) were converted to Bangladeshi Taka (BDT) 79.3823 per US$ 1, 
the average exchange rate for 2013  (147). Khan and Ahmed reported costs 
for NGO-run and government-run community nutrition centres (CNCs). We 
presented all costs for these delivery modes as well as under a hypothetical 
highest cost scenario combining the highest cost for each item presented for 
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NGO-run and government-run CNCs. For the last, for example, for food cost 
we took the figure for NGO-run CNCs but for staff cost we took the figure 
for government-run CNCs.  

CNCs operated for pregnant and lactating women and children under two 
years of age. At the NGO-run CNCs, there were 9.36 pregnant women per 
day, 9.71 lactating women, and 10.29 under two-year-olds per day.  In total 
19.07 pregnant and lactating women represented 19.07 adult equivalents 
and, 10.29 children represented 5.15 adult equivalents equal to 24.22 adult 
equivalents. This was because each pregnant or lactating woman was offered 
four packets and each child was offered two packets of food supplement; 
thus, two children equals to one adult. There were 7579 (24.22*313) person-
days per year (313 working days per year; CNCs were closed on Fridays). 
Pregnant women represented 2930 (9.36*313) person-days a year and used 
about 32% (9.36/29.36*100) of working time at the CNC (146). We as-
sumed that pregnant women received comparable services as children did, 
which we believe was a conservative assumption for CE analysis. Therefore, 
for calculation of food cost we used adult equivalents and for other costs we 
used persons contributed by pregnant women. In total, 37.44 packets 
(9.36*4) were utilized per CNC per day by pregnant women, which were 
39% of total 97 (9.36*4+9.71*4+10.29*2) food packets. For all items, we 
calculated the cost per CNC per year and then cost per pregnant woman per 
day. Food cost was multiplied by 0.39 (fraction of packets used) and, then, 
divided by 2930 (person-days) to obtain costs per pregnant woman per day. 
For other items, costs per CNC per year were multiplied by 0.32 (proportion 
of working time) to represent pregnant women and, then, divided by 2930 to 
obtain the cost per pregnant woman per day. In government-run CNCs 6.33 
pregnant women, 5.29 lactating women, and 4.38 children were enrolled 
resulting in 16 persons, 13.81 adult equivalents, and 55.24 food packets con-
sumed. In this situation, pregnant women consumed 46% of food packets 
[(6.33*4)/55.24*100] and used 40% of time [6.33/16*100]. For the hypo-
thetical highest cost scenario we used the proportions of food consumed and 
time used in government-run CNCs since this generated the highest cost 
figures.  

Staff cost came from Khan and Ahmed (146), who derived that from the 
current local salary and benefits of BINP employees, and evaluated volun-
teers’ time using the salary level of similar workers in rural areas. Staff costs 
included salaries for the manager (BDT 10,000 per month), Community 
Nutrition Organizers, Community Nutrition Promoters, and helpers. The 
manager’s (responsible for NNP-related activities at sub-district level) salary 
was retrieved from the cost report of icddr,b. The increase in staff’s salaries 
over time was accounted for by a 40% increase in staff salary from 2002. 
Training and meeting costs at the sub-district level for 2002 were obtained 
from BRAC that also provided administrative costs for 2000 to 2003, which 
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were averaged: these costs at CNC levels were available from Khan and 
Ahmed (146). We ignored administrative costs at BINP/NNP office.   

Capitals costs, costs of space for CNCs, and instruments for screening, 
maternal height and weight measuring scales, were available from Khan and 
Ahmed (146). From these costs, we deducted the cost for measuring scales 
(Salter scale and bathroom scale for measuring children’s and women’s 
weight, respectively) since all MINIMat participants were offered food sup-
plementation irrespective of their anthropometry. Khan and Ahmed calculat-
ed the salary of the Community Volunteers (women for preparing and serv-
ing food supplement) as community-donated time at the wage of helpers 
(146), which we considered appropriate. Recurrent costs at the CNC that 
represented cost related to the goods procured locally and from outside the 
local area were available from Khan and Ahmed (146). We ignored such 
costs for the sub-district and central level in Dhaka.  

Participant cost was estimated at the cost of a labourer when labour cost 
was the lowest (148). UNICEF supplied micronutrient capsules for trial pur-
poses; the price was not subsidized. Assuming economic life of inputs, Khan 
and Ahmed (146) annualized all capital costs at 5% discount rate, evaluated 
donated materials and resources using the market price of similar resources 
in the local area. We did not do any further discounting but adjusted all costs 
to the price levels of 2013 using consumer price index (145, 149). All costs 
are presented in Table 1 of Paper IV.  

Analysis Paper IV 
Incremental cost-effectiveness ratios (ICERs) were calculated for switching 
from the standard intervention (UFe60F) to EMMS using MINIMat trial 
results by dividing the differences in costs with the differences in effects and 
costs/one extra infant death averted and cost/one extra LY saved were calcu-
lated. For sensitivity analyses, we used the lower and upper limits of 95% CI 
of HR from the intent-to-treat analyses comparing EMMS and UFe60F arms 
in MINIMat, and converted the resulted number of infant deaths to IM rates. 
The above-described steps for calculating ICERs were then followed and 
ICERs for extra IM averted and extra LY gained were calculated. The study 
was approved by the ethical review committee of icddr,b. 

Ethical considerations 
The Shaharasti study was an observational study with a cohort of pregnant 
women, already enrolled by the BINP nutrition interventions, was followed 
to childbirth. These women were not allocated to different durations of pre-
natal food supplementation; rather their own choice of consumption of food 
supplements was observed. Therefore, they were not deprived of an inter-



 37

vention that could benefit them and their newborns in the context when stud-
ies in other low-income countries have shown that prenatal food supplemen-
tation could increase BW (32, 86, 87) and reduce neonatal mortality (32).   

MINIMat was an experimental study, where pregnant women were ran-
domly allocated to an early or usual timing of invitation to prenatal food 
supplementation combined with micronutrient supplementations around 
week 14. At detection of pregnancy, women allocated to early invitation 
(average entry week 9 pregnancy) were suggested to participate in food sup-
plementation sessions at the nearby CNCs and their names were informed to 
the nutrition programme while those on the usual invitation (average around 
week 20 pregnancy) did not receive such a suggestion but was invited by the 
normally operating nutrition program ran by BRAC. At the time of study 
start, the additional benefits of allocation to food supplementation early in 
pregnancy was not known, although it was presumed that an early allocation 
would benefit the foetus development from early pregnancy and entail a 
longer duration of food supplementation that would result in higher BW. 
Although it was desirable to have a “no intervention” arm, because of the 
known benefits of prenatal food supplementation (32, 86, 87) it was consid-
ered unethical to include such a group. Therefore, the MINIMat study did 
not deprive the participating women from any known benefit of prenatal 
food supplementation.  

Micronutrient supplementations were given at doses equivalent to daily 
allowances. No published harmful effects of any micronutrients used in the 
trial were available at the time of initiation of the MINIMat study, nor are 
such results available at present. Till now, all meta-analyses conclude that 
micronutrients supplementation during pregnancy have some beneficial ef-
fects on infants and sometimes on mothers (109, 110, 111). The rates of in-
fant mortality in the MINIMat trial ranged from 16.8 per 1000 live births in 
the EMMS arm to 47.1 per 1000 live births in UMMS arm (130). That is, 
infant mortality rates in all trial arms were below the level reported for the 
same year, 2004, in the adjacent government service area, i.e. 48.5 per 1000 
live births (150). This may indicate, to a varying extent, that all women in 
the MINIMat trial may have benefited from the interventions although  other 
activities in the icddr,b service area may have contributed. Anyhow, the 
MINIMat trial did not expose women in any trial arm to an increased risk of 
infant death compared to what was happening in the adjacent area at the time 
of the intervention.  
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Results 

The studies presented in this thesis address public health questions related to 
maternal suboptimal nutrition, and interventions to combat its effects on 
offspring outcomes. The studies also deal with issues of equity in gains from 
the interventions and cost of the interventions in relation to the benefits in 
terms of prevention of death and life-years gained. 

Quality of life among pregnant women with chronic 
energy deficiency in rural Bangladesh (Paper I) 
The participants of Paper I were less educated, poorer and were less fre-
quently employed compared to the average of women in the MINIMat trial. 
These unfavourable characteristics were also reflected in their nutritional 
status. In this study, women related maternal undernutrition to small, under-
nourished, weak babies and stated that LBW babies fall sick more frequently 
and die more often, and undernourished women are unable to perform ade-
quate work (131). In this study, in EQ-5D  terms, most women reported level 
2 for mobility, self-care and usual activities; a few reported level 3. For the 
dimensions pain/discomfort and anxiety/depression a large proportion of 
women reported level 3 (Fig. 2, Paper I) indicating the poor health of women 
with CED, as perceived by the study participants. The main finding of this 
paper is that women attached very low scores to maternal undernutrition and 
the scores were mainly driven by their concerns for the health and wellbeing 
of their offspring.   

Effect of prenatal food supplementation on birth weight: 
an observational study from Bangladesh (Paper II) 
In Paper II (140) we presented the characteristics of women included and not 
included in analysis to display the possible consequences of incomplete data 
(Table 1, Paper II) (140). We evaluated the association between prenatal 
food supplementation and BW by simple linear regressions. In this thesis, we 
examined the distribution of key variables (Figure 3).   
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Figure 3. Presented clockwise: birth weight (grams), prenatal food supplementation 
duration (days), gestational age at birth (days) and maternal postpartum weight (kg): 
Shaharasti study  

A positive association was found between prenatal food supplementation and 
BW. Among mostly undernourished women, an average of four months of 
supplementation increased BW by 118 g (about 1g/day of supplementation, 
adjusted for gestational age at birth). We observed larger effects of prenatal 
food supplementation on BW, 2.2 g/d of supplementation adjusted for gesta-
tional age at birth, for the births that occurred in January -February, i.e., for 
births occurring after exposure to the hungry season, mid-August to mid-
November, 2.2 g/day of supplementation. BW was lowest for births occur-
ring in January-February and highest for births in March to October.   

 Food supplementation adherence data were derived from one to three in-
terviews in pregnancy and postpartum. Since reporting of adherence may 
vary by the number of interviews, by student’s t test we examined if the 
mean number of interviews varied by postpartum weight groups. The analy-
sis revealed this was not the case (Table 2).  
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Table 2. Number of interviews among women with postpartum weight <42 kg and 
>42 kg (n=622): Shaharasti study. 

Postpartum weight One interview % Two interviews % Three interviews % 

<42 kg 113/286 (39.5) 86/286 (30.1) 87/286  (30.4) 

42 kg 132/336 (39.3) 112/336 (33.3) 92/336 (27.4) 

Data represents n (%). Chi square test, P=0.602 

Equity in adherence to and effects of prenatal food and 
micronutrient supplementation on child mortality: 
results from MINIMat trial, Bangladesh (Paper III) 
Earlier we have presented that in the EMMS arm of the MINIMat trial the 
under-five mortality was reduced by 66% in comparison with the standard 
intervention (HR 0.34, 95% CI: 0.18 - 0.65), mainly through reduction of 
deaths from birth asphyxia, infections associated with preterm birth, and 
intrauterine growth restriction (130).  

In Paper III, we addressed equity in adherence to and effects of prenatal 
food and micronutrient supplementations on child mortality using maternal 
schooling as a marker of social groups (142). Women who had less school-
ing adhered more to food supplementation than women with more schooling 
(81 vs. 69 packets, p=0.0001). Analysis by the intervention and maternal 
schooling levels showed that compared to women having more schooling 
women having less schooling adhered to more food packets while they ad-
hered to less micronutrient capsules (Figure 4).  

Within UFe60F adjusted for maternal age, parity and BMI (kg/m2) at 
week 8 pregnancy there was no significant difference in food packets be-
tween women having less and more schooling (64 vs., 55 packets, p=0.19) 
but there was significant difference within EMMS (102 vs., 88 packets, 
p=0.002). Adjusted for maternal age, parity and BMI at week 8 pregnancy, 
within early food there was a significant difference between women having 
less and more schooling (99 vs., 83 packets, p=0.0001). A similar difference 
was found for educational levels within the usual food group (66 vs., 56 
packets, p=0.0001).  

In Paper III we presented that the reductions in child deaths occurred es-
pecially among women having less schooling, i.e., 74% reduction (HR 0.26, 
95% CI, 0.11-0.63) (Table 3 of paper III) adjusted for maternal age (years), 
parity and body mass index (kg/m2) at week 8 of pregnancy. If also adjusted 
for the month of conception that relates to food security, this remained true, 
i.e. 74% reduction (HR 0.26, 95% CI: 0.11 to 0.65). 

This effect took the level of child mortality among women with the lower 
level of education, who had been randomised to EMMS, to the child mortali-
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ty level of their more educated counterparts, randomized to either UFe60F, 
or EMMS.  

The reduction in deaths was mainly seen in deaths due to intrapartum 
causes (birth asphyxia) and infections.  The main causes of infant mortality 
were asphyxia, infections, and conditions associated with preterm birth or 
intrauterine growth restriction as presented in eTable 3 of our main paper 
(130). The number of neonatal deaths from asphyxia was highest in the usual 
invitation with MMS group (UMMS, 14 per 595 live births), seven times 
higher than EMMS (2 per 595 live births, P=.004) and double that of the 
UFe60F group (7 per 612 live births, P=.13) (130).  

 
 

 
Figure 4. Adherence to prenatal food and micronutrient supplements by intervention 
and maternal schooling groups: MINIMat study.     

Cost-effectiveness of invitation to food supplementation 
early in pregnancy combined with multiple 
micronutrients on infant survival: Analysis of data from 
MINIMat randomized trial, Bangladesh (Paper IV) 
In Paper IV we presented the incremental CE ratios for moving from 
UFe60F to EMMS. We found by replacing UFe60F with EMMS one extra 
infant death could be averted by US$797 to US$907, and one extra LY could 
be saved by US$27 to US$30, by government- and NGO-run CNCs, respec-
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tively (143). Under a hypothetical scenario of the highest costs these figures 
were, US$1,024 and US$34, respectively (143). The two major cost compo-
nents were the food cost and participant cost (Figure 5). The delivery strate-
gy influenced the food cost; lower cost if delivered through government-run 
CNCs. As the participant cost was same for all three strategies presented in 
Paper IV, if it is ignored, the food cost remains as the main determinant of 
the CE ratio. However, the delivery strategy may reduce food cost, since the 
price of food is lower when delivered through government-run CNCs. 

 
 

 
 

Figure 5. Component costs as a percentage of total cost for prenatal food supple-
mentation. 
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Discussion 

The research presented in this thesis shows that in a low-income country 
setting, where suboptimal maternal and foetal nutrition and child mortality 
are prevalent, a longer duration of prenatal food supplementation increased 
BW, especially for women who were exposed to the lean season in pregnan-
cy, and for women who were marginally malnourished. Prenatal food sup-
plementation early in pregnancy combined with MMS generated pro-
disadvantaged equity in child survival and the upgrading of UFe60F to 
EMMS represents value for money in terms of cost per infant death averted 
and cost per LY saved, judged in the context of the national per capita gross 
domestic product. The results also indicate the importance of maternal un-
dernutrion as a public health problem that emerged from women’s own voic-
es.     

Low health scores related to undernutrition during 
pregnancy 
Paper I shows the QOL scores attached by malnourished pregnant women 
were very low. These low scores reflect women’s concerns about the health 
their offspring. The description in the scenario presenting the effects of CED 
on future generations may have resulted in such low scores. The scores from 
EQ-5D represent the QOL related to CED and its consequences. This indi-
cates that rural women in Bangladesh can logically attach scores to an ap-
parently asymptomatic condition when there are concerns for health of the 
offspring. The mother’s concerns for offspring health are probably a unique 
phenomenon. From a public health point of view, this indicates that pregnant 
women’s’ health should be a priority.   

The subjectivity of the measurement and its impact on the acquired 
scores, however, makes it difficult to use it as QOL scores and places all 
such QOL measurements in question to use in economic evaluation.      

In this study a large proportion of women reported in level 2 or 3 on the 
dimension for anxiety and depression, which warrants further investigation. 
In scales having scores ranging from 0 to 1 the scores 0.30 from EQ-5D, 
0.27 from VAS for worst health and 0.49 from VAS for current health can 
be compared to the overall score 0.41 for general health measured by SF-36 
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among women in a study in Bangladesh (83). The score, 0.41, generated in 
the study by Ahmed et al., were attached to their own wellbeing by poor 
women who were not members of BRAC, a micro-credit offering NGO. The 
scores of VAS current health that is presented in Paper I in this thesis are 
also low because the scores were based on a heath condition that has impact 
on the newborn health presented in the scenario. In another study in China 
that used the EQ-5D instrument women reported worse health status than 
men (151) indicating that in general women have low health status.  

A recent multi-country study has shown that the disability weight for se-
vere wasting was 0.127, i.e., QOL score was 0.87 (1−0.127=0.873) (152). 
The subjectivity in attaching scores may have resulted in such differences 
between the results presented in Paper I and this study.  

Literature examining perceptions of maternal undernutrion is scarce. 
However, one study in Bihar, India, explored perception of child undernutri-
tion and found that undernutrition itself was not perceived as a disease but 
local disease concepts were identified that described undernutrition (81).   

For a deeper meaning of maternal undernutrition and its consequences, 
the study reported in Paper I was nested into the MINIMat study, and a part 
of the MINIMat cohort was used for this study. The recruitment from the 
population-based cohort for this sub-study implies that the perceptions re-
ported most likely represent views of the women in the area. The scores rep-
resent women’s perceptions and weighing of maternal undernutrition in 
comparison with full health and death.  

The questionnaire instrument was tested for face and construct validity, 
i.e., whether the instrument was measuring what it was expected to measure 
and whether the measurements were done accurately with sufficient preci-
sion. The instrument was judged to have measured what it was intended to 
measure and the measured scores have moderate accuracy and precision. 
However, the scores from all the scales were subjective. Due to the selection 
of a limited number of women residing in one locality the external validity 
of this study is probably limited. A random sample of women could have 
been drawn from the MINIMat cohort rather than selecting a sub-sample 
during a certain time period and this could have enabled to analysis indicat-
ing the impact of the intervention regarding improvement in the quality of 
life of pregnant women.  

Nevertheless, the findings of Paper I indicate that women perceived un-
dernutrition during pregnancy as a serious condition since this condition has 
impact on offspring health and survival.  
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Improvement of birth weight from longer duration of 
prenatal food supplementation 
Paper II shows that BW improved with increasing duration of prenatal food 
supplementation. Higher improvements occurred for women who had mar-
ginal undernutrition and for women who gave birth in Jan-Feb, i.e., who 
were exposed to hungry season, mid-August to mid-November, during preg-
nancy. Among the malnourished women in Shaharasti, mean BW was 2521 
g after supplementation and 1 g improvements in BW occurred from each 
day of prenatal food supplementation (608 kcal per day). 

The size of improvements in BW in the Shaharasti study indicates that a 
relatively large improvement in BW is possible by prenatal food supplemen-
tation in a malnourished population. The higher effects among marginally 
malnourished women and for births after the hungry season indicate that the 
distribution of effects to mother and foetus depends upon the nutritional 
status of the women. Larger improvements were possible for women who 
had medium-level body weight.  These findings are consistent with the find-
ings from Guatemala (153, 154) and the Gambia (32).  

The energy intake from the food supplements in Shaharasti study was 
about 70,000 kcal, which was comparable to that in the study in the Gambia,  
72,000 kcal, (32, 87) but was higher than that obtained in the EMMS arm in 
the MINIMat study, which was about 56,000 kcal, from average 91 food 
packets as presented in Paper III.  In a study in Guatemala, the average ad-
herence to food supplementation was about 26,000 kcal (108.6 mega Joule) 
in malnourished and marginally malnourished women and about 22,000 kcal  
(90.2 mega Joule) in well-nourished women in low energy supplement 
group, fresco (154). These figures for women randomised to a high-energy 
supplement group, atole, were about 110,000 kcal (458 mega Joule) for mal-
nourished and marginally malnourished and 116,000 kcal (487 mega Joule) 
for well-nourished women (154). In the study in the Gambia the average 
adherence to food supplementation was 82 days with daily intake of two 
biscuits of 1015 kcal that provided about 83,000 kcal (32), and a previous 
paper from this trial reported 72,000 kcal extra energy from the supplement 
(87).  

Lechtig et al. proposed that the size of the effect depends on the previous 
nutritional status of the mother, the home diet intake, the grade of replace-
ment of home diet, the type of supplementary food, the health status of the 
mother, and the level of physical activity during pregnancy (85). In Shaha-
rasti study probably the home diet was poor, and a replacement was most 
likely relatively large; thus, the effects were lower than that could have been 
achieved, and was evident mostly for marginally malnourished women.    

Higher effects were found for births occurring in January-February that is 
for women who were exposed to hungry season, mid-August to mid-
November. This is consistent with research from the Gambia that showed an 



 46 

overall increase of 136 g of BW with higher improvements for births in the 
hungry season, 201 g, i.e., births in June to October (32). A recent study 
from India that showed 90 g improvement of BW from full exposure, 26 
weeks, to winter when food is relatively abundant (64). Even though the 
energy did not come from food supplement this latter study (64) showed 
with relative abundance of food BW improved. In Paper II the higher im-
provement for those exposed to hungry season during pregnancy was possi-
bly due to higher need that may be related to higher responsiveness.  

The results presented in Paper II provide evidence based on analysis of an 
epidemiological study that may reflect the biological relationship between 
duration of prenatal food supplementation and BW. This relationship was 
assessed considering possible confounding factors.     

The study women were, in general, poor, had low BMI and participation 
was higher among women having higher parity and less schooling. This pat-
tern of participation is expected in a community-based intervention in a low-
income country like Bangladesh; subjects more in need participate to a larger 
extent than those who are less in need. The subjects who were lost to follow-
up had better socio-economic status, had less frequently given birth in Janu-
ary-February, adhered to food supplementation for longer durations, and 
gave birth to slightly higher BW babies, but their anthropometry was similar 
to those who were included in the analysis. This indicates most likely, the 
loss of women who had incomplete data did not have any major influence on 
the results.    

The duration of food supplementation was measured carefully and the 
main outcome variable, BW, was measured using standard procedures for 
high accuracy and precision in anthropometric measurements. The weighing 
equipment was kept centrally and rotated for the measurement of BW in 
different areas. Measurement errors, if occurred at all, most likely affected 
women in higher and lower postpartum weight groups equally. We judge 
there was very low risk of systematic errors in measurements. The examina-
tion of weight data revealed a bell-shaped Gaussian distribution and there 
was no reporting of duration of food supplementation longer than what was 
possible. Food supplementation data came from one to three visits with in-
terviews. The number of visits did not vary between maternal postpartum 
weight groups.  

The Shaharasti study was a cohort study, where women enrolled in BINP 
program were included. The food supplementation program of BINP was 
already operating and the uptake of the intervention was examined in a natu-
ral situation, and the supplement was made of rice, pulses, soybean oil, and 
molasses, which were locally available. The cohort design and inclusion of 
mostly malnourished pregnant women offered limited external validity of the 
effect sizes, although the findings of different effect sizes depending upon 
maternal weight groups and level of food security may be relevant in other 
settings. However, other outcomes such as birth length, and birth head cir-
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cumference were not measured in this study, which can be considered as a 
missed opportunity. 

In essence, Paper II showed in a low-income country mostly among un-
dernourished women BW improved in a dose-response manner with prenatal 
food supplementation and did so more for marginally malnourished women 
and for women who were exposed to hungry season during pregnancy.  

Pro-disadvantage equity from early invitation to 
prenatal food supplementation combined with multiple 
micronutrients 
Paper III showed MINIMat intervention of prenatal food and micronutrient 
supplementation reduced the gap in child survival between the disadvan-
taged (having less schooling) and advantaged (having more schooling) 
women. The size of reduction in child mortality among children born to 
women having less schooling was very substantial.  The 66% overall child 
mortality reduction in the EMMS arm compared to the UFe60F arm was 
presented in MINIMat main paper (130). This reduction was greater than 
that found in the Gambia by prenatal food supplementation, i.e., 46% reduc-
tion of early neonatal deaths (32) and 22% reduction of child mortality by 
MMS supplements in a cluster-randomised trial in Indonesia (107).  

When compared with other community-based interventions, the reduction 
of under-five mortality in the MINIMat trial was also higher than that found 
in a community-based newborn care cluster-randomised trial, 34% reduction 
in neonatal mortality (155). Similar community-based newborn care inter-
ventions in India have shown 62% reduction in neonatal mortality (156, 
157), which is also lower than what was found in MINIMat.  

Paper III showed reduction in under-five mortality in the MINIMat for 
women, who had less schooling, was even larger, 74% (142). This figure is 
larger than all of the studies mentioned above plus showed evidence for re-
duction in social disparity. The decline in deaths in MINIMat was mainly 
due to a reduction in deaths from intra-partum-related causes (birth asphyx-
ia), a major cause of neonatal deaths in Bangladesh.                              

In Paper III, equity in adherence to food and micronutrient supplementa-
tion was also assessed that can be compared to other studies that showed 
adherence to prenatal food and micronutrient supplementation as well as to 
those that addressed equity in utilization of care. Food supplement intake 
was much higher in the study in the Gambia (32) as well as in Guatemala 
(153, 154) compared to the intake of 83 packets for less educated women 
(50, 464 kcal), 102 packets (62, 016 kcal) for those who were less educated 
and randomized to the EMMS arm and 97 packets (58, 976 kcal) for those 
who were less educated and randomised to UFe60F. For more educated 



 48 

women these figures were 68 packets (41, 344 kcal), 88 packets (53, 504 
kcal), and 79 packets (48, 032 kcal). That is, overall food supplement intake 
was low. However, among less educated women those randomised to 
EMMS consumed 37 more packets (equivalent to 22, 000 kcal) compared to 
those who were randomized to UFe60F (142). These women having less 
schooling and randomised to EMMS consumed 14 more packets (8512 kcal) 
compared to women having more schooling and randomised to EMMS and 
23 more packets (13984 kcal) compared to women having more schooling 
and randomised to UFe60F (142). These indicate women having less school-
ing randomized to early food availed the opportunity to consume more food 
and when combined with MMS the effect was such that it took their child 
survival probability to that of women having more schooling who already 
have low child mortality rate.   

The timing of food supplementation was most likely important in MIN-
IMat since women in the early invitation food group started supplementation 
at around week 9 in pregnancy, earlier than the study in Guatemala, during 
the third trimester of pregnancy (154) and the Gambia (32, 87) around week 
20 in pregnancy. The early group in MINIMat started food supplementation 
also much earlier compared to the study conducted in Shaharasti where the 
starting time in a natural situation was around week 20 (140), comparable to 
the usual food group in MINIMat. In MINIMat trial in the early invitation 
food group women indeed started the supplementation before the completion 
of the development of internal organs. Therefore, as compared to other stud-
ies the timing and total dose of food supplements in early pregnancy in the 
MINIMat is unique and may offer substantial long-term benefits (129).   

The average adherence to iron-folic acid supplementation in the MINIMat 
was lower as presented in Paper III. The highest adherence was 126 capsules 
in women having more schooling who were randomized to UFe30F, and the 
lowest, 97 capsules, among women who had less schooling and had been 
randomized to EMMS (142). The average adherence to micronutrient sup-
plementation in a trial in China was 165 doses (1 capsule=1dose, dose of-
fered for daily consumption), 80% of women consumed more than 120 dos-
es, and 43% consumed more than 180 doses (158, 159). This amount is 
higher than the average adherence in MINIMat, 111 capsules for all micro-
nutrient groups, and the highest that was 117 capsules in the UFe30F arm, 
and the highest adherence of 126 capsules among women randomized to 
UFe30F. The level of adherence in MINIMat is comparable to that found in 
the experimental arm of a study in Senegal, where the overall compliance to 
tablets was 69%, equivalent to 97 tablets, with 86% in the experimental 
group (120 tablets) and 48% in the control group (67 tablets) (160). Higher 
adherence to micronutrients were observed among more educated women in 
other settings also (161, 162). However, even few MMS capsules were prob-
ably enough to assist less educated women in achieving child mortality re-
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duction when combined with food early in pregnancy as results presented in 
Paper III showed.   

Uptake of services by women having more education was found to be 
common for other interventions (163). Data on utilization of maternal care in 
Bangladesh has shown although wealth and education related utilization of 
antenatal care has reduced that for facility birth delivery has increased (121). 
That is, more education is related to higher uptake of intervention that is 
introduced at a later time point since introduction of delivery at facility was 
started much later than antenatal care.  

These indicate relatively modern services delivered at facilities usually 
benefits the wealthier section of the community. However, food and micro-
nutrient supplementation was delivered at home in MINIMat. Since poorer 
women having less schooling were at need they availed food more while 
micronutrient was possibly perceived as an indicator of modern care and 
thus was mostly utilized by women having more schooling.  

Several trials and systematic reviews have shown the effects of multiple 
micronutrient supplementation compared to iron and folic acid on offspring 
mortality, BW and other newborn indicators. In a trial in Nepal (106) there 
was a tendency to increased risk of perinatal mortality in the group random-
ised to MMS. In a cluster-randomised trial in Indonesia, MMS was found to 
decrease early infant mortality by 18% and LBW by 14%, as compared to 
iron and folic acid (107). In a randomized controlled trial in Burkina Faso, 
an increased risk of perinatal death was found to be associated with MMS 
allocated to primiparous women (164). In Guinea-Bissau, BW increased 
with a double the dose of MMS, but there was no effect on perinatal mortali-
ty (165). In a trial in Tanzania multivitamin supplementation to HIV nega-
tive pregnant women reduced the risk of LBW and small for gestational age 
and increased BW without any effects on prematurity or mortality (166). A 
meta-analysis concluded that MMS compared to placebo or iron-folic acid 
supplementation reduced the risk of LBW by 19% (RR: 0.81) or 17% (RR: 
0.83), respectively (167). Other meta-analyses showed increased BW by 
MMS over iron and folic acid supplementation (109), no effects on stillbirth 
or neonatal mortality (110), and effect by both iron-folic acid and MMS 
(111). Another review concluded that prenatal MMS resulted in a decreased 
incidence of LBW and SGA, but the risk of neonatal death was increased in 
the subgroup that began the intervention after the first trimester (168). In the 
context of these studies the overall reduction shown in MINIMat main paper 
is high, 66% (130) and that shown by Paper III can be considered very sub-
stantial, 74% (142). This estimate remains the same when adjusted for sea-
son of conception that also represents food security in rural Bangladeshi 
context.  

Data for paper III came from MINIMat randomized trial. Our hypothesis 
was that women having less schooling would adhere to more food supple-
ments and would benefit more from the intervention. Therefore, whether one 
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type of supplement influenced the adherence to the other type of supplement 
was not a concern. Selection bias was also not a concern since all pregnant 
women were invited to participate.    

In MINIMat, adherence to food supplement was measured by 30 days re-
call, “how many packets of food supplement have you eaten during the last 
30 days”?  The result of these questions was compared with other questions 
on adherence included in the repeated interviews and was judged to have a 
good validity. Micronutrient supplement data came from microprocessors 
embedded in the lids of the pill bottles that recorded each opening of the 
bottle related to intake of one capsule. This method is a valid way to measure 
capsule intake without disturbing the participant.     

Under-five mortality in MINIMat was verified by information derived 
from the HDSS. The analysis evaluated the timing of invitation to prenatal 
food supplementation and type of micronutrients in relation to the outcome, 
in this case mortality. The intent-to-treat analysis takes into account only the 
allocations and therefore, the possibility of biased estimates is very low.  The 
external validity may depend on the level of undernutrition, the local food 
security situations and other contextual factors. Information on level of 
wealth of the household and level of maternal education was obtained by 
questioning the participants. Such data collection is routine in Matlab HDSS 
and is judged to provide good quality data. These validation issues are also 
relevant for Paper IV where cost effectiveness of prenatal food supplement 
combined with multiple micronutrients are is presented.  

In Paper III, we used maternal schooling as a social stratification variable. 
Although which marker to use for social stratification is a matter of debate 
(169, 170, 171), experience from paper III shows that maternal schooling 
was an appropriate characteristic in the context when evaluation of adher-
ence to an intervention is essential.  However, for Paper III and Paper IV due 
to ethical reasons there were no control groups that received placebo or no 
food supplements. This limitation is likely to be inherent to this type of in-
terventions where prenatal food and micronutrient is likely to benefit all 
pregnant women in a low-income setting.                                                              

In essence, in Paper III it was shown than although there were complexi-
ties in utilization of food and micronutrient supplements, for example more 
food by less educated women and more micronutrient by more educated 
women, effects of the intervention generated pro-disadvantaged equity. This 
finding can be considered as a novel finding that shows in a low-income 
country situation inequity in child survival can be reduced by a large-scale 
prenatal food and micronutrient intervention.  
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Upgrading usual invitation to prenatal food 
supplementation combined with iron-folic acid  to early 
invitation to prenatal food supplementation combined 
with multiple micronutrients represents good value for 
money 
Paper IV showed upgrading usual invitation to prenatal food supplementa-
tion plus  60 mg iron and 400 microgram folic acid with invitation to prena-
tal food supplementation early in pregnancy plus MMS was cost effective in 
terms of per capita GDP for cost per infant death averted. The cost per life 
year saved figure was also very low.  

A community-based newborn care intervention showed 34% reduction in 
neonatal mortality in the home-care arm that incurred a cost per neonatal 
death averted US$2939 (125) while the cost per extra death averted figure in 
MINIMat presented in Paper IV for moving from the standard program 
UFe60F to EMMS was US$797 to US$1024 (143). The figures from MIN-
IMat were below the per capita GDP in Bangladesh in 2013, US$ 958 (145). 
The cost per extra LY saved figures were only US$27 to US$34, and lower 
than per LY saved from participatory women’s group intervention in Nepal, 
US$ 211 per LY saved (172). The cost per infant death averted figure pre-
sented in Paper IV was between 1 to 3 times per capita GDP and thus was 
cost-effective as per the criteria that were set by the Commission on Macro-
economics and Health (126).  

The results presented in Paper IV placed the value of prenatal food (mac-
ronutrient) and micronutrient supplementation in the context of other public 
health interventions. That is, CE analysis for an intervention that comprises 
both quantity and quality of food for pregnant women is now available to-
gether with CE analysis for other essential community based interventions.  
This incorporates cost effectiveness of prenatal food and micronutrient sup-
plementations in the context of cost effectiveness for Haemophilus influenza 
type b (173) and rotavirus vaccines, in low-income countries, cost of vac-
cination, US$3.47 per child (174,175) and US$3,015 per life saved (175). 
These two latter interventions cover two major causes of infant deaths, 
pneumonia and diarrhoea in low-income countries (176). The results of Pa-
per IV provided a careful account of economic evaluation of prenatal food 
and micronutrient supplementation when previous studies provided incom-
plete account of BINP by excluding analysis of the effect of prenatal food 
supplementation (128).  

At the macro-economic level once the income, per capita growth of GDP, 
is increased, higher revenue can be expected that can be spent to avail better 
food for women, who are expecting to conceive. A food supplementation 
program may still be needed since there will be a substantial proportion of 
women who will benefit from the intervention; such programs are present in 
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high-income countries. In future, a more equitable economic growth should 
automatically assist in more equitable distribution of child outcomes.  

At the microeconomic level, the individual factors and behaviour of fami-
lies will decide the need of women to participate in this program. Programs 
that increase societal knowledge on the significance of better food during 
conception and early pregnancy may influence expenditure at the microeco-
nomic level.   

Confounding, selection bias, bias due to loss to follow-up and measure-
ment errors were not concerns for Paper IV since data came from a random-
ized trial and were addressed in the outcome analysis (130). Khan and Ah-
med collected detailed cost data, and these costs were adjusted to the price 
levels of 2013. Additional data were collected during the MINIMat study. 
Thus, the costing data presented in Paper IV represented the true cost of the 
intervention.  

Outcome data came from the MINIMat trial that offered the best possible 
outcome estimates, and therefore the same was true for the CE analysis. The 
external validity of the CE analysis depends on local price levels, factors 
influencing those price levels, and outcomes in the local settings, which also 
depend on different contextual factors.  

However, one limitation for Paper IV is that, due to ethical reasons there 
were no control groups that received placebo or no supplements and there-
fore the full value of EMMS intervention cannot be judged.      

In essence, Paper IV showed that uplifting the usual timing of invitation 
to prenatal food supplementation combined with 60 mg iron and 400 mi-
crogram folic acid to an early invitation to prenatal food supplementation 
combined with MMS represents good value for money. 

The burden of maternal undernutrition and the emerging 
overweight and obesity 
Although the huge burden of undernutriton persists in low-income countries 
including Bangladesh non-communicable diseases, especially type 2 diabe-
tes, is increasing (177, 178). Many non-communicable diseases are connect-
ed to obesity and metabolic disorder related to obesity while emerging obesi-
ty is a concern in low- and middle-income countries including Bangladesh, 
Nepal, and India (179, 180, 181). Data from India showed that underweight 
and overweight coexists among women, and there are more underweight 
women in the lower SES group (31). Thus, there are needs for interventions 
addressing both undernutrition and overnutrition. 

Bangladesh experiences a high prevalence of LBW. Many of these chil-
dren may later be exposed to a relative abundance of food, which may in-
crease the risk of coronary heart disease, type 2 diabetes, and hypertension in 
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adult life (182). These circumstances expose the population to a double bur-
den of under- and overnutrition while infectious and chronic diseases are 
already persisting.  

Therefore, concerted global strategies are needed to increase the access 
for the poor to health services and other sectors of society, including specific 
interventions to achieve better health and alleviate poverty. This is because 
research showed only economic growth cannot ensure health, health indica-
tors vary widely for the same income level (183), and health is now one im-
portant aspect of the global sustainable development goals (184).  

Conclusions and recommendations 
The results presented in this thesis addressed aspects of nutrition that have 
the potential to influence policy decisions regarding maternal and foetal nu-
trition and nutrition of women of reproductive age in low-income country 
settings. To what extent have the results of the studies brought any benefit to 
the participants, and to rural women in low-income countries? The results 
should preferably increase the awareness of national and international policy 
makers on the importance of maternal undernutrition as a public health prob-
lem, and the benefits of prenatal food supplementation in improving birth 
weight, and that large-scale prenatal food and micronutrient supplementa-
tions may reduce social inequity in child survival. Policy makers should be 
made aware of the potential economic value of prenatal food and micronutri-
ent supplementations in preventing infant death and gaining life years when 
considering and prioritizing child health interventions.   

Based on concerns for the health of future generations women in rural 
Bangladesh perceived maternal undernutrition to be a condition that serious-
ly impaired quality of life, reflecting that health of the offspring should be a 
priority for the society. Prenatal food supplementation to malnourished 
women increased BW, especially among the less undernourished women, 
and among women, who were exposed to the hungry season in pregnancy.  
These lessons may be helpful in the planning of future interventions.  

The costs incurred for food and multiple micronutrients during pregnancy 
returned the gains regarding deaths averted and LYs saved that represented 
good value for money.  

The early invitation to food supplementation together with multiple mi-
cronutrients substantially reduced child mortality, especially among disad-
vantaged women with lower education level. Therefore, our key conclusions 
and recommendations are: 
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1. Undernutrition among women of child bearing age is a key barrier 
to foetal and child health, development and wellbeing, and a major 
obstacle to the economic development of the country and the 
health of future generations. This knowledge was also reflected in 
the perceptions of rural Bangladeshi women. Political leaders and 
policymakers must realize the importance of the life-cycle per-
spective of malnutrition and women’s health should be an im-
portant priority.   

2. In a rural Bangladeshi population, birth weight increased with in-
creasing duration of prenatal food supplementation, and especially 
so just after the hungry season (mid-August to mid-November). 
Therefore, in food insecure areas and for poor women of repro-
ductive age dietary aid should be offered with a special focus on 
women who are expecting to become pregnant and this should 
cover the hungry season. Families should be advised on the im-
portance of balanced food for women who are expecting to be-
come pregnant.  

3. If multiple micronutrients replace iron-folic acid for women who 
are pregnant in poor populations with food insecurity, this should 
be combined with ascertaining balanced and sufficient food intake 
from early pregnancy.  

4. Prenatal food supplementation offered from early pregnancy com-
bined with multiple micronutrient supplementation had a major 
impact on child survival with effect sizes well in parity with other 
evidence-based interventions for child health and survival. Prena-
tal food and multiple micronutrient interventions reduced social 
inequity in child survival chances. Careful and consistent monitor-
ing is needed to ensure that such gains are sustained if better 
health for future generations has to be achieved.  

5. Women’s health, food and nutrition should be the highest priority 
for health planners, policy makers, and governments.   

 
 



 55

Acknowledgements 

This thesis is the result of my hard work with support from my supervisors 
and co-authors. Also, it entails the moral support from my family members 
and my friends – known and unknown.  

I extend my gratitude to the pregnant women, my study subjects, who 
were the key people in my research. My deepest appreciation is for them.  

I am indebted to my supervisors Lars Åke Persson and Lars Lindholm for 
being with me and for supporting my advancement all the way in this jour-
ney.  

I thank my co-authors for their contributions and scientific skills that en-
riched me. Their invaluable support enabled me to complete this task.  

I thank my friends and well-wishers who contributed by supporting me in 
various ways in completing this work.  

I thank the staff at icddr,b, Uppsala and Umeå university for assisting in 
many ways at different times in this journey.  

I extend my gratitude to my PhD sponsors, Swedish International Devel-
opment Cooperation Agency (Sida), Global Forum for Health Research 
(GFHR), and icddr,b. These institutions devotion for research, human devel-
opment, and the foreseeing capacity that prompts women development is 
extraordinary. Along these lines I express my appreciation for BRAC, the 
magnificent organization, who extended their support whenever I requested 
for it.  

My deepest appreciation is for my parents, my late father Mohammad 
Abdul Ghani and my late mother Tanjina Khatun, for making me who I am. 
Nothing is comparable to their blessings. The sincere well wishes from my 
sisters and my brothers kept me surviving throughout this journey.  

And finally, I must thank Aura, my beloved daughter for the compassion 
and care she provided throughout, and for the discussions with her that en-
riched me.     
 
 
 
 
 
 
 



 56 

References 

1. ACC/SCN. Low Birthweight: Report of a Meeting in Dhaka, Bangladesh on 
14−17 June 1999. In: Pojda J, Kelley L, editors. Nutrition Policy Paper No. 
18. ACC/SCN in collaboration with icddr,b; Geneva: 2000.  

2. Tetens I, Hels O, Khan NI. Thilsted SH, Hassan N. Rice-based diets in rural 
Bangladesh: how do different age and sex groups adapt to seasonal changes 
in energy intake? The American Journal of Clinical Nutrition. 2003; 78:406-
13.  

3. Hels O, Hassan N,  Tetens I,  Thilsted SH. Food consumption, energy and 
nutrient intake and nutritional status in rural Bangladesh: changes from 1981 
– 1982 to 1995 – 96. European Journal of Clinical Nutrition. 2003; 57: 586–
594. 

4. Shafique S, Akhter N, Stallkamp G, de Pee S, Panagides D, Bloem MW. 
Trends of under- and overweight among rural and urban poor women indicate 
the double burden of malnutrition in Bangladesh. International Journal of Ep-
idemiology. 2007;36(2):449-457. 

5. Ramakrishnan U, Martorell R, Schroeder DG, Flores R. Role of intergenera-
tional effects on linear growth. The Journal of Nutrition. 1999;129:544S-
549S. 

6. Alam DS, van Raaij JMA, Hautvast JGAJ, Yunus M, Fuchs GJ. Energy 
stress during pregnancy and lactation: consequences for maternal nutrition in 
rural Bangladesh. European Journal of Clinical Nutrition. 2003;57: 151–156.  

7. Kyle UG, Pichard C. The Dutch famine of 1944-1945: a pathophysiological 
model of long term consequences of wasting disease. Current opinion in clin-
ical nutrition and metabolic care. 2006;9(4) :388-394. 

8. Kahn HS, Graff M, Stein AD, Lumey LH. A fingerprint marker from early 
gestation associated with diabetes in middle age: the Dutch Hunger Winter 
Families study. International Journal of Epidemiology. 2009;38:101-109.  

9. Babler WJ. Embryonic development of epidermal ridges and their configura-
tions. Birth Defects. 1991;27(2):95-112.  

10. Hebrok M. Hedgehog signaling in pancreas development. Mechanisms of 
Development. 2003;120 (1):45-57. 

11. Kawahira H, Scheel DW, Smith SB, German MS, Hebrok M. Hedgehog 
signaling regulates expansion of pancreatic epithelial cells. Developmental 
Biology. 2005;280 (1):111-21.  

12. Kahn HS, Graff M, Stein AD, Zybert PA, McKeague IW, Lumey LH. A 
fingerprint characteristic associated with the early prenatal environment. 
American Journal of Human Biology. 2008;20:59-65. 

  



 57

13. Painter RC, Rooij deSR, Bossuyt PM, Simmers TA, Osmond C, Barker DJ, 
Bleker OP, Roseboom TJ. Early onset of coronary artery disease after prena-
tal exposure to the Dutch famine. The American Journal of Clinical Nutri-
tion. 2006; 84:322-7.  

14. Sparén P, Vågerö D, Shestov DB, Plavinskaja S, Parfenova N, Hoptiar V, 
Paturot D, Galanti MR. Long term mortality after severe starvation during the 
siege of Leningrad: prospective cohort study. British Medical Journal. 
2004;328 (7240):11.  

15.  Icddr,b. 2014. Health and Demographic Surveillance System – Matlab v. 46. 
Registration of Health and Demographic Events 2012, Scientific Report No. 
124. Dhaka: icddr,b. 

16. World Bank. Staff appraisal report: Bangladesh Integrated Nutrition Project. 
Washington, DC: Population and Human Resources Division, 1995.  

17. UNICEF/WHO/UNU. Composition of a Multiple-Micronutrient Supplement 
to be used in Pilot Programmes among Pregnant Women in Developing 
Countries. New York: UNICEF, 1999. 

18. Bagriansky J, Champa N, Pak K, Whitney S, Laillou A. The economic con-
sequences of malnutrition in Cambodia, more than 400 million US dollar lost 
Annually. Asia Pacific Journal of Clinical Nutrition. 2014;23(4):524-531.  

19. Tu N, King JC, Dirren H, Thu HN, Ngoc QP, Diep AN. Effect of animal-
source food supplement prior to and during pregnancy on birthweight and 
prematurity in rural Vietnam: a brief study description.  Food and Nutrition 
Bulletin. 2014;35(4 Suppl):S205-8. 

20. Gaur K, Keshri K, Joe W. Does living in slums or non-slums influence wom-
en's nutritional status? Evidence from Indian mega-cities.  Social Science and 
Medicine. 2013;77:137-46.   

21. Jiang T, Christian P, Khatry SK, Wu L, West KP, Jr.. Micronutrient Defi-
ciencies in Early Pregnancy Are Common, Concurrent, and Vary by Season 
among Rural Nepali Pregnant Women. The Journal of Nutrition. 2005;135: 
1106–1112. 

22. Shamim AA, Schulze K, Merrill RD, Kabir A, Christian P, Shaikh S, Wu L, 
Ali H, Labrique AB, Mehra S, Klemm RDW, Rashid M, Sungpuag P, 
Udomkesmalee E, West KP Jr. First-trimester plasma tocopherols are associ-
ated with risk of miscarriage in rural Bangladesh. The American Journal of 
Clinical Nutrition. 2015;101:294–301. 

23. Arsenault JE, Yakes EA, Islam MM, Hossain MB, Ahmed T, Hotz C, Lewis 
B, Rahman AS, Jamil KM, Brown KH. Very Low Adequacy of Micronutri-
ent Intakes by Young Children and Women in Rural Bangladesh Is Primarily 
Explained by Low Food Intake and Limited Diversity. The Journal of Nutri-
tion. 2013;143: 197–203. 

24. Brown KH, Black RE, Becker S, Nahar S, Sawyer J. Consumption of foods 
and nutrients by weanlings in rural Bangladesh. The American Journal of 
Clinical Nutrition. 1982;36: 878-889.  

25. Pitt MM, Rosenzweig MR, Hassan N. Productivity, health and inequality in 
the intrahousehold distribution of food in low-income countries. The Ameri-
can Economic Review. 1990; 80 (5): 1139-1156. 

26. Padmanabhan, SY.  The great Bengal famine. Ann. Rev. Phytopathol 
1973;11:11-26. 



 58 

27. Greenough, PR.  Indian famines and peasant victims: The case of Bengal in 
1943-44. Modern Asian Studies. 1980;14 (2):205-35. 

28. Currey, B. The famine syndrome: Its definition for relief and rehabilitation in 
Bangladesh. Ecology of Food and Nutrition. 1978; 7:87-98.   

29. Rahman MM. The causes and effects of famine in the rural population-A 
report from Bangladesh. Ecology of Food and Nutrition. 1978;7 (2):99-102. 

30.  Scrimshaw NS. The phenomenon of famine. Annual Review of Nutrition. 
1987;7:1-21. 

31. Subramanian SV, Perkins JM, Khan KT. Do burdens of underweight and 
overweight coexist among lower socioeconomic groups in India? The Ameri-
can Journal of Clinical Nutrition. 2009; 90 (2): 369-376. 

32. Ceesay SM, Prentice AM, Cole TJ, Foord F, Weaver LT, Poskitt EM, White-
head RG. Effects on birth weight and perinatal mortality of maternal dietary 
supplements in rural Gambia:5 year randomized controlled trial. British Med-
ical Journal.  1997;315(7111):786-90.   

33. Moore SE, Cole TJ, Poskitt EM, Sonko BJ, Whitehead RG, McGregor IA, 
Prentice AM. Season of birth predicts mortality in rural Gambia. Nature. 
1997;388(6641):434.  

34. Lozano R, Wang H, Foreman KJ, Rajaratnam JK, Naghavi M, Marcus JR, 
Dwyer-Lindgren L, Lofgren KT, Phillips D, Atkinson C, Lopez AD, Murray 
CJ. Progress towards Millennium Development Goals 4 and 5 on maternal 
and child mortality: an updated systematic analysis. Lancet. 
2011;378(9797):1139-65.  

35. World Health Organisation. World Health Statistics 2014.Geneva, WHO.   
36. Streatfield PK, Khan WA, Bhuiya A, Hanifi SM, Alam N, Ouattara M, et al. 

Cause-specific childhood mortality in Africa and Asia: evidence from IN-
DEPTH health and demographic surveillance system sites. Glob Health Ac-
tion. 2014;7:25363. doi: 10.3402/gha.v7.25363. eCollection 2014. 

37. Liu L, Li Q, Lee RA, Friberg IK, Perin J, Walker N, Black RE. Trends in 
causes of death among children under 5 in Bangladesh, 1993-2004:an exer-
cise applying an standardized computer algorithm to assign causes of death 
using verbal autopsy data. Population Health Metrics.2011;9(43).doi: 
10.1186/1478-7954-9-43. 

38. World Bank. 2013. World Development Indicator 2013. Washington, DC: 
World Bank. Doi.101596/978-0-8213-9824-1. 

39. World Bank. 2014. World Development Indicator 2014. Washington, DC: 
World Bank.Doi.10.1596/978-1-4648-0163-1. 

40. Darmstadt GL, Lawn JE, Costello A. Advancing the state of the world’s 
newborns. Bulletin of the World Health Organisation. 2003;81(3):224-5. 

41. Lawn JE, Cousens S, Zupan J; Lancet neonatal survival steering team. 4 
million neonatal deaths:when?where?why?  Lancet. 2005;365(9462):891-
900.  

42. Chowdhury HR, Thompson S, Ali M, Alam N, Yunus M, Streatfield PK. 
Causes of neonatal deaths in a rural subdistrict of Bangladesh: implications 
for intervention. Journal of Health, Population and Nutrition. 
2010;28(4):375-382.   

43. Kramer MS. Determinants of low birth weight: methodological assessment 
and meta-analysis. Bulletin of the World Health Organization. 
1987;65(5):663-737.   



 59

44. Ashworth A. Effects of intrauterine growth retardation on mortality and mor-
bidity in infants and young children. European Journal of Clinical Nutrition. 
1998;52 Suppl 1:S34-41.  

45. Chase, HC. International comparison of perinatal and infant mortality: the 
United States and six west European countries. Washington, DC, U.S Gov-
ernment Printing Office, 1967 (Public Health Services Series 3 (6), Publica-
tion No, 1000).  

46. Chase, HC. Infant mortality and weight at birth: 1969 United States birth 
cohort. American Journal of Public Health and the Nation’s 
Health.1969;59(9):1618-28.  

47. Puffer, PR and Serrano, CV. Patterns of mortality in childhood, report of the 
Inter-American investigation of mortality in childhood. Washington, DC, 
1973 (Pan American Health Organization Scientific Publication No 262). 

48. Saugstad, LF. Weight of all births and infant mortality. Journal of Epidemi-
ology and Community Health. 1981; 35:185-191.  

49. Ullah A, Barman A, Haque J, Khanum M, Bari I. Birthweight and early neo-
natal health: Bangladesh perspective. Paediatric and Perinatal Epidemiology. 
2009;23(6):542-7. 

50. Hutcheon JA, Platt RW. The missing data problem in birth weight percentiles 
and thresholds for "small-for-gestational-age". American Journal of Epide-
miology. 2008; 167 (7):786-92. 

51. La Batide-Alanore A, Tregouet DA, Jaquet D, Bouyer J and, Tiret L. Famili-
al aggregation of fetal growth restriction in a French cohort of 7,822 term 
births between 1971 and 1985. American Journal of Epidemiology. 2002; 
156(2):180-187.  

52. Kramer MS. The epidemiology of adverse pregnancy outcomes: an overview. 
The Journal of Nutrition. 2003;133(5 suppl 2):1592S-1596S.  

53. Rosso P, Winick M. Intrauterine growth retardation. A new systematic ap-
proach based on the clinical and biochemical characteristics of the condition. 
Journal of Perinatal Medicine. 1974;2(3): 147-60.  

54. Miller HC, and Memitt TA. Fetal growth in humans. Year Book Medical, 
Chicago, 1979.  

55. Morris SS, Victora CG, Barros FC, Halpern R, Menezes AM, Cesar JA, Hor-
ta BL, Tomasi E. Length and ponderal index at birth: associations with mor-
tality, hospitalizations, development and post-natal growth in Brazilian in-
fants. Internal Journal of Epidemiology. 1998;27(2):242-7. 

56. Gisselmann, MD. Education, infant mortality, and low birth weight in Swe-
den 1973-1990: emergence of the low birth weight paradox. Scandinavian 
Journal of Public Health. 2005;33(1):65-71.   

57. Gluckman PD, Hanson MA. Maternal constraint of fetal growth and its con-
sequences. Seminars in Fetal and Neonatal Medicine. 2004;9(5):419-25. 

58. Moore T, Haig D. Genomic imprinting in mammalian development: a paren-
tal tug of war. Trends in Genetics. 1991;7(2):45-9. 

59.  Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes 
of preterm birth. Lancet. 2008;371(9606):75-84. 

60. Bergmann RL, Bergmann KE, Dudenhausen JW. Undernutrition and growth 
restriction in pregnancy. Nestle Nutrition Workshop Series. Paediatric Pro-
gram. 2008;61:103-21. 



 60 

61. Allen LH. Biological mechanism that might underlie iron’s effect on fetal 
growth and preterm birth. The Journal of Nutrition.  2001; 131(2S-2):581S-
589S.  

62. Villar J, Belizan JM, Spalding J, Klein RE. Postnatal growth of intrauterine 
growth retarded infants. Early Human Development. 1982;6(3):265-71.   

63. Rayco-Solon P, Fulford AJ, Prentice AM. Differential effects of seasonality 
on preterm birth and intrauterine growth restriction in rural Africans. The 
American Journal of Clinical Nutrition. 2005;81(1):134-9. 

64. Rao S, Kanade AN, Yajnik CS, Fall CH. Seasonality in maternal intake and 
activity influence offspring's birth size among rural Indian mothers--Pune 
Maternal Nutrition Study. International Journal of Epidemiology. 2009; 
38(4):1094–103.  

65. Dubois L, Girard M. Determinants of birthweight inequalities: Population-
based study.  Pediatrics International. 2006;48(5):470-8.  

66. World Health Organisation. World Health Statistics, 2008. Internet source: 
http://www.who.int/whosis/whostat/2008/en/index.html (Accessed on June 
14, 2009).  

67. Luke B. The evidence linking maternal nutrition and prematurity. Journal of 
Perinatal Medicine. 2005;33(6): 500-505.   

68.  Goodburn E, Chowdhury M, Gazi R. Low birth weight in rural Bangladesh. 
Journal of Tropical Pediatrics. 1994;40(2):123. 

69. Osendarp SJM, van Raaij JMA, Arifeen SE, Wahed MA, Baqui AH, Fuchs 
GJ. A randomized, placebo-controlled trial of the effect of zinc supplementa-
tion during pregnancy on pregnancy outcome in Bangladeshi urban poor. The 
American Journal of Clinical Nutrition. 2000;71(1):114-9. 

70. UNICEF. The State of World’s Children 2011. New York: UNICEF, 2011.   
71. Klemm RD, Merrill RD, Wu L, Shamim AA, Ali H, Labrique A, Christian P, 

West KP Jr. Low-birthweight rates higher among Bangladeshi neonates 
measured during active birth surveillance compared to national survey data. 
Maternal and Child Nutrition. 2015;11(4):583-94. doi: 10.1111/mcn.12041.  

72. World Health Organisation. World Health Statistics 2006. Geneva, WHO. 
73. World Health Organisation. World Health Statistics 2010. Geneva, WHO. 
74. Streatfield PK, Karar ZA. Population challenges for Bangladesh in the com-

ing decades. Journal of Health, Population and Nutrition. 2008; 26(3):261-
272. 

75. Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC Jr, Lenfant C; National 
Heart, Lung, and Blood Institute; American Heart Association. Definition of 
metabolic syndrome: report of the National Heart, Lung, and Blood Insti-
tute/American Heart Association conference on scientific issues related to 
definition. Arteriosclerosis, Thrombosis and Vascular Biology. 
2004;24(2):e13-8. 

76. Harding JE. The nutritional basis of the fetal origin of adult disease. Interna-
tional Journal of Epidemiology. 2001;30(1):15-23.   

77. Yajnik CS, Lubree HG, Rege SS, Naik S, Deshpande JA, Deshpande SS, 
Jogleker CV, Yudkin JS. Adiposity and hyperinsulinemia in Indians are pre-
sent at birth. The Journal of Clinical Endocrinology and Metabolism. 2002; 
87 (12): 5575-5580.  

78. Haas JD, Murdoch S, Rivera J, Martorell R. Early Nutrition and later physi-
cal work capacity. Nutrition Reviews. 1996;54:S41-8.  



 61

79. Grantham-McGregor SM, Fernald LC. Nutritional deficiencies and subse-
quent effects on mental and behavioural development in children. The South-
east Asian Journal of Tropical Medicine and Public Health. 1997;28( Suppl 
2):50-68. 

80. Raqib R, Alam DS, Sarker P, Ahmad SM, Ara G, Yunus M, Moore SE, 
Fuchs G. Low birth weight is associated with altered immune function in ru-
ral Bangladeshi children: a birth cohort study. The American Journal of Clin-
ical Nutrition.  2007;85(3):845-52.  

81. Burtscher D, Burza S. Health-seeking behaviour and community perceptions 
of childhood undernutrition and a community management of acute malnutri-
tion (CMAM) programme in rural Bihar, India: a qualitative study. Public 
Health Nutrition. 2015;18(17):3234-43.  

82. Asgary R, Liu M, Naderi R, Grigoryan Z, Malachovsky M. Malnutrition 
prevalence and nutrition barriers in children under 5 years: a mixed methods 
study in Madagascar. International Health. 2015;7(6):426-32.  

83. Ahmed SM, Rana AK, Chowdhury M, Bhuiya A. Measuring perceived 
health outcomes in non-western culture: does SF-36 have a place? Journal of 
Health, Population and Nutrition. 2002;20:334–42. 

84. Rush D, Stein Z, Susser M. A randomized controlled trial of prenatal nutri-
tional supplementation in New York City. Pediatrics. 1980;65(4):683-97. 

85. Lechtig A, Habicht JP, Delgado H, Klein RE, Yarbrough C, Martorell R. 
Effect of food supplementation during pregnancy on birth weight. Pediatrics. 
1975;56(4):508-20. 

86. Prentice AM, Whitehead RG, Watkinson M, Lamb WH, Cole TJ. Prenatal 
dietary supplementation of African women and birth weight. Lancet. 
1983;1(8323):489-92.  

87. Prentice AM, Cole TJ, Foord FA, Lamb WH, Whitehead RG. Increased birth 
weight after prenatal dietary supplementation of rural African women. The 
American Journal of Clinical Nutrition. 1987;46(6):912-25.  

88. Kramer MS, Kakuma R. Energy and protein intake in pregnancy. Cochrane 
Database of Systematic Reviews 2003, Issue 4. Art. No.: CD000032. DOI: 
10.1002/14651858.CD000032. 

89. Ota E, Tobe-Gai R, Mori R, Farrar D. Antenatal dietary advice and supple-
mentation to increase energy and protein intake. Cochrane Database of Sys-
tematic Reviews 2012, Issue 9. Art. No.: CD000032. DOI: 
10.1002/14651858.CD000032.pub2.  

90. Stevens B, Buettner P, Watt K, Clough A, Brimblecombe J, Judd J. The ef-
fect of balanced protein energy supplementation in undernourished pregnant 
women and child physical growth in low- and middle-income countries: a 
systematic review and meta-analysis. Maternal and Child Nutrition. 
2015;11(4):415-32. 

91. Osrin D, Costello A. Maternal nutrition and fetal growth: practical issues in 
international health. Seminars in Neonatology.2000;5(3):209-19.  

92. de Onis M, Blossner M, Villar J. Levels and patterns of intrauterine growth 
retardation in developing countries. European Journal of Clinical Nutri-
tion.1998;52 (suppl. 1):S5-S15.   

  



 62 

93. Merialdi M, Carroli G, Villar J et al. Nutritional intervention during pregnan-
cy for the prevention or treatment of impaired fetal growth: an overview of 
randomized controlled trials. The Journal of Nutrition. 
2003;133(suppl):1626S-31S.  

94. Munos MK, Walker CL, Black RE. The effect of oral rehydration solution 
and recommended home fluids on diarrhoea mortality. International Journal 
of Epidemiology.2010; 39(suppl 1):i75-i87. 

95. Theodoratou E, Al-Jilaihawi S, Woodward F, Ferguson J, Jhass A, Balliet M 
et al. The effect of case management on childhood pneumonia mortality in 
developing countries. International Journal of Epidemiology. 2010; 39:i155-
i171. 

96. Azad K, Barnett S, Banerjee B, Shaha S, Khan K, Rego AR, Barua S, Flat-
man D, Pagel C, Prost A, Ellis M, Costello A. Effect of scaling up women’s 
groups on birth outcomes in three rural districts in Bangladesh: a cluster-
randomised controlled trial. Lancet. 2010;375(9721): 1193–202. 

97. Manandhar DS, Osrin D, Shrestha BP, Mesko N, Morrison J, Tumbahangphe 
KM, Tamang S, Thapa S, Shrestha D, Thapa B, Shrestha JR, Wade A, Borghi 
J, Standing H, Manandhar M, Costello AM; Members of the MIRA 
Makwanpur trial team. Effect of a participatory intervention with women's 
groups on birth outcomes in Nepal: cluster-randomised controlled trial. Lan-
cet. 2004;364(9438):970-9. 

98. Persson LÅ, Nga NT, Malqvist M, Hoa DTP, Eriksson L, Wallin L, Selling 
K, Huy TQ, Duc DM, Tiep TV, Thi Thu Thuy V, Ewald U. Effect of Facili-
tation of Local Maternal-and-Newborn Stakeholder Groups on Neonatal 
Mortality: Cluster-Randomized Controlled Trial. PLoS Medicine.2013;10(5): 
e1001445. doi:10.1371/journal.pmed.1001445.  

99. Peña-Rosas JP, Viteri FE. Effects of routine oral iron supplementation with 
or without folic acid for women during pregnancy. Cochrane Database of 
Systematic Reviews 2006, Issue 3. Art. No.: CD004736. DOI: 
10.1002/14651858.CD004736.pub2. 

100. Mahomed K, Bhutta Z, Middleton P. Zinc supplementation for improving 
pregnancy and infant outcome. Cochrane Database of Systematic Reviews 
2007, Issue 2. Art. No.: CD000230. DOI: 
10.1002/14651858.CD000230.pub3.  

101. van den Broek N, Kulier R, Gülmezoglu AM, Villar J. Vitamin A supple-
mentation during pregnancy. Cochrane Database of Systematic Reviews 
2002, Issue 4. Art. No.: CD001996. DOI: 10.1002/14651858.CD001996. 

102. Christian P, Khatry SK, Katz J, Pradhan EK, LeClerq SC, Shrestha SR, Ad-
hikari RK, Sommer A, West KP Jr. Effects of alternative maternal micronu-
trient supplements on low birth weight in rural Nepal: double blind random-
ised community trial. British Medical Journal.2003;326(7389):571. 

103. Osrin D, Vaidya A, Shreshtha Y,  Baniya RB, Manandhar DS, Adhikari RK, 
Filteau S,Tomkins A,Costello AM. Effects of antenatal multiple micronutri-
ent supplementation on birth weight and gestational duration in Nepal: dou-
ble-blind, randomized controlled trial. Lancet.2005;365(9463):955-62. 

104. Haider BA, Bhutta ZA. Multiple-micronutrient supplementation for women 
during pregnancy. Cochrane Database of Systematic Reviews 2006, Issue 4. 
Art. No.: CD004905. DOI: 10.1002/14651858.CD004905.pub2. 



 63

105. Bhutta ZA, Ahmed T, Black RE, Cousens S, Dewey K, Giugliani E, Haider 
BA, Kirkwood B, Morris SS, Sachdev HP, Shekar M; Maternal and Child 
Nutrition Study Group. What works? Interventions for maternal and child 
undernutrition and survival. Lancet.2008;371(9619):417-40.  

106. Christian P, West KP, Khatry SK, Leclerq SC, Pradhan EK, Katz J, 
Shreshtha SR, Sommer A. Effects of maternal micronutrient supplementation 
on fetal loss and infant mortality: a cluster-randomized trial in Nepal. The 
American Journal of Clinical Nutrition. 2003;78(6):1194-202.   

107. The supplementation with Multiple Micronutrients Intervention Trial 
(SUMMIT) Study Group, Shankar A, Jahari AB, Sebayang SK, Aditiawar-
man, Apriatni M, Harefa B, Maudz H, Soesbandoro SD, Tjiong R, Fachry A, 
Shankar AV, Atmarita, Prihatini S, Sofia G. Effect of maternal multiple mi-
cronutrient supplementation on fetal loss and infant death in Indonesia: a 
double-blind cluster-randomised trial. Lancet.2008; 371(9608):215-27.  

108. Huybregts L, Roberfroid D, Hermann L, Menten J, Meda N, Van Camp J, 
Kolsteren P. Prenatal food supplementation fortified with multiple micronu-
trients increases birth length: a randomized controlled trial in rural Burkina 
Faso. The American Journal of Clinical Nutrition. 2009;90(6):1593-600. 

109. Fall CH, Fisher DJ, Osmond C, Margetts BM; Maternal Micronutrient Sup-
plementation Study Group. Multiple micronutrient supplementation during 
pregnancy in low-income countries: a meta- analysis of effects on birth size 
and length of gestation. Food and Nutrition Bulletin. 2009;30(4 suppl):S533-
46. 

110. Ronsmans C, Fisher DJ, Osmond C, Margetts BM, Fall CH; Maternal Micro-
nutrient Supplementation Study Group. Multiple micronutrient supplementa-
tion during pregnancy in low-income countries: a meta- analysis of effects on 
stillbirths and on early and late neonatal mortality. Food and Nutrition Bulle-
tin. 2009;30(4 suppl):S547-55. 

111. Darnton-Hill I, Mkparu UC. Micronutrients in Pregnancy in Low- and Mid-
dle-Income Countries. Nutrients. 2015; 7(3):1744-68.   

112. Braveman P, Gruskin S. Defining equity in health. Journal of Epidemiology 
and Community Health. 2003;57(4):254-8.  

113. Whitehead M. The concepts and principles of equity and health. International 
Journal of Health Services. 1992;22(3):429-45.  

114. Victora CG, Vaughan JP, Barros FC, Silva AC, Tomasi E. Explaining trends 
in inequities: evidence from Brazilian child health studies. Lancet. 
2000;356(9235):1093–8. 

115. Victora CG, Fenn B, Bryce J, Kirkwood BR. Co-coverage of preventive 
interventions and implications for child-survival strategies: evidence from na-
tional surveys. Lancet. 2005; 366(9495):1460–6.  

116. Subramanyam MA, Kawachi I, Berkman LF, Subramanian SV. Is economic 
growth associated with reduction in child undernutrition in India? PLoS Med-
icine. 2011;8(3):e1000424. 

117. World Health Organization.  Final report of the commission on social deter-
minants of health CSDH, August 2008. Geneva,  WHO. 

118. Lagarde M, Haines A, Palmer N. Conditional cash transfers for improving 
uptake of health interventions in low- and middle-income countries: a sys-
tematic review. JAMA. 2007;298(16):1900–1910. 



 64 

119. Bhuiya A, Chowdhury M. Beneficial effects of a woman-focused develop-
ment programme on child survival: evidence from rural Bangladesh. Social 
Science and Medicine. 2002; 55(9):1553–1560. 

120. Quayyum Z, Khan MN, Quayyum T, Nasreen HE, Chowdhury M, Ensor T. 
“Can community level interventions have an impact on equity and utilization 
of maternal health care” – Evidence from rural Bangladesh. International 
Journal for Equity in Health. 2013;12:22. Doi.10.1186/1475-9276-12-22. 

121. Hajizadeh M, Alam N, Nandi A. Social inequalities in the utilization of ma-
ternal care in Bangladesh: Have they widened or narrowed in recent years? 
International Journal for Equity in Health. 2014; 13(1):120. doi: 
10.1186/s12939-014-0120-4. 

122. Aizer A, Currie J. The intergenerational transmission of inequality: Maternal 
disadvantage and health at birth. Science. 2014; 344(6186):856-61.  

123. Randive B, San Sebastian M, De Costa A, Lindholm L. Inequalities in insti-
tutional delivery uptake and maternal mortality reduction in the context of 
cash incentive program, Janani Suraksha Yojana: results from nine states in 
India. Social Science and Medicine. 2014;123:1-6.   

124. Drummond M, O'Brien B, Stoddart GL, Torrance G. Methods for the Eco-
nomic Evaluation of Health Care Programmes, 2nd ed. Oxford Univ. Press, 
Oxford, 1997. 

125. LeFevre AE, Shillcutt SD, Waters HR, Haider S, Arifeen SE, Mannan I, 
Seraji HR, Shah R, Darmstadt GL, Wall SN, Williams EK, Black RE, San-
tosham M & Baqui AH; Projahnmo Study Group. Economic evaluation of 
neonatal care packages in a cluster-randomized controlled trial in Sylhet, 
Bangladesh. Bulletin of the World Health Organisation. 2013; 91(10):736–
745.  

126. World Health Organisation: Cost-effectiveness thresholds.  Geneva, World 
Health Organization, 2009. Online at: 
http://www.who.int/choice/costs/CER_thresholds/en/  (Accessed March 15, 
2015). 

127. Anand S, Hanson K. Disability adjusted life years: a critical review. Journal 
of Health Economics. 1997;16(6):685-702.  

128. Hossain SM, Duffield A, Taylor A. An evaluation of the impact of a US$60 
million nutrition programme in Bangladesh. Health Policy and Planning. 
2005; 20(1): 35-40. 

129. Persson LÅ. Breaking the cycles of malnutrition: are pregnancy nutrition 
interventions effective? Journal of Health, Population and Nutrition. 
2001;19(3):158-59. 

130. Persson LÅ, Arifeen SE, Ekstrom EC, Rasmussen KM, Frongillo EA, Yunus 
M,the MINIMat study team. Effects of prenatal micronutrient and early food 
supplementation on hemoglobin, birth weight, and infant mortality among 
children in Bangladesh: the MINIMat randomized trial. JA-
MA.2012;307(19):2050–9. 

131. Shaheen R, Lindholm L. Quality of life among pregnant women with chronic 
energy deficiency in rural Bangladesh. Health Policy. 2006; 78(2-3):128–
134. 

132. EuroQol. EuroQol Group for measuring health related quality of life. 
http://www.euroqol.org/; 2001. 

133. FAO. Nutrition country profile 1999: Bangladesh: FAO; 1999. p. 18. 



 65

134. Pryer JA. Body mass index and work-disabling morbidity: results from a 
Bangladeshi case study. European Journal of Clinical Nutrition. 
1993;47(9):653–7. 

135. Norgan NG. Body mass index and body energy stores in developing coun-
tries. European Journal of Clinical Nutrition. 1990;44(Suppl. 1):79–84. 

136. Barker D. Mothers, babies and health in adult life. Edinburgh: Churchill 
Livingstone; 1998. 

137. Gold MR, Stevenson D, Fryback DG. HALYS and QALYS and DALYS, oh 
my: similarities and differences in summary measures of population health. 
Annual Review of Public Health. 2002;23:115–34. 

138. Burstrӧm K, Johannesson M, Diderichsen F. The value of the change in 
health in Sweden 1980/81 to 1996/97. Health Economics. 2003;12(8):637-54.  

139. World Health Organization. Measuring change in nutritional status: guide-
lines for assessing the nutritional impact of supplementary feeding pro-
grammes. Geneva, Switzerland: World Health Organization, 1983.  

140. Shaheen R, de Francisco A, El Arifeen S, Ekstrom E, Persson LÅ. Effect of 
prenatal food supplementation on birth weight: an observational study from 
Bangladesh. The American Journal of Clinical Nutrition. 2006; 83(6):1355–
1361. 

141. Gwatkin DR, Rustin S, Johnson K, Pande RP, Wagstaff A: Socio-economic 
differences in health, nutrition and population in Bangladesh. Washington 
DC:World Bank; 2000. 

142. Shaheen R, Streatfield PK, Naved RT, Lindholm L, Persson LÅ. Equity in 
adherence to and effect of prenatal food and micronutrient supplementation 
on child mortality: results from the MINIMat randomized trial, Bangladesh. 
BMC Public Health. 2014;14:5.DOI:10.1186/1471-2458-14-5. 

143. Shaheen R, Persson LÅ, Ahmed S, Streatfield PK, Lindholm L. Cost-
effectiveness of invitation to food supplementation early in pregnancy com-
bined with multiple micronutrients on infant survival: Analysis of data from 
MINIMat randomized trial, Bangladesh. BMC Pregnancy and Childbirth. 
2015;15:125. DOI 10.1186/s12884-015-0551-y.  

144. World Health Organization. International statistical classification of diseases 
and related health problems. 10th Rev. V. 2: Instruction manual. Geneva, 
WHO, 1993:130-2. 

145. World Bank. Data Table. Washington, D.C., World Bank, 2014. Online at: 
http://data.worldbank.org/ (Accessed Feb 27, 2015).  

146. Khan MM, Ahmed S. Relative efficiency of government and non-
government organisations in implementing a nutrition intervention pro-
gramme--a case study from Bangladesh. Public Health Nutrition. 2003; 6(1): 
19-24. 

147. ONADA 2014. http://www.oanda.com/currency/average (Accessed June 7, 
2014). 

148. Bangladesh Bureau of Statistics. 2005. Statistical yearbook of Bangladesh: 
2005. Dhaka: Statistics Division: Division of Planning, People's Republic of 
Bangladesh. Available at: http://www.bbs.gov.bd/dataindex/svrs_key06.pdf 
(Accessed Sep 17, 2009). 

149. Trading Economics Bangladesh 2014. Online 
at:http://www.tradingeconomics.com/bangladesh/inflation-cpi (Accessed 
June 7, 2014). 



 66 

150. icddr,b. 2004. Health and Demographic Surveillance System – Matlab v. 37. 
Registration of Health and Demographic Events 2004, Scientific Report No. 
93. Dhaka: icddr,b. 

151. Sun S, Chen J, Johannesson M, Kind P, Xu L, Zhang Y, Burström K. Popula-
tion health status in China: EQ-5D results, by age, sex and socio-economic 
status, from the National Health Services Survey 2008. Quality of Life Rese-
arch. 2011; 20(3): 309-20.   

152. Salomon JA, Vos T, Hogan DR, Gagnon M, Naghavi M, Mokdad A, Begum 
N, et al. Common values in assessing health outcomes from disease and inju-
ry: disability weights measurement study for the Global Burden of Disease 
Study 2010. Lancet.2012; 380(9859): 2129–43.  

153. Winkvist A, Rasmussen KM, Habicht JP. A new definition of maternal de-
pletion syndrome. American Journal of Public Health. 1992;82(5):691– 4. 

154. Winkvist A, Habicht JP, Rasmussen KM. Linking maternal and infant bene-
fits of a nutritional supplement during pregnancy and lactation. The Ameri-
can Journal of Clinical Nutrition.1998;68(3):656–61. 

155. Baqui AH, El-Arifeen S, Darmstadt GL, Ahmed S, Williams EK, Seraji HR, 
Mannan I, Rahman SM, Shah R, Saha SK, Syed U, Winch PJ, Lefevre A, 
Santosham M, Black RE; Projahnmo Study Group. Effect of community-
based newborn-care intervention package implemented through two service-
delivery strategies in Sylhet district,Bangladesh: a cluster-randomised con-
trolled trial. Lancet. 2008;371(9628):1936-44.           

156. Bang AT, Bang RA, Baitule SB, Reddy MH, Deshmukh MD. Effect of 
home-based neonatal care and management of sepsis on neonatal mortality: 
field trial in rural India. Lancet. 1999;354(9194):1955-61. PubMed PMID: 
10622298. 

157. Bang AT, Reddy HM, Deshmukh MD, Baitule SB, Bang RA. Neonatal and 
infant mortality in the ten years (1993 to 2003) of the Gadchiroli field trial: 
effect of home-based neonatal care. Journal of Perinatology. 2005;25 Suppl 
1:S92-107.  

158. Zeng L, Dibley MJ, Cheng Y, Dang S, Chang S, Kong L, Yan H. Impact of 
micronutrient supplementation during pregnancy on birth weight,duration of 
gestation, and perinatal mortality in rural western China: double blind cluster 
randomised controlled trial. British Medical Journal. 2008;337:a2001. doi: 
10.1136/bmj.a2001. 

159. Zeng L, Yan H, Cheng Y, Dang S, Dibley MJ. Adherence and costs of mi-
cronutrient supplementation in pregnancy in a double-blind, randomized, 
controlled trial in rural western China. Food and Nutrition Bulletin. 
2009;30(4 Suppl):S480-7. 

160. Seck BC, Jackson RT. Determinants of compliance with iron supplementa-
tion among pregnant women in Senegal. Public Health Nutrition. 2008;11 
(6):596-605.  

161. Hyder SM, Persson LA, Chowdhury AM, Ekstrom EC. Do side-effects 
reduce compliance to iron supplementation? A study of daily- and weekly-
dose regimens in pregnancy. Journal of Health, Population and Nutrition. 
2002, 20(2):175-9. 

162. Crape BL, Kenefick E, Cavalli-Sforza T, Busch-Hallen J, Milani S, Kanal K. 
Positive impact of a weekly iron-folic acid supplement delivered with social 
marketing to Cambodian women: compliance, participation, and hemoglobin 



 67

levels increase with higher socioeconomic status. Nutrition 
Reviews.2005;63(12 Pt 2):S134-8. 

163. Alcock G, Das S, More NS, Hate K, More S, Pantvaidya S, Osrin D, 
Houweling TAJ. Examining inequalities in uptake of maternal health care 
and choice of provider in underserved urban areas of Mumbai, India: a mixed 
methods study. BMC Pregnancy and Childbirth. 2015;15:231. DOI 
10.1186/s12884-015-0661-6.  

164. Roberfroid D, Huybregts L, Lanou H, Henry MC, Meda N, Menten J, Kol-
steren P; MISAME study group. Effects of maternal multiple micronutrient 
supplementation on fetal growth: a double-blind randomized controlled trial 
in rural Burkina Faso. The American Journal of Clinical Nutrition. 
2008;88(5):1330-40. 

165. Kaestel P, Michaelsen KF, Aaby P, Friis H. Effects of prenatal multimicronu-
trient supplements on birth weight and perinatal mortality: a randomised, 
controlled trial in Guinea-Bissau. European Journal of Clinical Nutrition. 
2005;59(9):1081-9. 

166. Fawzi WW, Msamanga GI, Urassa W, Hertzmark E, Petraro P, Willett WC, 
Spiegelman D. Vitamins and perinatal outcomes among HI- negative women 
in Tanzania. The New England Journal of Medicine. 2007:356 (14): 1423-31.  

167. Shah PS, Ohlsson A; Knowledge Synthesis Group on Determinants of Low 
Birth Weight and Preterm Births. Effects of prenatal multimicronutrient sup-
plementation on pregnancy outcomes: a meta-analysis. Canadian Medical 
Association Journal. 2009;180(12):E99-108. 

168. Ramakrishnan U, Grant FK, Goldenberg T, Bui V, Imdad A,  Bhutta ZA . 
Effect of Multiple Micronutrient Supplementation on Pregnancy and Infant 
Outcomes: A Systematic Review. Paediatric and Perinatal Epidemiology. 
2012; 26 (Suppl. 1): 153–67.  

169. Gakidou E, Oza S, Vidal Fuertes C, Ly AY, Lee DK, Sousa A, Hogan MC, 
Vander Hoorn S, Ezzati M. Improving child survival through environmental 
and nutritional interventions: the importance of targeting interventions to-
wards the poor. JAMA. 2007; 298(16):1876-87.  

170. Howe LD, Hargreaves JR, Gabrysch S, Huttly SR. Is wealth index a proxy 
for consumption expenditure? A systematic review. Journal of Epidemiology 
and Community Health. 2009; 63(11):871-7. 

171. Lindelow M. Sometimes more equal than others: how health inequalities 
depend on the choice of welfare indicator. Health Economics. 2006;15 (3): 
263-79.  

172. Borghi J, Thapa B, Osrin D, Jan S, Morrison J, Tamang S, Shrestha BP, 
Wade A, Manandhar DS, Costello AM. Economic assessment of a women's 
group intervention to improve birth outcomes in rural Nepal. Lancet. 
2005;366(9500):1882-4. 

173. Bärnighausen T, Bloom DE, Canning D, Friedman A, Levine OS, O’Brien J, 
Privor-Dumm L, Walker D. Rethinking the benefits and costs of childhood 
vaccination: The example of the Haemophilus influenzae type b vaccine. 
Vaccine. 2011;29: 2371–80. 

174. Grimwood K, Lambert SB, Milne RJ. Rotavirus infections and vaccines: 
burden of illness and potential impact of vaccination. Paediatric Drugs. 
2010;12(4):235-56. 



 68 

175. Rheingans RD, Antil L, Dreibelbis R, Podewils LJ, Bresee JS, Parashar UD. 
Economic costs of rotavirus gastroenteritis and cost-effectiveness of vaccina-
tion in developing countries. The Journal of Infectious Disease. 2009; 200 
Suppl. 1: S16-27.  

176. World Health Organization. The top 10 causes of death.  
http://www.who.int/mediacentre/factsheets/fs310/en/ (accessed on April 25, 
2014). 

177. Hussain A, Rahim MA, Azad Khan AK, Ali SM, Vaaler S. Type 2 diabetes 
in rural and urban population: diverse prevalence and associated risk factors 
in Bangladesh. Diabetic Medicine. 2005;22(7):931-6.  

178. Sayeed MA, Mahtab H, Akter Khanam P, Abdul Latif Z, Keramat Ali SM, 
Banu A, Ahren B, Azad Khan AK. Diabetes and impaired fasting glycemia in 
a rural population of Bangladesh. Diabetes Care. 2003;26(4):1034-9.  

179. Prentice AM. The emerging epidemic of obesity in developing countries. 
International Journal of Epidemiology. 2006;35(1):93-9.  

180. Balarajan Y, Villamor E. Nationally Representative Surveys Show Recent 
Increases in the Prevalence of Overweight and Obesity among Women of 
Reproductive Age in Bangladesh, Nepal, and India. The Journal of Nutrition. 
2009;139(11):2139-44.  

181. Khanam MA, Qiu C, Lindeboom W, Streatfield PK, Kabir ZN, Walin A. The 
metabolic syndrome: prevalence, associated factors, and impact on survival 
among older persons in rural Bangladesh. Plos One. 2011; 6(6):e20259. 

182. Barker DJ. Fetal programming of coronary heart disease. Trends in Endocri-
nology and Metabolism. 2002;13(9):364-8.  

183. Sachs JD. Macroeconomics and Health: investing in health for economic 
development. Geneva, WHO, 2001. 

184. World Health Organization. Sustainable development goals. 
https://sustainabledevelopment.un.org/topics/sustainabledevelopmentgoals 

(Accessed on April 25, 2015). 
 





Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1165

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-267601

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2015


	Abstract
	List of Papers
	Contents
	Abbreviations
	Introduction
	Maternal undernutrition
	Consequences of maternal undernutrition
	Infant and child mortality in Bangladesh
	Birth weight and infant mortality
	Perceptions of maternal undernutrition
	Interventions to combat the effects of maternal undernutrition on foetal outcomes
	Prenatal food supplementation
	Micronutrients and foetal outcomes
	Equity issues, concepts and measurements of equity
	Economic evaluation of interventions

	Rationale for the studies

	Aims
	Subjects and methods
	Study settings
	Study design Paper I
	Methods Paper I
	Analysis Paper I
	Design Paper II
	Methods Paper II
	Food supplementation
	Measurements

	Analysis Paper II
	Design Paper III
	Methods Paper III
	Interventions
	Monitoring of adherence
	Notification of birth and measurement of socioeconomic status
	Mortality outcomes

	Analysis Paper III
	Design Paper IV
	Methods Paper IV
	Outcome data and alternatives
	Cost data
	Analysis Paper IV

	Ethical considerations

	Results
	Quality of life among pregnant women with chronic energy deficiency in rural Bangladesh (Paper I)
	Effect of prenatal food supplementation on birth weight: an observational study from Bangladesh (Paper II)
	Equity in adherence to and effects of prenatal food and micronutrient supplementation on child mortality: results from MINIMat trial, Bangladesh (Paper III)
	Cost-effectiveness of invitation to food supplementation early in pregnancy combined with multiple micronutrients on infant survival: Analysis of data from MINIMat randomized trial, Bangladesh (Paper IV)

	Discussion
	Low health scores related to undernutrition during pregnancy
	Improvement of birth weight from longer duration of prenatal food supplementation
	Pro-disadvantage equity from early invitation to prenatal food supplementation combined with multiple micronutrients
	Upgrading usual invitation to prenatal food supplementation combined with iron-folic acid to early invitation to prenatal food supplementation combined with multiple micronutrients represents good value for money
	The burden of maternal undernutrition and the emerging overweight and obesity
	Conclusions and recommendations

	Acknowledgements
	References



