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Abstract 
Background: Anemia is a condition that can negatively impact the strength, productivity, and 

cognition of an individual. Underlying causes are often micronutrient deficiencies or 

infectious diseases. In South Asia, the prevalence of anemia in preschool children has been 

estimated to be as high as 47% and micronutrient deficiencies are common. 

Aim: To determine the prevalence of anemia and its association with socio-demographic 

factors and micronutrient deficiencies in 4.5-year old children in Matlab, Bangladesh. 

Methods: Cross-sectional study based on secondary data collected within a prenatal food and 

micronutrient supplementation trial. Biomarker analyses of hemoglobin, iron, folate and 

vitamin B12 were carried out, and the prevalence of anemia and micronutrient deficiencies 

was determined. Information on maternal socio-demographic characteristics was collected in 

a previous study within the trial. Multiple logistic regression was carried out to investigate 

associations. 

Results: In total, 1,354 children participated in the study. The prevalence of anemia was 8% 

and associations were found with maternal education and season of blood testing. Children of 

mothers with ≥ 6 years of formal education, and the children giving blood in season 2 (mid-

June – mid-October) and season 3 (mid-October – mid-February) had reduced risks of anemia 

by ≥ 48%. Deficiencies of iron, folate, and vitamin B12 were rare and not associated with 

anemia. 

Conclusion A much lower prevalence of anemia than anticipated was found in children in 

Matlab, Bangladesh. One reason could be the long presence of The International Centre for 

Diarrheal Disease Research, Bangladesh, which carries out research and provides health care.  
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Acronyms 
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Definitions 
Anemia in children 6 – 59 months: plasma hemoglobin levels < 110 g/l (1). 

Folate deficiency: plasma folate levels < 6.8 nmol/L (2). 

Iron deficiency in children up to 59 months: plasma ferritin level < 12 µg/L (1). 

Low-income country: country with a gross national income per capita of $1,045 or less in 

2013 (3).  

Middle-income country: country with a gross national income per capita of $1,045 but less 

than $12,746 in 2013 (3). 

Vitamin B12 deficiency: plasma vitamin B12 levels < 150 pmol/L (4). 
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Introduction 

Anemia, prevalence and consequences 

Anemia is a condition where there is a shortage of erythrocytes (red blood cells) or the 

oxygen-transporting ability of these blood cells has been hampered, and therefore does not 

meet the physiological requirements of the body (5). With about 1.6 billion people living with 

the condition worldwide, corresponding to about 25% of the world’s population, anemia is a 

public health problem affecting both poor and affluent countries (5,6). The condition can be 

seen as a sign of poor nutrition and health, and the most vulnerable groups are young children 

and pregnant women (6). Anemia is determined by measuring hemoglobin (Hb) levels in the 

blood, but the cutoff vary depending on, for example, sex and age (1). When assessing Hb in 

pregnant women and children younger than five years, a cutoff of < 110 g/L is usually used, 

while men over 15 years have a cutoff of < 130 g/L (1).  According to the World Health 

Organization (WHO), when it comes to preschool children and both pregnant and non-

pregnant women, anemia is present in almost all of the world’s countries as at least a mild 

public health problem (6). A prevalence of around 9% has been estimated for anemia even in 

countries with higher development (7). The WHO has categorized the public health 

significance of anemia, based on prevalence, as follows; ≥ 40% - severe; 20-39.9% - 

moderate; 5-19.9% - mild; and ≤ 4.9% - normal (1). In 2005, the global prevalence of anemia 

in preschool children was around 47%, corresponding to approximately 293 million 

individuals (6). The two main WHO regions affected by anemia are Africa and South East 

Asia; the highest number of persons living with anemia overall are found in South East Asia, 

while the highest proportion of people living with anemia is found in Africa (6). People living 

with the condition can suffer from consequences such as fatigue, weakness (8), increased 

vulnerability to infections, cognitive impairment, and decreased productivity (7). Severe 

anemia, that is, when the Hb level in the blood is very low can even lead to death (6).  

Determinants of anemia 

As can be seen in the conceptual framework created by Balarajan et al. (7) (figure 1), there 

are a number of determinants that through various pathways can lead to anemia. The 

determinants can also be found on different levels in the society. Some predictors can be seen 

as more direct causes of the condition and occur through biological pathways, while other 

more distal determinants are societal inequalities like poverty and low educational attainment. 

Although aspects from each level of the framework will be presented to aid later discussion, 
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the parts that are of most importance for this study, that is, micronutrient deficiencies and 

socio-demographic factors, will be emphasized by the inclusion of a larger number of 

previously conducted studies. This is because the study is based on secondary data where all 

aspects of the framework are not available for analysis. A proper introduction to the subject is 

nevertheless appropriate and will be done by starting with the most immediate causes working 

upwards to political economy, climate, and geography.  

Figure 1. Conceptual framework by Balarajan et al. (7) illustrating determinants of anemia.  

 

Immediate causes 

The direct causes of anemia are many; the condition can appear as a result of abnormal 

hemoglobin, chronic infections such as malaria and repeated worm infestations, and 

micronutrient deficiencies (6,9,10). Infestations of Ascaris lumbricoides (roundworms), 

Trichuris trichiua, (whipworms) and Ancylostoma duodenale or Necator americanus 

(hookworms) often lead to decreased appetite and hampered absorption of nutrients. 

Infestations of the hookworm also leads to blood loss, as this worm attaches to the intestines 
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and feeds on the blood of its host (11). The worms are common in areas where sanitation is 

poor, as eggs are passed and spread through the feces of infected individuals. These eggs can 

then be eaten through poorly rinsed or prepared vegetables, contaminated water, or by 

children in particular when they play outside without later properly washing their hands (11). 

Eggs of the hookworm also hatch in the soil and the larvae can penetrate the skin of 

individuals walking barefoot (11). Malaria, caused by the parasite Plasmodium falciparum, 

can lead to anemia due to destruction of red blood cells and if the clearance of both infected 

and uninfected red blood cells through the spleen is increased (12).  

Micronutrient deficiencies are prevalent in almost one-third of the world’s population (9). In 

low- and middle-income countries (LMIC), women and children are many times subjects to 

deficiencies of iron, zinc, iodine, vitamin A, and folic acid (13). The most commonly reported 

underlying cause of anemia is iron deficiency (ID), which then is referred to as iron 

deficiency anemia (6). Due to rapid growth, which increases the demand for iron, children in 

particular are vulnerable to this type of condition (14). It should be mentioned that being iron 

deficient does not automatically mean that one has anemia, iron deficient individuals can have 

normal Hb values (15). The most prominent function of iron is as the oxygen-binding part of 

Hb, meaning that it helps transport oxygenated blood from the lungs to the tissues (16,17). 

There are two different versions of iron that can be found in foods, namely hem and non-hem 

iron (16). Hem iron originates from the hemoglobin and myoglobin found in foods such as 

meat, fish, and poultry (17). Non-hem iron is instead found in plant-derived foods and grains 

such as cereals, fruits, and vegetables (16,17). Hem iron has a higher bioavailability than non-

hem iron, meaning that hem iron is more effectively absorbed by the body (15). Enhancers 

and inhibitors however, further complicate the absorption of iron. Phytates found in for 

example nuts, seeds and vegetables, as well as polyphenols found in cocoa, tea, and coffee, 

has the ability to bind ferrous ions resulting in an inhibition of iron absorption (17). Calcium, 

another essential micronutrient found in dairy products, is also an inhibitor, while 

consumption of ascorbic acid (vitamin C) increases absorption (17). When determining iron 

status by measuring ferritin levels, it has been recommended that the analysis should be 

accompanied by at least one biomarker of infection, for example C-reactive protein (CRP) 

(18). The reason behind this is because ferritin is a positive acute-phase protein, meaning that 

plasma concentration of ferritin increases in the present of an infection. An increased ferritin 

level due to infection means that the prevalence of iron deficiency can be underestimated 

(19).  
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Another micronutrient, folate, can be found in most foods; especially high concentrations are 

present in liver, legumes and green leafy vegetables, but in corn and white rice the 

concentrations are low (16,17). Unfortunately, folate is very unstable and a large amount of 

its biochemical activity is lost during procedures such as harvesting, storage, and cooking 

(17). The synthetic version of the micronutrient, folic acid, is much more resistant and 

bioavailability is nearly 100% (17). Folate has a role in cell division and the first signs of 

deficiency can be seen in rapid-growing tissues such as the bone marrow, which is 

responsible for the formation of blood cells (16). Due to impaired synthesis of red blood cells, 

megoloblastic anemia, a condition where the nuclei of cells has been enlarged and distorted, 

can develop (7,20). Folate deficiency has been reported to be a frequent cause of anemia in 

the South East Asian region (5). Similar to folate deficiency, a shortage of vitamin B12 can 

also lead to megaloblastic anemia, and there has been an increase in reports on its role in 

anemia in the same region (5,7). The prevalence of vitamin B12 deficiency in South Asia has 

been reported as high as > 70% (7). Because vitamin B12 is produced exclusively from 

microorganisms, the main source of the micronutrient is from animal foods such as meat, 

liver, fish and dairy products (16). Traces of the micronutrient can, however, be found in plant 

foods as a result of fermentation or bacterial contamination (16). Vitamin A deficiency has 

also been linked to anemia, but the relationship between the two is still not completely 

understood (12,21). It has often been found that in settings where the prevalence of anemia is 

high, a large amount of the population is also living with vitamin A deficiency (21). The 

micronutrient seems to have a positive effect on the growth and differentiation of precursor 

cells of red blood cells, and plays a role against infections, as well as in the retrieving of iron 

from stores in tissues (21).  

In South Asia, the high prevalence of anemia has been reported to be due to inadequate diet 

diversity, as well as iron’s poor bioavailability in plant-based diets (5). However, when 

searching for studies previously conducted on associations between anemia and micronutrient 

deficiencies in children around four years of age the literature was found very limited. Three 

cross-sectional studies were found that investigated the relationship between childhood 

anemia and ID (22–24). One cross-sectional study was also found investigating micronutrient 

levels of iron, folate, and vitamin B12 in relation to Hb concentration (25). It should, 

nevertheless, be noted that the inclusion criteria regarding the age of the children varied from 

6 months to 35 months. In addition, in all of these studies, the prevalence of anemia has been 

high, ranging from 46 to 72%. Foote et al. (22), found ID to increase the risk of anemia in a 
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Kenyan population of children aged 6-35 months. This finding is supported by two previous 

studies from Bangladesh, which both found ID in infancy to be associated with high increased 

risks of anemia (23,24). In the study by Eneroth et al. (23), infants with ID had a 120% 

increased risk of being anemic. An even higher risk of anemia when iron deficient, up to 

400%, was found by Rawat et al. (24) in a population of 1,485 Bangaldeshi infants (24). The 

latter study measured ID by using both ferritin and soluble transferrin receptor. In an Indian 

study investigating anemia in 1,000 children between the ages of 6-30 months, Kumar et al. 

(25) found levels of soluble transferrin receptor, folate and vitamin B12 to be associated to Hb 

concentration. 

Initiatives to reduce anemia 

In order to reduce the burden of anemia, there are measures that can be taken at a national 

level. In 2006, the WHO published recommendations on food fortification, in order to guide 

countries that wished to initiate programs to combat micronutrient deficiencies and the public 

health problems they bring with them (26). Fortifying foods means that micronutrients of 

interest are added to already processed foods to increase their nutritional value (26). The 

WHO did, however, in the same report also point at some limitations of food fortification, and 

that it alone cannot solve all of the world’s problems regarding micronutrient deficiencies. For 

example, in some setting, food availability is not the only concern because due to reasons 

such as poverty and living in rural areas, some population groups do not have access to 

fortified foods, even though they are available. Technical and economic constraints in some 

settings were also put forward as limitations. In Costa Rica, fortification of certain foods are 

regulated by law (27). A study evaluating parts of the Costa Rican food fortification program, 

where milk and flours of maize and wheat were fortified with iron and folic acid, found that, 

at a national level as well at sentinel sites, both ID and anemia decreased in children (27). A 

similar program, where milk was fortified with iron, folic acid, vitamin B12 and a number of 

other micronutrients, was evaluated in Mexico and ID and anemia were found reduced in 

children belonging to low-income households (28). 

The WHO has also published a guideline on intermittent supplementation of iron to preschool 

and school-aged children, with the aim to battle anemia caused by ID (14). In this guideline, 

supplementation is put forth as convenient when fortification of foods does not meet the 

requirement of certain population groups, or as WHO also pointed out, mass fortification is 

too expensive. As a base for this guideline, the WHO used a Cochrane review, which had put 
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together results from 33 trials conducted on 13,114 children below the age of 12 years 

(14,29). This review found that children who were given intermittent iron supplementation 

were less likely to be anemic or iron deficient and had higher Hb and ferritin levels, when 

compared to children receiving no intervention or getting placebo (29). One must, however, 

be a bit cautious when it comes to iron supplementation, as there have been studies showing 

an increase in morbidity in relation to iron supplementation in settings with a high burden of 

infections (30).  

Other initiatives to reduce anemia caused by infections are to distribute insecticide-treated bed 

nets to protect against malaria (12), improve sanitation, educate on the importance of good 

hygiene, and provide deworming services to combat helminthes (11). Nutrition education can 

also be a tool to increase awareness of how to maximize the nutritional contents of a meal. 

For example, individuals or families can be informed about the benefit of eating foods 

containing iron together with something rich in vitamin C in order to increase absorption (17).  

Socio-demographic determinants 

Five studies have been found that investigated associations between socio-demographic 

factors and childhood anemia in LMIC in Africa and Asia (24,31–34). The same variations as 

in the studies examining micronutrient deficiencies, with regards to age of the children and 

prevalence of anemia, can also be found here. The age of the children varied from 0 months to 

12 years and the prevalence of anemia ranged from 50 to 70%. In a study by Dey et al. (31) 

investigating anemia in children aged 0-6 years in North-East India it was found that children 

of rural residency, being Hindu or Muslim, with many siblings had increased risks of anemia. 

Noteworthy is that children of mothers being literate had a 13% increased risk of being 

moderately anemic. Some of these results were also found in an Ethiopian study (32), where 

children in the poorest and poor wealth quintiles, as well as those having mothers without 

education had increased risk of anemia by ≥ 25%. The socio-economic status (SES) of a 

household was not associated with anemia in a Bangladeshi study (24). Another study from 

Tanzania (34), which looked at anemia in 1-35 months old children found maternal education 

to be associated with anemia, but failed to explain what level of education had been found 

associated. When it comes to the sex of the child, Egbi et al. (33) found school-aged male 

children from Ghana to be 80% less likely to have anemia compared to female children. 

However, a study from rural Bangladesh found the opposite; female infants were less likely to 

have anemia when compared to male infants (24). 
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Political economy, climate, and geography 

Anemia has been found inversely correlated to the economic development of a country, that 

is, if there is a positive economic development the prevalence of anemia decreases (7). 

Relating back to initiatives that can be taken to combat anemia it is likely that the countries 

that need targeted interventions the most are those who cannot afford it.  

In the future, it is possible that an increased intensity in the climate change can negatively 

affect the worldwide prevalence of anemia. Increases in extreme weather events such as 

intense rainfall and drought, or rising sea levels can negatively affect availability of land for 

growing crops (35). Loss of crop land can also mean a loss of source for income, giving an 

increase in poverty (35). This in its turn can have an effect on both the availability and 

accessibility of foods, leading to exaggerated undernutrition. It is also likely that vector-borne 

diseases such as malaria will increase in some settings (35), which in its turn can increase 

levels of anemia. Some geographic areas are also more prone to be affected by anemia. 

Malaria, which has been brought forward as an underlying determinant of anemia, is for 

example endemic in Bangladesh, but the endemic districts are mostly close to the borders of 

India and Myanmar (36). This means that even within the same country the risk of getting 

infected with malaria differs.  

Bangladesh 

Figure 2. Map of Bangladesh (37), with an approximate location of the Matlab sub-district 
indicated with a square. 
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Bangladesh is a densely populated low-income country in South Asia with a population of 

approximately 150 million inhabitants (38). Even though the country aims to become a 

middle-income country by 2021 and the poverty level has dropped with about one-third the 

last decade, there are still approximately 47 million people living below the poverty line (38). 

As can be seen in the map above, Bangladesh has an extensive network of rivers, and the 

delta area is prone to natural disasters such as floods, cyclones, but also droughts (39). In 

2012, the adult literacy level was no more than 58% (40). The majority of the population, 

approximately 90%, is Muslim, while 9% is Hindu (39). From 1990 to 2012, the under-5 

mortality rate declined from 144 to 41 per 1,000 live births, but still the annual number of 

deaths in children-under-5 is 127,000 (40). Infestations of roundworms, whipworms, and 

hookworms are very common in children (41).  

According to a report by the Food and Agriculture Organization, the diet diversity of rural 

diets in particular is low (42). The Bangladeshi diet mainly consists of rice, vegetables, and 

small amounts of fish when available, but the consumption of meat and milk products is rare 

(42). Near famine has been reported to occur almost every year in the rural areas right before 

the harvest period (43). Twice a year an agricultural “lean period” occurs; the longest one 

strikes in mid-September and lasts until mid-November, while the shorter occurs from mid-

March to mid-April (43). Malnutrition and micronutrient deficiencies among women and 

children are very common, for example, undernutrition, iron deficiency anemia, iodine 

deficiency disorder, and vitamin A deficiency (42). It has also been reported that the lack of a 

well-balanced diet is not only a problem of food availability, but also accessibility, as a large 

amount of the population is poor (43). In Bangladesh the prevalence of anemia among 

preschool children has been estimated to 47% (5). However, severe anemia is likely to occur 

in only 2-3% of the total population (44). In a review on anemia in Bangladesh, iron 

deficiency was put forth as a key cause of the condition (44). 

Rationale 

In Bangladesh, anemia has been estimated to affect almost half of all preschool children and 

micronutrient deficiencies are common. In previous studies within the same trial, the anemia 

prevalence has been high in other population groups, namely 28% in early pregnancy and 

46% in 6-month old infants (2,23). A large proportion of the Bangladesh population still live 

in poverty, and the educational attainment level is low, which are characteristics that have 

been found associated with an increased risk of the condition. Since anemia can result in 
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consequences such as fatigue, loss of productivity, and cognitive impairment (7,8), it could 

negatively affect future school performance of children who will soon start primary school.  

Aim and objective 

The aim of this study is to investigate the prevalence of anemia and underlying determinants 

in 4.5-year old children born by women participating in the Maternal and Infant Nutrition 

Interventions Matlab (MINIMat) trial in Matlab, Bangladesh. The objective is to determine 

the prevalence of anemia and its association with socio-demographic factors and 

micronutrient deficiencies (iron, folate, and vitamin B12). 

It is hypothesized that the prevalence of anemia is a bit lower in this setting compared to the 

regional average. This is based on the literature on differences between the The International 

Centre for Diarrheal Disease Research, Bangladesh (iccdr,b) and government service areas in 

the Matlab research area, which are presented under Study setting below. A concept map was 

created for the research process and can be found in figure 5 in the annex. 

Methodology 

Study design 

This secondary analysis is a cross-sectional follow-up study of the children born by the 

women participating in the MINIMat trial.  

The MINIMat trial (trial registration number: ISRCTN16581394, website: 

http://www.minimat.org/) was a prenatal food and micronutrient supplementation randomized 

trial conducted in Matlab, rural Bangladesh. Women were recruited early in pregnancy (< 14 

weeks gestation) during the period November 2001 to October 2003, and were randomly 

assigned to receive either an early invitation to food supplementation or the usual 

supplementation. In addition, the women were also randomly assigned to receive one of three 

different micronutrient supplementations (iron, folic, or multiple micronutrients). In total 

there were six intervention groups. For a more detailed description regarding the intervention, 

methodology, and randomization of the trial see Persson et al. (45).  

Study setting  

The MINIMat trial was conducted in Matlab, which is a rural sub-district located 

approximately 60 kilometers southeast of Bangladesh’s capital Dhaka (46). Matlab is located 

in the administrative division of the country called Chittagong (39). Since 1966, the icddr,b 
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has provided health services in the area and the organization also routinely collects 

information on the population through the Health and Demographic Surveillance System (46). 

This surveillance system covers approximately 220,000 people in more than 140 villages (46). 

The surveillance area of Matlab is divided into seven zones, where four are icddr,b service 

areas and three are government services areas (47). In 2007, during the time of data 

collection, the under-five mortality rate in the icddr,b service area was 41 per 1,000 live 

births, while the rate was 50 in the government service area (47). In the latest report from the 

icddr,b, with events from 2012, the under-five mortality rate in their service area was 28 per 

1,000 live births (46), but the government areas still had rates as high as 42, similar to the 

national estimates (46). 

The following paragraph presents information on the population of the Chittagong 

administrative division from the 2011 Bangladesh Demographic and Health Survey Report 

(39). Around 8% of all of the surveyed women had either completed primary education or 

secondary education. Twenty-seven percent of the women had never attended any type of 

formal schooling. Eighty-seven percent of the women had not had any employment during the 

years preceding the survey, which can be contrasted against the numbers given by the men, 

where only 1% had the same employment status during the same period. The majority of the 

women who had worked the same year did so in factories, while the men mainly were 

agricultural workers. Only 68% of the ever-married women claimed to be food secure and the 

prevalence of anemia in children aged 6-59 months was reported to be 52%, that is, slightly 

higher than the national average. 

Study population 

Children were eligible to participate in the follow-up study if they were 4.5-years old and 

anthropometric measurements were collected at birth, as well as if their mother was assigned 

for biomarker analysis. Figure 3 in the results section illustrates the participant flow of the 

study. Infants weighing < 1000 g and twins were excluded from the MINIMat trial and are 

therefore not present in these analyses.  

Data collection 

The data collection was carried out between April 2007 and August 2008. Community health 

research workers identified children close to being 4.5-years (54 months) old and invited them 

to participate in the biomarker analysis. At a clinic visit, trained paramedics collected 5 mL 

fasting venous blood in lithium-heparin treated trace-element-free tubes (Sarstedt Monevette 
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®, Uppsala, Sweden) for the biomarker analyses. Hb assessment was the only analysis 

performed at the clinic, which was done by using a HemoCue® photometer (Hemocue AB, 

Ängelholm, Sweden). All other blood tests were centrifuged, the plasma separated and placed 

in freezers at -70°C within 4 hours. The stored plasma was later shipped on dry ice from 

Matlab to Uppsala University Hospital, Sweden, for analysis. Ferritin was assessed using 

immunoassay on the Architect ci8200® analyzer (Abbot Diagnostics). CRP was, on the same 

instrument, measured by a high-sensitivity CRP assay. Concentrations of folate and vitamin 

B12 were assessed by immunoenzymatic assay, also on the same instrument. Data on SES, 

maternal literacy and maternal education were collected at the initial phase of the MINIMat 

trial, that is, between the years 2001 and 2003 when the women were pregnant. For 

questionnaire on socio-demographic factors, see annex II.  

Variables 

The primary outcome variable in this study was anemia and the children were defined as 

anemic if plasma Hb < 110 g/L (1). Micronutrient deficiencies included ID (plasma ferritin 

level < 12 µg/L) (1), vitamin B12 deficiency (plasma vitamin B12 < 150 pmol/L) (4), and 

folate deficiency (plasma folate < 6.8 nmol/L) (2). All of the abovementioned variables were 

dichotomized as deficient/not deficient from continuous numerical variables of the actual 

blood levels. Socio-demographic determinants were SES, maternal education, maternal 

literacy, and sex of the child. SES derived from household assets and the asset scores were 

constructed according to the principle component method (48), and then divided into 

quintiles, from poor to rich. Maternal education was present as a continuous numeric variable 

but was recoded into three categories based on the Bangladeshi school system as follows; 0 

years of formal education, 1-5 years of formal education (primary education), and ≥ 6 years 

of formal education (secondary education and higher) (49). Maternal literacy was originally 

divided as none, read only, and read and write, but was recoded as none or read only and 

read and write (literate) for the analyses. Sex of the child was boy or girl. An infection was 

considered to be present if CRP > 10 mg/L. If the CRP concentrations were too low to be 

detected in the biomarker analysis (detection limit of used technique was 0.20 mg/L), these 

samples were assigned a value of 0.10 mg/L for the statistical analyses, that is, half of the 

detection limit. This way of incorporating low values of CRP into the dataset has been done in 

other MINIMat studies examining anemia (2,23).  
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The relationship between season of blood testing and the prevalence of anemia has previously 

been investigated in the MINIMat trial, however only in early pregnancy (2). The specific 

dates to define the seasons when blood collection took place were categorized as previously 

done in the trial; hot and dry (15 April – 14 June, grisma); monsoon rain (15 June – 14 

August, barsa); hot and humid (15 August – 14 October, sharat); main harvest (15 October – 

14 December, hemanta); cool and dry season (15 December – 14 February, shhit); and mild 

temperature (15 February – 14 April, basanta).  

The complete recoding process of all variables can be found in table 4 in annex I.  

Sample size 

The sample size for the original trial was determined using birth weight as the primary 

outcome variable. The minimum important difference among the groups was determined to 

70 g. With 90% power and type I error of 0.05, and by assuming a SD of 400 g, the estimated 

sample size was 686 women in each group, resulting in 4,116 women in the six intervention 

groups. Taking into consideration 5% refusal, a loss during pregnancy of 11% and 9% due to 

out-migration 5,300 women were necessary in total.  

Statistical analysis 

The statistical analyses were performed using the R statistical software package, version 3.1.2 

(50), and more specifically the R Commander package, version 2.1-6 (51). Frequency 

distributions were conducted to get an overview of the dataset and the descriptive 

characteristics of the children and mothers. The same method was applied to determine the 

prevalence of anemia and deficiencies of iron, folate, and vitamin B12. To determine the 

mean age of the children, as well as their mean Hb concentration, including the standard 

deviation (SD), numerical summaries was used. Pearson’s chi-squared test was used to 

examine the associations between socio-demographic determinants, micronutrient 

deficiencies, season of blood testing, elevated CRP and the outcome anemia. In case of 

expected frequencies being < 5, Fisher’s exact test was used. To avoid an underestimation of 

ID, this prevalence was calculated on a sample where children having elevated CRP were 

excluded. Determinants that were found associated with the outcome in the bivariate analysis 

with p < 0.2 were later included in multiple logistic regression models in which the statistical 

significance was set to p < 0.05. Logistic regression was also used to evaluate if there were 

any differences in socio-demographic characteristics between participating children and those 

not giving consent to participate in the study. 
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Avoiding bias 

In order to obtain a representative sample, the children eligible to participate in the study 

came from a randomized subsample of women from the MINIMat trial, also invited to 

biomarker analyses. To make certain good internal validity and quality data, the community 

health research workers who collected data were all trained and standard operating procedures 

were followed. There were also sessions of refresher training during the data collection 

period. The HemoCue® photometers used for the Hb measurement were calibrated daily to 

ensure correct analysis.  

Ethical considerations 

Informed consent was obtained from all of the women in the MINIMat trial at two points; first 

a verbal informed consent was obtained from the women prior to carrying out a pregnancy 

test at their home. If the woman was found to be pregnant, a written informed consent was 

obtained regarding participation in the trial. The above was performed in accordance to the 

Helsinki declaration (52). Participation was voluntary and the women could at any point 

withdraw from the study without any future implications when seeking health care. Even if 

women withdrew from one sub-study of the trial they were welcome to take part in other sub-

studies. The information obtained from the participants was treated with confidentiality. The 

Ethical Review Committee at icddr,b granted the ethical approval of the initial phase of the 

trial, the same applies to the ethical approval on the 4.5-year follow-up study of the children. 

Regarding blood samples collected from the children, written informed consent was obtained 

from the caregivers. Nevertheless, considerations were taken regarding any reactions of 

discomfort from the children or if they seemed unwilling to give blood. Children who had 

signs of sickness, even if not related to the objectives of the study, were referred to a health 

center. For the reason that the biomarker analyses of the children were carried out in Sweden, 

an ethics application was submitted to the Regional Ethical Review Board in Uppsala, 

Sweden.  

Results 

Participant flow  

Of the 1,667 children who were eligible and invited to participate in the study, 1,354 children 

contributed with blood for biomarker analyses (figure 3). The main loss to follow-up (n = 

313, 19%) occurred before consent forms were signed and were due to reasons that could not 

be explored in this study, as data was not available. There were also losses for some 
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micronutrient deficiencies, ranging from < 1 to 2%. As seen in table 5 in the annex, there 

were statistically significant differences between the two groups; children who did not 

participate in this study were more likely to have been born by mothers who could both read 

and write, mothers with ≥ 6 years of formal education, and were of high SES. 

Figure 3. Flowchart of the participants in the MINIMat 4.5-year follow-up. 
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Characteristics 

The descriptive characteristics of the children and mothers are presented in table 1. About 

equal numbers of the participating children were boys and girls and the mean age of the 

children was 54.4 months. More than 60% of the mothers could both read and write, while 

about one-third were illiterate. Since SES is presented as quintiles, approximately 20% of the 

study population can be found in each SES category. Forty-two percent of the mothers had  

≥ 6 years of formal education, and all of the mothers who had any kind of formal education 

could read (data not shown). The mean Hb concentration was 124.7 g/L and anemia was 

found in 8% of the children. Micronutrient deficiencies ranged from 1-3%, with folate 

deficiency having the lowest prevalence. Few children, 4%, had elevated CRP. Anemia was 

most prevalent in girls, in children of poor SES, in children of uneducated mothers, and in the 

hot and dry season (table 2). The distribution of anemia among different socio-demographic 

groups is also illustrated in figure 4. 

Figure 4. Graph showing the distribution of anemia by child sex and socio-demographic 
group in 1,354 children aged 4.5 years in Matlab, Bangladesh. 
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Table 1. Characteristics of children and mothers participating in the MINIMat 4.5-year 
follow-up in Matlab, Bangladesh.  

aYears of formal education  
bIn children  
†Calculated on children without elevated CRP  

Determinants of anemia 

In the bivariate analysis (table 2), none of the micronutrient deficiencies were associated with 

anemia, nor were CRP and SES (p < 0.2). Factors found associated with anemia were sex of 

the child, maternal education, maternal literacy, and season of blood collection. All associated 

variables were included in the multiple logistic regression, except maternal literacy, which 

was excluded due to multicollinearity with maternal education. Season of blood collection 

was also found associated with deficiency of iron (p = 0.04), and SES was associated with 

maternal education (p < 0.001).  

As can be seen in table 2, the hot and dry season (15 April – 14 June), as well as the monsoon 

rains season (15 June – 14 August), had a larger sample size. This was due to an unintended 

delay in the data collection, which originally was planned to start in February 2007 (mild 

Characteristics N n (%) Mean ± SD Missing values 
n (%) 

Sex of the child 1,354    
   Boy  711 (53)   
   Girl  643 (47)   
Age of the child (months) 1,354  54.4 ± 1.7  
SES 1,354    
   Poor  298 (22)   
   Below middle  307 (23)   
   Middle  267 (20)   
   Above middle  239 (17)   
   Rich  243 (18)   
Maternal educationa 1,354    
   0  501 (37)   
   1-5  289 (21)   
   ≥ 6  564 (42)   
Maternal literacy  1,354    
   None or read only  518 (38)   
   Read and write  836 (62)   
Hb concentration (g/L) 1,354  124.7 ± 12.1   
Anemiab 1,354 106 (8)   
Iron deficiency†b 1,280 35 (3)  2 (< 1) 
Folate deficiencyb 1,332 11 (1)  22 (2) 
Vitamin B12 deficiencyb 1,329 46 (3)  25 (2) 
Elevated CRPc 1,335 55 (4)  19 (1) 
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temperature season). Because of this delay, there was a catch-up period were the children who 

originally were invited to come in February still had the opportunity to give blood, leading to 

more children in these groups. The delay also resulted in the mild temperature season (15 

February – 14 April) group becoming very small, with only eight children included. Taking 

this into consideration, the bivariate analysis was performed on three collapsed categories 

instead of the original six. The new categories were organized to limit the effect of the delay 

and catch-up period; the mild temperature season and the hot and dry season were therefore 

collapsed into “season 1”, and the following four seasons into “season 2” and “season 3”. In 

table 2, the seasons are still presented according to the original six categories, as this was the 

primary intention of the analysis, as well as to get a proper overview of the data.  

In the crude logistic regression (table 3), maternal education, and season of blood testing 

were found to be associated with anemia. Children of mothers having ≥ 6 years of formal 

education were found to have a reduced the risk of anemia when compared to children of 

mothers with no formal education (crude odds ratio (cOR) = 0.47; 95% confidence interval 

(CI): 0.29-0.74). There was no statistically significant difference in anemia between children 

of mothers with 1-5 years of formal education and the same reference group. In addition, 

children who had given blood for testing in season 2 (mid-June – mid-October) or season 3 

(mid-October – mid-February) had a reduced risk of anemia when compared to those giving 

blood in season 1 (mid-February – mid-June) (cOR = 0.46; 95% CI: 0.29-0.73; cOR = 0.43; 

95%: CI 0.24-0.74, respectively). When sex of the child and maternal education were put 

together in a model (table 3, Model I), maternal education remained statistically significant 

with a minor change in the adjusted odds ratio (aOR). Similarly, when season of blood testing 

was included in the model (table 3, Model II), both the associations with education and 

season of blood testing remained. The protective effect of ≥ 6 years of maternal education 

only decreased slightly when season of blood testing was added to the model (aOR = 0.52; 

95% CI: 0.31-0.84), while there were no changes in the latter variable. Sex of the child was 

not associated with anemia in any of the models. 
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Table 2. Bivariate analysis of potential determinants of anemia in 1,354 children in Matlab, 
Bangladesh. 

     Variable 
Anemic children  

= 106 
n (%) 

Non-anemic children  
= 1,248 
n (%) 

p-value 

Iron deficiency†c 4 (4) 31 (4) 0.351a 

Folate deficiencyd 1 (1) 10 (1) 0.593a 

Vitamin B12 deficiencye 4 (4) 42 (3) 0.780a 

Elevated CRPf 4 (4) 51 (4) 1.000a 

Sex of the child   0.177b* 
   Boy 49 (46) 662 (53)  
   Girl 57 (54) 586 (47)  
SES   0.226b 

   Poor 27 (25) 271 (22)  
   Below middle 22 (21) 285 (23)  
   Middle 25 (24) 242 (19)  
   Above middle 21 (20) 218 (17)  
   Rich  11 (10) 232 (19)  
Maternal educationg   0.005b* 
   0 52 (49) 449 (36)  
   1-5 25 (24) 264 (21)  
   ≥ 6 29 (27) 535 (43)  
Maternal literacy   0.030b* 
   None or read only 51 (48) 467 (37)  
   Read and write 55 (52) 781 (63)  
Seasonhi   <0.001b* 
   Hot and dry (15 April-14 June) 45 (46) 336 (28)  
   Monsoon rains (15 June-14 Aug) 24 (25) 324 (27)  
   Hot and humid (15 Aug-14 Oct) 9 (9) 213 (17)  
   Main harvest (15 Oct-14 Dec) 12 (12) 194 (16)  
   Cool and dry (15 Dec-14 Feb) 7 (7) 136 (11)    
   Mild temperature (15 Feb-14 April) 1 (1) 7 (1)     
aFisher’s exact test, p < 0.2 

bPearson’s Chi-squared test, p < 0.2 
cn = 1,333 dn = 1,332 en = 1,329 fn = 1,335  
gYears of formal education 
hn = 1,308 
ip-value calculated on three collapsed categories (mild temperature + hot and dry; monsoon rains + 
hot and humid; main harvest + cool and dry) 
†n = 1,280 due to exclusion of children with elevated CRP 
*Statistically significant result 
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Table 3. Multiple logistic regression models with anemia as outcome showing both crude and 
adjusted odds ratio in 1,354 children in Matlab, Bangladesh. 

Potential determinants cORa  
(95% CI) 

Model Ib 
aOR (95% CI) 

Model IIc 
aOR (95% CI) 

Sex of the child    
   Boy 1 1 1 
   Girl 1.31 (0.88-1.96) 1.33 (0.89-1.99) 1.18 (0.78-1.79) 
Maternal educationd    
   0 1 1 1 
   1-5 0.82 (0.49-1.34) 0.81 (0.48-1.32) 0.91 (0.53-1.51) 
   ≥ 6 0.47 (0.29-0.74)* 0.46 (0.29-0.74)* 0.52 (0.31-0.84)* 
Seasonefg    
   Season 1 1  1 
   Season 2 0.46 (0.29-0.73)*  0.46 (0.29-0.73)* 
   Season 3 0.43 (0.24-0.74)*  0.43 (0.24-0.74)* 
ap < 0.2 in bivariate analysis  
bModel including sex of the child and maternal education 
cModel including sex of the child, maternal education, and season 
dYears of formal education 
eSeason 1 = mild temperature + hot and dry; Season 2 = monsoon rains + hot and humid; Season 3 = 
main harvest + cool and dry 
fn = 1,308 
gThe six original categories were collapsed into three for the logistic regression, due to small groups 
* Statistically significant result 

Discussion 

Overall findings 

This study investigated the prevalence of anemia and its association with socio-demographic 

factors and micronutrient deficiencies in 4.5-year old children born by women participating in 

the MINIMat trial. The prevalence of anemia in this population, 8%, was much lower than 

expected and season of blood testing, as well as maternal education, were found 

independently associated with the outcome in the final model. Children giving blood in 

season 2 (mid-June – mid-October) and season 3 (mid-October – mid-February) were > 50% 

less likely to have anemia when compared to children giving blood in season 1 (mid-February 

– mid-June). The risk of anemia was also reduced by 48% in children of mother with ≥ 6 

years of formal education. Micronutrient deficiencies (iron, folate, and vitamin B12), CRP, 

SES, and sex of the child did not show any statistically significant associations with anemia in 

this study population. 

Strengths, limitations and external validity 

A very important strength of this study is that it adds knowledge to the field of childhood 

anemia, which in regards to this specific age category has been found scarce. It also brings up 
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the aspect of season of blood testing in relation to childhood anemia, which at the time of 

writing has not been found elsewhere. This indicates that even though anemia is a well-known 

condition and a fair amount of research has been done previously, there are still dimensions 

that have not been touched upon to a greater extent. Hence, it is a field of research that is still 

relevant. The ability to adjust for which season the blood testing occurred was possible in the 

analysis since the data was collected for more than one year, which also is a strength. 

Adding to strengths is the relatively large sample size that the study was conducted on and 

that it has been performed in a setting with an existing and well-functioning surveillance 

system. Also, the children who were eligible to participate in the study came from a 

subsample of randomly selected women, which adds credibility to the validity of the results. 

Further, three types of micronutrients were assessed in relation to anemia. The blood levels of 

these were determined by analyzing blood samples obtained from the children and thus were 

not estimated based on, for example, food intake. This eliminates the potential recall bias that 

estimates of micronutrient levels through measures of food intake can give, when caregivers 

are asked to recall food previously eaten. This way of measuring food intake also only gives 

estimates of potential micronutrient deficiencies. The study also has a focus on a specific age 

group, children being 4.5-years, while many other studies have looked at anemia in children 

under the age of five, often including the age range 6-59 months. Some of these studies had 

categorized the children into more specific age groups, but for those that did not; drawing 

conclusion on anemia based on data including a range of ages can lead to bias, as there might 

be differences depending on when the condition occurs. Anemia has been found to be 

particularly high in infancy, with a decline with increasing age (32). The same pattern has 

also been seen in relation to Hb, that is, lower biomarker levels in infancy (25,53). Thus, 

looking at wide range of age limits the ability to see potential differences during childhood. 

Lastly, when measuring ID in this population, a biomarker for infection was used to avoid an 

underestimation of the prevalence. All children who at the time had an infection were 

excluded from when performing the calculations on ID. 

Even though this study was carried out on a fairly large sample size, the most important 

limitation of this study, which is crucial to consider when interpreting the results, is its power. 

As the prevalence of both anemia and micronutrient deficiencies was found surprisingly low, 

as well as the fact that the original sample size of the trial was calculated for another outcome, 

it could be so that a larger sample size would have been needed to bring enough power into 

the study to be able to detect an association between anemia and micronutrient deficiencies. 
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In this study there were very few children who had both anemia and a micronutrient 

deficiency (table 1). This is one drawback of conducting a secondary analysis on material 

initially aimed for other outcomes. 

Another limitation is the cross-sectional design of the study, which restricts the discussion 

regarding causality, as data on predictors and outcome has been collected simultaneously. 

This particular design can only state an association but cannot define in what direction the 

outcome and determinant is related. To be able to investigate this relationship more closely, a 

longitudinal study would have been needed, were data collection occurs at different time 

points for predictors and outcome.  

This study did have losses to follow-up. The majority of these, 19%, did occur before consent 

forms were signed, hence indicating that there were not any extensive problems during data 

collection. However, the children who did not participate in the study were more likely to 

come from better conditions than the children participating in the study. This could of course 

affect the results of the study, but the prevalence is more likely to have been changed if it 

instead had been children of poor, uneducated or illiterate mothers who had chosen not to 

participate. Nevertheless, since representativeness of the study population can have been 

compromised, results should be interpreted cautiously. There were also dropouts from the 

micronutrient analyses, but as they were only minor, < 1-2%, they are not considered to affect 

the results in any major way. Similarly, the reason behind these losses could not be examined 

either. So whether they are due to mistakes in the handling of the blood samples or if the child 

has refused has to be left unsaid.  

Due to high cost of the analysis, vitamin A was not measured in this study, which of course 

can be seen as a limitation. The prevalence of vitamin A deficiency was estimated to 23% in 

infants (aged 6 months) born by the MINIMat mothers (23). Nevertheless, even though the 

prevalence was high, vitamin A deficiency was not associated with anemia in the same study. 

In spite of this, it would have been interesting to have this measurement in order to further 

investigate associations between anemia and micronutrient deficiencies, since deficiencies of 

iron, folate, and vitamin B12 were not found associated with the condition. The limitation of 

not having all desired variables also applies to the lack of information on malaria and 

helminthes infestations. However, as mentioned before, the malaria endemic regions are close 

to the borders of Bangladesh, while Matlab is located more in the center of the country. This 

makes it unlikely that there would be any high prevalence of malaria in the area. On the 
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contrary, when it comes to helminthes infestations, roundworms and whipworms in particular 

have been found common in mothers participating in the MINIMat trial (2), and since 

children of this age do play outside it is likely that also they have been infected to a certain 

extent. Therefore, a variable on parasite infestations would have been an advantage. But in 

relation to infection, it could also be argued that very few children had elevated CRP. On the 

other hand, maybe the CRP cutoff was too high for some subclinical infections to be noticed. 

In addition, there are other biomarkers that can be used to detect more chronic infection, for 

example, α1-acid glycoprotein (AGP), as CRP is mostly elevated in the initial phase of an 

infection (18). A previous study from rural Bangladesh found infants with infections to be up 

to 50% more likely to have anemia (24). This study used both CRP and AGP to detect 

infections and had a lower cutoff for CRP (> 5 mg/L). Thus, it is acknowledged that a 

different kind of methodology could have been adopted to catch more infections. The 

abovementioned study did, however, also use a lower cutoff for anemia (< 105 g/L).  

From a statistical point of view, it can be discussed if associations would have been found if 

all variables had not been categorized, but instead been analyzed as continuous. This could, 

for example, apply to the micronutrient deficiencies, since the cutoffs used created very small 

groups. Categorizing originally continuous variables means that information and statistical 

power can be lost. Even though an association was not found between anemia and a 

micronutrient deficiency with this precise cutoff does not necessarily mean that there is not an 

association between micronutrient levels and anemia, had another method of analysis been 

used. Statistical limitations can also be discussed in regards to the p-value chosen for 

statistical significance in the bivariate analysis (p < 0.2). Using this type of cutoff for 

inclusion in the multiple logistic regression models is more common for epidemiological 

research than for clear-cut statistical studies. The same limitations applies here, that is, that 

information can be lost by placing a cutoff for inclusion rather than including variables in the 

logistic regression based on, for example, literature reviews. 

When it comes to the external validity of the study, it should be acknowledged that the low 

prevalence of anemia in this particular population could be a sign of research contributing to a 

positive development in this setting. As has been mentioned, the prevalence of anemia is 

much lower in this population compared to both the regional and national average and this 

could be as a result of the long presence of icddr,b and the research they perform, as well as 

the health care they provide. This can also be compared to the different rates of under-five 
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mortality between the icddr,b and government service areas in Matlab presented before. The 

abovementioned can certainly be linked to the external validity of the study. Researcher’s 

responsibility to act on negative findings such as, for example, disease, means that this 

particular population can be better off than other rural areas in Bangladesh that are not 

established research setting, thus limiting generalizability. This generalizability also concerns 

other similar low-income settings globally. Nevertheless, the results could perhaps apply to 

other similar research areas in low-income settings. The low prevalence of anemia in the 4.5-

year olds in this study could have been as a result of their mothers having been assessed for 

anemia, as well as themselves in infancy (even though not exactly the same children). This 

means that supplementation is likely to have been handed out at multiple times, which could 

have led to increased levels of Hb and micronutrients. To further investigate this, it would 

have been advantageous to have a variable on previous supplementation and when it occurred. 

Interpretation of findings 

Socio-demographic factors 

Maternal education was an independent determinant of anemia in the final model. Children of 

mothers with ≥ 6 years of education had a reduced risk of anemia when compared to children 

whose mothers had not attended any type of formal education. Maternal education has also 

been shown to be a predictor of childhood anemia in two African studies from low-income 

settings (32,34). The differences to the current study were that in the Ethiopian study (32) the 

analysis was carried out to show the risk of having a mother without education, and in the 

Tanzanian study (34), no real explanation of how the two variables were associated was put 

forward. Habte et al. (32), found that children of women who did not have any type of 

education had a 38% increased risk of anemia.  

It is logical that the true cause of anemia is a deficiency in some micronutrient, which through 

a biological pathway causes the condition. That is, to have a mother who has not attended any 

formal education cannot in itself cause anemia, but a lack of understanding the importance of 

certain micronutrients can lead to mothers not giving their children the variety of foods that 

they need. In the current study, all mothers having some kind of education had the ability to at 

least read. This means that if information regarding nutrition is available it is more easily 

attained, leading to an increased knowledge about the importance of a well-balanced diet. 

Making information on anemia more easily accessible for illiterate mother might be a way 

forward to address some of the issues related to low maternal education. But since all women 
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who had any kind of education could read, and 1-5 years of maternal education was not 

associated to anemia, there must be something else that separates the two groups of educated 

women. One difference between the groups could be an increased utilization of information 

with higher levels of educational attainment. That is, women having ≥ 6 years of education 

can have an advantage over women with less education in processing and making use of 

knowledge. Since the development of the Millennium Development Goals, more focus, 

especially on girls, has been put on education in order to achieve the goal of universal primary 

education in Bangladesh (39). If all girls have the opportunity to attend primary education, 

maybe there is a chance of a higher proportion of girls reaching secondary education as well. 

Regardless of educational level, diet is also matter of personal preference. Even if all women 

would be well educated it is likely that anemia would still exist in the setting. It might, for 

example, not be everyone’s wish to eat meat, even though it could be beneficial.  

SES was not found associated with anemia in this population, which has also been found in 

other rural areas in Bangladesh (24). One reason why SES was not significant could be 

because anemia is a condition that has been shown to be present across socio-economic class, 

especially in South East Asia. The results by Dey et al. (31) are in line with those found in 

this study regarding SES. Nevertheless, instead of SES they looked at standard of living, 

which may not be the same type of measurement. In addition, this variable was not well 

explained in the methods section. The study that did find different measures of SES to be 

significantly associated to anemia had not used the same method to estimate the predictor. 

Habte et al. (32) did, similar to the present study, use wealth quintiles but did not explain in 

what way wealth had been measured in the population, which limits the credibility of the 

results. In the population of the current study, SES was found highly associated with maternal 

education. In this sense, it could also be so that the mothers who have more education also has 

better financial capacity to get hold of food of greater variety, even though SES in this 

population was not associated with anemia.  

Sex of the child was not significantly associated with anemia in this population. This result 

supports the finding by Habte et al. (32), but it contrasts results by two other studies (24,33). 

Then again, in the study performed by Egbi et al. (33), the children were aged 6-12 years, and 

Rawat et al. (24) carried out the study on infants aged 6-11 months.  
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Micronutrient deficiencies 

The prevalence of micronutrient deficiencies was very low in this population of children, 

which is surprising with regards to the average Bangladeshi diet that is mainly vegetarian. 

The prevalence also differed very little between anemic and non-anemic children, and as 

previously mentioned there were no significant associations with anemia. In contrast to the 

results of this study, three previous studies have found childhood anemia to be associated to 

ID (22–24), though it must be acknowledge that these studies were performed on children at 

least 1.5 years younger than those in the present study and the prevalence of anemia was  

≥ 46%, which can be contrasted to the very low prevalence found in this study. The same 

applies to prevalence of ID, which was 3% in this study and between 10 and 35% in the other 

three. As has been discussed, it could be so that the present study could not reach the 

statistical power to find associations due to the low prevalence of both anemia and 

micronutrient deficiencies. Relating back to the limitation of categorizing all variables, 

Kumar et al. (25), found levels of iron, folate, and vitamin B12 to be associated with Hb 

concentration. It is first worth mentioning that while the title of the abovementioned study 

indicates investigation on predictors of anemia, the statistical analyses were multiple linear 

regression models with a continuous variable of Hb concentration as outcome. This means 

that it is not anemia per se this study investigates, but rather the linear relationship between 

Hb concentration and micronutrient levels. Moving on, the two studies also differ in other 

methodological aspects, as well as in prevalence of anemia and micronutrient deficiencies. 

The Indian study had higher prevalence of anemia (70%) and the deficiencies (iron, folate, 

and vitamin B12 deficiency was 31, 30, and 32%, respectively) in their population. They also 

used different cutoffs for folate deficiency (< 7.5 nmol/L), and vitamin B12 deficiency (< 200 

pmol/L), as well as another biomarker for iron deficiency (transferrin receptor). Both their 

folate and vitamin B12 cutoff was higher, meaning that individuals with higher levels of the 

two micronutrients were included as deficient, which could have elevated the prevalence. 

These differences mean that the two studies are not comparable, but it is still presented as an 

alternative way to look at relationships using the same variables.  

Even though micronutrient deficiencies were found not associated with anemia in the current 

Bangladeshi population, ID was found associated with season. This could mean that the 

season variable picked up variations in this micronutrient deficiency that the cutoff used could 

not capture. The cutoffs for micronutrient deficiencies used in this study are those commonly 

used and maybe they could have been more locally adapted.  
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Season of blood testing 

Season of blood testing was also an independent determinant of anemia in the final multiple 

logistic regression model. As has been presented, there are agricultural lean periods in 

Bangladesh when the food availability can be lower. The longer lean period is present in parts 

of both season 2 (mid-June – mid-October) and season 3 (mid-October – mid-February) in 

this study, but these seasons have been found to be protective of anemia. It is, however, likely 

that there could be a delay in Hb levels reaching the cutoff for anemia, depending on the Hb 

status of the child before the lean periods occur. Since the agricultural lean periods could 

occur both between September-November, and March-April, it is possible that the effect on 

Hb levels in the blood is (1) seen in the beginning of the following year, that is, part of season 

1 (mid-February – mid-June), and (2) prolonged to cover the whole of season 1. It would have 

been interesting to have a variable reflecting food security in the population throughout the 

data collection period. This would have helped to further investigate the relationship between 

anemia and season. In the initial phase of the analysis a decision was made not to include 

anthropometric measurements of the children, as the objective was to look at more direct 

causes of anemia, that is, micronutrient deficiencies. However, it is now acknowledge that it 

would have been beneficial to include, for example, underweight and wasting, to use as a 

proxy for food security. There was also a possibility to look at stunting, but as this is a state 

that takes longer time to develop it is not seen as equally relevant. Anthropometric 

measurements do, however, not explicitly indicate accessibility of foods. They are also 

negatively affected by disease such as diarrhea, meaning that they cannot be put as 

completely equal to food security. It is also possible that the seasonal variation of anemia is 

affected by fluctuations in prevalence of infectious diseases. Unfortunately, this could not be 

examined, as data on this was not available. Nevertheless, this finding brings to light the 

importance of considering seasonal fluctuation in prevalence of anemia when for example 

considering interventions to combat the condition.  

As has been mentioned, at this point no studies have been found on season of blood testing 

and anemia in children. Nevertheless, in a study previously conducted on mothers in early 

pregnancy participating in the MINIMat trial, Lindström et al. (2) found the hot and dry 

season (mid-April – mid-June), and the monsoon rains season (mid-June – mid-August) to be 

protective against anemia. As has been mentioned, the six seasons used in the current study 

are the same as the ones in the abovementioned study, in order to promote comparability. 

Unfortunately, as has been shown, the seasons in the present study had to be collapsed into 
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three to enable proper analysis. Season 2 (monsoon rains, and the hot and humid seasons) was 

protective in the present study, however in comparison to season 1 (hot and dry, and mild 

temperature seasons), meaning that the two seasons found protective in infants by Lindström 

et al. (2), belonged to different seasonal categories in the current study. Therefore, the 

comparability cannot be performed as originally thought. But what can be said is that the 

monsoon rains season is protective in both studies. To compare the results with a study from a 

similar setting, a study from Nepal (54) was found, which also looked at seasonal patterns of 

anemia in pregnant women. The results were found contradictory between the two studies. In 

the Nepali study, women who were tested in May, or between August and November had an 

elevated risk of moderate anemia when compared to women tested in January. In addition, 

those tested in August to October had increased risk of severe anemia, using the same 

reference group. It should, however, be noted that the sample size for the severe anemia 

groups were small, the majority had < 5 women. Comparability between these studies is 

nonetheless complicated; the Nepali study used hematocrit status to estimate anemia, not Hb 

concentration, and they tested associations between anemia and month, not specific seasons.  

It is possible that bias can have arisen in the season variable due to the unintended delay in the 

data collection, which led to uneven numbers of participating children in the six seasons. 

Nevertheless, the decision to collapse the categories is likely to have minimized the effect this 

could have had on the results, even though proper comparability to the previous MINIMat 

study was lost.  

Prospects for Matlab and Bangladesh 

Relating back to the conceptual framework by Balarajan et al. (7) found in the introduction, 

two of the proposed determinants have been found associated to anemia in this population. 

But again, all proposed determinants were not available for analyses. Both of these 

determinants, season of blood testing and maternal education, can be found more up-stream in 

the framework and are determinants that could be seen as “out of control” for the general 

population. Weather conditions are something that the government of Bangladesh as well 

cannot control over, but considering seasonal variations when planning potential campaigns to 

raise the nutritional status of the population could be beneficial. As more focus has already 

been put on achieving primary education, one can hope that the prevalence of anemia will 

decrease even more with the next generation. But even for this generation of mothers in 

Matlab, where more than one-third were uneducated and 38% illiterate, measures can be 

taken to increase awareness of anemia.  
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Even though 4.5-year old children in Matlab were found to do fairly well with regards to 

micronutrient and Hb status, the fact persist that anemia is a problem in other areas of 

Bangladesh. Hopefully, as Bangladesh is aiming to become a middle-income country the 

prevalence of anemia will decrease. If the economic burden of the country is alleviated more 

funds could be set aside to work toward increasing the number of initiatives in the population.  

There is, however, one large threat that can danger and even reverse this positive economic 

development, the climate change. Bangladesh is reported to be one of the world’s most 

vulnerable countries to this event. This is due to its geographical position, with approximately 

two-thirds of the country situated only five meters above sea level, and its location on the 

world’s largest delta (55). If the sea level raises it can have devastating consequences, where 

an increased population density further can exaggerate poverty. Changed weather patterns are 

also likely to negatively affect agriculture leading to increased food insecurity. The 

availability of safe drinking water will also decrease and the incidence infectious diseases is 

likely to go up (55). 

Conclusion 

The prevalence of anemia in 4.5-year old children in Matlab, Bangladesh was lower than 

expected; however it was still a public health problem, even of mild nature. This means that 

there are still too many children living with the condition. The prevalence has been found 

much higher in other low- and middle-income settings, as well as in other areas of 

Bangladesh. It is likely that the low prevalence in this population is due to supplementation 

given to the mothers of the children during pregnancy, as well as to infants being part of the 

6-month follow-up. Anemia in this population was not associated with deficiency of iron, 

folate or vitamin B12, and the sole socio-demographic determinant found associated was 

maternal education. However, as has been discussed, one must look at the results of the 

micronutrient analyses with a critical eye, as it is likely that the statistical power was too low 

to be able to perform proper analyses. Season of blood testing was also an independent 

predictor of the outcome in the final model, and one reason could be higher food security in 

some seasons, which contribute to higher levels of certain micronutrients. Future research 

could more closely investigate seasonal food security, prevalence of helminthes infections and 

vitamin A deficiency in this population.  
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Annex I 

Additional figures and tables 

Figure 5. Concept map created for the research process, illustrating associations between the 
outcome anemia and potential determinants in the MINIMat 4.5-year follow-up. 
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Table 4. Recoding process of variables in the MINIMat 4.5-year follow-up, Bangladesh 

Variable name Original values            Recoded Factor 
ordered as 

Hemoglobin 58 - 161 g/L ≥ 110 g/L = Not anemia 
< 110 g/L = Anemia 

1 
2 

Ferritin  3.2 - 405 µg/L ≥ 12 µg/L = Not deficient 
< 12 µg/L = Iron deficiency 

1 
2 

Folate  5.7 - 42 nmol/L ≥ 6.8 nmol/L = Not deficient 
< 6.8 nmol/L = Folate deficiency 

1 
2 

Vitamin B12  6.1 - 1194 pmol/L ≥ 150 pmol/L = Not deficient 
< 150 pmol/L = VitB12 deficiency 

1 
2 

CRP 0.1 - 89 mg/L < 10 mg/L = CRP not elevated 
≥ 10 mg/L = Elevated CRP 

1 
2 

Sex of the childa Boy Boy 1 
 Girl Girl 2 
SESa -5.93 - 4.01 Poorest 

Below middle 
Middle 
Above middle 
Rich 

1 
2 
3 
4 
5 

Maternal education 0 – 16 years 0 years of formal education 
1-5 years of formal education 
≥ 6 years of formal education 

1 
2 
3 

Maternal literacy None 
Read only 
Read and write 

None or read only 
Read and write 

1 
2 
- 

Seasona Dates from April 
2007 to August 
2008 

Cool and dry (15 Dec – 14 Feb) 
Mild temperature (15 Feb – 14 April) 
Hot and dry (15 April – 14 June) 
Monsoon rains (15 June – 14 Aug) 
Hot and humid (15 Aug – 14 Oct) 
Main harvest (15 Oct – 14 Dec) 

1 
2 
3 
4 
5 
6 

Consent given to 
participate 

Hb-values and 
NA 

Hb-value = Participant 
NA = Non-participant 

1 
2 

aVariables coded/recoded by the MINIMat research team and present as such in dataset  
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Table 5. Univariate logistic regression comparing socio-demographic characteristics between 
invited and eligible but non-participating children (outcome) with the children participating in 
the MINIMat in Matlab, Bangladesh, N = 1,667. 

Characteristics cOR (95% CI) 

Maternal literacy  
   None 1 
   Read only 1.53 (0.64-3.30) 
   Read and write 1.52 (1.15-2.00)* 
Maternal educationa  
   0  1 
   1-5 1.31 (0.92-1.85) 
   ≥ 6 1.57 (1.18-2.09)* 
SES  
   Poor 1 
   Below middle 0.96 (0.65-1.40) 
   Middle 0.81 (0.54-1.23) 
   Above middle 1.25 (0.85-1.84) 
   Rich 1.54 (1.06-2.24)* 
aYears of formal education 
*Statistically significant result 
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Annex II 

Questionnaires on maternal socio-demographic characteristics 

The questionnaire can be found on the following pages. Please note that due to formatting 

issues the text in Bengali cannot be read.



Form ENR Study ID |  | |  |  |  |  | 

Version:  2.1 Nov 30, 2003 1 

 

 

International Centre  for Diarrhoeal Disease Research,  Bangladesh 
Combined  Interventions to Promote  Maternal and Infant  Health – MINIMAT 

 

Enrollment Form  Randomization Code |  |  |-|  | 
 

Wk of Preg: 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 
 

e−K (Block):   A  B  C D…..|   |  evwoi bvg/†KvW (Bari Name/Code):      |  |  |  | 

gwnjvi  bvg (Name of Woman):          CID: |  |  |  |  |  |  |  |  |  | 

RID: |  |  |   |   |   |  |  |   |   |  | 
 

gwnjvi ¯^vgxi bvg:   RID: |  |  |  |  |  |  |  |  |  |  | 
(Name of Husband) 

 

Lvbv cÖav‡bi bvg (Name of HH Head):    
 

Mf©ve¯’v cix¶v  hv‡`i  Rb¨ cÖ‡hvR¨: 
a.   13-49  eQi  eq‡mi ‡h gwnjvi wbqwgZ gvwmK nq   wZwb hw`   CHRW-‡`i gvwmK evox  wfwm‡Ui  mgq   MZ  gv‡m gvwmK bv nIqvi K_v 

e‡jb| 
b.   ‡Kvb gwnjv  hw` Mf©eZx nIqvi B”Qvq  Mf©wb‡ivaK  Bb&†RK&kb †bIqv eÜ K‡i †`b Zvn‡j eÜ Kivi 6 gvm c‡iI ammenorrhoea _v‡K| 
c. Lactational ammenorrhoea Av‡Q Ggb  †Kvb gwnjv  hw` m‡›`n  K‡ib wZwb Mf©eZx   | 
d.   GK gv‡mi †ekx mgq a‡i  ammenorrhoea Av‡Q Ggb  †h †Kvb in-migrant gwnjv | 

 

Note:  Dc‡ii PviwU Kvi‡Y   †Kvb  gwnjvi Mf©ve¯’v cix¶v  K‡i  hw` †`Lv hvq wZwb Mf©eZx   bb Zvn‡j cieZ©x  gvwmK evox  wfwm‡Ui  mgq Avevi  Zvui 
Mf©ve¯’v cix¶v Ki‡Z n‡e| hw` Gev‡ii cix¶vq †`Lv  hvq †h wZwb Mf©eZx   bb Zvn‡j H gwnjv‡K Wv³vix cix¶vi Rb¨ †idvi Ki‡Z n‡e| 

 
Eligibility: 

a. A regularly menstruating woman of age 13-49 reporting missed menstrual date at the monthly home visit by 
the CHRW is eligible for pregnancy testing at that visit. 

b. A woman who discontinued using injectable contraceptive with the intention of becoming pregnant is eligible 
for pregnancy testing 6 months after discontinuation and is still ammenorrhic. 

c. A woman with lactational ammenorrhoea is eligible for pregnancy testing if she suspects pregnancy and is still 
ammenorrhic. 

d. An in-migrant woman with more than one month ammenorrhoea is eligible for pregnancy testing. 
 

Note:  A woman undergoing a pregnancy test for any of the 4 reasons listed above, with a negative test will be 
retested at the next monthly home visit.  If the test is still negative, the woman will be referred for clinical 
assessment. 

 
B›UviwfD‡qi ZvwiL m¤c �Y© n‡q‡Q ivRx bb  evmv †Q‡o  gwnjv  evmvq Am¤c �Y©   Mf© †kl n‡q‡Q 

P‡j †M‡Qb wQ‡jb bv Pregnancy 
Date of Interview  Completed  Refused  Out-migrated  Woman not home Incomplete  Terminated 

 

Section A: (1g wfwmU):  /  /200 ..... 1 ............... 2 ................ ...................... ............... 5................. 6 

(2q wfwmU):  /  /200 ..... 1 ............... 2 ................ ...................... ............... 5................. 6 

Section B:(1g wfwmU):  /  /200 ...... 1 ............... 2 ...............3 ....................4 .............. 5................. 6 

(2q wfwmU):  /  /200 ..... 1 ............... 2 ...............3 ....................4 .............. 5................. 6 

(3q wfwmU):  /  /200 ..... 1 ............... 2 ...............3 ....................4 .............. 5................. 6 

Section C:(1g wfwmU):  /  /200 ...... 1 ................ ................. ...................... ............... 5................. 6 

(2q wfwmU):  /  /200 ..... 1 ................ ................. ...................... ............... 5................. 6 

Edited by:     Date:   /  /   
 

Data entered by:    Date:   /  /   



Form ENR Study ID |  | |  |  |  |  | 

Version:  2.1 Nov 30, 2003 2 

 

 

Section A:  CHRW c �iY Ki‡eb  (To be completed by the CHRW): 
 

CHRW-i bvg/   †KvW (CHRW Name/Code)  |  |  | 
 
EN01.   Avcbvi †kl gvwmK K‡e  ïi“ n‡qwQj? 

When did your last menses start? 
 

Rvbv bvB (Date not known) ) ....................................................................1 
‡kl M‡f©i ci ev Mf©wb‡ivaK Bb‡RK&kb  †bqv eÜ  Kivi ci GLbI 
gvwmK ïi“ nqwb (Menses did not restart after her last delivery/ 

after discontinuing injectablecontraceptive) .........................................2 
ZvwiL Rvbv Av‡Q (Date known)..................... 3   /  /   

 
EN02.   Õ‡cÖM‡bwÝ †U÷Õ Gi Rb¨ gwnjvi m¤§wZ wb‡q Zvi cÖmªve  cix¶v Ki“b| 

Request woman's consent for a urine specimen and conduct a pregnancy test. 
 

Õ‡cÖM‡bwÝ †U÷Õ Abyhvqx gwnjv  Mf©eZx bb (Pregnancy Test is Negative) .............1   [STOP] 
Õ‡cÖM‡bwÝ †U÷Õ Abyhvqx gwnjv MfveZx (Pregnancy Test is Positive) .................2 

 
EN03.   gwnjv‡K ejyb †h wZwb Mf©eZx|  m¤§wZ cÎ c‡o ïbvb Ges M‡elYvq  AskMÖn‡Yi Rb¨  Zuvi  ‡gŠwLK m¤§wZ wbb 

Inform her that she is pregnant.  Read out the verbal consent and request consent. 
 

gwnjv   m¤§wZ ‡`bwb  (Verbal Consent NOT Given)) ................................... 1 [Go to EN04] 
gwnjv   m¤§wZ w`‡Z  A¶g (Woman is INCAPABLE of giving consent) ......... 2 [STOP] 
gwnjv   m¤§wZ w`‡q‡Qb  (Verbal Consent GIVEN)...................................... 3 

 
EN04 Am¤§wZi KviY  (Causes of refusal) 

a)                                                                                                              |      |      | 

b)                                                                                                              |      |      | 

c)                                                                                                              |      |      | 
 
 
 
Section B:  Interviewer c �iY Ki‡eb: (To be completed by the Interviewer:) 

 

Interviewer-Gi bvg/†KvW (Interviewer’s Name/Code)   |  |  | 
 

B›UviwfD ïi“ Kivi mgq:   :    am / pm B›UviwfD ‡kl Kivi mgq:   :   am / pm 
 
 
EN12.   m¤§wZcÎwU c‡o  ïbvb  Ges gwnjv‡K m¤§wZc‡Î ¯^v¶i  w`‡Z Aby‡iva Kiyb 

Read out the written consent and request her to sign the consent form. 
wjwLZ  m¤§wZ ‡`bwb  (Written Consent NOT Given) ........................ 1    [Go to EN13] 
wjwLZ  m¤§wZ w`‡q‡Qb  (Written Consent Given) ............................. 2 

 
EN13.   Am¤§wZi KviY  (Causes of refusal) 

a)                                                                                                                |      |      | 

b)                                                                                                                |      |      | 

c)                                                                                                                |      |      | 
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ICDDR,B: Centre for Health and Population Research 
  Combined Interventions to Promote Maternal and Infant Health   

 

wjwLZ  m¤§wZ cÎ 
 

GB M‡elYv Kv‡R AskMÖn‡bi Rb¨  Avcbv‡K  ab¨ev`| Avcbvi wbðqB   GB  M‡elYv  KvR  m¤•‡K© me  wKQy  g‡b  Av‡Q, ZviciI Avcbvi 
myweavi Rb¨ wKQy  Z_¨ Avwg Avevi   ejwQ| 

 
Mf©Kvjxb Ae¯’vq gv‡qi  h_vh_ cywó weavb  Ges msµvgK †iv‡Mi wPwKrmv gv  I Zvi wkïi my¯^v¯’¨ Ges g½‡ji Rb¨ LyeB ¸i“Z¡c�Y©| 
Mf©ve¯’vq gv‡qi Acywó Ges msµvgK  †ivM evsjv‡`‡k  LyeB mvaviY  GKwU NUbv hv gZj‡ei †ejvqI cÖ‡hvR¨| GB Acywói d‡j gv‡q‡`i 
kw³, Avwgl,   wfUvwgb I LwbR c`v‡_©i Afve nq| GB Kvi‡Y  gv I wkï‡`i  A‡bK Amy¯’Zv Ges  g„Zy¨i  gy‡LvgywL n‡Z nq | 

 
AvB wm  wW  wW  Avi, we, evsjv‡`k miKvi,  hy³iv‡óªi K‡Y©j BDwbfvwm©wU I BDwb‡md Gi mn‡hvwMZvq GKwU M‡elYv   cÖKí   nv‡Z  wb‡Z hv‡Q 
hv gv I wkïi cywó Ae¯’vi DbœwZ  mvab Ki‡e| GB cÖK‡íi AvIZvq  PjwZ ÔcywóÕ Kg©mÅwP‡K  mn‡hvwMZv K‡i Avcbv‡`i g‡a¨ KvD‡K KvD‡K 
kxNª  cywó Kg©mÅwP‡Z AskMÖnY Ki‡Z mvnvh¨ Kiv  n‡e, ‡KD cÅY©     ev A‡a©K gvÎvq AvqiY  U¨ve‡jU cv‡e A_ev 15wU wfUvwgb I LwbR c`v_© 
wgkÖY  m¤^wjZ GKwU U¨ve‡jU  cv‡e  (hvi g‡a¨  A‡a©K gvÎvq AvqiY Ašèf©y³) Gi gva¨‡g  GB  M‡elYvwU PjwZ   ÔcywóÕ Kg©mÅwP‡K    mn‡hvwMZv 
Ki‡e| BDwb‡md wfUvwgb Ges  Lwb‡Ri   GB  mswgkÖYwU  Mf©eZ©x  gwnjv‡`i  Rb¨ we‡kl fv‡e ˆZix  K‡i‡Q | GB U¨ve‡jU¸‡jv Avcbv‡`i‡K 
†evZ‡j f‡i †`qv n‡e hv Avcbviv  evmvq wb‡q †h‡Z  cvi‡eb| †K †Kvb ai‡Yi U¨ve‡jU cv‡e Zv jUvix‡Z  wba©viY Kiv n‡e| wkïi R‡b¥i 
ci Avgiv Avcbv‡K wkï‡K ey‡Ki `ya LvIqv‡bvi  Ici civgk© †`e  A_ev wkïi h‡Zœi wel‡q   ¯^v¯’¨ civgk©   cÖ`vb Kie| 

 
Avcwb  hw`  m¯§Z   nb   Z‡e   Avgiv    AvR   ¯^v¯’¨ ‡K†›`ªª Avcbv†K   kvixwiK    cix¶v mn  Mf©Kvjxb  mKj cix¶v-wbix¶v  Kie, Ges 
AvjUvm‡bvMÖv‡gi gva¨‡g   Avcbvi   M†f©i †fZ‡ii wkï†K  ch©‡e¶Y Kie|  Avgiv  `yB evi Avcbvi   wkiv †_‡K 5.5 wg.wj. (cªvq GK  Pv 
Pvg‡Pi mgvb) Ges GKevi   Av½†yji  gv_v †_‡K i³ msMÖn  Kie| GB i³ cix¶v  K‡i  Avgiv Avcbvi i³kÅY¨Zv Ges Ab¨vb¨ wfUvwgb I 
LwbR je‡Yi Ae¯’v Rvbe|    Avcwb m¤gZ  n‡j, Avgiv AvR Avcbvi  †hvbxi DcwifvM †_‡K cix¶vi Rb¨ †mvqve   msMÖn Kie Ges cix¶v 
K‡i Rvbe †h †hvbxi †Kvb msµgb   Av‡Q  wKbv hvi d‡j mg‡qi Av‡MB wkïi Rb¥`vb N‡U| Avcbvi  †hvbxi GB msµgb  cvIqv  †M‡j Ges 
†Kvb A¯^vfvweK mªve bv  _vK‡j  Avcbv‡K nq ‡g‡UªvwbWvRj Jla  w`‡q mvZw`‡bi  wPwKrmv  †`qv n‡e ev GKB  iKg †`L‡Z wKš‘ hvi g‡a¨ 
H Jla  bvB Zv †`qv  n‡e| ‡KD  Rvb‡e  bv †K  wK cv‡e  - jUvixi gva¨‡g Zv wba©viY  Kiv  n‡e|   Avgiv  Mf©Kvjxb mg‡q AšèZt  Av‡iv 
wZbevi  GB  wK¬wb‡K   Avmvi Rb¨  Avcbv‡K  Aby‡iva Kie|   Avcwb hLb  Avevi  Avm‡eb ZLb AvR‡Ki mewKQyB  Avgiv  Avevi Kie| 
Qqgv‡mi   Mf©ve¯’vq Avi GKevi †hvbx †_‡K  †mvqve msMÖn  Kie - Jla  LvIqvi ci Avcwb  KZUzKz fvj  n‡q‡Qb Zv †`Lvi Rb¨| cÖwZevi 
wK¬wb‡K  wbqwgZ Mf©Kvjxb  cix¶vi Rb¨  †h cÖmve  Avcbvi   KvQ †_‡K ‡bqv n‡e Avgiv  Zvi wKQy  Ask msMÖn  K‡i ivLe  Ges cieZ©x‡Z 
Av‡m©wbK Av‡Q  wKbv  GB cÖmve cix¶v  K‡i †`Lv n‡e| 

 
Avgiv  Avcbv‡K wbðqZv w`w”Q †h  Avcbvi KvQ †_‡K  †h mKj Z_¨ msMÖn  Kiv n‡e Zv †Mvcb ivLv  n‡e|   GB M‡elYv KvR  msµvšè mKj 
KvMRcÎ  AvB wm  wW  wW  Avi, weÔi gZje I XvKv Awd‡m  wbivc‡` ivLv n‡e|  hviv GB M‡elYvi mv‡_ RwoZ ïaygvÎ ZvivB †Kej G mKj 
KvMRcÎ †`L‡Z cvi‡e| †h mKj  KvMR cÎ AvB wm  wW  wW  Avi, we-i  evB‡i  †bqv n‡e  †mLv‡b Avcbv‡`i KviI bvg _vK‡e bv| 

 
GB Kv‡R Avcbvi  AskMÖnb  m¯•ÅY©  †¯^”QvgÅjK|  †Kvb iKg `vqe×Zv QvovB  GB   M‡elYv   †_‡K   †h  †Kvb  mg‡q   m‡i   Avmvi   cÅY©   ¯^vaxbZv 
Avcbvi Av‡Q  | Avcwb hw`  GB  M‡elYvq  AskMÖnb bvI K‡ib   ZeyI  Avcwb I Avcbvi  cwiev‡ii  AvB wm   wW   wW   Avi, we  †_‡K  †Kvb 
wPwKrmvi Î“wU n‡e  bv|  GKevi  GB M‡elYvq AskMÖn‡b m¤§Z  nIqvi ciI Avcwb PvB‡j  †h †Kvb mgq  GB  M‡elYv  †_‡K  Avcwb wb‡R 
wKsev Avcbvi mšèv‡bi AskMÖnb cÖZ¨vnvi K‡i wb‡Z cv‡ib   Ges  Zv‡ZI wbqwgZ  †h  †mev Avcwb  wKsev Avcbvi mšèvb †c‡q   Avm‡Qb  Zvi 
†Kvb cwieZ©b n‡e bv | Avcwb eive‡ii  gZB Avgv‡`i wbqwgZ  †mev Ges   cÖ‡qvRbxq mn‡hvwMZv I wPwKrmv †c‡q hv‡eb| 

 
Avcwb GB M‡elYv msµvš �  †h †Kvb cÖkœ  Avgv‡`i Ki‡Z  cv‡ib Ges Avgiv Avb‡›`i  mv‡_ Zvi Reve †`e| Avcwb †h †Kvb mgm¨v 
ev  cÖ‡kœi Rb¨  Avcbvi  cvwievwiK ¯^v¯’¨Kgx©i mv‡_  †hvMv‡hvM Ki‡Z cvi‡eb| 

 
GB M‡elYv m¤•‡K© Avcbvi †Kvb ckÖ œ                                                                                                            _vK‡j Avwg mvb‡›` Zvi DËi †`e|  Avcwb AvB wm  wW  wW  Avi, we  gZje nvmcvZv‡jI †hvMv‡hvM 
Ki‡Z  cv‡ib A_ev Wvt  jvm© A‡K cvim‡bi mv‡_ wb‡Pi †dvb  b¤^‡i  †h †Kvb mgq  †hvMv‡hvM Ki‡Z  cv‡ibt 988 5155 (XvKv) 

 

• Avcbvi wK †Kvb  cÖkœ  Av‡Q ?  n¨uv bv 
• Avcwb  wK GB M‡elYvq AskMÖn‡b m¤§Z  Av‡Qb  ?  nu¨v bv 

¯^v¶xi ¯^v¶I  (c¨viv‡gwWK)  Mf©eZx gv‡qi ¯^v¶i/wUcmB 
ZvwiL t   
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Av_©-mvgvwRK Ae¯’v   (Socio-Economic Status) 
 

EN21.   Avcwb  wK co‡Z I wjL‡Z cv‡ib? 
Can you read and write? 

 
†KvbwUB bq (None).....................................................1   [Go to EN24] 
ïay co‡Z  (Read only) .................................................2 
co‡Z I wjL‡Z (Read and write)...................................3 

 
EN22.   Avcwb  wK KL‡bv   ¯‹zj  ev gv`ªvmvq cov‡kvbv K‡i‡Qb? ¯‹zj n‡j Zv  wK AvbyôvwbK bv DcvbyôvwbK  ¯‹zj?   gv`ªvmv n‡j Zv 

wK †iwRóvW© bvwK  †iwRóvW© bq? Avcwb KZ  eQi  cov‡kvbv K‡i‡Qb? 
Did you ever study in a school, madrassah? If madrassah, was it registered or unregistered?  How many years 
of schooling did you complete in school/madrassah? 

 
 KZ [m¤c�Y©]eQi cov‡kvbv K‡i‡Qb 

(Completed years studied) 

AvbyôvwbK ¯‹zj  (School – Formal) |  |  | 

DcvbyôvwbK ¯‹zj  (School – Non-formal) |  |  | 

†iwRóvW© gv`ªvmv  (Madrassah – Registered) |  |  | 

gv`ªvmv - †iwRóvW© bq (Madrassah – Unregistered) |  |  | 

 
EN23.   Avcwb  wK KL‡bv eq¯‹  wk¶v ¯‹z†j cov‡kvbv K‡i‡Qb? 

Have you attended classes in the adult non-formal education schools? 
 

bv (No) ....................................................................1 
nu¨v (Yes) ..................................................................2 

 
EN24.   Avcbvi  wb‡Ri N‡ii  Kv‡Ri evB‡i wK Avcwb  Avi †Kvb KvR K‡ib?  nu¨v  n‡j, Avcwb  wK ai‡Yi  KvR K‡ib? 

Do you do any work, other than your own household chores? If yes, what work do you do? 
 

bv (No) ....................................................................1   (Go to EN26) 
nu¨v (Yes) ..................................................................2 
eY©bv w`b (Describe):   |  |  | 

 
EN25.   Avcbvi Kv‡Ri Rb¨ Avcwb  wK †Kvb gRyix A_ev wRwbmcÎ cvb,  bvwK  wKQyB cvbbv? 

Do you receive any payment or things for the work, or do you receive nothing? 
 

wKQyB cvb  bv (Receive nothing) ...........................................1 
bM` UvKv cvb  (Receive cash) .............................................2 
Ab¨vb¨ e¯‘/wRwbmcÎ cvb (Receive other things) .....................3 
UvKv I Ab¨vb¨ wRwbmcÎ cvb (Receive cash and other things) ....4 

 
EN26.   Avcbvi eZ©gvb ˆeevwnK  Ae¯’v  wK? 

What is your current marital status? 
 

weevwnZ (Married) ......................................................1 
¯^vgxi †_‡K Avjv`v   (Separated) .....................................2 
¯^vgx cwiZ¨³v (Deserted) .............................................3 
ZvjvK cÖvßv (Divorced)................................................4 
weaev (Widowed) .......................................................5 
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EN27.   Avcbvi ¯^vgx wK KL‡bv   ¯‹zj  ev gv`ªvmvq  cov‡kvbv K‡i‡Qb? ¯‹zj n‡j Zv  wK AvbyôvwbK bv DcvbyôvwbK  ¯‹zj?  gv`ªvmv 
n‡j Zv wK †iwRóvW© bvwK  †iwRóvW© bq? Avcbvi ¯^vgx KZ  eQi  cov‡kvbv K‡i‡Qb? (g‡b Ki‡Z bv cvi‡j/wbwðZ   bv 
n‡j = 99) 
Did your husband ever study in a school or madrassah? If madrassah, was it registered or unregistered?  How 
many years of schooling did he complete in school/madrassah? (does not remember/unsure = 99) 

 
 KZ [m¤c�Y©]eQi cov‡kvbv K‡i‡Qb 

(Completed years studied) 

AvbyôvwbK ¯‹zj  (School – Formal) |  |  | 
DcvbyôvwbK ¯‹zj  (School – Non-formal) |  |  | 
†iwRóvW© gv`ªvmv  (Madrassah – Registered) |  |  | 
gv`ªvmv - †iwRóvW© bq (Madrassah – Unregistered) |  |  | 

 
EN28.   Avcbvi ¯^vgx wK Avcbvi Avcb PvPv‡Zv/dzdv‡Zv/gvgv‡Zv/Lvjv‡Zv fvB? 

Is your husband your first cousin? 
 

bv (No) ....................................................................1 
nu¨v  (Yes) ..................................................................2 

 
EN29.   Avcbvi k^ïi evoxi  †Kvb AvÍxqiv wK Avcbvi mv‡_ GKB  Lvbvq ev GKB  evox‡Z  emevm K‡i? 

Do any of your in-laws live in the same household or same Bari? 
GKB  Lvbvq emevm K‡i  GKB  evox‡Z emevm K‡i 

In the same HH  In the same Bari 
bv (No)  nu¨v  (Yes) bv (No) nu¨v  (Yes) 

k^vïox (Mother-in-law) ..............................................1          2 ........................1          2 
k^ïi/†`ei/fvïi  (Father-in-law/brother-in-law) .............1          2 ........................1          2 
bb`/bbvm/Rv (Sister-in-law).......................................1          2 ........................1          2 
k^ïievoxi Ab¨vb¨ AvÍxq (Other in-law) ........................1          2 ........................1          2 

(GKB Lvbvq _vK‡j  evox‡Z D‡j−L Kivi cÖ‡qvRb bvB) 
(hw` DËi`vZv EN29 Gi cÖwZwU  DËi ÔbvÕ e‡j, †KejgvÎ  ZLbB EN29a cÖkœ     wR‡Ám Ki‡Z n‡e) 

(If the woman only responds all ‘No’ to question EN29 then ask question EN29a) 
 
EN29a. Avcwb  wK Avcbvi evevi evwo‡Z _v‡Kb? (Do you live in your natal home?) 

 
bv (No) ....................................................................1 
nu¨v  (Yes) ..................................................................2   (Go to EN30) 

EN29b. Zv n‡j Avcbviv wK Avjv`v  _v‡Kb? (In that case, do you live independently?) 

bv (No) ............ 1   (EN29- EN29a cÖkœ-¸wj Avevi   wRÁvm Ki“b Ges  mwVK DËi  m¤•‡K© 
wbwðZ †nvb/Ask EN29-EN29a again and confirm the right answer ) 

nu¨v  (Yes) .......... 2 
 

EN30.   Avcbvi Lvbv cÖav‡bi †ckv  wK/wZwb  wK KvR K‡ib?  [we¯ZvwiZ fv‡e wjLyb-Ges †KvWc−¨vb e¨envi K‡i †KvW wjLyb] 
What work does the head of your household do? [Describe the work done and use code plan to code] 

 

  |  |  | 
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EN31.   Avcbvi Lvbvi wK wbqwgZ   †Kvb   Avw_©K Avq  Av‡Q? (Lvbvi   †Kvb m`m¨  hw` GKmv‡_ emevm bvI K‡i) 
Does your household have a stable source of income? (Even if the household member does not live together) 

 
bv (No) ....................................................................1 
nu¨v (Yes) ..................................................................2 

 
EN32.   Avcbvi   Lvbvi †Kvb m`m¨ wK ˆ`wbK gRyix‡Z KvR K‡i?  [AvB wm  wW  wW  Avi,we-i  ˆ`wbK gRyixi KvR ev‡`] 

Does any member of your household work on a daily wage basis? [excluding daily wage work at ICDDR,B] 
 

bv (No) ....................................................................1   [Go to EN34] 
nu¨v (Yes) ..................................................................2 

 
EN33.    MZ GK  eQ‡i  Avcwb A_ev Avcbvi   Lvbvi †Kvb m`m¨ w`b gRyi wnmv‡e M‡o  KZ gvm KvR K‡i‡Qb? 

How many months in last year, yourself and other members of your household work on a daily wage basis? 
 

wb‡R (Self) .................................................................   |  |  | months 
Lvbvi Ab¨  †Kvb m`m¨ (Other household members) ............... |  |  | months 

 
EN34.   Avcbvi   Lvbvi †Kvb m`‡m¨i  wK Pvjy Ówf  wR wWÓ  KvW©  Av‡Q? 

Does anybody in your household hold a valid VGD card? 
 

bv (No) ....................................................................1 
nu¨v (Yes) ..................................................................2 

 
EN35. Avcbvi   Lvbvi   gvwjKvbvq KZUzKz Rwg Av‡Q? 

How much land does your household own? gwnjv  hv e‡j (Reported) 

 

 
kZvsk 

 
 
 

wfwU Rwg  (Homestead) 

Kov (Kora)    MÛv (Gonda)    Kvwb (Kani)  (Calculated in 
decimals) 

 

   |  |  |  |  | 
 

K…wl Rwg (Land under cultivation)    
 

cwZZ  Rwg (Fallow) 
 

cyKzi/†Wvev BZ¨vw` (Pond/ditch, other)      
 

cvwievwiK Rwg (Family land)    

 
   |  |  |  |  | 
 
   |  |  |  |  | 
 
   |  |  |  |  | 
 
   |  |  |  |  | 

 
EN36. GB Lvbvi  me‡P‡q eo N‡ii †`qvj I Qv`  cÖavbZt  wK w`‡q  ˆZix?  [‡`Lyb] 

Which material is the wall and roof of the largest structure of the household made of? [observe] 
†`qvj (Wall)  Qv` (Roof) 

(a) BuU/wm‡g›U/XvjvB (Brick/cement/concrete) ....1 .....................1 (b) wUb 
(Tin) ..............................................2 .....................2 (c) KvV 
(Wood) ...........................................3 .....................3 (d) euvk 
(Bamboo)........................................4 .....................4 (e) 
cvUKvwV (Jute stick) .................................5 .....................5 (f) 
gvwU (Mud/clay) ......................................6 .....................6 (g) 
Ab¨vb¨ (Other materials) ..........................7 .....................7 

 

EN37. GB Lvbvi  me‡P‡q eo N‡ii †g‡S  wK w`‡q  ˆZix  Zv ‡`Lyb I †KvW Ki“b| 
Check the floor of the largest room of the household and code accordingly. 

 

gvwU (Mud) ...............................................................1 
cvKv (Pucca) .............................................................2 
gvwU I cvKv (Mud and Pucca) .......................................3 
KvV (Wood) ..............................................................4 
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EN38. Avcbvi Lvbvq  Gme   wRwbm¸wj   Av‡Q wK? (‡cÖve Kiyb) 
Does your household own any of the following items? [Probe] 

No Yes 
(a) LvU/†PŠwK  (Khat/Choki) ...........................1 .......... 2 (b) 
†jc/K¤^j (Lep/Quilt) ..............................1 .......... 2 (c) 
†ZvlK/†g‡Uªm/RvwRg (Tosak/Mattress) ........1 .......... 2 (d) 
Nwo/ nvZ  Nwo (Clock /Watch) ...................1 .......... 2 (e) 
†Pqvi/†Uwej (Chair/Table) ........................1 .......... 2 (f) 
Avjgvwi (Almirah ().................................1 .......... 2 (g) 
mvB‡Kj (Bicycle) ...................................1 .......... 2 (h) 
†iwWI (Radio) .......................................1 .......... 2 (i) 
†Uwjwfkb (Television)..............................1 .......... 2 (j) 
ˆe`y¨wZK cvLv (Electric fan) .......................1 .......... 2 (k) 
Mi“ (Cows) ...........................................1 .......... 2 (l) 
QvMj (Goats) ..........................................1 .......... 2 (m) 
nuvm/gyiMx (Chicken/Ducks)......................1 .......... 2 

 
 
EN39. †Kvb Abyôv‡b c‡i hvIqvi Rb¨ Avcbvi KqUv kvwo I kvjIqvi-KvwgR Av‡Q?  kvox  kvjIqvi-KvwgR 

How many sharees or Shalwar-kamiz do you own for ceremonial use? (Sharee)  (Shalwar-kamiz) 
| | | | | | 

EN40. cÖwZ w`b civi Rb¨  Avcbvi   KqUv g¨vw· ,kvwo I kvjIqvi-KvwgR Av‡Q? g¨vw·  kvox kvjIqvi-KvwgR 
How many maxi, sharees or Shalwar-kamiz do you own for daily use? (Maxi)  (Sharee)  (Shalwar-kamiz) 

|  |  | |  |  | |  |  | 
 
 
 
 

EN41. evB‡i ‡eov‡Z hvIqvi Rb¨ Avcbvi Kq †Rvov RyZv/m¨v‡Ûj-RyZv Av‡Q? 
How many pairs of shoes/sandal-shoes do you have to wear when you go outside? .... |  |  | 

 
EN42. Avcwb hLb N‡ii evB‡i hvb ZLb  wK †eviLv   c‡ob? 

Do you use a burkha when you travel outside your home? 
 

bv (No) ....................................................................1 
nu¨v  (Yes) ..................................................................2 

 
EN43. MZ eQi  Avcbvi  Lvbvi Avq-e¨q  ‡Kgb wQj? (LvIqv-civi ci nv‡Z ‡Kgb ‡_†K‡Q?) 

How was your household’s income and expenditure situation last year? 
DØ„Ë (Surplus) ...........................................................1 
Avq-e¨q  mgvb (Expenditure equaled income) ..................2 
gv‡S gv‡S NvUwZ/ Afve wQj (Occasional deficit) ..............3 
me  mgq  NvUwZ/ Afve wQj (Constant deficit)....................4 

 
 

• gwnjv‡K   /  /  Zvwi‡L wK¬wb‡K Avmvi `iKvi ev  cÖ‡qvRb  eywS‡q ejyb| 
e¨vL¨v K‡i  ejyb †KD GKRb Avm‡e Ges  Zv‡K  mv‡_ K‡i wK¬wb‡K wb‡q  hv‡e| 

• Explain to the woman about the need for the clinic visit on 
Explain that someone will come and accompany her. 

/ / . 

 
gwnjv‡K GZ mgq wb‡q Avcbvi mv‡_ K_v  ejvi Rb¨  ab¨ev`  w`b Ges Avevi  K‡e Avm‡eb Rvwb‡q we`vq  wbb| 

Thank the woman for talking to for such a long time and bid farewell after telling her when you will visit her again. 
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Section C:  To be completed in the Sub-Centre (Sub-Centre-G c �iY n‡e): Date of visit:  /  /   

 

EN50.  gwnjv wK wbav©wiZ Zvwi‡L   wK¬wbK-G G‡m‡Qb?  Did the woman make a visit to the clinic on predefined day? 
bv (No) ....................................................................1 
nu¨v  (Yes) ..................................................................2   (Go to EN51) 

 
EN50a. gwnjv ‡Kb  wbav©wiZ Zvwi‡L   wK¬wbK-G Av‡mbwb?  Why did not the woman make a visit to the clinic on predefine 
day? 

1) | | | 
2) | | | 
3) | | | 

 
Ultrasound Examination Recording  Form - Enrollment 

 

EN51. Identification number of ultrasonographer | | | 
EN52. Heart movement No (1)   Yes (2) 
EN53. Number of foetus*1 | | 
EN54. CRL (mm) 1st: | | |.| |   2nd: | | |.| |   3rd: | | |.| | 
EN55. Check EN54: CRL successfully measured ………….1 (Go to EN58) 

CRL < 10.0 mm or GS only visible.….2  (fill in EN56) 
CRL > 45 mm and BPD visible ….…..3  (fill in EN57) 

EN56. Re-schedule ultrasound visit on (date): 
(2 weeks later; to correspond to 8-10 week visit) 

 

  /  /   
(day/month/year) 

EN57. BPD (mm) 1st: | | |.| |   2nd: | | |.| |   3rd: | | |.| | 
EN58. Special observations / anomaly check Requires follow-up visit with supervisor……………….1 

Does not require follow-up visit with supervisor……….2 
EN59. Observations and comments: 

 
 

EN59a.Was there miscarriage? 

 

 
 
 

No (1) Yes (2) 
*1 If more than one fetus, sonographers measure only the largest one. 
For Supervisor only:  
EN60. Date of Re-examination / / 

(day/month/year) 
EN61. Observations and comments: 

 
 

EN61a. Was there miscarriage? 

 
 
 

No (1) Yes (2) 
EN62. Referral required No (1)   Yes (2) 

 

Supervisor’s signature:    
 

Date:   /  /   
 

For Form Reviewer only:  
EN63. CRL results [Check EN55] EN55=1...……..1 (Go to EN64) 

EN55=2……….2 (Randomize – Go to EN71) 
EN35=3……….3 (Go to EN65) 

EN64. CRL-based GA (uGA) [Check 
CRL-GA Comparison Table] 

 

|  |  |   completed weeks** 

EN65. BPD-based GA (uGA) [Check 
BPD-GA Comparison Table] 

| | |   completed weeks** (If uGA is 13 completed weeks, call the 
woman at week 15 for ultrasound examination) 

EN66. Check EN44 or EN45 uGA=6-11 weeks…..1 (Randomize – Go to EN71) 
uGA=12-13 weeks…2 (No BV Enrollment; Randomize – Go to EN 71) 
uGA>13 weeks…….3 (No Enrollment; STOP) 

** Either EN64 or EN65 should be filled, please do not fill both of them. 
 

EN71. Randomization Group: Randomization Code |  |  |-|  | 
Early Start  of Food Supplementation .................................1 

 

Usual Start  of Food Supplementation .................................2 
 

EN72. Edited by  Study ID |  | |  |  |  |  | 
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gwnjv‡K aY¨ev`  w`b (Thank the woman) 

| |  |  |  |  | 
 


