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Preface 

Being a medical student in a high-income country, it is in many ways a big benefit and an 
invaluable experience to get the opportunity to visit a country like Bangladesh. I came to Matlab, 
a rural subdistrict in the Chittagong division 80 km southeast of the capital Dhaka in October 
2012. It was right after the monsoon period when the low-lying delta landscape was mostly 
covered by water and boats of different sizes and constructions were the main carriers regardless 
of destination. Happily, larger nature calamities that often hit the country had been absent so far 
that year. Most of Matlab’s 225 000 inhabitants are living from agriculture, rice being the major 
crop. “Green Bangladesh”, as the Bangladeshis themselves often say, is an incredibly well-suiting 
name of the beautiful countryside and everywhere I went kind, hospitable and smiling people 
awaited me with curious questions.  
 
Bangladesh is the most densely populated country in the world except a few city states and in just 
a few decades, since the independency in 1973, the population has redoubled to today’s 147 
millions. Such a fast population growth rate in a low-income country of course lead to many 
problems in economy and social structures as well as nutrition and public health.  
 
South Asia and Africa are the two biggest low-income settings in the world with big health 
problems especially for children living there in terms of undernutrition, poor growth, a high rate 
of infectious diseases etc. There are however a few differences between the two hotspots, for 
example in South Asia the under-five-mortality-rate is lower although undernutrition (acute, 
chronic and combined) is by far more common than in Africa, and also children are more 
frequently born too small. The reasons and causes of these different patterns are yet not totally 
understood.   
 
The MINIMat trial is a longitudinal study initiated over 10 years ago as a collaboration of inter 
alia Uppsala University and International Centre for Diarrhoeal Disease Research, Bangladesh 
(icddr,b) studying the effect of maternal food and micronutrient supplementations on children’s 
further health. The fieldwork of the large MINIMat 10-year follow-up that is running now 
includes home visits where interviewers collect information using an extensive questionnaire and 
clinic visits where the mothers and their ten-year-olds come to one of four health centers in the 
area for measurement of anthropometrics, body composition, blood pressure and blood and 
urine samples.  
 
Although I learned a few phrases of Bengali during my two months of field work in Matlab, I had 
a hard time to participate actively in the home visits. In the clinic visits on the other hand, I could 
participate in more hands-on work. Also, I spent a fair amount of time with data quality work, 
doing re-entry of the handwritten home and clinic visit forms and participating in standardization 
practices for the anthropometric measurements. In addition to the field work and thanks to the 
kind and hospitable icddr,b crew, I also got to see a fair share of the rest of the activities at the 
research and health center, which I am utterly grateful of. The clearest and most inspiring picture 
that I brought back home is of all the patiently hard-working people, urging for making 
Bangladesh a safer and better place to grow up and live in. 
 

Elin Sundlöf 
Uppsala, March 2013 
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Abstract  

In low-income countries many children are born small-for-gestational-age (SGA), which is a 
pronounced risk factor for neonatal death and childhood undernutrition when comparing with 
those who have an appropriate weight for gestational age (AGA). In the rural area of Matlab, 
Bangladesh, as many as 59 % of the children were born SGA. There is lack of knowledge on 
whether this small size persists throughout childhood and to what extent socio-economic 
conditions modify such tracking of growth. Thus, this study is analyzing the association between 
size at birth and stunting (chronic undernutrition) at 10 years using data from the MINIMat 
prenatal nutrition supplementation trial.  Further, analysis is performed whether the risk of 
persistent stunting is more pronounced when SGA at birth is combined with socially unfavorable 
factors.  

In this analysis data from 498 children were included. At 10 years 27 % were stunted and among 
the stunted ten-year-olds 75 % had been SGA at birth. The odds ratio of being stunted at 10 
years if born SGA was 2,52 (95% CI 1,62-3,92) as compared to those that were AGA at birth. 
The risk estimate did not change with adjustment for social and reproductive health covariates. 
The odds ratio of being stunted if born both SGA and of an uneducated mother was 4,42 (95% 
CI 2,45-7,97) times higher compared to being appropriate-for-gestational-age and having an 
educated mother. 

In conclusion, being born SGA is a major risk factor for childhood chronic undernutrition in this 
setting. This association was not confounded by social factors, but data suggest that the effect by 
SGA on future stunting is more pronounced in lower socio-economic strata. Research is needed 
on possible interventions that could reduce of the occurrence of intrauterine growth restriction 
and the risk of childhood stunting.  
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Sammanfattning på svenska 

Ingen annanstans i världen finns så många undernärda barn som i Bangladesh och i övriga södra 
Asien. 43 % av barnen under fem år i Bangladesh är undernärda under lång tid (kronisk 
undernäring) vilket leder till att de blir kortväxta, det som med en engelsk term brukar benämnas 
”stunting”. Väldigt många barn är också små redan vid födelsen i den här delen av världen. I den 
här studien visar vi att risken för att vara kort vid 10 års ålder, som en följd av undernäring, är 
starkt kopplat till storleken vid födelsen och även till familjens resurser, exempelvis uttryckt i 
mammans utbildningsnivå. 
 
Så många som tre femtedelar av barnen i den här studien var klassade som små för den tid i 
graviditeten då de föddes. Deras risk att bli korta vid 10 års ålder visade sig vara 2,5 gånger större 
än deras normalstora jämnåriga. Är man född liten men dessutom med en mamma som ej gått i 
skola, var risken att bli kort som tioåring över fyra gånger större än om man föds normalstor i en 
familj där modern fått utbildning.  
 
Liten vid födelsen är man om man tillhör den minsta tiondelen av barnen i en internationell 
referenstabell. Liknande referenser avgör om man klassas som kort vid 10 års ålder. 27 % av 
dessa 498 barn var ”stunted” vid sin tioårsundersökning. En stor del av dem var små också då de 
föddes. Att födas liten visade sig vara den allra största riskfaktorn för framtida undernäring, även 
om socioekonomiska faktorer som samhällsklass och mammans utbildningsnivå också spelar in. 
Detta samband innebär att det är viktigt att se till att barn i dessa miljöer inte föds små utan får de 
bästa tänkbara förutsättningar redan från start. För att avgöra hur detta görs på bästa sätt behövs 
mer forskning, men då även modern till barnet som är fött litet är undernärd i de flesta fall är det 
troligen nödvändigt att arbeta brett och förbättra levnadsomständigheterna för kvinnorna i södra 
Asien generellt.  
 
Mödrarna som deltar med sina barn i denna studie rekryterades under början av 2000-talet då de 
först blev gravida. Under graviditeten följdes de noggrannt och var även randomiserade till en av 
sex olika grupper som fick olika kosttillskott och spårämnestillskott för att sedan kunna utvärdera 
dess inverkan på barnet under uppväxten. Intervjuer om sociala omständigheter hölls med 
mödrarna, och efter förlossningen vägdes och undersöktes barnet enligt särskilda rutiner. Barnen 
i denna stora studie har sedan följts upp med täta intervaller till två års ålder, sedan vid 4,5 års 
ålder och i detta nu pågår uppföljningsstudien vid 10 års ålder för fullt. I denna görs ett 
hembesök för att återigen kartlägga bl a familjens socioekonomi. Därefter kallas barnet till ett 
besök på en hälsocentral där han eller hon undersöks: vägning och mätning, blodtryck och blod- 
och urinprov ingår bland annat. I den här rapporten har vi analyserat de första 498 barnen vars 
resultat blivit klara, och deras mätvärden har jämförts med information från deras födelse.   
 
För att vinna en förståelse för orsakerna till den höga andelen undernärda barn i södra Asien är 
dessa fynd viktiga, särskilt om det kan bidra till att i slutändan kunna hjälpa till att lösa problemet 
med de mångtaliga undernärda barnen i regionen. Klart är att det krävs en stor förståelse för de 
kulturella aspekter som lagt grunden till de mönster man nu ser och som så tydligt påverkar 
barnens tillväxt. Förhoppningsvis kommer man snart att kunna säga mer om hur man på bästa 
sätt förhindrar undernäring hos mödrar såväl som hos barn i de här områdena i världen.  
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Background 

Childhood undernutrition is highly prevalent in low-income countries and an underlying cause of 
infectious diseases and mortality [1]. An inappropriate nutritional status during childhood also 
causes impaired school results and cognitive deficits with consequences later in life [2]. Size at 
birth, traditionally measured by birth weight, is associated with impaired growth throughout 
childhood. The size at birth reflects the nutritional status of the mother before and during 
pregnancy and therefore illustrates the inter-generational heritage of malnutrition. Factors like 
inappropriate feeding practices, occurrence of infectious diseases, and lack of adequate health 
care are all causally linked to impaired child growth. Poverty and low levels of education among 
women are underlying or basic causes to child malnutrition [3].  

In a global perspective 15,5 % of all live births are low birth weight (LBW, <2500gm), which 
corresponds to 20 million children annually; 96 % of these are born in low-income countries. In 
high-income regions about 7 % are born LBW while in South-central Asia including Bangladesh 
the proportion is as high as 27 % [4]. LBW may be caused by preterm birth (i.e. before week 37 
of gestation) when the baby does not reach 2500gm before birth. The newborn might still have a 
size that is appropriate-for-gestational-age (AGA). LBW may also be the result of being small-
for-gestational-age (SGA). SGA is an effect of intrauterine growth restriction (IUGR), in other 
words poor fetal growth that in turn frequently is a consequence of maternal undernutrition [5]. 
Poor fetal growth indirectly contributes to about 60 % of neonatal deaths [1], which makes it a 
health priority worldwide. LBW may also be caused by the combination of preterm birth and 
SGA, which gives three possible background patterns; AGA and preterm, SGA and preterm and 
SGA and term. In high-income countries the cause of LBW is often preterm and AGA, while in 
low-income countries the reason is more frequently SGA and term or preterm [6]. LBW caused 
by IUGR is often a consequence of poor socioeconomic conditions;  poverty, undernutrition of 
the mother and poor access to health services increase the risk of getting a LBW baby in 
comparison with those that are born in wealthy segments of society [7]. 

SGA is a statistic variable assessed in relation to the fetal growth curve across gestational age. The 
definition of SGA is that the baby has a weight below the 10th percentile for the current 
gestational age at birth according to the sex-specific reference curves [8]. Noticed can be that in 
Sweden the international definition of SGA is not used, instead SGA is considered -2 SD in 
length across gestational age. By these definitions we can distinguish between newborns that have 
a small size due to preterm delivery and those that have a low weight due to IUGR or both. 
These definitions offer a sharper tool than just low or normal birth weight when evaluating 
nutritional status in low-income settings.   

Stunting is defined as height-for-age (HAZ) <-2 SD. Globally as many as 165 million children are 
stunted, whereof 148 millions live in low- and middle-income countries [9]. In order to evaluate 
the prevalence of stunting across different ages usually height for age is converted to a standard 
deviation score or Z-score (HAZ) by comparing data with the WHO Growth Standards for 
children under 5 years of age [10] or the WHO Growth References for children 5-19 years [11].  

Bangladesh has one of the world's highest frequencies of LBW, i.e. 22 % according to the latest 
UNICEF report [12]. The proportion stunting among children below 5 years of age is reportedly 
as high as 43 %. Bangladeshi women are also frequently malnourished. One study reported that 
63 % of underweight women gave birth to a LBW baby compared to 37 % of women with a 
normal body mass index (BMI >18.5) [13]. A review of studies on stunted children showed that 
stunting will be sustained if they remain in the same environment [14]. In contrast, a study on 
Indian children adopted to Sweden reported a significant catch-up growth [15],[16].  
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Catch-up can be described as an accelerated growth after a period of growth restriction due to, 
for example, infectious disease episodes or inappropriate feeding [17]. The catch-up can be 
complete or incomplete; it can be considered complete if the final height is within the target 
range of growth standards [18]. Catch-up growth can often be observed in LBW babies as a rapid 
postnatal growth, as well as catch-down growth may occur in high birth weight babies [17]. 
Catch-up from LBW is a compensation that improve infant survival [19]. A less beneficial side of 
catch-up growth during infancy, however, might be that it can lead to increased adiposity and 
progressive deposition of abdominal fat [20].  

Timing and duration of the period of restricted growth independent of causes are related to the 
chances of catch-up. Earlier and longer restrictions are less likely to be followed by a complete 
catch-up. This can be explained by the high growth velocity in early life, but environmental 
conditions during recovery are also of importance [17]. In low-income countries, where LBW is 
common, and where the postnatal period and childhood imply continued undernutrition children 
enter puberty later as compared to more privileged children [21]. The relation between birth 
weight, postnatal catch-up growth, and low socioeconomic conditions has been investigated 
before, although mainly during the first years of life [6, 22]. A study on very preterm babies or 
infants born very LBW showed that children born AGA although preterm were not stunted at 10 
years, while SGA babies had increased risk of being stunted at the same age [23]. Socio-economic 
conditions expressed as household assets were associated with childhood stunting in Bangladesh 
[24]. There are relatively few studies analyzing the probability of catch-up growth in LBW babies 
in low-income settings, and the influence of the family’s socioeconomic conditions. What 
chances do you have of not being stunted in later childhood if you are born with a low weight? 
Are socioeconomic conditions or the body size at birth the most important factors that 
determine later child growth? 

The MINIMat (Maternal and Infant Nutrition Interventions in Matlab) trial is an individually 
randomized trial with a factorial design that has been running in the rural sub-district of Matlab 
since 2001. Currently a follow-up is performed of children born into the study when they turn 10 
years old. The trial focused effects of prenatal food and micronutrient supplementation, i.e. an 
early initiation of prenatal food supplementation and different micronutrient alternatives 
including multiple micronutrients and the effect on birth weight, survival of the offspring and 
children’s future health. The trial has so far shown that an early invitation to food 
supplementation can reduce stunting in boys up to 54 months of age while multiple 
micronutrient supplementation during pregnancy increased the risk of child stunting [25]. 
Further, it has shown that the combination of an early start of the prenatal food supplementation 
and multiple micronutrients reduced infant mortality [26]. The participants were randomized into 
6 groups who received capsules of supplements: an MMS including 15 different micronutrients 

or either 30 mg Fe and 400 μg folic acid (Fe30F) or 60 mg Fe and 400 μg folic acid (Fe60F). This 
was initiated in 14 wk for all groups, while it was combined with an early (around 9 wk) or usual 
(around 20 wk) invitation to start food supplementation with 608 kcal 6 days per week. Thus, all 
the mothers received food supplementation but with different time for initiation. Out of 4436 
pregnancies there were 3267 singleton live births with a mean birth weight of 2694 g (SD 411), 
mean length 47.4 cm (SD 2.2) and gestational age at birth 39.1 weeks (SD 1.7) with no difference 
due to treatment group. 31 % of the babies were born LBW [26]. This trial has a careful 
characterization of gestational age and anthropometric measurements at birth, socioeconomic 
status such as characteristics of households and mothers’ education. Children have been 
followed-up from birth to 2 years of age, and at 4.5 years. The children now included in the 10-
year follow-up compose an adequate base for further analysis of tracking of growth.  
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Aim 

The aim of this study is to analyze whether children born small (SGA, preterm and both) in rural 

Bangladesh still are stunted in linear growth at 10 years of age and to what extent social factors 

modify that possible association.  

Methods 

Participants 

The MINIMat trial was conducted in the rural sub district of Matlab, Bangladesh where most 
people depend on fishing, agriculture and day labor. It was initiated in 2001 with a 10-year 
follow-up that is running 2012-13. The area is served by the International Centre of Diarrhoeal 
Disease Research (icddr,b) concerning maternal and child health services, and they are also 
maintaining a Health and Demographic Surveillance System (HDSS) since the mid 1960's. 
Mothers included in the MINIMat trial were enrolled from November 2001 to October 2003. 
4436 women were randomly allocated to 6 different food- and micronutrient supplementation 
groups. This resulted in 3625 live births. The anthropometry of 3267 children was followed from 
birth to 54 months. As the children turn 10 years old data collection will run from May 2012 to 
July 2014, and this study includes the first 498 children with data available for analysis. Only 
singletons are included.  

Ethics 

Mothers participating in the MINIMat trial with their children were asked to sign an informed 
consent, with a renewal of the consent at the 10-year follow-up. The MINIMat trial was 
approved by the Research and Ethical Review Committees of icddr,b in Dhaka, Bangladesh and 
by the Research Ethics Committee at Uppsala University (Dnr 2008/399). Therefore, no separate 
ethical permission was needed for this study. 

Power calculation 

The available sample size with 498 children available for analysis and a prevalence of SGA of 

59% would allow the identification of odds ratios/relative risks of stunting of 1.5 (95% CI 1.0-

2.3) or more if being SGA at birth. 

Anthropometric measurements 

Data from the time of birth, measured within 72 hours post partum, included date, weight (10 g 
precision, SECA electronic or beam scales, SECA Gmbh & Co, Hamburg, Germany) and length 
(0.1 cm, locally manufactured length boards). When the women were enrolled in the trial the date 
of the last menstrual period (LMP) was registered to calculate gestational age at birth. If the LMP 
date was missing, the gestational age at the first ultrasound examination was estimated. 

Anthropometric measures of standing height (stadiometer 0.1cm) and weight (digital scale, 10g, 
TANITA TBF-300 MA, Tanita Corporation, Japan) at 10 years of age were taken.  
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Socioeconomic measurements 

During home visits before birth using structured questionnaires with both pre-coded and open-
ended questions all socioeconomic data were collected. The information included in this report is 
household assets (used to create asset scores with quintiles), family characteristics and mother's 
educational level. 

Analysis 

In the analysis children were classified as SGA or AGA, and term or preterm. The 
anthropometric status at birth and at 10 years is described. Thereafter the association between 
anthropometry at birth and at 10 years is analyzed by cross-tabulation and ANOVA, and the 
association between socio-economic conditions and anthropometric outcome at 10 years. A 
logistic regression analysis with stunting as outcome and SGA at birth as independent variable is 
performed with adjustment for potential confounders (preterm delivery, mother’s age, parity, 
educational level of the mother and household asset score). Also, a multinominal logistic 
regression with stunting as outcome and AGA in combination with an educated mother as 
independent variable is performed. Potential confounders adjusted for were preterm delivery, 
mother’s age and parity. A stratified analysis is done of prevalence of stunting at 10 years among 
SGA-children in different social strata. P-values <0.05 were considered significant.  SPSS 
software was used in analyze of the data, and WHO AnthroPlus for the creation of Z scores.  
 

Results 

Data from 10 years of age that were collected from May to December 2012 are included in this 
analysis. 498 children were included, a few more girls than boys (Table 1). For all of the enrolled 
children, data from the time of birth was available. Almost a third of the mothers had been 
underweight in week 8 of pregnancy, possibly contributing to a high rate of IUGR. About two 
thirds of the mothers had some education, and just over 90 % of them worked in the household. 
The study sample was distributed equally within the randomized food and micronutrient groups 
and the asset score quintiles (Table 1). 
 
The mean birth weight was 2668 gm (SD 408 gm) and the mean birth length 48,0 cm (SD 2,2 
cm) with no significant difference between boys and girls. Three out of five (59 %) children were 
born SGA, without any difference between the sexes, and 33 % could be classified as LBW. 53 
children were born preterm (14 % of boys and 7 % of girls). Children born SGA and term 
formed the largest sub-group (Table 2).  
 
At the 10-year-follow-up the mean age at the clinic visit was 10,03 years (SD 0,032 years). Girls 
were slightly taller with a mean height of 129,9 cm (SD 6,4 cm), boys mean was 128,8 cm (SD 6,2 
cm).  A significant difference in height could be shown between AGA- and SGA children, where 
those small at birth were shorter at 10 years (ANOVA F=33.9, p<0.001, Table 3.). When 
expressed in height-for-age Z (or SD) scores (HAZ), the mean height-for-age Z score was -1,41. 
Totally 28 % of the girls and 26 % of the boys were stunted at 10 years, i.e. they had a HAZ of 
<-2 SD scores. 34 % of the SGA babies were stunted at 10 years and only 17 % of those born 
AGA (Table 6). 
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Table 1. Study sample characteristics (n, %). 

Sex Boy 238 47,8 % 

 Girl 260 52,2 % 

Mother’s age <20 years 76 15,3 % 

 20-30 years 274 55,0 % 

 >30 years 148 29,7 % 

Mother’s education No education 178 35,7 % 

 Can read/write 320 64,3 % 

Mother’s occupation Only household 455 91,4 % 

 Other than household 43 8,6 % 

Mother’s BMI at week 8 <18,5 160 32,5 % 

 >18,5 332 67,5 % 

Asset score Poor 113 22,7 % 

 Below middle 106 21,3 % 

 Middle 109 21,9 % 

 Upper middle 90 18,1 % 

 Rich 80 16,1 % 

Pregnancy duration Preterm 53 10,6 % 

 Term 445 89,4 % 

Food and micronutrient 
group 

Early Fe30 75 15,1 % 

 Early Fe60 76 15,3 % 

 Early MuMN 85 17,1 % 

 Usual Fe30 90 18,1 % 

 Usual Fe60 90 18,1 % 

 Usual MuMN 82 16,5 % 

 
 
Table 2. Gestational age at birth (term and preterm, i.e. <37 weeks of gestation) and weight in relation to 
sex- and gestational age-related reference (AGA and SGA, i.e. <10th percentile of reference) 

AGA term 169 34 % 

SGA term 276 55 % 

AGA preterm 33 7 % 

SGA preterm 20 4 % 

AGA= appropriate for gestational age, SGA=small for gestational age 

 
 
Table 3. Mean height at 10 years for children who were AGA and SGA at birth.  

Condition at birth Height at 10 years (cm) SD 

AGA (n=202) 131,3 6,3 

SGA (n=296) 128,1 6,0 
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When analyzing the association between small size at birth and stunting at 10 years it was shown 
that 75 % of the stunted children had been born SGA. Among those that were born SGA there 
was a social gradient in the prevalence of stunting at 10 years (Table 4). Those being born in 
poorer households or with mothers with no or lower level of education the prevalence of 
stunting at 10 years was higher. There were no differences in the proportion of stunting at 10 
years depending on parity, mother’s nutritional status in pregnancy or mother’s age. Also, there 
were no significant differences in stunting at 10 years within the AGA group related to SES 
characteristics.  
 
Table 4. Rate of stunting in children born SGA in SES subgroups.  

Social characteristics at birth Stunting at 10 years 

Poor 55 % 

Below middle 31 % 

Middle 29 % 

Upper middle 26 % 

Rich 18 % 

  

Non-educated mother 44 % 

Educated mother 27 % 

 
 
In a logistic regression analysis children born SGA had a 2,5 times higher risk of being stunted at 
10 years. The risk estimate was the same also when adjusting for social factors (Table 6). 
Prematurity seemed to be associated with later stunting less than size at birth, except in the 
combination of SGA and prematurity where half of the children were stunted, although that 
group of 20 children is small (95% CI for the proportion 30-70%, Table 5). 
 
In a stratified analysis of risk of stunting was analyzed at 10 years when being SGA at birth in 
different groups defined by the educational level of the mother (Table 5). Using AGA at birth 
and educated mother as reference (OR 1.0), the risk of stunting at 10 years was only increased in 
the SGA groups, with the highest risk (OR 4.55, 95% CI 2.35-8.81) among those born SGA by 
mothers who had not got any schooling. When adjusting for preterm delivery, mother’s age and 
parity the effect estimates were only slightly changed (Table 7). Thus, the effect of SGA on later 
stunting is modified and increased when the mother has not had any education.  
 
Table 5. Stunting at 10 years in groups defined by size at birth, gestational age at birth and both. 

Characteristics at birth Stunting at 10 years  

SGA (n=296) 34 % 

AGA (n=202) 17 % 

  

Preterm (n=53) 30 % 

Term (n=445) 27 % 

  

SGA term (n=276) 33 % 

SGA preterm (n=20) 50 % 

AGA term (n=169) 17 % 

AGA preterm (n=33) 18 % 

  

LBW (n=164) 40 % 

NBW (n=334) 21 % 
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Table 6. Number of stunting and risk of stunting at 10 years if born SGA, crude and adjusted. 

 n Stunted Not stunted Crude OR CI 95 % Adj OR1 CI 95 % 

AGA 202 34 168 1,00  1,00  

SGA 296 100 196 2,52 1,62-3,92 2,53 1,51-4,23 

1 Adjusted for preterm delivery, mother’s age, parity, mother’s education and household asset score. 

 
  
Table 7. Number of stunting and risk of stunting at 10 years if born with different combinations of 
gestational age at birth and the mother’s educational level (used as proxy for socioeconomic status), crude 
and adjusted. 

 n Stunted 
Not 

stunted 
Crude OR CI 95 % Adj OR1 CI 95 % 

AGA 
+education 

141 21 120 1,00  1,00  

AGA 
+no education 

61 13 48 1,55 0,72-3,34 1,33 0,58-3,05 

SGA 
+education 

179 49 130 2,15 1,22-3,80 2,06 1,06-4,00 

SGA 
+no education 

117 51 66 4,42 2,45-7,97 4,55 2,35-8,81 

1Adjusted for preterm delivery, mother’s age and parity. 

 

Discussion 

We have shown that in this group of 10-year old children from rural Bangladesh as many as 59 % 
had been born small for gestational age. The risk of being stunted at 10 years was 2.5 times 
higher if being SGA at birth – also when considering potential confounding factors. The 
combination of SGA at birth and unfavorable social factors – represented by low or absent 
education of the mother - further increased the risk of later stunting. 
  
This study has been performed in a low-income rural area in Matlab, Bangladesh, where a Health 
and Demographic Surveillance System has been running since the mid-1960s lead by icddr,b.  
This provides an environment with a strong research infrastructure that enables longitudinal 
complex studies and high quality and validity of the MINIMat data. Living conditions and 
economic level in Matlab are typical for rural Bangladesh and to some extent for low-income 
settings in South Asia.  
 
The measurements performed both at birth and at 10 years were done meticulously. Only 
educated and experienced personnel were involved in the data collection. Data from the time of 
birth was taken within 72 hours post partum, and in the 10-year-follow-up the SD in age was 12 
days, mean age being 10,03 years. Frequent standardization exercises took place to secure the 
conformity within the data collection team. Furthermore, double entry was used as quality 
assurance of the computerized data.    
 
The excellent research infrastructure in Matlab enabled a prospective cohort design making 
cause-and-effect analyzes possible. In this thesis only the first 498 children are included, but 
when all the follow-up data in the MINIMat trial have been collected further analyses of 
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conditions at birth and later anthropometry, body composition and metabolic markers will be 
performed.  
 
The prevalence of women and children’s undernutrition in South Asia reaches the highest levels 
in the world, even higher than in the world’s second worst affected region, Sub-Saharan Africa. A 
low weight in relation to the gestational age at birth, reflecting intra-uterine growth restriction, is 
utterly common; 59 % in this study. This reflects that mothers in Matlab and to a large extent 
women in other South Asian low-income settings are undernourished [1, 26]. The maternal 
undernutrition effected the children in this sample although all of the mothers received food 
supplementation during the pregnancy, but with different timing of the initiation [25]. In this 
sample 27 % of the children were stunted at 10 years of age. In previous follow-ups of the same 
cohort stunting was 49 % and 31 % at 18 and 54 months, respectively [25]. The background to 
this unfavorable pattern of malnutrition in women and children has been labeled “the Asian 
enigma”. Possible reasons have been suggested to be rooted deep down in social and cultural 
soils, inter alia in the patriarchal and unequal societies in South Asia that make women vulnerable 
and exposed to nutrition and health risks [3].  
 
One of the nutritional and metabolic consequences of being born SGA is an increased risk of 
future non-communicable diseases (NCDs), like cardio-vascular disease, diabetes mellitus type 2 
and obesity. This higher risk can be reduced by an early (within 2 years) catch-up growth [27], 
though the chances of early catch-up may be limited in this setting since these children have a 
high disease burden and live in families with impaired food security. Excessive weight gain in 
childhood, on the other hand, may also increase the risk of NCDs further [27]. This suggests an 
early programming of later growth patterns. In adoption studies[15, 16] it was shown that a 
marked catch-up growth in stunted Indian children adopted to Sweden, may be linked to 
favorable and unfavorable consequences for later health. One of the forthcoming analyses of data 
from children in the MINIMat trial is whether the prenatal nutrition interventions has influenced 
the metabolic or other risk markers for future NCD risks.  
 
Some catch-up growth exists even in this setting, since the proportion is gradually reduced from 
birth across early childhood to the proportion that was now stunted at 10 years. Mean HAZ at 10 
years was still low,  -1,41, indicating that undernutrition was prevalent. The risk of stunting was 
increased if being born SGA, especially if social conditions were unfavorable. Further research is 
needed in order to develop a proper strategy and to determine when the best timing is for an 
intervention; early during pregnancy or maybe even before getting pregnant? Further economic 
and social improvements and more equal conditions for women in Bangladesh and South Asia 
would probably in the longer perspective reduce the problems with children being born too small 
with its consequences for their future health. 

Conclusion 

Children born SGA run a higher relative risk of being stunted at 10 years of age in Matlab, 
Bangladesh, and the risk is even higher if the SGA infant is born by an uneducated mother. 
Further research is needed in order to develop appropriate strategies to lower the rate of SGA in 
low-income settings. 
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