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ABSTRACT

Introduction: Growth failure among children and micronutrient deficiency among children and
women is one of the major nutritional problems in Bangladesh. According to a 2011 estimate, half of
the children and 40% women were anaemic, and the prevalence of stunting and underweight was 40%
and 36% among children, while a quarter of non-pregnant adult women were chronically energy
deficient. The problem was magnified among the extreme poor population. Previously, standalone
initiatives have attempted to tackle undernutrition and micronutrient deficiency separately, but there
have been few attempts to integrate these two approaches; and credible evidence from experimental
studies was sought from the government and development partners to guide future policy and
investment decisions.

Aims & Objectives: This study aimed to determine the effect of an intervention package, containing
deworming at six-monthly intervals, daily multiple-micronutrient powder (MNP containing 15
ingredients) supplementation for twelve months, and flip flop (thong) shoes in reducing anaemia
among extremely poor women and children under-five, as well as to assess the effect on growth failure.

Methods: The study employed a two-arm cluster randomised trial design involving 537 women and
168 under-five children in 21 clusters within the intervention arm, while the comparison clusters
contained a total of 503 women and 139 under-five children in another 21 clusters. The implementation
took place between December 2010 and December 2011. Anaemia prevalence was the primary
outcome; growth failure (measured by anthropometry), the prevalence of diarrhoea, and passed worms
were assessed as secondary outcomes. The analysis was conducted based on cluster-level summaries
of mean and prevalence, and the differences between groups were compared using independent sample
t-tests.

Results: The study detected a significant effect on anaemia. At endline, the prevalence of anaemia
among the women in the intervention clusters was 52% less than the comparison clusters (mean
difference 18.1%, 95% CI: 11.1% to 25.1%, P<0.001). Among the under-fives in the intervention
clusters, anaemia prevalence was 58% lower (mean difference 18.4%, 95% CI. 7.2% to 29.6%,
P=0.002). Mean haemoglobin concentration was also significantly higher among the children (mean
difference 7.8 g/1, 95% CI: 5.0 to 10.7, P<0.001) and women (mean difference 4.8 g/1, 95% CI: 3.3 to
6.3, P<0.001) in the intervention clusters. However, there was no detectable effect on child growth
failure (stunting, underweight, wasting and thinness), chronic energy deficiency among women, the
prevalence of diarrhoea, or passed worms.

Conclusion: The study results suggest that the intervention package is effective in reducing anaemia
among women and children under-five. However, the current evidence is insufficient to make a public
health recommendation for using the intervention package, containing 15 component MNP, to replace
the existing government and WHO recommendation for using 5 component MNP. Further
investigation would be necessary to answer this important public health question.

Keywords: multiple micronutrient powder; MNP; anthelmintics; deworming; anaemia;
haemoglobin; morbidity; stunting, underweight, wasting; children; women; Bangladesh.
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INTRODUCTION

Background

Despite notable improvements over the past decade, poverty and undernutrition remain major
challenges in Bangladesh. According to a recent (2010) estimate, 31% of Bangladeshis live below the
poverty line, while 18% live below the lower poverty line (1). While the prevalence of stunting and
underweight among under-five children declined by 10% and 7% respectively between 2004 and 2011,
approximately 40% of children remained stunted and 36% underweight (2). In addition to this growth
failure, the rate of micronutrient deficiency among under 5s remained very high; 51% of children were
anaemic (2). Undernutrition among adult women was similarly widespread. In 2011, almost a quarter
of all Bangladeshi women were chronically energy deficient, and 42% were anaemic.

The situation among the households in the lowest quintile was worse (2). In 2011, the prevalence of
stunting among under 5 children was 14% higher than the national average, while underweight was
10% higher (2). Women from households in the lowest wealth quintile displayed 16% higher (40% vs
24%) prevalence of chronic energy deficiency and the anaemia prevalence was 10% higher than the
national average (2). A similar level of nutritional inequality was also found among extreme poor
women and children in other surveys conducted in Bangladesh (3, 4).

The proliferation of undernutrition among Bangladeshi women and under-five children in the poorest
communities is to be expected, as poverty is the key underlying cause of under-nutrition (5).
Micronutrient deficiency, which can derive either from lack of enough food or lack of enough
micronutrients in food consumed, is an important factor behind poor nutritional status. Even with
enough calories and protein in the diet, growth can falter due to insufficient micronutrients, a situation
commonly known as ‘hidden hunger’ (6, 7). In the human body, micronutrients play a critical role in
cell biology, growth, cognitive development, and work performance (8). Micronutrients also play an
important role in the immune response to disease; lack of proper micronutrients weakens the immune
system (9), and longer-term deficiency can lead to growth failure (10). Even when receiving sufficient
nutrients through food consumption, intestinal parasite infection can lead to micronutrient deficiency,
and anaemia. Nutritional causes of anaemia include iron deficiency and certain other micronutrient
deficiencies (11). Conversely, micronutrient supplementation can enhance growth and appetite,
counteract diseases like diarrhoea and pneumonia through strengthening the immune system, and even
reduce mortality (12, 13).

Both the Bangladeshi Government (14) and development agencies (15-18) have made efforts to tackle
these problems. However, early initiatives demonstrated that stand-alone nutrition interventions were
unsustainable, while alleviating extreme poverty through raising incomes alone did not significantly
improve nutritional status, especially among the most vulnerable — namely, women and children.
Hence there was a clear need to combine efforts, leading to interest from the donor community in
Bangladesh in integrating direct nutrition interventions within existing poverty reduction/livelihoods
programming, to tackle multiple micronutrient deficiencies.

The "Improvement of nutrient intake through crop varieties and supplements" project under the UKaid-
funded EEP/shiree (www.shiree.org) programme was one such initiative, designed to both ‘improve
the nutritional status and strengthen the livelihood opportunities of 1,055 extreme poor households in
Bogra district by 2011°(19). The extreme poor participant households suffered from chronic
vulnerability and food insecurity, seasonally exacerbated during the monga (indicates periods of
seasonal food insecurity; usually between September-November and March-April) periods, when
income-generating opportunities are especially scarce. The project aimed to lift beneficiaries out of
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extreme poverty within three years, by supporting them to produce diversified crops for both household
consumption and sale. Specific nutrition interventions were integrated through a ‘nutrition package’,
comprising micronutrient supplementation and provision of de-worming tablets and flip-flops (thong
shoes). The introduction of such a package into a livelihood project focused on the extreme poor in
Bangladesh was novel, meaning a lack of credible evidence existed surrounding this approach from
randomised trials. Hence this specific intervention was introduced as an experiment, to gather robust
evidence for future scale-up and policymaking.

Aims and Objectives

The overall aim of the study was to evaluate the effectiveness of the intervention package (i.e.
micronutrient supplements, deworming tablets and use of flip-flops) in improving maternal and child
nutritional status among an extremely poor population in rural Bangladesh. The primary objective of
the study was to assess the effect of the intervention on the anaemia status of children below five years
and non-pregnant adult (>15 years) women. In addition, this study aimed at assessing the effect of the
intervention package on:

= child under-nutrition (measured by weight for height, height for age and weight for age of
children under five).

= putritional status of women (measured by chronic energy deficiency / body mass index of non-
pregnant adult women)

= maternal and child morbidity (worm infestation and diarrhoea)

METHODS

Study design and setting: The study was a two-arm cluster randomised trial, conducted
among the extreme poor population of Bogra district in North-West Bangladesh. It was designed to
test the effectiveness of the intervention in a ‘real world’ setting. The trial was part of a larger project
aimed at alleviating extreme poverty and improving the nutritional status of extreme poor women and
children (19). All households (both intervention and comparison) received support for vegetable
cultivation, and awareness-raising training on essential health, hygiene and nutrition. All this support
started before the trial and continued after it was completed (until August 2012).

Participants: The essential enrolment criteria for participant households in the livelihoods project
(19) were as follows: (i) income < 1500 BDT per month; (ii) lack of cultivable land; and (iii) lack of
access to microfinance institutions (20), which reflected project’s definition of extreme poverty. Based
on these criteria, 1,055 households were selected, all of whom were later trained and supported with
livelihoods interventions. All 1,055 households participating in the trial were screened for eligible
participants, i.e. non-pregnant women aged > 15 years, and children <five years, but > 6 months old,
at time of enrolment. As the study was a cluster randomised trial and the unit of randomisation was
‘mothers’ groups’, eligibility criteria were also set for groups — namely, (i) groups must consist of
project beneficiaries only; and (i) groups must be functional — i.e. members had to meet at least
monthly.

Intervention package and delivery: The intervention package included deworming at
six-monthly intervals, daily micronutrient supplementation (using new so-called “sprinkles” powder
with 15 ingredients) for twelve months and pairs of flip flops for women and children. For the
deworming intervention, a single dose of Albendazole 400 mg was used for adults and children over
2 years, while for children under 2 years, Albendazole 200 mg suspension was used. For the
micronutrient supplementation intervention, micronutrient sprinkles with 15 micronutrients were
distributed (21, 22). The intervention started in December 2010 (two months after the baseline survey).
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Mothers and children in intervention group were dewormed (exposure to the intervention was
measured by direct observation) at the beginning of the intervention, and then again six months later;
the trial ended in December 2011. This meant participants were dewormed twice during the trial
period. The recommended dose of micronutrient supplements for both women and under-fives was
one sachet daily. The required number of sachets were delivered to households at the beginning of
every month, and adherence to the regimen was estimated by counting empty sachets at months-end.
Additionally, two pairs of flip-flops were provided to every mother and under-five child in intervention

group.

Outcomes: The primary outcome measures assessed were anaemia status and haemoglobin
concentration for both mothers and children. Cut-off values of haemoglobin concentration for children
under 5 was <110 g/l and for non-pregnant adult women it was <120, as per the WHO definition of
anaemia (23). Blood haemoglobin level was measured using HemoCue Hb-301 at baseline, midline
and endline, by trained measurers.

Secondary outcome measures for children were stunting, underweight, wasting and thinness,
calculated from height for age, weight for age, weight for height and body mass index (BMI) for age
z-scores. These anthropometric indicators were calculated using the 2006 WHO reference growth
standards (24). The secondary outcome measure for women was to determine whether women were
chronically energy deficient (CED, i.e. BMI<18.5) or not. Prevalence of diarrhoea and maternal
identification of passed worms were also considered as secondary outcome measures, for both women
and children. Prevalence of each was measured according to three different timescales — (i) on the day
of the survey (ii) over the previous 7 days, and (iii) over the previous 30 days.

Sample size: In order to detect an improvement in haemoglobin of 4 g/1, (an alpha of 0.05, a power
of 0.80, and assuming a design effect of 2 for cluster randomisation), a sample size of about 400
households in 20 clusters was found to be required for each arm of the intervention. For practical
reasons, and increased study power, all 1,055 project beneficiary households (which were divided into
42 clusters) was included in the study.

Randomisation

Sequence generation: Based on baseline data, all 42 mother groups were allocated to either the
intervention or comparison group using restricted randomisation to ensure baseline balance between
intervention and comparison groups with respect to mean haemoglobin concentration (g/l) and
proportion of anaemia among mothers and under 5 children. Baseline survey variables were used to
generate two samples: (i) a set of 21 clusters containing 537 households, and (ii) another set of 21
clusters with 503 households, which respectively formed the intervention and comparison groups.

Open allocation: The mothers’ groups were formed 1 year before the baseline survey, while the
random sequence allocating each group to either intervention or comparison was generated after
baseline. All members (both women and children) from each mothers’ group included in the trial were
fixed — i.e. individuals didn’t change group during the study period. After randomisation, group
participants and the programme team delivering the interventions were made aware of which treatment
arm they belonged to, since some of the interventions could not be concealed. However, survey
enumerators (who filled out the questionnaire) and measurers (those in charge of anthropometry and
blood haemoglobin measurement) were unaware which group the households they surveyed belonged
to.
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Implementation: After the randomisation, all under 5 children from the intervention group and non-
pregnant women over 15 years old received the intervention package, delivered by NGO (National
Development Programme) field staff on a monthly basis, and participants were also trained on the
treatment regimen.

Data Collection

Overview: Field data collection was undertaken at three points in time. Baseline data were collected
in September-October 2010, two months before the actual intervention started. Six months after the
intervention commenced, a midline survey was conducted (in May-June 2011), while the endline
survey commenced in December 2011 and was completed on 4 January 2012. All 1,040 households
(excluding 15 project households who were excluded from the study) were visited during all three
surveys to collect demographic, anthropometric data.

Quality assurance: Data quality was assured through intensive training and maintenance of a strict
data collection protocol. Emphasis was given to correct anthropometric measurement. To check
measurement quality during training, technical error of measurement (TEM) and coefficient of
reliability (R) were used. Both intra- and inter- observer technical error of measurement were used to
check if measurers were taking accurate measurements. During data collection, two measurements
were taken for each participant, and if the difference between the two was >0.5 kg for weight, or >1cm
for height, a third measurement were taken. Finally, the average between the two closest measurements
was entered for later analysis. When administering the questionnaire, lack of error in transferring
anthropometric data from the measurement sheet to the questionnaire was ensured by double-checking.
Special attention was given to the assessment of child date of birth. In addition, a subsample (usually
4-6, out of an average of 50) of questionnaires were redone by supervisors every day, to check the
accuracy of data collected by enumerators. If any differences were found, a third visit would verify
which data were correct. All questionnaires were thoroughly checked for missing data, and in the event
of any confusion or any blank spaces, households were revisited.

Data management: Data were entered (single entry) into a computer the day after collection. A data
entry form was developed in ‘Microsoft Access 2007’ including logical condition at the time of entry.
During data cleaning, range and consistency checks were performed to identify outliers and whether
responses or anthropometric measurements were consistent with previous information.

Statistical analysis
The statistical analysis was performed using IBM SPSS version 21. Anthropometric indicators for

child data were calculated using WHO Anthro Plus, using the WHO 2006 reference population data
(27, 28).

Baseline comparability: Baseline data were compared across both the main outcome indicators and
other indicators. No statistical test was performed to see if the two treatment arms were different from
each other; as the mother groups (clusters) were randomly assigned to intervention and comparison
arms, any difference would be due to chance; hence the null hypothesis of the two arms not being
different would be true (29).

Primary outcome analysis: The unit of analysis in analysing the primary outcome was the cluster,
which was also the unit of randomisation. The primary outcome was analysed in two stages: (i) cluster-
specific mean was calculated from the individual level data; then (ii) cluster-specific means were
compared between the two treatment arms using an independent sample t-test, as recommended for
cluster randomised trials with a small number of clusters per treatment arm (30, 31, 32). Mean, and
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standard deviation of cluster-specific means is presented for both comparison and intervention clusters,
and mean difference is also presented, with a 95% confidence interval. Given that the analysis was
undertaken at the cluster-level, each group or cluster provided a single data point; hence the concept
of the intra-cluster correlation was deemed less relevant. Therefore, the intra-cluster correlation
coefficient (ICC) is not presented for primary outcomes (32).

Secondary Outcome analysis: The same approach was undertaken as for the primary outcome analysis.
Cluster-level means for continuous variables (such as height for age z scores, or BMI) and prevalence
for categorical variables (such as stunting, or chronic energy deficiency) were calculated for each
mother group at baseline, midline and end-line, and cluster-level means were then compared between
intervention and comparison groups using an independent sample t-test. Means (standard deviation)
are presented for both comparison and intervention groups, as well as mean difference (with 95%
confidence interval) at the three survey points. P-values of the t-test are also presented in the tables.
Repeated measures analysis of variance was conducted to analyse changes over time.

Ethical Considerations: Before the baseline survey and randomisation, informed consent was
taken from all mother groups (clusters) and all groups agreed to participate. Written consent was also
taken from individual participants - for children, consent was taken from both parents. Participants
informed that they had the option to quit at any stage of the trial. The study proposal was reviewed and
approved (Ref: BMRC/NREC/2010-2013/791) by the National Research Ethics Committee (NREC)
in Bangladesh and the London School of Hygiene and Tropical Medicine in the UK.

RESULTS

Participant flow

All 42 mother groups and all potential participants were assessed for eligibility and asked for their
permission to be included in the study (Figure 1). All groups had met the inclusion criteria; however,
5 households did not meet inclusion criteria, and 10 households chose not to participate. A total of 42
mother groups (considered as 42 clusters, which included 1,040 non-pregnant women and 307 under
5 children) were randomly assigned to either intervention or comparison group, with each group
containing 21 clusters. Intervention clusters had a total of 537 women (mean 25.57, range 17-34) and
168 under 5 children (mean 8.0, range 1-17), while comparison clusters had a total of 503 women
(mean 24.0, range 11-32) and 139 under 5 children (mean 6.62, range 1-12).

There was no loss of cluster from either group at either midline or endline. However, during the one-
year trial period, individual attrition took place. 67 (12.5%) mothers and 17 (10.1%) children from the
intervention group and 89 (17.7%) mothers and 13 (9.4%) children from the comparison group were
lost during follow-up (details in Figure 1). In the final analysis, both trial arms had 21 clusters, while
470 women and 151 children from the intervention and 414 women and 126 children from the
comparison group were included.

Baseline Characteristics

At baseline, there were no noticeable differences in primary and secondary outcome indicators for
mothers or children between intervention and comparison clusters (see Table 1). As shown in Table
1, the haemoglobin concentration 108.3 g/1 (SD 11.17) for children and 118 g/1 (SD 3.6) for women
for the overall sample. In the overall sample, 51.6% of children and 53% of mothers were anaemic at
baseline. Almost half of the children were stunted and underweight, almost one in every three
children was wasted, and a quarter (22.9%) of all children were thin for their age.
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Figure 1: Schematic view of the randomization process and participant’s flow during the trial period.
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Table 1: Baseline comparison of the intervention and comparison group

Indicators Intervention Comparison Total
Group Group (n=42
(n =21 clusters) (n =21 clusters) clusters)
Age (months) 33.1 (8.7) 35 (7.5) 34.1 (8.1)
Height (cm) 85.3 (5.0) 86 (5.8) 85.7 (5.4)
s A ngght (Kg) 10.3 (1.1) 10.6 (1.3) 10.4 (1.2)
2 7 Height for Age (HAZ) -1.6 (1.0) -1.7 (0.6) -1.7 (0.8)
S Weight for Age (WAZ) -2.0 (0.5) -2.0 (0.5) -2.0 (0.5)
e 8 Weight for Height -1.6 (0.5) -1.4 (0.5) -1.5 (0.5)
= (WHZ)
&‘: BMI for Age (BAZ) -1.4 (0.5) -1.3 (0.6) -1.3 (0.5)
= Haemoglobin level (g/1) 108.9 (5.9) 108.6 (4.9) 108.8 (5.3)
S - Stunting (HAZ<-2SD) 43.3% (26.1) 51.5% (21.9) 47.4% (24.2)
5 @ Underweight (WAZ<- 45.5% (24.1) 50.1% (20.0) 47.8% (22.0)
g =5 2SD)
= 2 Wasting (WHZ<-2SD) 28.5% (24.6) 32.5% (17.7) 30.5% (21.3)
© 32 Thinness (BAZ<-2SD) 19.1% (22.6) 26.7% (17.0) 22.9% (20.1)
§ Anaemia (Hb<110 g/1) 50.9% (29.2) 52.3% (23.3) 51.6% (26.1)
. Female Child 58.4% (21.6) 52.5% (25.7) 55.5% (23.6)
PN Age (years) 444 (5.3) 45.1 (3.9) 447 (4.6)
§ @ Height (cm) 148.2 (1.9) 147.5 (2.2) 147.8 (2.0)
5 % Weight (Kg) 40.3 (1.8) 39.7 (1.6) 40.0 (1.7)
g 8 Body mass index (BMI) 18.2 (0.7) 18.1 (0.7) 18.2 (0.7)
z" = Haemoglobin level (g/1) 118.3 (3.7) 118.0 (3.6) 118.1 (3.6)
g 2, Chronic energy 58.0% (13.3) 63.1% (13.7) 60.6% (13.6)
g =2~ deficiency (BMI<18.5)
£ = 9) Anaemic (Hb<120 g/1) 54.1% (9.6) 52.0% (14.7) 53.1% (12.3)
§ E "~ Female household head 50.1% (13.2) 59.7% (14.8) 54.9% (14.7)

Arithmetic mean of cluster-specific means of 21 intervention and 21 comparison clusters; ®Arithmetic
mean of cluster-level prevalence of 21 intervention and 21 comparison clusters

Anaemia and Haemoglobin Concentration

Cluster-level anaemia and haemoglobin response of children during the trial period are given in Table
2 and Figure 2, and of non-pregnant women over 15 years old in Table 3 and Figure 3. Results are
presented as the means (SD) of cluster-level prevalence for anaemia and cluster-level means for
haemoglobin concentration (g/1) for 21 intervention and 21 comparison clusters.

Anaemia and haemoglobin response among children under 5 years

As demonstrated in Table 2 and Figure 2, prevalence of anaemia among children declined sharply
(from 51% to 16%) after six months of the intervention (i.e. between baseline and midline), among
intervention clusters; however, the prevalence of anaemia among comparison clusters remained almost
the same (52% at baseline and 48% at midline). During the next six months, the prevalence declined
more in the comparison area. After the full twelve months of the intervention period, intervention
clusters had an 18.4% reduction in anaemia prevalence among children compared to the comparison
clusters. There was strong evidence that the difference in anaemia prevalence between comparison and
intervention clusters is statistically significant at both the midline (P <0.001) and endline (P=0.002).
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Table 2: Cluster-level haemoglobin concentration (g/l) of children under 5 years at baseline, midline
and endline surveys

Intervention Group Comparison Group Difference (95 % P-
(n=21) (n=21) CI)2 value®
Haemoglobin concentration, mean (SD), g/l
Baseline 108.9 (5.9) 108.6 (4.9) 0.3 (-3.0t0 3.7)
Midline 116.9 (5.0) 110.4 (3.7) 6.4 (3.7t09.2) <0.001
Endline 119.3 (5.6) 111.5 (3.2) 7.8 (5.0t0 10.7) <0.001

aMean difference (g/l for haemoglobin and 95% confidence interval); PP value from independent
sample t-test

Figure 2: Change in the prevalence of anaemia (blood haemoglobin level<110 g/l) among children
under-five years

70% -
=== |ntervention
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50% -
40% -
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20% -

under 5 years (Hb<110 g/I)

10% -

Prevalence of Anaemia among children

O% T T
Baseline Midline Endline

Both intervention and comparison clusters showed an increase in blood haemoglobin concentration;
however, the increase among the intervention group was greater. By midline, children in the
intervention group had seen a 6.4 g/l (95% CI: 3.7 to 9.2) greater improvement in mean than the
comparison clusters. By the end of the trial period, the intervention group had shown a 7.8 g/l (95%
CI: 5.0 to 10.7) greater increase than the comparison group. Mean changes between groups were
statistically significant both at the midline (P<0.001) and endline (P<0.001).

Anaemia and haemoglobin response among non-pregnant women

As demonstrated in Figure 3 (and Table 3), between baseline and midline, there was a dramatic fall in
anaemia among women in intervention clusters (54% to 34%), whereas anaemia prevalence in the
comparison clusters remained the almost same (approximately 54% and 52%). Both declined at about
the same rate in the second six months. At the end of the trial, anaemia prevalence had shown an 18.1%
(95% CI: 11.1% to 25.1%, P<0.001) greater reduction in intervention group than in the comparison

group.
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Table 3: Cluster-level haemoglobin concentration of non-pregnant women at baseline, midline and
endline surveys

Intervention Group Comparison Group Difference (95 % P-
(n=21) (n=21) CI)? value®
Haemoglobin concentration, mean (SD), g/l
Baseline 118.3 (3.7) 118.0 (3.6) 0.3 (-2.0to0 2.6)
Midline 122.7 (3.5) 118.8 (2.6) 3.9 (2.0t05.8) <0.001
Endline 126.4 (2.6) 121.6 (2.1) 4.8 (3.3t06.3) <0.001

aMean difference (g/l for haemoglobin and 95% confidence interval); PP value from independent
sample t-test

Figure 3: Change in the prevalence of anaemia among non-pregnant women (aged over 15 years)
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Both intervention and comparison clusters had seen an increase in maternal haemoglobin
concentration; however, the increase in the intervention group was greater (see Table 3 and Figure 3).
By midline, women in the intervention group had seen a 3.9 g/l (95% CI: 2.0 to 5.8, P<0.001)
improvement in mean haemoglobin level compared with comparison clusters. In the second six
months, the comparison increased almost as much as the intervention group. At endline, the
intervention group had a significantly higher haemoglobin concentration (mean difference 4.8 g/1, 95%
CI: 3.3 t0 6.3, P<0.001) compared with the comparison group.

Anthropometry

Children under-five years

As demonstrated in Table 4, between baseline and endline, stunting prevalence had increased slightly
for both treatment (43% to 47%) and comparison (51% to 53%). Underweight decreased slightly from
46% to 38% in the treatment group, and 50% to 46% in the comparison group. However, wasting and
thinness both fell sharply. However, the changes were comparable between the trial arms, and there
was no statistically significant difference between intervention and comparison clusters across any of
the child anthropometric indicators at any survey.
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Table 4: Changes in anthropometric indicators of children under 5 years during the trial period

Intervention Comparison Difference (95% CI)? P-
Group Group value®
(n=21) (n=21)

Height for Age z-score (HAZ), mean (SD)

Baseline -1.6 (1.0) -1.7 (0.6) 0.12 (-0.38 t0 0.63)

Midline -1.7 (0.8) -2.0 (0.6) 0.28 (-0.15t0 0.70) 0.197

Endline -1.9 (0.6) -2.0 (0.5) 0.14 (-0.20 to 0.47) 0.418
Weight for Age z-score (WAZ), mean (SD)

Baseline -2.0 (0.5) -2.0 (0.5) 0.00 (-0.3t00.31)

Midline -2.0 (0.4) -2.1 (0.4) 0.16 (-0.09t0 0.41) 0.200

Endline -1.8 (0.4) -2.0 (0.4) 0.14 (-0.11 to 0.38) 0.262
Weight for Height z-score (WHZ), mean (SD)

Baseline -1.6 (0.5) -1.4 (0.5) -0.13 (-0.41 t0 0.16)

Midline -1.4 (0.5) -1.4 (0.5) 0.04 (-0.27 t0 0.35) 0.809

Endline -1.0 (0.4) -1.2 (0.5) 0.15 (-0.16 to 0.45) 0.338
BMI for Age z-score (BAZ), mean (SD)

Baseline -1.4 (0.5) -1.3 (0.6) -0.12 (-0.44 to0 0.20)

Midline -1.2 (0.6) -1.2 (0.5) -0.02 (-0.35t00.31) 0.889

Endline -0.9 (0.5) -1.0 (0.5) 0.06 (-0.22t0 0.35) 0.659
Stunting (HAZ<-2) , mean prevalence (SD)

Baseline 43.3 (26.1) 51.5 (22.0) -8.2 (-23.2t0 6.8)

Midline 41.1 (24.2) 55.8 (21.4) -14.8 (-29.0to -0.5) 0.043

Endline 46.8 (25.2) 53.1 (22.9) -6.4 (-21.4to0 8.6) 0.397
Underweight (WAZ<-2) , mean prevalence (SD)

Baseline 45.5 (24.1) 50.1 (20.0) -4.6 (-18.4109.2)

Midline 47.1 (23.0) 54.2 (19.8) -7.0 (-20.4t0 6.4) 0.295

Endline 38.2 (24.9) 44.5 (19.6) -6.3 (-20.3t0 7.7) 0.367
Wasting (WHZ<-2) , mean prevalence (SD)

Baseline 28.5 (24.6) 32.5 (17.7) -4.0 (-17.4t09.4)

Midline 20.0 (22.1) 26.5 (20.9) -6.5 (-19.910 6.9) 0.336

Endline 10.8 (14.7) 16.2 (18.8) -54 (-155t05.1) 0.306
Thinness (BAZ<-2) , mean prevalence (SD)

Baseline 19.1 (22.6) 26.7 (17.0) -7.6 (-20.0t0 4.9)

Midline 17.2 (23.8) 19.4 (16.0) -2.3 (-1491t0 10.4) 0.718

Endline 8.8 (11.6) 12.0 (12.0) -3.2 (-10.6 to 4.1) 0.382

aMean difference (g/l for haemoglobin and percentages for anaemia and 95% confidence interval); PP
value from independent sample t-test

Non-pregnant women

There was no significant difference in mean body mass index (BMI) or prevalence of chronic energy
deficiency (CED), between comparison and intervention clusters at midline or endline (Table 5).
Both intervention and comparison group had seen an approximate 7% decrease in CED between
baseline and endline, and at endline the prevalence of CED was 51% and 56% respectively.
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Table 5: Changes in anthropometric indicators of women

Intervention Comparison Difference (95% CI)? P-
Group Group valueP
(n=21) (n=21)
Body Mass Index (BMI), mean (SD)
Baseline 18.2 (0.7) 18.1 (0.7) 0.11 (-0.33 t0 0.55)
Midline 18.7 (0.8) 18.4 (0.7) 0.32 (-0.15t0 0.79) 0.176
Endline 18.8 (0.8) 18.4 (0.8) 0.37 (-0.13t0 0.87) 0.143
Chronic energy deficiency (BMI<18.5), mean prevalence (SD)
Baseline 58.0 (13.3) 63.1 (13.7) -5.1 (-13.5t0 3.4)
Midline 51.3 (12.6) 57.2 (12.3) -5.8 (-13.6to 1.9) 0.136
Endline 50.8 (13.3) 55.6 (14.4) -4.8 (-13.4t0 3.8) 0.269

aMean difference (g/l for BMI and percentages for CED and 95% confidence interval); PP value from
independent sample t-test

Morbidity

Comparison between cluster-specific prevalence of worm infestation is presented in Table 6 while
prevalence of diarrhoea among intervention and comparison clusters is presented in Table 7.

Prevalence of passed worms fell sharply during the trial period for both women and children (see Table
6), and the reduction was proportionate between intervention and comparison clusters with no
statistically significant difference detected between groups. The reported prevalence of diarrhoea also
fell among both women and children during the trial period (see Table 7); however, there was no
statistically significant difference between intervention and comparison clusters.

DISCUSSION

Comments on the study findings

In this trial, both the intervention and comparison arms of the study were receiving a substantive set
of interventions throughout the trial period. The intervention group received some additional inputs in
the form of provision of daily micronutrient powder (MNP), semi-annual deworming, and the
provision of flip flops.

Overall, this additional intervention was more effective than the comparison intervention in reducing
anaemia prevalence and improving haemoglobin concentration among both children and women.
Despite the difference in micronutrient composition and the duration of the study, similar results were
found for children from studies in India (33, 34), China (35), Kenya (36), Cambodia (37) and Pakistan
(38). There are various trials and systematic review that found positive impact of MNP
supplementation during pregnancy (with or without deworming) on birth outcome and maternal
nutrition (39, 40), but the study team could not find trials that tested the effect of MNP (with or without
deworming) on non-pregnant women (41). As far as the study team was concerned, this was the first
randomised trial in Bangladesh (and possibly elsewhere) that tested the effectiveness of MNP and
deworming (and flip-flops) on the nutritional status of non-pregnant adult women.

At the end of the trial period, there was 58% less anaemia (mean difference 18.4%, 95% CI: 7.2% to

29.6%) among children in intervention clusters. A recent systematic review by Rehana et al. (41),
reported that MNP reduced anaemia by 34% (RR: 0.66, 95% CI: 0.57-0.77) among children. This
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Table 6: Changes in maternal observation of passed worms among children and women

Intervention Comparison Difference P- value®
Group Group 95% CI)?
(n=21) (n=21)
Passed worm on the day of survey
Baseline 20.3 (16.7) 15.1 (17.0) 52 (-53to
15.7)
Midline 10.2 (11.8) 7.3 (10.0) 2.9 (-3.9t09.8) 0.390
Endline 2.0 (5.3 2.4 (6.3) -0.4 (-4.1to 0.822
4 3.2)
§ Passed worm in past 7 days
n Baseline 53.4 (29.5) 41.0 (25.8) 12.4 (-4.9 to
_q"; 29.7)
g Midline 29.9 (24.3) 23.1 (24.1) 6.8 (-8.3 to 0.369
=
= 21.9)
g Endline 8.7 (13.6) 8.3 (14.5) 0.4 (-8.4t09.1) 0.930
g Passed worm in past 30 days
@, Baseline 64.1 (26.3) 54.4 (25.6) 9.6 (-6.6to
25.8)
Midline 36.3 (26.4) 29.2 (24.1) 7.1 (-8.7 to 0.370
22.8)
Endline 17.4 (23.6) 12.4 (16.7) 5.0 (-7.7 to 0.433
17.7)
Passed worm on the day of survey
Baseline 20.8 (10.6) 20.4 (15.7) 0.4 (-8.0to0 8.8)
Midline 10.2 (7.6) 14.2 (8.9) -4.0 (-9.2to 0.127
1.2)
Endline 4.2 (5.7) 4.5 (5.4) -0.3 (-3.8to 0.846
_ 3.1)
§ Passed worm in past 7 days
5 Baseline 479 (16.2) 48.9 (20.1) -1.0 (-12.4 to
g 10.4)
& Midline 20.1 (10.8) 23.4 (13.6) -3.3 (-11.0to 0.386
= 4.3)
E Endline 9.2 (7.8) 11.2 (9.5) -1.9 (-74to 0.475
= 3.5)
§ Passed worm in past 30 days
Baseline 59.9 (14.2) 66.4 (17.2) -6.5 (-16.3to
3.4)
Midline 25.8 (11.2) 31.1 (14.4) -5.3 (-13.4to 0.189
2.7)
Endline 12.0 (9.3) 15.4 (9.8) -34 (94 to 0.251
2.5)

“Mean difference (percentages and 95% confidence interval); °P value from independent sample t-

test

outcome is slightly less impressive than that of the current study; however, the intervention covered
in the systematic review was MNP alone. The present trial involved the use of a micronutrient

powder providing 10 mg or iron per day, which is lower than that used in most of the studies in the
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Table 7: Changes in diarrhoea prevalence among children and women, as per maternal recall

Intervention Comparison Difference (95 % P-
Group Group CI)? valueP
(n=21) (n=21)
Diarrhoea on the day of survey
- Baseline 7.6 (13.7) 7.8 (13.4) -0.2 (-8.7t0 8.2)
5 Midline 4.7 (8.8) 9.1 (24.1) -4.5 (-15.8t06.9) 0431
>, Endline 2.9 (6.7) 5.5 (8.5) 2.6 (-74102.2) 0.272
'Y Diarrhoea in past 7 days
'qé Baseline 38.6 (23.7) 32.6 (27.7) 6.0 (-10.0to 22.1)
= Midline 24.8 (22.3) 30.0 (25.9) -5.2 (-20.3t09.8)  0.486
§ Endline 24.6 (25.6) 22.9 (22.6) 1.7 (-13.3t016.8) 0.817
= Diarrhoea in past 30 days
6 Baseline 57.4 (28.0) 473 (27.2) 10.1 (-7.1 to 27.3)
Midline 36.4 (25.3) 429 (28.1) -6.5 (-23.2t010.2) 0.435
Endline 33.5 (24.0) 39.3 (29.5) -5.8 (-22.6t011.0)  0.489
Diarrhoea on the day of survey
—_ Baseline 7.8 (5.1) 9.8 (9.1 -2.0 (-6.6 t0 2.6)
% Midline 34 (3.2) 6.3 (4.2) -29 (-52t0-0.6) 0.016
5 Endline 6.0 (6.4) 6.1 (4.4 -0.1 (-3.5t03.3) 0.948
g Diarrhoea in past 7 days
= Baseline 34.8 (15.2) 29.2 (13.0) 5.5 (-3.3t0 14.3)
g Midline 20.7 (11.9) 25.0 (12.3) -43 (-119t03.2) 0.256
= Endline 22.4 (12.0) 23.5 (12.6) -1.1 (-8.7 10 6.6) 0.781
E Diarrhoea in past 30 days
§ Baseline 46.3 (16.6) 43.4 (12.9) 29 (-6.4t012.2)
Midline 32.5 (12.6) 39.4 (13.5) -6.9 (-15.1t01.2)  0.093
Endline 33.1 (13.5) 344 (12.9) -1.3 (-9.6 10 6.9) 0.743

aMean difference (percentages and 95% confidence interval); PP value from independent sample t-
test

review (41), whereas all studies in the review (except one) used MNPs with 12.5mg of iron in the
form of ferrous fumerate. However, the MNP used in this study had 15 micronutrients and was
combined with the use of deworming and flip-flops. The combined effect of the intervention package

in our study may have had a stronger effect on anaemia reduction. Prevalence of anaemia among
women in the intervention clusters was 52% less (mean difference: 18.1%, 95% CI: 11.1% to 25.1%)
than those in comparison clusters, which shows the intervention package had a similar effect in
reducing anaemia in both children and women. However, after one year of intervention, the
intervention package resulted in 4.8g/1 higher haemoglobin among women, whereas the
improvement was greater (7.8 g/l) among children. The greater improvement in haemoglobin
concentration and anaemia status in the intervention than in the comparison group can be attributed
to the increased iron consumption through MNP and also perhaps partially due to the reduction of
worm load through deworming (41). The substantive improvements in the comparison groups may
have been due to the other ongoing interventions taking place in this district at the same time.

Child anthropometric indicators, on the other hand, did not show significant improvement in the

intervention compared to the comparison group during the trial. While stunting got slightly worse
across both comparison and intervention groups, wasting improved in both. Studies evaluating the
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effect of MNPs in other countries (41) did not find any significant impact on child growth, which is
consistent with the findings in this study.

In terms diarrhoeal incidence, some studies have reported increase in diarrhoea incidence related to
micronutrient supplementation among children (34, 41, 42). However, this study did not find any such
outcome; a similar reduction in overall diarrhoea prevalence during the course of the study was
observable across both groups, while women showed a parallel trend. Given that the association
between increased diarrhoea with iron supplementation is well recognized in the literature, this
outcome was perhaps unexpected. The study team hypothesized that the reduced dosage of iron in the
MNP used in this trial compared to other trials in combination with the provision of zinc in the 15
component MNP might have helped reduce the risk of diarrhoea.

As part of the intervention package included semi-annual deworming, it was expected to see a
significant reduction in reported worm passing during defecation in the intervention group. While there
was a sharp fall in reported worm infestation for both women and children during the course of the
study period, there were no statistically significant differences between the comparison and
intervention clusters. As there was a huge nationwide campaign promoting child deworming linked
with vitamin A supplementation, organised by UNICEF Bangladesh and the Government of
Bangladesh (43), during the trial period, we have reason to believe children in comparison clusters
were also exposed to deworming, hence explaining the decline in both groups and lack of significant
difference between trial arms. There is no concrete explanation for the lack of impact among women.
Increased national awareness about worm infestation generated through the aforementioned campaign
might have played a role in changing behaviours among women, meaning women in the comparison
group might have procured and consumed deworming tablets.

Limitations and methodological considerations
Although standard guidelines for cluster randomised trials (32) were followed, this study nevertheless
had some methodological and implementation issues that need to be considered.

There was no provision for double data entry - data were entered only once during all three surveys.
The second design issue was loss of participants during follow-up, which can affect the power of any
study (44, 45); however, no full cluster was lost. The study still had adequate power as the sample size
calculation allowed for some attrition. The attrition bias (loss during follow-up) can potentially cause
another bias, (i) imbalance between the trials arms, and (i1) the participants lost during follow-up might
be different from those who complied (44, 46). The loss of participants was proportionate in the two
arms. Since they were comparable in various baseline characteristics, there is a minimum risk of
imbalance.

It was not possible to blind participants, as there was no placebo. Firstly, there was no placebo available
for micronutrient sprinkles and deworming drugs in Bangladesh, and secondly, it was considered
unethical to provide a placebo, as the aim of the trial was to determine the effectiveness, not the
efficacy of the intervention. The implementers were not blinded either, as they were delivering the
intervention at the field level, so needed to be aware which clusters and participants were included in
the intervention group.

The analysis was conducted on data from participants who took part in all three surveys) and did not
include those lost during follow up. It was assumed during the analysis that all participants received
the full dose of the treatment (intervention), but due to the lack of compliance data, this article could
not reveal the extent to which participants adhered to the intervention.
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Adherence to the treatment protocol, especially the MNP consumption, was assessed only by counting
the empty sachets at the end of the month. Consumption could not be confirmed by observation.
Furthermore, the detection of worm infestation was a self-reported count of passed worms by the
mother based on casual observation, which is less accurate than microscopic stool examination. This
was adopted due to resource limitations.

Finally, the readers should keep in mind that the anaemia prevalence detected by HemoCue in this
study can be slightly different than the he gold standard, the direct cyanmethaemoglobin method.
However, due to the nature of data collection settings, and very high level of reliability of HemoCue,
this method was used.

Generalisability

Generally, the internal validity in randomised trials is strong, but external validity (generalisability)
can be limited. However, the applicability of the findings of this study is not limited to the study
population. Although the study was geographically limited to a single district in Northwest
Bangladesh, the selected samples have similar socio-economic characteristics to other extreme poor
populations in the country. As such, the results could be generalisable beyond the study sample, at
least to the poorest communities in Bangladesh. However, before generalising the results beyond
Bangladesh, the socio-economic, cultural, as well as the basic baseline characteristics of the study
population need to be considered.

CONCLUSIONS

We found that daily supplementation of MNP coupled with deworming and practice of wearing flip-
flops was effective in reducing anaemia among non-pregnant women and children under five.
However, this study did not find any evidence of an effect on child growth (e.g. stunting, underweight,
wasting and thinness) or chronic energy deficiency (CED) among women, which suggests that a
package of MNP, deworming and flip-flops alone cannot enhance growth or weight gain among
women and children in a population already receiving a substantial package of interventions (Shiree).

The study findings alone cannot provide enough evidence to recommend the use of this intervention
for improving child growth or reducing CED among adult women. While the intervention package led
to significant improvements in anaemia status among both non-pregnant women and under-five
children these study findings alone are not enough to make a policy recommendation to the Ministry
of Health in Bangladesh. There are a few issues that we need to consider. Firstly, the variation in the
iron content in different MNPs (47), and in this study did not assess whether this might make any
difference. Secondly, it was also outside the scope of this study to assess the comparative advantage
of 15 micronutrients versus 5 micronutrients, which is the current WHO recommendation (47-49).
Nevertheless, results from this study can inform donor and government policy on integrating MNP and
anthelmintic treatment into livelihood projects, to tackle micronutrient deficiency. Furthermore, if
anaemia reduction is the only benefit, other interventions such as food fortification might be more cost
effective than MNP.

This study adds credible information to the evidence base by evaluating the effect of the use of MNP
and deworming on nutritional status of non-pregnant women and children under five. However, further
research would be required to evaluate the effect of the individual intervention (MNP vs deworming)
in comparison to the combined effect, as well as the effect of using 15 component MNP versus 5
component MNP, in order to make a strong public health recommendation.

59



World Nutrition 2019(10):43-62

REFERENCES

1. Bank BW. Bangladesh - Household income and expenditure survey : key findings and results
2010. Dhaka, Bangladesh: Bangladesh Bureau of Statistics, and the World Bank, 2010.

2. National Institute of Population Research and Training (NIPORT), Mitra and Associates, and
ICF International. Bangladesh Demographic and Health Survey 2011. Dhaka, Bangladesh and
Calverton, Maryland, USA: NIPORT, Mitra and Associates, and ICF International, 2013.

3. BBS/UNICEF. Child and Mother Nutrition Survey 2005. Dhaka, Bangladesh: Bangladesh
Bureau of Statistics and UNICEF, 2007.

4. EEP/shiree. Panel survey monitoring the changes in Socio-Economic & Nutritional status of
extreme poor households between March 2010 and March 2011 Dhaka, Bangladesh: EEP/shiree, 2011.
5. Muller O, Krawinkel M. Malnutrition and health in developing countries. CMAJ.
2005;173(3):279-86.

6. Micronutrient Initiative. About Hidden Hunger: Micronutrient Initiative; [02 September
2014]. Available from: http://www.micronutrient.org/english/View.asp?x=573.

7. UNICEF. The hidden hunger of the vitamin and mineral deficient child: UNICEF; 2004 [02
September 2014]. Available from: http://www.unicef.org/nutrition/index hidden hunger.html.

8. Kapil U, Bhavna A. Adverse Effects of Poor Micronutrient Status During Childhood and
Adolescence. Nutrition Reviews. 2002;60:S84-S90.

9. Thurnham DI. Micronutrients and immune function: some recent developments. J Clin Pathol.
1997;50(11):887-91.
10. Guerrant RL, Lima AAM, Davidson F. Micronutrients and Infection: Interactions and

Implications with Enteric and Other Infections and Future Priorities. Journal of Infectious Diseases.
2000;182(Supplement 1):S134-S8.

11. Le HT, Brouwer ID, Verhoef H, Nguyen KC, Kok FJ. Anemia and intestinal parasite infection
in school children in rural Vietnam. Asia Pac J Clin Nutr. 2007;16(4):716-23.

12. Black RE. Zinc deficiency, infectious disease and mortality in the developing world. J Nutr.
2003;133(5 Suppl 1):1485s-9s.

13. Lawless JW, Latham MC, Stephenson LS, Kinoti SN, Pertet AM. Iron supplementation
improves appetite and growth in anemic Kenyan primary school children. J Nutr. 1994;124(5):645-54.
14. BRDB. Poverty Alleviation Projects: Bangadesh Rural Development Board; [02 September
2014]. Available from: http://www.brdb.gov.bd/poverty_all.htm.

15. Chars Livelihood Programme. Overview: Chars Livelihood Programme 2014 [02 September
2014]. Available from: http://clp-bangladesh.org/work/overview/.

16. UPPR. Approach: Urban Partnerships for Poverty Reduction Dhaka [02 September 2014].
Available from: http://www.upprbd.org/ourapproach.aspx.

17. SHIREE. Programme Aim: The Economic Empowerment of the Poorest
Programme(EEP)/SHIREE Dhaka2014 [02 September 2104]. Available from:
http://www.shiree.org/about-us/programme-aim/#.VAZFiBCevUS.

18. CARE Bangladesh. About SHOUHARDO 1II Program: Strenghening Household Ability to
Respond to Development Opportunities ii [02 September 2014]. Available from:
http://www.carebangladesh.org/shouhardoll/.

19. shiree. National Development Programme (NDP): Improved nutritional status through crop
diversification and employment generation Dhaka, Bangadesh2014 [25 August 2014]. Available from:
http://www.shiree.org/project-partner/innovation-fund-round-2/ndp/#.U _p3 xCvyiY.

20. Marsden H. Targeting the Extreme Poor: Learning from shiree. Dhaka, Bangladesh: SHIREE,
2011.

21. Joint Statement by WHO, UNICEF and WFP, Preventing and Controlling Micronutrient
Deficiencies in Populations Affected by an Emergency: Multiple Vitamin and Mineral Supplements

60


http://www.micronutrient.org/english/View.asp?x=573
http://www.unicef.org/nutrition/index_hidden_hunger.html
http://www.brdb.gov.bd/poverty_all.htm
http://clp-bangladesh.org/work/overview/
http://www.upprbd.org/ourapproach.aspx
http://www.shiree.org/about-us/programme-aim/#.VAZFiBCevU8
http://www.carebangladesh.org/shouhardoII/
http://www.shiree.org/project-partner/innovation-fund-round-2/ndp/#.U_p3_xCvyiY

World Nutrition 2019(10):43-62

for Pregnant and Lactating Women, and for Children aged 6 to 59 months [Internet]. WHO. 2007.
Available from: http://www.unicef.org/supply/files/Micro Nutrient Powder Supply Update.pdf.
22. Limited R. Product Information: Pushtikona: Renata Limited; 2014 [25 August 2014].
Available from: http://www.pushtikona.com/product-info.

23. Sullivan KM, Mei Z, Grummer-Strawn L, Parvanta I. Haemoglobin adjustments to define
anaemia

Ajustements de I’hémoglobine pour définir I’anémie

Ajustes de hemoglobina para definir anemia. Tropical Medicine & International Health.
2008;13(10):1267-71.

24, WHO. The WHO Child Growth Standards: World Health Organisation; [02 September 2014].
Available from: http://www.who.int/childgrowth/en/.

25.  UNSCN Task Force on Assessment MaE. Dietary Diversity02 September 2014. Available
from:

http://www.unscn.org/files/Task Forces/Assessment Monitoring and Evaluation/Dietary Diversity
.pdf.

26. WHO U, USAID, AED, UCDAVIS, IFPRI,, editor Indicators for assessing infant and young
child feeding practices, Part I: Definitions. Consensus Meeting; 2007; Washington D.C., USA: WHO;
2008.

217. WHO Multicentre Growth Reference Study Group. WHO Child Growth Standards:
Length/height-for-age, weight-for-age, weight-for-length, weight-for-height and body mass index-for-
age: Methods and development. Geneva: World Health Organization; 2006. p. 312.

28. World Health Organization. The WHO Child Growth Standards 2006 [05 September 2014].
Available from: http://www.who.int/childgrowth/standards/en/.

29. Richard J. Hayes, Moulton. LH. Chapter 15: Reporting and interpretation. Cluster Randomised
Trials. Chapman & Hall/CRC Interdisciplinary Statistics Series: Chapman and Hall/CRC; 2009. p.
338.

30. Schellenberg J, Maokola W, Shirima K, Manzi F, Mrisho M, Mushi A, et al. Cluster-
randomized study of intermittent preventive treatment for malaria in infants (IPTi) in southern
Tanzania: evaluation of impact on survival. Malaria Journal. 2011;10(1):387.

31. Richard J. Hayes, Lawrence H. Moulton. Chapter 9: Basic Principals of Analysis. Cluster
Randomised Trials. Chapman & Hall/CRC Interdisciplinary Statistics Series: Chapman and Hall/CRC;
2009. p. 338.

32. Campbell MKPGEDRADG. Consort 2010 statement: extension to cluster randomised trials.
BMI. 2012;345.

33. Varma JL, Das S, Sankar R, Mannar MGV, Levinson FJ, Hamer DH. Community-level
micronutrient fortification of a food supplement in India: a controlled trial in preschool children aged
36-66 mo. The American Journal of Clinical Nutrition. 2007;85(4):1127-33.

34. Osei AK, Rosenberg IH, Houser RF, Bulusu S, Mathews M, Hamer DH. Community-Level
Micronutrient Fortification of School Lunch Meals Improved Vitamin A, Folate, and Iron Status of
Schoolchildren in Himalayan Villages of India. The Journal of Nutrition. 2010;140(6):1146-54.

35. Sharieff W, Yin S-a, Wu M, Yang Q, Schauer C, Tomlinson G, et al. Short-term daily or weekly
administration of micronutrient Sprinkles™ has high compliance and does not cause iron overload in
Chinese schoolchildren: a cluster-randomised trial. Public Health Nutrition. 2006;9(03):336-44.

36. Suchdev PS, Ruth LJ, Woodruff BA, Mbakaya C, Mandava U, Flores-Ayala R, et al. Selling
Sprinkles micronutrient powder reduces anemia, iron deficiency, and vitamin A deficiency in young
children in Western Kenya: a cluster-randomized controlled trial. The American Journal of Clinical
Nutrition. 2012;95(5):1223-30.

37. Jack SJ, Ou K, Chea M, et al. Effect of micronutrient sprinkles on reducing anemia: A cluster-
randomized effectiveness trial. Archives of Pediatrics & Adolescent Medicine. 2012;166(9):842-50.

61


http://www.unicef.org/supply/files/Micro_Nutrient_Powder_Supply_Update.pdf
http://www.pushtikona.com/product-info
http://www.who.int/childgrowth/en/
http://www.unscn.org/files/Task_Forces/Assessment_Monitoring_and_Evaluation/Dietary_Diversity.pdf
http://www.unscn.org/files/Task_Forces/Assessment_Monitoring_and_Evaluation/Dietary_Diversity.pdf
http://www.who.int/childgrowth/standards/en/

World Nutrition 2019(10):43-62

38. Soofi S, Cousens S, Igbal SP, Akhund T, Khan J, Ahmed I, et al. Effect of provision of daily
zinc and iron with several micronutrients on growth and morbidity among young children in Pakistan:
a cluster-randomised trial. The Lancet. 2013;382(9886):29-40.

39.  Zerfu TA, Ayele HT. Micronutrients and pregnancy; effect of supplementation on pregnancy
and pregnancy outcomes: a systematic review. Nutrition Journal. 2013;12(1):20.

40. Christian P, Tielsch JM. Evidence for Multiple Micronutrient Effects Based on Randomized
Controlled Trials and Meta-Analyses in Developing Countries. The Journal of Nutrition.
2012;142(1):173S-78S.

41. Salam R, MacPhail C, Das J, Bhutta Z. Effectiveness of Micronutrient Powders (MNP) in
women and children. BMC Public Health. 2013;13(Suppl 3):S22.

42. Menon P, Ruel MT, Loechl CU, Arimond M, Habicht J-P, Pelto G, et al. Micronutrient
Sprinkles Reduce Anemia among 9- to 24-Mo-0Old Children When Delivered through an Integrated
Health and Nutrition Program in Rural Haiti. The Journal of Nutrition. 2007;137(4):1023-30.

43.  National Vitamin A Plus Campaign to reach more than 19 million children [press release].
Dhaka: UNICEF Bangladesh, 19 May 2011.

44. Hahn S, Puffer S, Torgerson D, Watson J. Methodological bias in cluster randomised trials.
BMC Medical Research Methodology. 2005;5(1):10.

45. Corrigan N, Bankart MJ, Gray LJ, Smith KL. Changing cluster composition in cluster
randomised controlled trials: design and analysis considerations. Trials. 2014;15:184.

46. Giraudeau B, Ravaud P. Preventing Bias in Cluster Randomised Trials. PLoS Med.
2009;6(5):e1000065.

47.  WHO. Guideline: Use of multiple micronutrient powders for home fortification of foods
consumed by infants and children 6-23 months of age. Geneva: World Health Organization, 2011.
48. De-Regil LM, Suchdev PS, Vist GE, Walleser S, Pena-Rosas JP. Home fortification of foods
with multiple micronutrient powders for health and nutrition in children under two years of age.
Cochrane Database Syst Rev. 2011(9):Cd008959.

49. Helen Keller International. Nutrition News for Asia -Februray 2012: New World Health
Organization guidelines and Home Fortification Technical Advisory Group program guidance on the
use of multiple micronutrient powders for home fortification of foods for pregnant women and young
children. In: Osei A, editor. 2012.

62



	METHODS
	RESULTS
	Anaemia and Haemoglobin Concentration
	Anaemia and haemoglobin response among children under 5 years
	Anaemia and haemoglobin response among non-pregnant women

	Anthropometry
	Morbidity
	Comments on the study findings
	Limitations and methodological considerations
	Generalisability

	CONCLUSIONS
	REFERENCES

