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ABSTRACT 

BACKGROUND: Although efforts to reduce iron deficiency during pregnancy have been made, 

programmes often struggle with their participants’ compliance and effectiveness is low. 

Nevertheless, there is only little information about determinants of compliance. The aim of 

this thesis is to investigate which factors contribute to women’s compliance to iron 

supplementation during pregnancy in rural Bangladesh. 

METHODS: Secondary analysis of data collected within a randomized trial in Matlab, 

Bangladesh (MINIMat trial). 4436 pregnant women were assigned to six micronutrient 

supplementation groups. Questionnaires were administered and anthropometric 

measurements were taken. Compliance was measured using the eDEM® counting device 

which recorded every time a pill bottle was opened.  

RESULTS: In linear regression maternal age, socio economic status (SES) and education 

showed a positive association with compliance (p<0.001). Parity showed a negative 

association (p=0.045). Knowledge of effects of iron supplementation and perception of 

importance of iron supplementation were not significantly associated with compliance. 

Experiencing positive effects of iron supplementation was related to higher compliance to 

iron supplementation, while experiencing nausea was related to lower compliance to iron 

supplementation (p<0.001). Dislike of the tablets (p<0.001) and other reasons that were not 

specifically mentioned (p=0.015) were significantly associated with a decrease in 

compliance. 

CONCLUSION: Pregnant women’s compliance to iron supplementation was determined by 

different factors. Educating women about anaemia, iron deficiency and iron 

supplementation should not be the only strategy to achieve high compliance. Development 

of supplements that cause fewer side effects should be considered and more research 

investigating determinants of compliance should be performed.  
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DEFINITIONS 

Anaemia:  Haemoglobin level of <110 g/L (World Health Organization, 

2011) 

Compliance:  The extent to which a patients behaviour coincides with medical 

advice (Bilimale, Anjum, Sangolli, & Mallapur, 2010). In this study 

measured as a proportion of number of pills taken in relation to 

number of days of intervention. 

High-income country:  Any country with a gross national income per capita of $12,746 

or more (The World Bank, 2014). 

Iron deficiency: Serum ferritin level of ≤ 12-15 µg/L (World Health Organization, 

2001) 

Iron supplement: In this thesis, the term iron supplement refers to any 

micronutrient supplementation that includes ≥30 mg of iron.  

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

less (The World Bank, 2014). 

Middle-income country: Any country with a gross national income per capita of more 

than $1,045 but less than $12,746 (The World Bank, 2014). 
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1 INTRODUCTION 

Micronutrient deficiency during pregnancy is a very common phenomenon in various 

settings. It can be found in low- and middle-income countries where access to health care 

and a diverse diet may be problematic as well as in high-income countries where those 

problems may be more easy to overcome (World Health Organization, 2015). Iron deficiency 

is the most common of micronutrient deficiencies and especially during pregnancy women 

can rarely meet the need for iron by dietary food intake alone (Garrow & James, 1993). This 

is especially true in settings with poor quality and quantity of diets. Women in low-income 

countries, where it is more likely to find oneself in such a setting, are thus often more 

affected than women from high-income countries (Hyder, Persson, Chowdhury, Lönnerdal, 

& Ekström, 2004). According to the Demographic and Health Survey (DHS) Report of 

Bangladesh in 2011, 42% of the women aged 14-49 were anaemic and the prevalence was 

higher in rural (45%) than in urban areas (36%) (National Institute of Population and 

Training, Mitra and Associates, Dhaka Bangladesh and MEASURE DHS, & ICF International 

Calverton Maryland USA, 2013). In view of that, the World Health Organization (WHO) 

(2012) recommends daily oral iron supplementation as part of the antenatal care to reduce 

the risk of low birth weight, maternal anaemia and iron deficiency, worldwide. However, 

several studies performed in different countries with different income levels have shown 

that adherence to these guidelines is not always very strong (Nordeng, Eskild, Nesheim, 

Aursnes, & Jacobsen, 2003).  

1.1 IRON DEFICIENCY AND IRON-DEFICIENCY ANAEMIA 

Worldwide, 42% of women are anaemic and iron deficiency, being the most wide spread 

and most common micronutrient deficiency, carries responsibility for about half of these 

cases (World Health Organization, 2012). Iron deficiency develops when a negative iron 

balance is induced in the body (Garrow & James, 1993).  That means that iron losses are 

higher than iron absorption. Iron absorption may increase but the body is unable to fully 

balance the higher losses. This in turn leads to a depletion of the iron stores in the body 

(Garrow & James, 1993). Iron stores are usually defined as empty when no iron can be 
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detected in adequately performed blood smears and serum ferritin levels are below 12-15 

µg/L. This has consequences that eventually lead to anaemia. Iron can no longer be 

mobilized from the iron stores and insufficient amounts can be delivered to the circulating 

transport protein for iron (Garrow & James, 1993). This protein is called transferrin and is 

amongst others responsible for supplying red-cell precursors and other tissues with iron. 

Red-cell precursors need iron on a continuous basis for the formation of haemoglobin and 

when transferrin saturation is low this supply is not provided (Garrow & James, 1993). This, 

together with the impairment of transport to other tissues, is very likely to cause iron 

deficiency in growing tissues as it is the case during pregnancy. Since haemoglobin 

production is likely to be impaired quite early in the development of iron deficiency, 

haemoglobin levels start dropping below an individual’s personal optimal value (Garrow & 

James, 1993). If the imbalance is sufficiently severe haemoglobin levels will drop below 120 

g/L, which is the cut-off for determination of anaemia in non-pregnant women. 

Haemoglobin levels lower than 110 g/L are considered the cut-off for determination of 

anaemia in pregnant women and can be categorized into mild (100-109 g/L), moderate (70-

99 g/L) and severe anaemia (lower than 70 g/L) (World Health Organization, 2011). 

Iron-deficiency anaemia is one of the top ten risk factors in low- and middle-income 

countries for “lost years of healthy life” and it is estimated that about 10-20% of maternal 

mortality are caused by iron-deficiency anaemia (National Institute of Population and 

Training et al., 2013; World Health Organization, 2005). The DHS report from 2011 for 

Bangladesh reveals that 42% of women between 15 and 49 years are anaemic. Anaemia 

levels did not seem to differ by age but they increased by number of children born and the 

prevalence is higher in pregnant or lactating women. During pregnancy women have a 

significantly higher demand for iron and folic acid and it is very difficult to meet this demand 

solely through food intake, especially in in areas where it is problematic to follow a diverse 

diet. During normal pregnancies women need an estimated 6 milligram (mg) iron (Fe) per 

day and about 10 mg Fe per day during the last six weeks as compared to the 1.3 mg Fe per 

day of a non-pregnant woman (Lammi-Keefe, Reese, Couch, & Philipson, 2008). This is due 

to rapid expansion of plasma volume and tissue accretion. Expansion of the plasma volume 

is supposed to increase the ability of haemoglobin to deliver oxygen to the newly 

developing tissues and anaemia is the undesirable consequence of these otherwise 
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important adaptations (Garrow & James, 1993).  The physical adjustments are thus not 

sufficient to balance the iron requirements during pregnancy and pregnant women have to 

rely on their iron stores. However, usually women do not have iron stores of that magnitude 

and many women have no iron stores at all (Garrow & James, 1993). 

1.2 COMPLIANCE AND POTENTIAL DETERMINANTS 

Compliance can be defined as “the extent to which a patients behaviour coincides with 

medical advice” (Bilimale et al., 2010). It is a concept that is difficult to measure validly since 

researchers very rarely have the possibility to perfectly monitor their subjects’ everyday 

behaviour, including their intake of iron tablets. Different micronutrient supplementation 

projects have used different methods to measure compliance including self-reported 

compliance, pill count, and pill bottles with counting caps. The different methods have 

benefits and disadvantages which can also be largely dependent on the setting. In self-

reported compliance, study participants either note down when they have taken the 

supplement or simply report back to the researchers. For that they may receive a diary or a 

calendar in which they write down when they take a tablet or simply put a cross in the 

calendar. Reporting back to researchers often entails answering questions that are part of a 

questionnaire as for example: “How often did it happen that you did not take your tablets?”. 

Research has shown that studies that use self-reported measures often have to compromise 

some validity of their study (Hebert, Clemow, Pbert, Ockene, & Ockene, 1995). This is 

because social-desirability bias may be an issue where participants adjust their report in a 

way that would most probably put themselves in a favourable light (Groves et al., 2011). 

Another issue could be recall bias in which participants have trouble remembering prior 

behaviour, events or experience (Gail & Benichou, 2000). Pill count, on the other hand, is 

usually performed by the researchers themselves and involves counting the remaining pills 

in the pill bottles that had been handed out to the subjects. Thereby the difference between 

number of pills distributed and number of pills remaining in the bottle can be calculated. 

Problems that may occur with this method are for example that pills could be accidentally 

spilled while it could just as well be that they are intentionally disposed. Both would lead to 

an overestimation of a participant’s pill intake with very different underlying reasons. The 

pill bottles that have counting caps were used in this study. The caps of these pill bottles are 

equipped with a counting device and a small microprocessor which allows time and date to 
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be recorded every time the pill bottle is opened (eDEM®, Aprex, Fremont, California, US). 

Data from this device can then be downloaded onto computer software to further process 

the results. Using this method, it is generally assumed that one bottle opening represents 

one pill intake. This is subject to similar problems that can be experienced when using pill 

count as a measure for compliance. Bottles could be opened only because participants have 

a look at the tablets they were just given or because the tablets are shown to friends and 

family. Likewise, the bottle might be opened and closed in order to give misleading 

information. This, however, would only be possible if participants knew about the counting 

function of the caps of the pill bottles. 

Researchers have investigated a number of factors that may influence the level of pregnant 

women’s compliance to iron supplementation. Some studies had similar findings, others 

differed and some incongruence between the intensity of the found associations and effects 

of different factors could be seen as well. The incongruences between findings may be 

explained by the fact that studies took place in different settings, ranging from low-income 

countries over middle-income countries to high-income countries. Hypothetically, different 

settings can have different prerequisites for different measured factors and findings can 

thus be largely dependent on the setting. In some settings for example, education may be 

related to higher SES and this relation may be stronger in low- and middle-income countries 

than in high-income countries. Education and higher SES together could be a greater 

predictor for high compliance in low-income countries as compared to high-income 

countries where antenatal care, information and knowledge around anaemia and iron 

supplementation is much more accessible to women and longer education for women is 

also more common. Compliance may be much less dependent on education and SES and 

thus also be a less important predictor. However, looking at the findings of studies that 

were performed previously, there is no clear trend for this example. 

A wide variety in findings could be found for maternal education and its influence on 

compliance. Studies in Saudi Arabia (high income) (Habib, Habib Zein Alabdin, Alenazy, & 

Nooh, 2009) and Nigeria (lower middle income) (Ugwu, Olibe, Obi, & Ugwu, 2014) found a 

positive effect of higher education, while studies in Ethiopia (low income) (Gebremedhin, 

Samuel, Mamo, Moges, & Assefa, 2014) and in Nepal (low income) (Kulkarni, Christian, 

LeClerq, & Khatry, 2010) found a positive effect when the women were illiterate. Studies in 
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the Philippines (lower middle income) (Lutsey, Dawe, Villate, Valencia, & Lopez, 2008), 

Norway and Sweden (high income) (Nordeng et al., 2003) and Peru (Zavaleta, Caulfield, 

Figueroa, & Chen, 2012) found that maternal education had no influence on compliance to 

iron supplementation.  

Household wealth could be another possible determinant for compliance to iron 

supplementation. Gebremedhin et al. (2014), for example, found that the poorest quintile of 

their study was more likely to be compliant as compared to the richest quintile, although no 

difference was found in the quintiles in between. The studies that were performed in Saudi 

Arabia, the Philippines, Norway and Sweden found no significant association between 

household wealth and compliance (Habib et al., 2009; Lutsey et al., 2008; Nordeng et al., 

2003).  

Another maternal characteristic that could be of interest is the number of times that a 

woman had given birth before (parity). Previously experienced pregnancies and possibly 

experienced complications may have an influence on compliance to iron supplementation in 

the most current pregnancy. However, neither previously experienced pregnancy 

complications (e.g. low-birth-weight-child), nor parity, nor the number of children seemed 

to have had any significant associations with compliance in previously performed studies 

(Habib et al., 2009; Nordeng et al., 2003; Ugwu et al., 2014).  

Some studies specifically asked for the leading underlying reasons for non-compliance. Here, 

side effects and forgetfulness were named most prevalently. Unfortunately there are only 

few studies that included side effects as a factor in statistical analysis and modelling. 

Interestingly, one study that did include side effects, did not find significant associations to 

compliance in the whole study population (Hyder et al., 2004). However, compliance was 

significantly reduced among women of lower socio economic status when they experienced 

nausea or vomiting as side effects. This is a very interesting finding that could only be 

detected by testing within different SES strata and maybe more associations could have also 

been found in other studies that had been done. Lutsey et al. (2008) found that self-

reported pill consumption significantly decreased when the women experienced side 

effects.  
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Several studies have found a positive association with compliance when women had general 

knowledge about anaemia and the importance of iron supplementation during pregnancy 

(Gebremedhin et al., 2014; Ugwu et al., 2014; Wulff & Ekstrom, 2003). It is likely that there 

is a connection between this knowledge and the perception of importance of iron 

supplementation and maternal characteristics such as age, SES, parity and education. A 

higher educated person with a higher SES may have better access to health care and 

information and thereby develop more knowledge around anaemia and iron 

supplementation. Having given birth before may also mean that a woman has gone to 

antenatal visits before and already knows more about the importance of iron 

supplementation and has maybe even had experience with iron supplementation. This can 

of course be good and bad experience and thereby influence compliance. Clearly there is 

reason to believe that these factors are somehow related and the complexity of the issue is 

not easy to understand. 

1.3 RATIONALE  

There are numerous programmes that try to put iron supplementation guidelines for 

pregnant women into practice and studies that research the effect of iron supplementation. 

The effectiveness of iron supplementation interventions and programmes is, however, 

generally rather low and a major barrier towards effectiveness of these supplements seems 

to be non-compliance (Hyder et al., 2004; Zavaleta et al., 2012). There is surprisingly little 

research on compliance to iron supplementation, and its determinants. Gathering more 

knowledge about what underlying factors there are for women to decide not to take 

supplements could be helpful in working towards improving compliance to iron 

supplementation in interventions and adherence to guidelines for iron supplementation 

during pregnancy. Increasing the number of women who are enabled to adhere to these 

guidelines could lead to a decreasing number of low birth weight children and anaemic 

mothers and thereby address an important public health issue. Maternal and child health 

could be significantly improved which leads us one step closer to achieving Millennium 

Developments Goals four and five - Reduce child mortality and improve maternal health 

(World Health Organization, 2005). 
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1.4 AIM, OBJECTIVES AND RESEARCH QUESTION 

The aim of this thesis is to investigate which factors contribute to compliance to iron 

supplementation during pregnancy in women in rural Bangladesh. The objectives are: 

(1) to find out whether maternal anthropometric and socio-demographic characteristics 

have an influence on her compliance to iron supplementation, 

(2) to find out whether knowledge of effects of iron supplementation is associated with 

compliance to iron supplementation, 

(3) to find out whether perception of importance of iron supplementation during 

pregnancy has an influence on compliance to iron supplementation, 

(4) to find out whether positive and/or negative experience of iron supplementation has 

an influence on compliance to iron supplementation, and 

(5) which other reasons reported by women are related to compliance to iron 

supplementation. 

The concept map below gives an overview of potential determinants for compliance as the 

outcome (Figure 1). 

 
Figure 1 Concept map displaying potential determinants of compliance to iron supplementation 

The research question for this thesis is thus: 

What are the determinants for compliance to iron supplementation during pregnancy in 

women in rural Bangladesh?  
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2 METHODOLOGY 

This study is part of Maternal and Infant Nutrition Interventions, Matlab (MINIMat trial), 

which is a large food and multiple micronutrient supplementation trial for pregnant women 

in Matlab in rural Bangladesh (Persson, Arifeen, Ekström, & et al., 2012). It includes long-

term follow-up of their children, including foetal and child growth and infant and child 

mortality, and the mothers themselves, up until 

their next pregnancies (BioMed Central Ltd, 

2015). 

2.1 SETTING 

Bangladesh is a low-income country in the north 

eastern part of South Asia. With an area of 

147,570 km2 and a population of 156,594,962 it 

had a population density of 1061 per km2, in 2013 

(The World Bank, 2015). This makes it the most 

densely populated country in the world, excluding 

some city-states. The study site was located in 

Matlab, a rural sub-district approximately 53 km 

south-east of the capital, Dhaka (marked red in 

Figure 2). Matlab is located in a river delta prone 

to frequent flooding and the main source of 

income is agriculture of rice, fishing and day 

labour. The main diet consists of rice and 

vegetable with added legumes. Although fish 

could theoretically be part of it, it is along with 

meat only accessible to the few who can afford it 

and only rarely consumed. The Matlab area is also 

field site of the International Centre for Diarrhoeal Disease Research Bangladesh (ICDDR, B) 

which provides the population with health services. Since 1966, the Health and 

Figure 2 Map of Bangladesh and Matlab 
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Demographic surveillance system (HDSS) has been in place, covering a population of 

approximately 220,000 people in about 140 villages (Persson et al., 2012). 

2.2 STUDY DESIGN AND PARTICIPANTS 

The HDSS organized monthly health visits in which community health workers collect 

demographic and health data. In that context women were asked about their last menstrual 

period and when pregnancy was suspected a urine pregnancy test was offered. The women 

who were identified as being pregnant between November 2001 and October 2003 were 

invited to participate in the MINIMat trial. Women were enrolled around pregnancy week 8, 

while women who were more than 14 weeks pregnant were excluded because it would 

have interfered with the set-up of the data collection. Pregnancy was eventually confirmed 

by ultrasound. 

 The primary objective of the MINIMat randomized trial was to study the effect of prenatal 

micronutrient supplementation on maternal haemoglobin levels, birth weight, and infant 

survival (Persson et al., 2012). It was a randomized factorial experiment with six intervention 

groups which are displayed in the figure below (Figure 3). Participants were divided into an 

“early food group” and a “usual food group”. The “early food group” started food 

supplementation immediately after detection of pregnancy, while the “usual food group” 

started food supplementation as it was usually done in the community i.e. between week 20 

and week 24 of pregnancy but that generally varied between women. Within these groups 

participants were randomly allocated to receive 60 mg iron + 400 µg folic acid (Fe60F), 30 

mg iron + 400 µg folic acid (Fe30F), or a multiple micronutrient supplementation (MMS) 

which also contained 30 mg iron. The full contents of the MMS capsule can be found in the 

annex (Annex 1: Content of Multiple Micronutrient Supplementation (MMS) capsules).  

 

Figure 3 Food and micronutrient supplementation interventions 

Enrolled women randomized to food and 
micronutrient supplementation groups 

Early food 
group 

Fe60F Fe30F MMS 

Usual food 
group 

Fe60F Fe30F MMS 
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2.3 DATA COLLECTION 

Data collection took place at scheduled home visits and sub-centre clinic visits. Maternal 

anthropometry was measured at enrolment and demographic and background information 

was collected at an introductory home visit. Women were scheduled for four follow-up 

visits that should take place around weeks 8, 14, 19, and 30 of pregnancy.  At weeks 14 and 

30, venous blood samples were collected by trained paramedics and haemoglobin level was 

assessed by HemoCue® (HemoCue AB), following standard procedures (values not reported 

here). Anaemia was defined as a haemoglobin level of <110 gram/Litre (g/L) which is in 

accordance with recommendations of the WHO (World Health Organization, 2011). At week 

18 (four weeks after start of micronutrient supplementation) and at week 30, information of 

mostly gastrointestinal side effects was collected. The micronutrient capsules were 

distributed in pill bottles which were equipped with a cap that has a counting device and a 

small microprocessor which allows time and date to be recorded every time the pill bottle is 

opened (eDEM®, Aprex, Fremont, California, US). Data from this device is downloaded onto 

computer software to further process the results. The participants did not know about this 

special function of the pill bottles. The bottles contained 35 pills each and were replaced 

monthly. The pills for different types of supplement looked identical and women were asked 

to take one pill per day. 

2.4 VARIABLES 

OUTCOME 

The primary outcome of this study was compliance as a proportion of number of bottle 

openings in relation to number of days of intervention. A bottle opening was considered to 

represent one pill intake. Since women were asked to take one pill per day, compliance 

would be 100% when the number of bottle openings equalled the number of days that the 

intervention lasted. When women opened the bottle more than once per day the number of 

representative pills taken might exceed the number of days that the intervention lasted, 

leading to a compliance of more than 100%. Likewise, when women opened the bottle less 

than once per day the compliance would be lower than 100%. If bottles were opened more 

than three times per day, only the first three bottle openings were considered as pill 
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intakes. Recordings of the first and last day of intervention were discarded since they 

included openings that occurred at the health centre and did not represent the whole day. 

PREDICTORS 

Variables were grouped into the five potential groups of determinants (Figure 1) and their 

measurement units and categories can be found in the table below (Table 1). The potential 

determinants were largely obtained from a questionnaire and from anthropometric 

measurements. For maternal characteristics, age was measured in years, height in 

centimetres (cm) and weight in kilograms (kg). Socio-economic status (SES) was estimated 

using an asset score which was constructed according to the principle component method 

(Gwatkin, Rutstein, Johnson, Suliman, & Wagstaff, 2007). The parity variable was used, both 

as a continuous variable (number of previous births) and as a categorical variable. The 

categories were created in accordance with other MINIMat papers (Persson et al., 2012). 

Education was divided into categories of 0, 1-5 or more than 6 years of formal schooling, 

which is in accordance with the school system in Bangladesh (Ministry of Education 

Government of the People's Republic of Bangladesh, 2003-2004). Knowledge of effects of 

iron supplementation was assessed by asking women about positive and negative effects 

they knew about and then evaluating the answers to conclude whether they had knowledge 

or whether they did not (yes, no). Perception of importance of iron supplementation was 

measured by asking how important iron supplementation was for both ill and healthy 

women. Answer possibilities were not important, important and very important. When 

measuring experience of iron supplementation both positive and negative experience was 

assessed. General experience of positive effects could be reported (yes, no) and changes in 

appetite or strengths could be reported as no change, increase or decrease. When women 

were asked whether they had experienced side effects they could choose between answer 

possibilities “no”, “mild” and “severe” but in this study the categories “mild” and “severe” 

were collapsed and labelled as “yes”. The number of participants who answered “mild” was 

always considerably higher than the number of participants who answered “severe”. The 

side effects fever, dizziness and headache served as a control measure since they are no 

side effects that are known to be linked to iron supplementation. Women could also report 

whether not having any tablets left at home, not liking the way the tablets made them feel, 

being sick or presence of other reasons made them not comply to iron supplementation.  
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Table 1 Groups of determinants, variables and their measurement units or categories 

Maternal characteristics  

Age In years 
Height In cm 
Weight In kg 
SES In quintiles: poor, below middle, middle, above 

middle, rich 
Parity Number of previous births and divided into 

categories: 0 children, 1 child, ≥ 2 children 
Education Years of formal schooling divided into  categories: 0 

years, 1-5 years, >6 years 

Knowledge of effects of iron supplementation 

Knowledge of positive effects of iron 
supplementation 

Yes, no 

Knowledge of negative effects of iron 
supplementation 

Yes, no 

Perception of importance or iron supplementation 

Perceived importance of iron supplementation for ill 
women 

Not important, important, very important 

Perceived importance of iron supplementation for 
healthy women 

Not important, important, very important 

Experience of iron supplementation 

Experience of positive effects Yes, no 
Change of appetite no change, increased, decreased 
Change of strength no change, increased, decreased 
Fever as a side effect Yes, no 
Heartburn as a side effect  Yes, no 
Nausea as a side effect Yes, no 
Loose motions as a side effect  Yes, no 
Dizziness as a side effect Yes, no 
Constipation as a side effect Yes, no 
Dark stool as a side effect Yes, no 
Vomiting as a side effect Yes, no 
Headache as a side effect Yes, no 
Bad taste in the mouth as a side effect Yes, no 
Stomach ache as a side effect Yes, no 

Other reasons reported by the women  

Reason: Women had no tablets left at home Yes, no 
Reason: Women did not like the how the tablets 
made them feel 

Yes, no 

Reason: Women were sick and could not take them Yes, no 
Presence of other reasons Yes, no 

 

2.5 DATA SOURCES 

This study makes use of selected secondary data which has been provided and collected by 

the MINIMat research team. The MINIMat trial is a collaborative effort by ICDDR, B, Uppsala 

University, Cornell University, Bangladesh Rural Advancement Committee (BRAC), London 

School of Hygiene & Tropical Medicine, University College London (UCL) - Institute of Child 
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Health, University of California Davis, Karolinska Institutet (KI) and University of Tsukuba 

(Trial registration number: ISRCTN16581394, website: http://www.minimat.org/ or 

http://www.isrctn.com/ISRCTN16581394). 

2.6 BIAS 

Of the 4436  women that were initially recruited, 1555 were lost to follow-up. This may have 

introduced some selection bias. In order to account for that a missing value analysis was 

performed as further described in section 2.8 Data Analysis and Statistical Methods. 

The above mentioned loss to follow-up may also have led to bias due to lack of power since 

the sample size might not have been large enough to detect significant associations 

between predictor and the outcome (Indrayan, 2012). 

Recall bias could have been an issue when women were asked about their experience with 

iron supplementation. There may have been incongruence between actual experience and 

experience according to women’s memory (Gail & Benichou, 2000). It is also more likely to 

remember events that were serious (for example experiencing severe nausea) than those 

that were only mild (for example having mild constipation). Similarly it is easier to 

remember recent events than events that occurred a long time ago. However, the 

questionnaires were administered within only four weeks after initiation of iron 

supplementation and again after six weeks of intervention. These intervals were hoped to 

be long enough that the women would not remember their first responses, but short 

enough to be able to recall experiences with iron supplementation. 

2.7 SAMPLE SIZE 

For sample size calculation birth weight was used as the primary outcome variable. Here, 70 

g was determined to be the minimum important difference among the groups. To reach 

90% power, type I error of 0.05 and assuming an SD of 400g, a sample size of 686 women in 

each group was estimated. Total sample size required being 4116, including all six groups. 

Considering a possibility of 5% refusing to participate, 11% loss during pregnancy and 9% 

loss due to out-migration, the total required sample size was 5300. Observed average group 

size was 545 live births with birthweight measurement which allowed for 82% power for a 

70 g difference between any groups as well as demonstrating reduction in infant mortality 

http://www.minimat.org/
http://www.isrctn.com/ISRCTN16581394
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by 1 of the combined treatments of relative risk of 0.5 (95% CI, 0.27-0.99) (Persson et al., 

2012). 

No sample size calculation was performed in which compliance, as the outcome for this 

thesis, was used as the primary outcome. Full compliance data was available for 2881. 

Depending on whether data for predicting variables was complete among the participants 

who had complete data on compliance, the sample size varied slightly between the models 

because cases with missing data were excluded. 

2.8 DATA ANALYSIS AND STATISTICAL METHODS 

Data was analysed using R statistical software 3.1.2 and the R Commander version 2.1-6 

(Fox, 2005; R Core Team, 2013).  

For a description of the study population, maternal physiological and socio-demographic 

characteristics were analysed. Continuous variables were displayed as means with standard 

deviations (SDs) and categorical variables were displayed as counts and percentages. A 

missing value analysis was performed in order to determine differences between the group 

of women for which full information on compliance was available and the group of women 

that was lost to follow-up. 

In order to get an overview of how compliance behaves as a variable, an overall mean was 

calculated as well as separate means for different categories within maternal characteristics. 

Using this information as a starting point, linear regression was performed to create a model 

including maternal physiological and socio-demographic characteristics as predictors and 

compliance as the outcome. Then four more models were created - one for each objective 

of this thesis. (See: Figure 1 Concept map displaying potential determinants of compliance 

to iron supplementation and Table 1 Groups of determinants, variables and their 

measurement units or categories).  Each of the models included the variables that measured 

the respective potential determinants of compliance and those maternal characteristics that 

showed statistical significance at p<0.05 level in the first mentioned linear regression model 

that included maternal physiological and socio-demographic characteristics in order to 

control for confounding. Knowledge of effects of iron supplementation, perceptions of 

importance of iron supplementation, experience of iron supplementation and other reasons 
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for non-compliance reported by women could easily be associated with maternal 

characteristics. Associations found between them through bivariate analysis may thus be 

confounded. In all models compliance was the outcome. 

For the first model, investigating the association between knowledge of effects of iron 

supplementation and compliance, the variables knowledge of positive effects, knowledge of 

negative effects, maternal age, SES, parity and education were included. 

The second model, which investigated the association between perceptions of importance 

of iron supplementation and compliance, included the variables perceived importance of 

iron supplementation for ill mothers, perceived importance of iron supplementation for 

healthy mothers, maternal age, SES, parity and education. 

For the third model, which investigated the association between experience of iron 

supplementation and compliance, the following variables were included: experience of 

positive effects, change of appetite, change of strength; fever, heartburn, nausea, loose 

motions, dizziness, constipation, dark stool, vomiting, headache, bad taste in the mouth and 

stomach ache as side effects;  maternal age, SES, parity and education. 

In the fourth model, which investigated the association between other reasons reported by 

women and compliance, the variables women had no tablets left at home, women did not 

like how the tablets made them feel, women were sick and could not take the tables, other 

reasons, maternal age, SES, parity and education were included. 

In order to assess whether multicollinearity between certain variables was a problem, 

Pearson’s product moment correlation analysis was performed in cases where it was likely 

that variables would measure the same. In case of multicollinearity, two predictors are 

highly correlated and the removal of one variable drastically changes coefficient estimates 

of other predictors. 

2.9 ETHICAL CONSIDERATIONS 

Women first gave verbal informed consent at their home when they agreed to carrying out 

the pregnancy test. If a woman was pregnant, written informed was obtained at the first 

sub-centre health clinic visit. The written informed consent was for participating in the trial 

as well as receiving micronutrient supplementation. All was done according to the Helsinki 
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declaration. Amongst others this includes that it was made clear that participation is 

absolutely voluntary and that the decision not to participate would have no further 

implications when seeking health care in the future. Ethical approval was received from the 

Ethical Review Committee at ICDDR, B for the first part of the trial. Furthermore, ethical 

approval was asked from the Regional Ethical Review Board in Uppsala. This review board, 

however, is limited to give approval to research conducted in Sweden and therefore only 

the part of the research protocol conducted in Sweden was reviewed, which mostly 

concerns the biomarker analysis. For this, advice and recommendations were given. 

RISKS AND BENEFITS FOR PARTICIPANTS 

No direct risk is associated with iron supplementation administered in the doses that were 

used in this trial. On the contrary, iron supplementation is associated with many health 

benefits such as the reduction risk for low birth weight, maternal anaemia and iron 

deficiency. However, the women had the possibility to receive supplementation even if they 

were not participating in the trial. Participation was not compensated otherwise. 

  



17 

3 RESULTS 

The following sections describe the results yielded from statistical analysis. First an overview 

of the study population is given. Compliance is described for different groups of maternal 

socio-demographic characteristics and the association between potential groups of 

determinants and compliance is described in linear regression models. 

3.1 STUDY POPULATION 

Of the 4436 women who enrolled in the study, information on compliance could be 

obtained for 2881 women since 1555 (35%) women were lost to follow-up.  

 

Figure 4 Flow chart of the study population 

Missing values analysis showed that the group that was lost to follow-up differed from the 

group that had full information on compliance in the maternal characteristics age and parity 

(Annex 2: Missing value analysis). Mean age in the group with full information on 

compliance was 26.5 years as compared to 25.8 years in the group that was lost to follow-up 

(p=0.001). Women for who full information on compliance was available had comparatively 

more often more than two children than the women belonging to the group that was lost to 

follow-up (p<0.001). The groups did not differ in other maternal physiological and socio-

demographic characteristics. 

Maternal physiological and socio-demographic characteristics of all 4436 women are 

described in the table below (Table 2). The mean age of the women at time of enrolment 

was 26.3 years. The mean height was 149.8 cm which is higher than the cut-off for women 

at risk for difficulties in delivery (≤145 cm) defined by DHS (National Institute of Population 

Data collection of maternal characteristics  
(n=4436) 

Full information on compliance 
(n=2881) 

1555 lost to 
follow up 
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and Training et al., 2013). Mean weight was 45.4 kg. SES quintiles were equally distributed 

into the categories poor, below middle, middle, above middle and rich. One third of the 

women had not given birth before, 29% had one child and 38% had two or more children. 

Looking at education, 32% of the women had not gone to school, 21% attended school for 

1-5 years and 46% of the women had undergone more than 6 years of formal schooling.  

Table 2 Descriptive statistics of maternal physiological and socio-demographic characteristics of participants 
of the MINIMat trial in Bangladesh (November 2001- October 2003)  

Maternal characteristics N n (%) Mean ± SD Missing values n (%) 

Age in years  4416  26.3 ± 6.0 20 (0.0) 

Height in cm 4430  149.8 ± 5.3 6 (0.0) 

Weight in kg 4427  45.4 ± 6.9 9 (0.0) 

SES 4436   0 (0.0) 

 
 
 
 
 

Poor 
Below middle 
Middle 
Above middle 
Rich 

 888 (20.0) 
891 (20.1) 
883 (19.9) 
887 (20.0) 
887 (20.0) 

  

Parity 4436   0 (0.0) 

0 
1 

≥2 

children 
child 
children 

 1479 (33.3) 
1269 (28.6) 
1669 (37.6) 

  

Maternal education 4436   0 (0.0) 
0 

1-5 
≥6 

years of formal schooling 
years of formal schooling 
years of formal schooling 

 1429 (32.2) 
948 (21.4) 

2059 (46.4) 

  

 

3.2 COMPLIANCE 

In the 2881 women for whom full information on compliance was available, the overall 

mean compliance was 69% with a SD of 29.9. Compliance varied more or less within age 

groups, SES quintiles, number of children previously born and number of years of formal 

schooling that a woman had attended. Relations can be seen in the figure below (Figure 5), 

showing little variation in maternal age groups, a trend towards higher compliance in higher 

SES groups, somewhat higher compliance in mothers with no previous children and a trend 

towards higher compliance with higher education. 
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Figure 5 Compliance (%) in the MINIMat trial per group of maternal socio-demographic characteristics 

3.3 LINEAR REGRESSIONS 

Five linear regression models were created. Their specifics can be found in the sections 

below. 

MATERNAL PHYSIOLOGICAL AND SOCIO-DEMOGRAPHIC CHARACTERISTICS 

When tested individually only SES (p<0.001), parity (p=0.046) and maternal education 

(p<0.001) seemed to be significantly associated with compliance. However, in a linear model 

that was adjusted for all above given variables, age (p<0.001), SES, parity (p=0.046) and 

maternal education were significantly related to compliance. For SES, belonging to the 

“below middle” quintile was not positively or negatively associated with compliance as 

compared to belonging to the “poor” quintile, while belonging to quintiles “middle” 

(p<0.001), “above middle” (p<0.001) and “rich” (p<0.001) was significantly associated with 

higher compliance. Compliance was significantly higher when women had more than 6 years 

of education as compared to 0 years of education (p<0.001). Maternal education of 1-5 

years did not significantly influence compliance as compared to 0 years of education. 

Compliance increased with higher age, higher SES quintile and more years of education, but 

decreased with higher number of previous births (See: Table 3).  
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Table 3  Association between maternal characteristics and compliance (%) in the MINIMat trial: Results from 
linear regression  

Maternal characteristics Crude 
estimate 

p-value Adjusted 
estimate 

p-value 

Age in years  0.12 0.209 0.63 <0.001* 

Height in cm  0.19 0.067 0.07 0.552 

Weight in kg  0.15 0.069 -0.11 0.256 

SES
a
     

 
 
 

 

Below middle 
Middle 
Above middle 
Rich 

2.18 
8.31 

11.86 
11.39 

<0.001* 
<0.001* 
<0.001* 
<0.001* 

1.41 
6.25 
8.62 
7.65 

0.423 
<0.001* 
<0.001* 
<0.001* 

Parity as no. of previous births -0.80 0.046* -1.27 0.045* 

Maternal education
b
      

1-5 
≥6 

years of formal schooling 
years of formal schooling 

4.21 
10.14 

0.006* 
<0.001* 

2.61 
7.04 

0.096 
<0.001* 

*Significance level at p<0.05 
a
 Reference category: Poor 

b 
Reference category: 0 years of schooling 

Adjusted r²= 0.04 

 

KNOWLEDGE OF EFFECTS OF IRON SUPPLEMENTATION 

Neither knowledge of positive effects nor knowledge of negative effects had an effect on 

compliance. No significances could be detected for those variables in bivariate analyses or in 

a linear model that was adjusted for the maternal characteristics age, SES, parity and 

maternal education to control for confounding (See: Table 4). In the adjusted model, 

compliance increased by 0.63% with every year a woman was older (p<0.001). SES had a 

was positively associated with compliance in the categories “middle” (p=0.026), “above 

middle” (p=0.007) and “rich” (p=0.004) as compared to the category “poor”, with an 

increase of compliance by 8%, 12% and 11% respectively. While parity did not remain to be 

significantly associated with compliance in the adjusted model, education showed to 

significantly increase compliance for women who had attended school from 1-5 years 

(p=0.009) and 6 or more (p=0.000) as compared to women who had not attended school, by 

5% and 9% respectively. 

  



21 

Table 4 Association between knowledge of effects of iron supplementation and compliance (%) in the 
MINIMat trial: Results from linear regression 

Potential determinants for 
compliance 

Crude 
estimate 

p-value Adjusted 
estimate 

p-value 

Maternal characteristics     

Age in years 0.12 0.209 0.63 <0.001* 

SES
a
     

 
 
 

 

Below middle 
Middle 
Above middle 
Rich 

2.18 
8.31 

11.86 
11.39 

<0.001* 
<0.001* 
<0.001* 
<0.001* 

-0.05 
5.35 
6.63 
7.37 

0.982 
0.026* 
0.007* 
0.004* 

Parity as no. of previous births -0.80 0.046* -1.03 0.192 

Maternal education
b
      

1-5 
≥6 

years of formal schooling 
years of formal schooling 

4.21 
10.14 

0.006* 
<0.001* 

5.19 
9.41 

0.009* 
<0.001* 

Knowledge of effects of iron supplementation 

Do you know of some positive effects of iron tablets?
c
 

 Yes 2.27 0.221 3.03 0.119 
Do you know of some negative effects of iron tablets?

c
 

 Yes -2.98 0.168 -4.07 0.058 

*Significance level at p<0.05 
a 

Reference category: Poor 
b 

Reference category: 0 years of schooling 
c 
Reference category: No 

Adjusted r²= 0.05 

 

Pearson’s product moment correlation showed that knowing of positive effects was 

correlated with knowing of negative effects with a correlation of 0.16 (CI=0.12-0.20). It is 

unlikely that this is a case of multicollinearity, since the removal of one variable did not 

drastically change the coefficient estimates of other predictors (data not shown). 

PERCEPTIONS OF IMPORTANCE OF IRON SUPPLEMENTATION 

Perceptions of importance of iron supplementation, measured by asking how important 

women think it is to take iron supplements for ill or for healthy mothers, was not 

significantly associated with compliance in both bivariate analysis and in a linear regression 

model adjusted for age, SES, parity and maternal education. In this adjusted model, 

compliance increased by 0.43% with every year a woman was older (p=0.009). SES was 

positively related to compliance in the categories “middle” (p=0.041), “above middle” 

(p=0.001) and “rich” (p=0.008) as compared to the category “poor”, with an increase of 

compliance by 4%, 8% and 6% respectively. While parity did not have a significant 

association with compliance in the adjusted model, education showed to significantly 
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increase compliance by 6% for women who had attended school for 6 or more years 

(p=0.001) as compared to women who had not attended school. 

Table 5 Association between perceptions of importance of iron supplementation and compliance (%) in the 
MINIMat trial: Results from linear regression 

Potential determinants for 
compliance 

Crude 
estimate 

p-value Adjusted 
estimate 

p-value 

Maternal characteristics     

Age in years  0.12 0.209 0.43 0.009 

SES
a
     

 
 
 

 

Below middle 
Middle 
Above middle 
Rich 

2.18 
8.31 

11.86 
11.39 

<0.001* 
<0.001* 
<0.001* 
<0.001* 

0.12 
4.37 
7.51 
6.26 

0.951 
0.041* 
0.001* 
0.008* 

Parity as no. of previous births -0.80 0.046* -1.06 0.144 

Maternal education
b
      

1-5 
≥6 

years of formal schooling 
years of formal schooling 

4.21 
10.14 

0.006* 
<0.001* 

2.85 
5.93 

0.113 
0.001* 

Perceptions of importance of iron supplementation 

How important do you think it is for pregnant women who are ill to take iron tablets?
 d

 
 Important 

Very important 
-21.69 
-23.07 

0.106 
0.085 

-17.37 
-19.14 

0.193 
0.150 

How important do you think it is for pregnant women who are healthy to take iron tablets?
 d

 
 Important 

Very important 
1.00 
4.71 

0.579 
0.052 

0.85 
3.31 

0.643 
0.187 

*Significance level at p<0.05 
a 

Reference category: Poor 
b 

Reference category: 0 years of schooling 
d 

Reference category: Not important 
Adjusted r²= 0.03 

 

Also here, Pearson’s product moment correlation showed that perception of the importance 

of iron supplementation for ill mothers and perception of importance of iron 

supplementation for healthy mothers were correlated with an r of 0.26 (95% CI: 0.23-0.30). 

This is also very unlikely a case of multicollinearity, since the removal of one variable did not 

drastically change the coefficient estimates of other predictors (data not shown). 

EXPERIENCE OF IRON SUPPLEMENTATION 

Several variables on experience of iron supplementation were significantly associated with 

compliance in bivariate analyses (See Table 6). Some of these findings changed when 

analysed in a model that adjusted for the variables change of appetite, change of strength, 

experience of positive effects, the side effects fever, heartburn, nausea, loose motions, 

dizziness, constipation, dark stool vomiting, headache, bad taste in the mouth, and stomach 
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and maternal characteristics (See: Table 6). Results for maternal characteristics in the 

adjusted model were similar to the models shown above. Experience of positive effects was 

associated with an 8% increase of compliance to iron supplementation while a change in 

appetite or strength did not seem to be associated to compliance to iron supplementation. 

While in bivariate analysis only having dark stool seemed to be positively associated with 

compliance, in the adjusted model experiencing fever, dark stool and headache were 

positively associated with compliance. Experiencing nausea was associated with a decrease 

in compliance while experiencing heartburn and vomiting was not associated with 

compliance. 

Table 6 Association between experience of iron supplementation and compliance (%) in the MINIMat trial: 
Results from linear regression 

Potential determinants of 
compliance 

Crude 
estimate 

p-value Adjusted 
estimate 

p-value 

Maternal characteristics     

Age in years 0.12 0.209 0.50 0.001* 

SES
a
     

 
 
 

 

Below middle 
Middle 
Above middle 
Rich 

2.18 
8.31 

11.86 
11.39 

<0.001* 
<0.001* 
<0.001* 
<0.001* 

0.60 
5.82 
8.76 
7.29 

0.758 
0.003* 

<0.001* 
0.001* 

Parity as no. of previous births -0.80 0.046* -1.36 0.044* 

Maternal education
b
      

1-5 
≥6 

years of formal schooling 
years of formal schooling 

4.21 
10.14 

0.006* 
<0.001* 

2.90 
6.77 

0.082 
<0.001* 

Experience of iron supplementation 

Change of appetite
c
     

 Decrease 
Increase 

-0.34 
5.02 

0.946 
<0.001* 

1.03 
-0.48 

0.854 
0.797 

Change of strength
c
     

 Decrease  
Increase 

0.32 
4.95 

0.933 
<0.001* 

1.47 
-0.24 

0.723 
0.892 

Experience of positive effects
c
     

 Yes 7.94 <0.001* 8.07 <0.001* 
Fever

c
     

 Yes 5.4 0.191 10.40 0.021* 
Heartburn

c
     

 Yes -3.77 0.046* -0.64 0.744 
Nausea

c
     

 Yes -9.21 <0.001* -7.75 <0.001* 
Loose motions

c
     

 Yes -2.11 0.645 -2.56 0.578 
Dizziness

c
     

 Yes -3.59 0.117 -2.96 0.244 
Constipation

c
     

 Yes 0.23 0.866 -1.49 0.230 
Dark stool

c
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 Yes 4.08 0.001* 5.68 <0.001* 
Vomiting

c
     

 Yes -8.11 0.004* -4.04 0.187 
Headache

c
     

 Yes 3.30 0.352 10.29 0.009* 
Bad taste in the mouth

c
     

 Yes -9.21 0.008* -4.69 0.221 
Stomach ache

c
     

 Yes -4.88 0.177 -3.03 0.432 

*Significance level at p<0.05 
a 

Reference category: Poor 
b 

Reference category: 0 years of schooling 
c 
Reference category: No 

Adjusted r²= 0.07 

 

OTHER REASONS REPORTED BY WOMEN 

Other factors that women could report as a reason for not taking supplements were that 

they had no tablets left at home, that they did not like how the tablets made them feel, that 

they were sick and other reasons that were not specified. Both bivariate analysis and a 

linear regression model adjusted for maternal characteristics, and all of the above given 

reasons, found disliking of how the tablets made women feel to be negatively associated 

with compliance (p<0.001) (See: Table 7). In bivariate analysis sickness, being a reported 

reason for non-compliance, was negatively associated with compliance (p<0.001) but not in 

the adjusted model. Other reported reasons that were not specified, in turn, were 

negatively associated with compliance in the adjusted model (p=0.015), but not in bivariate 

analysis. Having no tablets left at home was not associated with compliance in either way. 

Results for maternal characteristics were similar to the models shown above. 
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Table 7 Association between other reasons reported by women and compliance (%) in the MINIMat trial: 
Results from linear regression 

Potential determinants Crude 
estimate 

p-value Adjusted 
estimate 

p-value 

Maternal characteristics     

Age in years 0.12 0.209 0.49 0.002* 

SES
a
     

 
 
 

 

Below middle 
Middle 
Above middle 
Rich 

2.18 
8.31 

11.86 
11.39 

<0.001* 
<0.001* 
<0.001* 
<0.001* 

0.27 
5.28 
8.22 
6.87 

0.887 
0.007* 

<0.001* 
0.002* 

Parity as no. of previous births -0.80 0.046* -103 0.124 

Maternal education
c
     

1-5 
≥6 

years of formal schooling 
years of formal schooling 

4.21 
10.14 

0.006* 
<0.001* 

3.55 
6.86 

0.033* 
<0.001* 

Other reasons reported by women 

Reason: No tablets left at home
c
 

 Yes -0.22 0.894 -1.35 0.401 
Reason: Dislike

c
     

 Yes -18.37 <0.001* -17.75 <0.001* 
Reason: Sickness

c
     

 Yes -7.453 <0.001* -3.43 0.102 
Other reasons

c
     

 Yes -2.15 0.095 -3.05 0.015* 

*Significance level at p<0.05 
a 

Reference category: Poor 
b 

Reference category: 0 years of schooling 
c 
Reference category: No 

Adjusted r²= 0.07 
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4 DISCUSSION 

In this section the key findings of the study are presented and strengths and limitations are 

discussed. Findings are interpreted along with a synthesis of information from different 

studies. Furthermore, a discussion of the generalisability of the study follows, including 

some comments on public health relevance. Finally, a conclusion will be presented. 

4.1 KEY FINDINGS 

Although, this is a cohort study in which women were followed over time, statistical analysis 

of the data is of cross-sectional nature. This makes it impossible to draw conclusions about 

causal relationships. Figure 6 shows the associations between the different groups of 

determinants and compliance, as found in this study, in a simplified manner. The figure is 

derived and further developed from Figure 1 in which potential determinants of compliance 

were presented in relation to the aims and objectives of this study. 

The results indicate that maternal factors age, SES, parity and education are associated with 

compliance. Being of older age, higher SES and having attended school for more years was 

associated with a higher percentage of compliance. If women had given birth before, this 

was related to a lower percentage of compliance. In this study, having knowledge about 

positive or negative effects of iron supplementation was not associated with higher or lower 

compliance. The same accounts for the perceptions that women had of the importance of 

iron supplementation for both ill and healthy women. When women experienced positive 

effects after they started taking iron supplements that was related to higher percentages of 

compliance. This was also true for some side effects. When women reported that they had 

fever since they started taking the tablets, dark stool or headache, this was associated with 

higher compliance. When nausea was reported as a side effect, this was related to a lower 

compliance. Experiencing a change in appetite or strength did not seem to be associated 

with higher or lower compliance while generally experiencing positive effects was 

associated with a higher compliance. When women reported that a reason for not taking 

the tablets was that they did not like how the tablets made them feel, that was related to 

lower compliance. Same accounts for when women said that there were other reasons why 

they did not adhere to the intervention. Having no tablets left at home or being sick did not 
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appear to be reasons for non-compliance that are associated with higher or lower 

compliance. 

 

Figure 6 Concept map describing the association between the groups of potential determinants; "+" 
indicating a positive association, "-" indicating a negative association, "0" indicating no association 

 

4.2 STRENGTHS AND LIMITATIONS 

PROBLEMS WITH PILL BOTTLES 

This study used eDEM® counting devices in the pill bottle caps, which is compared to other 

methodology such as pill-count and self-reported compliance rather advanced and does not 

rely on the participants’ ability to remember their intake or their honesty. Recall bias should 

thus not be an issue in this measurement. However, the underlying assumption that every 
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bottle opening represents one pill intake may be rather optimistic. Bottle openings could 

easily mean that pills were for example only taken out of the bottle and forgotten or 

demonstrated to friends and family rather than that they were actually consumed. 

However, the researchers tried to take account for this problem by not counting more than 

three openings per day. Opening and closing pill bottles as a strategy to mislead researchers 

should not be a problem either since the counting function of the cap was unknown to the 

women. 

SAMPLE SIZE AND MISSING DATA 

Unfortunately, eDEM® pill bottles often did not work or were not available. These technical 

problems lead to a rather large body of missing data. Another problem leading to missing 

data was that questionnaires were not completed for all participants. The reasons for this 

are unclear. The sample size in this study was relatively large and it met the calculated 

number of participants that was necessary to fulfil the primary objectives of the MINIMat 

study. However, no sample size calculation was performed for the objectives of this thesis. 

Considering that a large amount of data was lost it is unclear if the sample size was 

adequate for this study. 

DIFFERENT WAYS OF ASKING QUESTIONS 

There were differences in the way questions were asked for measurement of potential 

determinants in the different groups of determinants. In the group “other reasons reported 

by women”, participants were specifically asked whether certain potential determinants (no 

tablets left at home, dislike of how the tablets made them feel, sickness or other) made 

them not take the supplements. In the groups “knowledge of effects of iron 

supplementation”, “perception of importance of iron supplementation” and “effects of iron 

supplementation”, it was only assessed whether they had knowledge, what their 

perceptions were and what kind of experiences they had with iron supplementation but this 

was not specifically related to whether these factors made the participants take the tablets 

to a greater or to a lesser extent. The different ways of asking for determinants may have 

advantages and disadvantages. Not specifically asking for whether certain factors were a 

reason for taking or not taking supplements is less complicated and has a higher chance of 

producing a valid answer. But bluntly asking for whether certain factors were a reason for 

taking or not taking supplements might help women to figure out what influenced their 
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choice. It may be difficult to point out what exactly it is that influences personal behaviour. 

It is thus difficult to say which way of asking for determinants is a generally better or worse 

method. For answering the research question of this study and thereby investigate which 

factors contribute to women’s compliance to micronutrient supplementation during 

pregnancy  it might have been helpful to directly ask for the potential factors and their 

relation to compliance. When looking at the results it appears that the determinants where 

potential factors were directly asked for often turned out to be significantly associated with 

compliance to iron supplementation. When women said they did not take the supplements 

because they did not like how they made them feel or because of other reasons, this was 

actually significantly associated to them taking the supplements to a lesser extent. When 

women said they did not take the supplements because they had no tablets left at home or 

because they were sick and could not take them this was also associated with lower 

compliance. These findings were, however, not significant. An explanation for this may be 

that in fact not many women reported this to be the case and statistical power might have 

been too low to detect significance. 

TRAINED RESEARCHERS 

The measurements in this study were performed by a team of experienced and skilled 

health workers in a setting were a well-functioning surveillance system is in place. The 

measurements can thus be expected to be well-performed, reliable and valid.  

ADEQUATE STATISTICAL ANALYSIS 

Statistical analysis was performed adequately, using methods that were suitable for the 

available data and for answering the research question. Many studies categorize the 

variable compliance into “compliant” and “non-compliant” and then use logistic regression 

for analysis and modelling. In this study the variable compliance was continuous and linear 

regression was used instead. On one side categorizing variables can be useful when it helps 

answering the research question in a better way. On the other side, information gets lost. 

Strictly speaking compliance is only fulfilled when participants follow the instructions they 

were given, which in this study would mean that exactly one pill was taken every day. 

However, looking back at the definition of compliance it is rather about the extent to which 

patients or participants coincide with medical advice, which is also more interesting and 

relevant when it is expected that compliance would vary. Therefore, it is difficult to set a 
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cut-off level to when compliance is fulfilled and when it is not and studies often first have 

groups ranging from “non-compliant”, over “partially compliant” to “strictly compliant” as 

for example performed by Habib et al. (2009) and Ugwu et al. (2014).  For statistical analysis 

the two latter ones are often collapsed and the distinction between the two is lost. Using 

compliance as a continuous variable, as chosen for this study, was a good means to have 

information that is as complete as possible, especially looking at the large losses to follow-

up. 

4.3 INTERPRETATION OF FINDINGS 

With a mean of 69%, compliance to iron supplementation was not particularly high or 

particularly low compared to other studies that measured compliance as a proportion of 

number of pills taken in relation to number of pills prescribed. Other studies performed in 

Bangladesh, Senegal, the Philippines, and Ethiopia found mean compliances of 61%, 69%, 

70%, 75%, respectively (Gebremedhin et al., 2014; Hyder, Persson, Chowdhury, & Ekström, 

2002; Seck & Jackson, 2008; Ugwu et al., 2014). The relatively high mean compliance of 75% 

reported by Gebremedhin et al. (2014) was calculated from self-reported pill intake and not 

only  currently pregnant women but also in women who had given birth in the preceding 

year were enrolled in the study. This may have led to recall bias and an over estimation of 

pill-intake. The 70% mean compliance reported by (Lutsey et al., 2008) were obtained by pill 

count but they also measure self-reported pill intake which with 85% was considerably 

higher. This again supports the idea of possible over-estimation of compliance when using 

self-reporting for measuring compliance. The study was more or less comparable to the 

MINIMat study in terms of that pills were distributed free of charge, in the frame of 

antenatal visits and interviews took place at the participants’ homes. This may also explain 

the comparable percentage of compliance.  This may also be true for Hyder et al.’s (2002) 

study which not only took place in the same country as the MINImat study but also  used 

the same method for measuring pill intake as was used in this current study (eDEM® pill 

bottles with counting caps). 

In this study, maternal socio-demographic and physiological characteristics showed some 

significant associations with women’s compliance to iron supplementation during 

pregnancy. Comparing these results with previously done research on this topic shows that 
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there is a rather wide variety in how maternal characteristics influenced women’s 

compliance. 

MATERNAL AGE 

This study showed that higher maternal age was significantly related to higher compliance 

which was supported by Kulkarni et al. (2010) in a study in Nepal. Kulkarni et al. (2010) 

compared low compliers with high compliers as groups using Student’s t-test. This test 

compares the means of two groups and a significant difference of 0.8 years between the 

groups was found (p<0.001). In logistic regression an OR of 1.03 was found (95% CI: 1.02-

1.04). This current study found that compliance increases with 0.6 % with every year a 

woman is older (p<0.001). Both associations are rather small and do not give strong 

implications on real life situations. Their associations may have been found because of the 

rather large sample sizes that both studies had and the statistical power that is related to 

larger sample sizes. Other studies did not find an association between age and compliance. 

PARITY 

The same study also found parity to be associated with compliance. However, associations 

went into opposite directions. In Kulkarni et al.’s study, having given birth to more than one 

child before the ongoing pregnancy showed a positive association with compliance, while in 

this study, it had a negative association. Again, although the associations were significant 

(p<0.001 and p=0.045, respectively) the difference between high and low compliance 

groups and the regression coefficient were not particularly high. All of the linear regression 

models performed in this study were adjusted for parity and in the ones that included either 

knowledge of effects of iron-supplementation, perceptions of importance of iron 

supplementation, or other reasons reported by women, parity was not significantly 

associated with compliance. Anyway, the association was always negative. Nordeng et al. 

(2003) did not find a significant relation between parity and compliance in a study 

performed in Sweden and Norway. It is interesting to see that although parity and maternal 

age are very likely correlated (older mothers are likely to have more children), this is not 

reflected in these findings. While higher age is associated with higher compliance, more 

children are associated with lower compliance. This may be due to women having had 

negative experiences with iron supplementation before. Women could have for example 

not properly adhered to iron supplementation in earlier pregnancies but perceived that they 
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did and then anyway not have experienced the positive effects that are associated with iron 

supplementation. Pill taking may discontinue long before the treatment has a chance to 

produce positive effects. It would also be interesting to know about previous birth 

outcomes and iron supplementation in previous births and how this information is related 

to compliance to iron supplementation in the current pregnancy. This could give more 

insight in how and why parity is associated with compliance to iron supplementation. 

SES AND EDUCATION 

This opposite pattern in association can also be found for the relationship between SES and 

women’s compliance. In Kulkarni et al.’s study, women whose husbands were farmers or 

unskilled labourers, indicating poorer SES, were more likely to be compliant than women 

whose husbands were employed in business or service sectors, indicating a higher SES (OR: 

0.76, 95% CI: 0.64-0.89, reference category: farmers and unskilled labourers).  Similar 

findings were reported in a study performed in rural Ethiopia by Gebremedhin et al. (2014), 

where belonging to the poorest quintile was associated with 1.5 times higher odds for 

utilization of iron-supplementation as compared to belonging to the richest quintile. This 

may be explained that belonging to lower SES leaves you more subject to accept treatment 

that a doctor or researcher has prescribed you and given for free. It could also be explained 

by the relation between SES and often has with level of education. Women with lower SES 

tend to have less opportunity to attend school for long and often remain illiterate. 

Hypothetically, an educated doctor, health worker or researcher with higher education may 

be treated with respect and seen as a trustworthy person, which might lead to higher 

compliance.  

However, in the current study, the opposite was found and belonging to the three richer 

quintiles was associated with 6%, 9%, 8% higher compliance, respectively (p<0.001 for all 

three). These results are partially supported by Ugwu et al. (2014) and Hyder et al. (2002). In 

a study in Nigeria, Ugwu et al. (2014) found a 2.93 times higher odds for being compliant 

when women belonged to higher social class as compared to belonging to lower social class. 

However, this measure was based both on the woman’s education and the husband’s or 

caregiver’s occupation and does maybe not exactly measure the same as other studies. In a 

study in Bangladesh, Hyder et al. (2002) found that lower SES had an influence on women’s 

compliance when they experienced side effects. Furthermore, this current study showed 
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that having attended more than 6 years of formal schooling was associated with a 7% higher 

compliance as compared to not having attended school (p<0.001).  These findings were 

supported by Habib et al. (2009) and Ugwu et al. (2014). In Habib et al.’s study that was 

performed in Saudi Arabia, education was associated with a lower odds for non-compliance 

(OR: 0.71, 95% CI: 0.52-0.96) although it was unclear which level of education they were 

speaking of and what the reference group was. Ugwu et al. (2014) found a 5.53 times higher 

odds when women had attended tertiary level of education as compared to when they only 

had attended primary or secondary levels of education (p<0.001). Gebremedhin et al. 

(2014), in contrast, found illiterate women to have a 1.61 higher odds for being compliant to 

iron supplementation as compared to literate women (95% CI: 1.22-2.13). 

These associations may also be explained by the relation between SES and education but in 

a different way. Higher education could be connected to more knowledge of iron 

supplementation and its importance during pregnancy although this is not directly reflected 

by the results from this study. Furthermore, higher SES could be connected to better 

accessibility of health care and antenatal care and thereby to a better overall understanding 

of the importance of compliance.  

However, drawing conclusions about SES across different studies can be rather problematic 

due to the different ways SES is measured and documented. Dividing SES is quintiles tells 

you something about the relation of SES between the different quintiles but it says nothing 

about what the different quintiles imply. In quintiles ranging from “poor” over “below 

middle”, “middle”, “above middle” to “rich”, belonging to the “rich” quintile does not 

necessarily mean that one is in fact rich. It simply means being higher in SES than if one 

belonged to one of the quintiles below. Comparing SES quintiles between different settings 

can thus be rather problematic since belonging to the “rich” quintile in one setting can 

mean something different that belonging to the “rich” quintile in another setting. In 

addition, comparing results from studies that used SES quintiles in analysis to results that 

used other measures is also problematic. If for example the husband’s occupation was used 

as a proxy for SES (as was done by Kulkarni et al.) it may be a measurement that intends to 

measure the same, but in reality it does not. 
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KNOWLEDGE OF ANAEMIA, IRON SUPPLEMENTATION AND ITS IMPORTANCE 

Knowledge of effects of iron supplementation as well as perceptions of importance of iron 

supplementation were not significantly associated on a women’s adherence to iron 

supplementation in this current study.  

This finding stands in contrast to findings from other studies. Ugwu et al. (2014) found that 

having good knowledge of iron supplementation was associated with a 6.15 times higher 

odds to be in the group of high compliers as compared to be in the group of low compliers 

(95% CI: 3.72-10.17). In this study more than 84% compliance was the cut-off level to be 

considered a high complier. 

Gebremedhin et al. (2014) did not measure knowledge of iron supplementation or its 

effects but measured knowledge of anaemia instead. A lack of comprehensive knowledge of 

anaemia was associated with a 25% lower chance of compliance (95% CI: 0.57-0.97) and 

being not informed about the importance of iron supplementation was associated with 95% 

lower chance of compliance (95% CI: 0.04-0.07). Both of these measurements may not 

measure exactly the same as was measured in this current study but they give a wider 

indication of whether knowledge around the issue of anaemia, its relation to iron deficiency 

and iron supplements are somehow associated with compliance. 

Comparing the findings of this current study to the findings described above, it is somewhat 

surprising that no significant associations could be found between knowledge of positive 

and negative effects of iron supplementation and compliance. However, disregarding 

significance at the 0.05 level, the association between knowledge about positive effects and 

compliance was in fact positive and the association between knowledge about negative 

effects and compliance was negative. The latter association also showed tendency towards 

significance (p=0.058) so one may dare to say that although these findings are not 

significant in this study, they neither contradict other studies’ findings. Anyway, it may be 

worthy to think about which strategies should be applied in future intervention and 

programme development. This may be an indication that educating women about anaemia, 

iron deficiency, iron supplements and their effects should not be the only strategy when 

aiming for high compliance and thereby high effectiveness of iron supplementation. 
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EXPERIENCE OF IRON SUPPLEMENTATION, PERCEIVED HEALTH BENEFITS, AND REASONS FOR NON-
COMPLIANCE 

Experiencing positive effects of the supplementation was strongly associated with higher 

compliance in this current study. 

This finding is supported by the findings of other studies (Kulkarni et al., 2010; Lutsey et al., 

2008; Seck & Jackson, 2008). Kulkarni et al. (2010), for example, showed that perceiving 

benefits from iron supplementation made participants more likely to be in the high 

compliance group than in the low compliance group (p<0.001). In this study, the cut-off for 

being in the high compliance group was a compliance of more than 70%. Types of perceived 

benefits that they measured were for example improved health and increased appetite. 

Perceiving those, was also associated with a higher likelihood to have a compliance that was 

higher than 70%. Change of appetite and change of strength were also measured in this 

current study but here neither decrease nor increase of the two factors was significantly 

associated with compliance. Other types of perceived benefits that were measured in 

Kulkarni et al.’s study such as healthier baby, cured night blindness, “increased blood” and 

“increased breastmilk” were also associated with higher compliance.  

Lutsey et al. (2008) also found that perceiving health benefits was positively associated with 

compliance. Pregnant women’s self-reported pill consumption increased by 7% when they 

perceived health benefits (p<0.05).  Likewise, when they experience side effects, this was 

negatively associated with compliance, showing a 14% decrease of self-reported pill 

consumption (p<0.01). 

A study in Senegal performed by Seck and Jackson (2008) reported factors that motivated 

high compliers and factors that discouraged low compliers to take iron supplements. The 

most frequently mentioned motivating factor for taking supplements was perception of 

improved health such as feeling less tired, alleviation of dizziness and experiencing 

improved appetite (32% of answers). The most frequently mentioned factor that 

discouraged low compliers to take supplements was experience of side effects such as 

nausea, vomiting, diarrhoea, constipation or a combination of those (27% of answers). 

Correspondingly in this current study, experience of some side effects was in some cases 

positively and in other cases negatively associated with compliance. Experiencing nausea, 

for example, was associated with a decrease of compliance by 8%. Interestingly, 
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experiencing fever, having dark stool, or having headaches were associated with an increase 

of compliance by 10%, 6% and 10%, respectively. There is no obvious explanation for these 

findings. One might argue that since headache and fever are not actually side effects that 

are associated with iron supplementation that in this case they are associated to simply 

feeling or being sick. This might make people feel more inclined to take supplements that 

earlier were promoted as being beneficial for your health. This would go along with the 

finding that reporting sickness as a reason for non-compliance was not significantly 

associated with compliance to iron supplementation. However, those findings cannot 

directly be derived from the results but they are of rather speculative nature. 

In this current study reported reasons for non-compliance were dislike of how the tablets 

made women feel and other reasons that were not specifically mentioned. Gebremedhin et 

al. (2014) found that women who complied to iron supplementation usually liked the 

tablets. Dislike of the supplement was considerably higher in the low compliance group than 

it was in the high compliance group and vice versa (p<0.001). In Lutsey et al.’s study disliking 

the taste of iron tablets was similarly associated with lower compliance showing a 4% 

decrease in self-reported pill consumption (p<0.05). This same study found that not having 

any tablets left at home was one of the most frequently mentioned reasons for women to 

be non-compliant (10% of answers). The results of this current study do not support this 

finding while comparison between different studies is difficult here since this is largely 

dependent on the study setting and on how often participants actually did not have access 

to tablets. 

It is not very surprising that experiencing unpleasant side effects such as nausea and 

vomiting and disliking how tablets made you feel is associated with lower compliance. 

Maybe it would be worthwhile and cost effective to invest into development of a 

supplement that would reduce side effects and increase the positive effects associated with 

iron supplementation. 

4.4 GENERALISABILITY AND PUBLIC HEALTH RELEVANCE 

The findings of this study are very unlikely generalizable to a larger setting. The results do 

however contribute to the relatively small body of research around compliance and its 

determinants. In this view, it would be fair to say that the study did not exactly aim to 
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acquire generalizable findings since it was to be expected that determinants of compliance 

to iron supplementation during pregnancy are in general largely dependent on the setting. 

And even within a setting it may be problematic to generalize when the setting itself is not 

easily comparable to other settings of its kind. This study for example was performed in 

Matlab which is an area in rural Bangladesh but this specific area is not guaranteed to be 

comparable to other rural settings in Bangladesh since it is also field site of the ICDDR, B 

which provides the population with health services. This might have an effect on the general 

health status of the population and possibly the interactions between health workers and 

patients, which in turn might have an effect on compliance. Comparing this current study’s 

findings to other studies’ findings, and comparing these studies’ findings with each other, 

confirmed this claim, since it showed that there is a rather large variety of findings that in 

some cases are comparable to each other, in others contradict each other. However, the 

studies were conducted in very different settings ranging from low income countries over 

middle income countries to high income countries. In any case, instead of producing 

generalizable findings, this study rather aimed at generating findings that would contribute 

to the current relatively small body of knowledge around the topic of compliance and its 

determinants. This was done, hoping to create a better starting point for future research in 

this field, as well as giving first indications for what to take into account when planning iron 

supplementation programmes and interventions. So far, these projects have often struggled 

with reaching effectiveness of iron supplementation and non-compliance has shown to be a 

major issue in that sense (Hyder et al., 2004; Zavaleta et al., 2012). Increasing effectiveness 

of iron supplementation interventions and programmes could significantly improve 

maternal and child health in terms of decreasing prevalence of low birth weight children, 

anaemia and iron deficiency. 

4.5 CONCLUSION AND RECOMMENDATIONS 

Pregnant women’s compliance to iron supplementation was determined by many different 

factors in the MINIMat trial in rural Bangladesh. Maternal age, SES, parity and education 

influenced compliance to iron supplementation. Surprisingly, knowledge about positive or 

negative effects of iron supplementation did not seem to influence a woman’s decision to 

take the supplements more or less. Perceiving iron supplementation as important or 

unimportant did not influence that decision either. This could be valuable information for 
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planning and implementing iron supplementation programmes and interventions since 

education of women about anaemia, iron deficiency and iron supplementation by itself may 

not be the most effective strategy for achieving high compliance. In contrast to that, 

experience of iron supplementation seemed to have much stronger implications on 

compliance, since experiencing positive effects was related to an increase of compliance to 

iron supplementation and experiencing unpleasant side effects (for example nausea) was 

related to a decrease of compliance to iron supplementation. A more successful strategy to 

achieve high compliance may thus be to invest in the development of a supplement that 

causes less or no side effects. This is obviously related to high costs but here one may take 

cost-effectiveness into account and further research would be needed.  

Overall this study was a good starting point for further research since it revealed interesting 

and valuable findings about which factors are associated with compliance to iron 

supplementation. However, even along with the findings generated by other studies in this 

particular field, the picture is not completed yet and there are surely other factors to be 

discovered that are related to compliance to iron supplementation  
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ANNEX 1: CONTENT OF MULTIPLE MICRONUTRIENT SUPPLEMENTATION (MMS) CAPSULES 

Micronutrient quantity 

Copper  2 mg 

Folic acid  400 μg 

Iron  30 mg 

Iodine  150 μg 

Niacin 18 mg 150 μg 

Selenium  65 μg 

Vitamin A  800 μg 

Vitamin B1  1.4 mg 

Vitamin B2  1.4 mg 

Vitamin B6  1.9 mg 

Vitamin B12  2.6 μg 

Vitamin C  70 mg 

Vitamin D  200 IU 

Vitamin E  10 mg 

Zinc  15 m 

 

  



II 

ANNEX 2: MISSING VALUE ANALYSIS 

Maternal characteristics Lost to 

follow-up 

Complete data for 

compliance  

  

 
t-test 

 

 Mean Mean p-value  

Age in years  25.8 26.5 0.001*  

Height in cm 149.7 149.8 0.660  

Weight in kg 45.5 45.3 0.365  

 
Chi²-test 

 

 n n p-value  

SES   0.886  

 

 

 

 

 

Poor 

Below middle 

Middle 

Above middle 

Rich 

318 

311 

318 

301 

307 

570 

580 

565 

586 

580 

  

Parity   <0.001*  

0 

1 

≥2 

children 

child 

children 

551 

469 

516 

928 

800 

1153 

  

Maternal education   0.485  

0 

1-

5 

≥6 

years of formal 

schooling 

years of formal 

schooling 

years of formal 

schooling 

500 

318 

737 

929 

630 

1322 

  

*Significance level at p<0.05  

 


