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Eff ect of provision of daily zinc and iron with several 
micronutrients on growth and morbidity among young 
children in Pakistan: a cluster-randomised trial
Sajid Soofi , Simon Cousens, Saleem P Iqbal, Tauseef Akhund, Javed Khan, Imran Ahmed, Anita K M Zaidi, Zulfi qar A Bhutta

Summary 
Background Powders containing iron and other micronutrients are recommended as a strategy to prevent nutritional 
anaemia and other micronutrient defi ciencies in children. We assessed the eff ects of provision of two micronutrient 
powder formulations, with or without zinc, to children in Pakistan.

Methods We did a cluster randomised trial in urban and rural sites in Sindh, Pakistan. A baseline survey identifi ed 
256 clusters, which were randomly assigned (within urban and rural strata, by computer-generated random numbers) 
to one of three groups: non-supplemented control (group A), micronutrient powder without zinc (group B), or 
micronutrient powder with 10 mg zinc (group C). Children in the clusters aged 6 months were eligible for inclusion 
in the study. Powders were to be given daily between 6 and 18 months of age; follow-up was to age 2 years. 
Micronutrient powder sachets for groups B and C were identical except for colour; investigators and fi eld and 
supervisory staff  were masked to composition of the micronutrient powders until trial completion. Parents knew 
whether their child was receiving supplementation, but did not know whether the powder contained zinc. Primary 
outcomes were growth, episodes of diarrhoea, acute lower respiratory tract infection, fever, and incidence of admission 
to hospital. This trial is registered with ClinicalTrials.gov, number NCT00705445.

Results The trial was done between Nov 1, 2008, and Dec 31, 2011. 947 children were enrolled in group A clusters, 
910 in group B clusters, and 889 in group C clusters. Micronutrient powder administration was associated with lower 
risk of iron-defi ciency anaemia at 18 months compared with the control group (odds ratio [OR] for micronutrient 
powder without zinc=0·20, 95% CI 0·11–0·36; OR for micronutrient powder with zinc=0·25, 95% CI 0·14–0·44). 
Compared with the control group, children in the group receiving micronutrient powder without zinc gained an extra 
0·31 cm (95% CI 0·03–0·59) between 6 and 18 months of age and children receiving micronutrient powder with zinc 
an extra 0·56 cm (0·29–0·84). We recorded strong evidence of an increased proportion of days with diarrhoea 
(p=0·001) and increased incidence of bloody diarrhoea (p=0·003) between 6 and 18 months in the two micronutrient 
powder groups, and reported chest indrawing (p=0·03). Incidence of febrile episodes or admission to hospital for 
diarrhoea, respiratory problems, or febrile episodes did not diff er between the three groups.

Interpretation Use of micronutrient powders reduces iron-defi ciency anaemia in young children. However, the excess 
burden of diarrhoea and respiratory morbidities associated with micronutrient powder use and the very small eff ect 
on growth recorded suggest that a careful assessment of risks and benefi ts must be done in populations with 
malnourished children and high diarrhoea burdens.

Funding Bill & Melinda Gates Foundation.

Introduction
Worldwide, about 165 million children younger than 
5 years were stunted in 2011.1 Nearly half of all children 
aged 0–59 months are estimated to be anaemic2 and 17% 
of the world’s population is estimated to be at risk of zinc 
defi ciency because of low dietary intake of zinc.3 Zinc 
supplementation has been identifi ed as an eff ective 
intervention to reduce morbidity4 and improve growth.5 
However, there is no consensus on suitable delivery 
strategies or vehicles for daily zinc supplementation, and 
hence no preventive zinc supplementation programmes. 
The development of micro nutrient powders containing 
microencapsulated iron administered on a daily or 
regular basis off ers a way to provide a regular dose of key 
micronutrients, particularly iron, to children at risk of 

defi ciency and has been recommended by WHO as a 
delivery strategy for pre vention of iron-defi ciency anaemia 
in at-risk popula tions.6 However, most of the evidence 
relating to micronutrient powders derives from small 
studies7 and there is little evidence of the benefi t of 
inclusion of zinc within micronutrient powders. In a 
cluster-randomised trial8 of daily administration of micro-
nutrient powders containing 10 mg zinc gluconate among 
children aged 6–12 months in Cambodia, despite slightly 
higher serum zinc concentrations at 12 months of age in 
children who received the powder compared with those 
who did not, the investigators noted no evidence 
of improved growth. Although micronutrient powders 
containing iron are generally regarded as safe9 and 
without the concerns associated with the use of iron 
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supplements in malaria-endemic areas,10 micronutrient 
powders have not been assessed in large scale trials with 
prospective morbidity assessment.11

We assessed the eff ects of provision of two micro-
nutrient powder formulations, with or without zinc, to 
children aged between 6 and 18 months in urban and 
rural Pakistan on their growth, micronutrient status, 
and morbidity.

Methods
Study design and participants
We did a cluster randomised trial with three groups in a 
cohort of children from urban and rural populations in 
Sindh. Bilal colony is an urban squatter settlement in 
Karachi with a population of 75 000. Matiari district, the 
location of the rural study site, is about 200 km from 
Karachi with an estimated population of 500 000. Both 
sites have functional health centres and research infra-
structure, and are broadly representative of urban and 
rural Pakistan.

A baseline census was done in the entire urban site and 
six union councils of the rural district. We identifi ed 
clusters for inclusion in the trial on the basis of the census 
and geographic maps, to ensure that clusters were either 
administratively separated (urban clusters) or geographic-
ally distinct (rural clusters). A total of 256 clusters were 
identifi ed (111 clusters in Bilal Colony and 145 clusters in 
Matiari) and were allocated to one of three groups: group 
A was the control group, receiving basic infant and young 
child feeding messages based on UNICEF/WHO recom-
mendations,9 namely promotion of exclusive breast-
feeding up to 6 months and continued breastfeeding with 
appropriate complementary feeding with locally available 
foods thereafter; group B—as group A plus receiving a 
fortnightly supply of micronutrient powders without zinc 
for daily use between 6–18 months of age; and group C—
as group A and receiving a fortnightly supply of micro-
nutrient powders with zinc (10 mg per day) for daily use 
between 6–18 months of age.

All children younger than 5 months in the three 
groups were eligible for inclusion in the study. A medical 
offi  cer provided information about the study to the 
families and obtained written informed consent from a 
parent or guardian. The protocol was approved by 
the Ethics Review Committee of Aga Khan University 
(752-Peds/ERC-07). A randomly selected subset of chil-
dren in each group, roughly every third child, were 
followed-up weekly for in-depth assessment of intestinal 
permeability, faecal microbial isolates, and microfl ora 
(data to be presented elsewhere).

Randomisation and masking
Clusters were randomly allocated within urban and rural 
strata, by computer-generated random numbers, to one 
of the three groups. Sachets of micronutrient powder 
were identical apart from their colour (group B=brown, 
group C=green). The colour coding used was known only 

to the Manager of Genera Pharmaceuticals (Islamabad), 
who produced the pow ders under licence, and the Chair 
of the trial’s Data Monitoring Committee. Investigators 
and fi eld and supervisory staff  were masked to compo-
sition of the micronutrient powder preparations until 
after the results of the trial had been presented to the 
independent Data Monitoring Committee. Since we did 
not use a placebo powder in the control group, parents 
knew whether their child was receiving supple mentation, 
but did not know whether the powder contained zinc.

Procedures
The two micronutrient powder formulations were 
prepared as individual daily dose sachets. They were of 
identical composition—containing iron, vitamin C, 
vitamin A, vitamin D, and folic acid—(appendixappendix) with the 
exception of the addition of 10 mg elemental zinc as zinc 
gluconate in the formulation administered to group C.

To simulate potential programme settings, 100 com-
munity health workers with at least 12 years of schooling 
were hired at both sites. They received 1 week’s training in 
the delivery of educational messages to the families, using 
standardised fl ip charts to promote exclusive breastfeeding 
(until 6 months) and appropriate comple mentary feeding 
with locally available foods thereafter. Community health 
workers were also trained to advise families on the use of 
oral rehydration solution and zinc for the treatment of 
acute diarrhoea and on continued breastfeeding and 
appropriate com plementary feeding during episodes. In 
the intervention clusters only (groups B and C) the 
community health workers were trained to distribute a 
14 day supply of micronutrient powder sachets to the 
families of enrolled children every 2 weeks between 6 and 
18 months of age with instructions to use only one sachet 
daily mixed with the child’s usual weaning foods. Families 
were advised to continue micronutrient powders during 
common ill nesses in the same dose. Community health 
workers counted empty and remaining sachets at each 
fortnightly visit and replenished supplies.

12 independent teams of data collectors and super-
visors received 7 days training in data collection, using 
standardised data collection instruments, validated for 
assessment of diarrhoea and respiratory illnesses.12,13 

These teams collected information from mothers of 
participating children from recruitment to 24 months of 
age through regular household visits. At each visit 
information was obtained from families on presence or 
absence of diarrhoea, including the presence of visible 
blood in the child’s stools; respiratory signs; and fever 
in the preceding week or 2 weeks. Trained medical 
offi  cers did monthly anthropometric assessments using 
standard methods.14 Length or height, depending on the 
child’s ability to stand, was measured with stadiometers 
(Shorr Boards, Shorr Productions, Olney, MD, USA). 
Weight was measured with digital weighing scales 
(sensitivity 10 g, LAICA, Barbarano, Italy). All data 
collectors were provided with refresher training at 

See Online for appendix
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6-monthly intervals and rotated between clusters to avoid 
diff er ential interviewer bias across clusters.

A separate clinical team of two medical offi  cers 
assessed children who were reported to them by com-
munity health workers with present diarrhoea, respira-
tory signs, and other illnesses. No home-based therapy 
was provided other than promotion of oral rehydration 
salts for the treatment of diarrhoea and a 10 day course 
of treatment with zinc (20 mg daily).15 In the case of 
serious illness or lack of improvement, families were 
advised to seek treatment in the nearest available public 
sector facility.

A data quality assurance team consisting of a physician 
and a community health worker revisited a random 

sample of (5%) households about 3 days after the 
original data collection visit. Compliance and morbidity 
data were collected and anthropometric assessments 
done. The overall technical error esti mated from these 
repeat measurements by physicians and community 
health workers16 were 1·15% for height and 2·03% for 
weight measurements.

Diarrhoea was recorded by data collectors on the basis 
of maternal or care-provider reports of three or more 
loose stools per day. A diarrhoeal episode was defi ned as 
a minimum of 2 days with diarrhoea followed by at least 
2 diarrhoea-free days.

Signs (fast breathing, chest indrawing) of acute 
respiratory illness were recorded as reported by the 

2786 assessed for eligibility
40 excluded 

13 refused to participate
2 died

25 other reasons
2746 randomised

910 (85 clusters) assigned to MNP 
without zinc (group B)

45 lost to follow-up before 
6 months of age

865 reached 6 months of age

81 lost to follow-up
53 lost
15 refused

9 died*
4 excluded†

784 in follow-up at 12 months of age

38 lost to follow-up
28 lost

9 refused
1 died*

746 in follow-up at 18 months of age

100 lost to follow-up
93 lost

5 refused
2 died*

646 in follow-up at 24 months of age

947 (85 clusters) assigned to 
control (group A)

43 lost to follow-up before 
6 months of age

904 reached 6 months of age

74 lost to follow-up
48 lost
18 refused

6 died* 
2 excluded†

830 in follow-up at 12 months of age

51 lost to follow-up
36 lost

8 refused
6 died*
1 excluded†

779 in follow-up at 18 months of age

108 lost to follow-up
96 lost

8 refused
4 died*

671 in follow-up at 24 months of age

889 (85 clusters) assigned to MNP 
with zinc (group C)

36 lost to follow-up before 
6 months of age

853 reached 6 months of age

72 lost to follow-up
42 lost
24 refused

6 died*

781 in follow-up at 12 months of age

35 lost to follow-up
25 lost

8 refused
1 died*
1 excluded†

746 in follow-up at 18 months of age

87 lost to follow-up
80 lost

5 refused
2 died*

659 in follow-up at 24 months of age

Figure 1: Trial profi le
MNP=micronutrient powder. *When known, causes of death were diarrhoea, pneumonia, meningitis, sepsis, accident, congenital heart disease, and hepatitis. †Reasons for 
exlusion were congential abnormalities or birth defects (such as heart disease, microcephaly, hydrocephalus, meningomyocele, Down’s syndrome) and chronic illlnesses.
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mother. An acute respiratory illness episode was defi ned 
as a minimum of 2 days with signs followed by a sign-
free interval of at least 7 days.

For the subset of children visited weekly, routine blood 
and stool specimens were collected and analysed in the 
Aga Khan University Research laboratories (Karachi). 
Blood samples were collected at recruitment and at 
6 months and 18 months of age by venepuncture in zinc 
free tubes and tested with an automated haematology 
analyser (Beckman Coulter, Galway, Ireland) to measure 
haemoglobin concentrations and haem atocrit.17 Serum 
was separated from blood specimens. Serum C-reactive 
protein (CRP) and ferritin were measured with an 
immunoturbidimetric method on a Roche/Hitachi 902 
(Tokyo, Japan) automated clinical chemistry analyser.18,19 
Serum retinol was measured (by reverse phase high 
performance liquid chromatography with ultra violet 
detection at 325 nm [Series 200 HPLC, Agilent 
Technologies, Boebligen, Germany]20) and serum zinc by 
Flame Atomic Absorption Spectrophotometry (Model MK 
II-6 Thermo Electron Corporation, Cambridge, UK, with 
three slots burner and Zeeman’s Background correction).21 
Ferritin, retinol, and zinc measurements were adjusted in 
the presence of raised CRP (>95·2 nmol/L): ferritin was 
multiplied by a factor of 0·8, retinol by a factor of 1·11, 
and zinc by a factor of 1·2.22

Routine stool samples were collected at recruitment, and 
at 6, 12, 18 and 24 months of age for microbiological assess-
ment. Additionally, diarrhoeal stool samples were collected 
when mothers reported acute diarrhoea to visiting data 

collectors and transported within 6 h in transport medium 
to the Department of Paediatrics Infectious Diseases 
Research Laboratory at Aga Khan University for assess-
ment of possible bacterial and viral cause for a range of 
pathogens (appendix), with standard methods.23

Statistical analysis
Our original assumption was that the rural clusters each 
would contribute about 50 child years of observation and 
that the average diarrhoea incidence in the absence of 
zinc would be 3·4 episodes per child year. We estimated 
that variation in incidence of diarrhoea across rural 
clusters would range from one to six episodes per child 
year (coeffi  cient of variation=0·37). Similarly, we esti-
mated that each urban cluster would contribute about 
25 child years of observation with the average diarrhoea 
incidence rate of 4·0 episodes per child year (coeffi  cient 
of variation 0·31). Separate sample size estimations were 
made to work out the minimum required number of 
clusters in urban and rural sites.24 We estimated that 
50 clusters per group in the rural site and 36 clusters per 
group in the urban site would provide 80% power to 
detect in each site a 20% reduction in diarrhoea incidence 
with the administration of micro nutrient powders and 
zinc. In practice, the number of children recruited per 
cluster was much lower than expected, yielding on 
average about 8 child years per cluster. We therefore did 
not do separate analyses of rural and urban clusters.

The primary outcomes were growth, episodes of 
diarrhoea, acute lower respiratory tract infection, fever, 

Bilal colony (urban) Matiari (rural) Overall (urban plus rural)

Group A: 
control

Group B: MNP 
without zinc

Group C: MNP 
with zinc

Group A: 
control

Group B: MNP 
without zinc

Group C: MNP 
with zinc

Group A: 
Control

Group B: MNP 
without zinc

Group C: MNP 
with zinc

Number of households 3674 3598 3591 8418 8135 7620 12 092 11 733 11 211

Total population 25 908 24 831 25 164 58 435 55 577 53 588 84 343 80 408 78 752

Infants 0–3 months 0·8% 
(216/25 908)

0·8% 
(206/24 831)

0·8% 
(206/25 164)

0·7% 
(386/58 435)

0·8% 
(429/55 577)

0·7% 
(377/53 588)

0·7% 
(602/84 343)

0·8% 
(635/80 408)

0·7% 
(583/78 752)

Children 0–59 months 14·4% 
(3739/25 908)

14·5% 
(3590/24 831)

14·4% 
(3635/25 164)

14·7% 
(8582/58 435)

14·7% 
(8179/55 577)

14·7% 
(7858/53 588)

14·6% 
(12 321/84 343)

14·6% 
(11 769/80 408)

14·6% 
(11 493/78 752)

Piped drinking water 42·5% 
(1562/3674)

38·9% 
(1401/3598)

42·8% 
(1536/3591)

49·3% 
(4154/8418)

58·3% 
(4744/8135)

48·4% 
(3686/7620)

47·3% 
(5716/12 092)

52·4% 
(6145/11 733)

46·6% 
(5222/11 211)

Underground sewerage 96·0% 
(3528/3674)

94·6% 
(3404/3598)

93·8% 
(3370/3591)

3·5% 
(292/8418)

4·2% 
(344/8135)

4·2% 
(320/7620)

31·6% 
(3820/12 092)

31·9% 
(3748/11 733)

32·9% 
(3690/11 211)

Household monthly income 
(hundreds of rupees)

95·5 
(76·2)

99·8 
(71·1)

103·5 
(76·9)

87·8 
(165·8)

90·7 
(177·4)

86·9 
(170·5)

89·8 
(148·0) 

93 
(157·5)

91·5 
(150·4)

Children with diarrhoea in past 
2 two weeks

8·1% 
(304/3739)

8·7% 
(312/3590)

9·1% 
(329/3635)

8·8% 
(758/8582)

9·3% 
(760/8179)

10·2% 
(800/7858)

8·6% 
(1062/12 321)

9·1% 
(1072/11 769)

9·8% 
(1129/11 493)

Admitted to hospital for 
diarrhoea

12·2% 
(37/304)

13·1% 
(41/312)

9·4% 
(31/329)

3·6% 
(27/758)

3·4% 
(26/760)

3·0% 
|(24/800)

6·0% 
(64/1062)

6·3% 
(67/1072)

4·9% 
(55/1129)

Children with respiratory illness 
in past 2 weeks

13·0% 
(487/3739)

11·1% 
(397/3590)

10·8% 
(392/3635)

10·7% 
(917/8582)

10·8% 
(886/8179)

12·5% 
(979/7858)

11·4% 
(1404/12 321)

10·9% 
(1283/11 769)

11·9% 
(1371/11 493)

Admitted to hospital for 
respiratory illness

10·5% 
(51/487)

7·3% 
(29/397)

8·2% 
(32/392)

1·2% 
(11/917)

2·1% 
(19/886)

1·8% 
(18/979)

4·4% 
(62/1404)

3·7% 
(48/1283)

3·6% 
(50/1371)

Data are N, % (n/N), or mean (SD). MNP=micronutrient powder.

Table 1: Baseline characteristics according to study sites and randomised groups
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and incidence of admission to hospital. Micronutrient 
status was a secondary outcome. We analysed data on an 
intention-to-treat basis, using Stata (version 12). We used 
a random eff ects models to account for repeated measures 
or episodes within children and multiple children in each 
cluster, fi tting models including both child-level and 
cluster-level random eff ects when appropriate. For 
analyses of disease incidence we used random eff ects 
Poisson regression. For the analysis of binary outcomes 
(eg, longitudinal prevalence, stunting) we used random 
eff ects logistic regression. In all these analyses we 
included fi xed eff ects for sex, present age (grouped in 
3-month age bands), urban or rural location, and 
treatment group and controlled for baseline measures of 
the outcome (before or at 6 months of age) at the cluster 
level (for morbidity outcomes) or individual level (micro-
nutrient status, anthropometric status). When modelling 
growth (height, weight) we used restricted cubic splines 
with knots at 6, 18, and 24 months of age and allowed 
growth patterns to vary between boys and girls and 
between urban and rural populations with child-level and 
cluster-level random intercepts and coeffi  cients.

This trial is registered with ClinicalTrials.gov, number 
NCT00705445.

Role of the funding source
The study was funded by the Bill & Melinda Gates 
Foundation who provided funding for the study on the 
basis of the original project design. The funder had no 
role in study design, data collection, data analysis, data 
interpretation, or writing of the report. A Data 
Monitoring Committee was established at the outset of 
the study and met four times during the course of the 
study to assess results, provide clearance to proceed, 
and to unmask data locking and analysis at the 
conclusion of the study. ZAB and SS had full access to 
all data. ZAB had the fi nal responsibility to submit the 
manuscript for publication.

Results
The study was done between Nov 1, 2008, and Dec 31, 
2011. 2786 children in 256 clusters were eligible for the 
study and after informed consent 2746 entered the study 
at 6 months of age (fi gurefi gure 1). The appendix shows 
characteristics of the three groups of children at 6 months 
of age and initiation of micronutrient powders. Of the 
2746 children, 2395 (87%) remained under follow-up at 
age 12 months, 2271 (83%) at age 18 months, and 
1976 (72%) at age 24 months. No clusters were lost.

The three intervention groups were much the same 
at baseline within the urban and rural populations for a 
range of indicators including socioeconomic status, and 
environmental indicators such as access to safe water 
and sanitation (tabletable 1). The proportion of children with 
diarrhoea in the previous 2 weeks was similar across 
urban and rural settings and much the same across 
treatment groups. A higher proportion of children in the 

Group A: control Group B: MNP 
without zinc

Group C: MNP 
with zinc

p value*

Haemoglobin (g/dL)

6 months   

N 184 191 194 ··

Mean (95% CI) 10·5 (10·3–10·7) 10·5 (10·3–10·7) 10·5 (10·3–10·7) ··

18 months

N 211 217 210 ··

Mean (95% CI) 9·2 (8·9–9·4) 10·2 (10·0–10·4) 10·1 (9·9–10·3) <0·0001†

Percentage (95% CI) anaemic 
(Hb <11 g/dL) at 18 months

92% (89–96) 76% (69–83) 72% (66–78) ··

Geometric mean ferritin (ng/mL)

6 months

N 161 172 178 ··

Mean (95% CI) 22·4 (19·6–25·7) 16·4 (13·8–19·5) 18·5 (15·8–21·6) ··

18 months

N 131 159 158 ··

Mean (95% CI) 9·6 (8·1–11·3) 19·1 (16·5–22·0) 16·0 (13·7–18·9) 0·0001‡

Percentage (95% CI) with iron 
defi ciency (adjusted ferritin 
<12 ng/mL) at 18 months

64% (55–74) 26% (19–34) 35% (26–43) ··

Prevalence of iron-defi ciency anaemia

6 months

N 164 173 185 ··

% (95% CI) 17·1% (11·9–22·3) 26·6% (18·8–34·4) 24·9% (18·1–31·6) ··

18 months

N 135 166 162 ··

% (95% CI) 57·0% (47·6–66·5) 22·9% (15·7–30·1) 26·5% (19·4–33·7) 0·0001§

Zinc (μg/dL)

6 months

N 169 185 185 ··

Mean (95% CI) 75·2 (71·0–79·5) 84·0 (78·4–89·6) 84·8 (78·5–91·4) ··

18 months    

N 199 198 203

Mean (95% CI) 69·4 (65·7–73·0) 68·9 (64·3–73·4) 67·1 (63·1–71·1) 0·39

Percentage (95% CI) zinc 
defi cient (<60 μg/dL) at 
18 months

38% (29–46) 44% (36–52) 43% (36–51) ··

Retinol (mmol/L)

6 months

N 172 181 182 ··

Mean (95% CI) 1·05 (0·96–1·14) 0·92 (0·84–1·00) 0·94 (0·84–1·03) ··

18 months    

N 196 176 190 ··

Mean (95% CI) 1·11 (1·03–1·20) 0·95 (0·85–1·04) 0·95 (0·86–1·03) 0·08

Percentage (95% CI) retinol 
defi cient (<0·7 mmol/L) at 
18 months

22% (16–29) 40% (33–47) 35% (27–42) ··

Proportion with CRP >1 mg/dL

6 months

N 177 190 188 ··

% (95% CI) 19% (12–26) 10% (6–14) 9% (5–13) ··

18 months

N 205 204 205 ··

% (95% CI) 9% (5–13) 9% (6–13) 13% (8–18) 0·71

(Continues on next page)
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urban setting had been hospitalised with diarrhoea 
(table 1), presumably indicative of better access compared 
with the rural setting. Consistent with fi ndings from 
other similar districts in Pakistan,25 use of oral re-
hydration solution was around 40% in all groups but 
fewer than 2% of children were reported to have received 
zinc for the treatment of diarrhoea.

The mean number of micronutrient powder sachets 
consumed each month between ages 6 and 18 months by 
children in the group without zinc was 16·8 (SD 11·7) 
and in the group with zinc was 15·2 (11·9). We noted no 
evidence of reduction in consumption over time nor 
reports of excess vomiting in either group (appendix).

TableTable 2 shows mean haemoglobin, and adjusted serum 
ferritin, retinol, and zinc concentrations at 6 months and 

18 months of age. Haemoglobin and ferritin concen-
trations were much the same across all three treatment 
groups at 6 months of age, before the start of the 
intervention, but substantially lower in the control group 
than in the two micronutrient powder groups at 18 months 
of age (p<0·0001). In the control group the proportion 
of children with iron defi ciency anaemia (defi ned as 
haemoglobin <11 and CRP-adjusted serum ferritin <12) 
among control children trebled from 17·1% at age 
6 months to 57·0% by 18 months of age (table 2). By 
contrast, the proportions of children with iron-defi  ciency 
anaemia at 18 months in the two micronutrient powder 
groups changed little (table 2; p=0·0001). After taking 
account of iron defi ciency status at 6 months the odds 
ratios (ORs) of iron defi ciency at 18 months were much 
lower in both micronutrient powder groups than in the 
control group (OR for micronutrient powder without 
zinc=0·20, 95% CI 0·11–0·36; OR for micro nutrient 
powder with zinc=0·25, 0·14–0·44). We noted no sug-
gestion that children in the group receiving micronutrient 
powder with zinc had improved serum zinc status 
compared with children in either the control group or in 
the group receiving micronutrient powder without zinc 
(table 2). In all three groups mean serum retinol changed 
little between 6 months of age and 18 months of age, 
providing no evidence that children in either of the 
micronutrient powder groups had better serum retinol 
status than children in the control group (table 2).

FigureFigure 2 shows the pattern of linear growth over the 
course of the study. We identifi ed evidence of small 
diff erences in the shapes of the growth curves across 
the three groups (p=0·0017). Compared with the control 
group, children in the group receiving micro nutrient 
powder without zinc gained an extra 0·31 cm (95% CI 
0·03–0·59) between 6 and 18 months and children in 
the group receiving micronutrient powder with zinc 
gained an extra 0·56 cm (0·29–0·84). At 24 months of 
age the diff erences in length gain were much the same: 
0·44 cm (95% CI 0·04 to 0·84) for micronutrient powder 
without zinc versus control; 0·53 cm (0·13 to 0·93) for 
micronutrient powder with zinc versus control.

We identifi ed similar patterns for weight gain 
(appendix). Children in the micronutrient powder groups 
gained slightly more weight than did controls during the 
supplementation period: 0·15 kg (95% CI 0·05–0·24) for 
micronutrient powder without zinc; 0·13 kg (0·03–0·23) 
for micronutrient powder with zinc. At 24 months of age 
the corresponding values were 0·10 kg (–0·02 to 0·22) 
and 0·06 kg (–0·06 to 0·18), respectively.

TableTable 3 summarises the anthropometric indicators 
(stunting, wasting, underweight) for the three treatment 
groups over the course of the study. After controlling for 
height-for-age Z score at 6 months, we noted some 
evidence of a benefi cial eff ect of micronutrient powders 
on odds of stunting at 18 months (p=0·03). At 6 months 
the prevalence of stunting was lower in the control group 
than in the micronutrient powder groups, whereas at 

Group A: control Group B: MNP 
without zinc

Group C: MNP 
with zinc

p value*

(Continued from previous page)

Mean CRP (mg/dL)

6 months

N 177 190 188 ··

Mean (95% CI) 0·69 (0·45–0·92) 0·47 (0·36–0·59) 0·59 (0·33–0·85) ··

18 months

N 205 204 205 ··

Mean (95% CI) 0·42 (0·25–0·59) 0·62 (0·25–0·99) 0·54 (0·31–0·79) 0·64

Data are adjusted for acute phase response measured by C-reactive protein estimation. MNP=micronutrient powder. 
CRP=C-reactive protein. *Testing null hypothesis of no diff erences between the three groups, adjusted for baseline 
values, sex, urban or rural location, and cluster randomisation. †MNP without zinc versus control p<0·0001, MNP with 
zinc versus control p<0·0001, MNP without zinc versus MNP with zinc p=0·56. ‡MNP without zinc versus control 
p<0·0001, MNP with zinc versus control p=0·001, MNP without zinc versus MNP with zinc p=0·45. §MNP without zinc 
versus control p<0·0001, MNP with zinc versus control p=0·001, MNP without zinc versus MNP with zinc p=0·43.

Table 2: Haemoglobin and serum micronutrient status by treatment group

Figure 2: Measured lengths or heights at 6, 12, 18, and 24 months of age, by treatment group
MNP=micronutrient powder.
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18 months stunting prevalence was much the same 
across all three groups (p=0·60).

Longitudinal prevalence of any diarrhoea in the two 
micronutrient powder groups was somewhat higher than 
that in the control group before initiation of micronutrient 
powder supplementation (table 1). After taking account of 
cluster-level diarrhoea prevalence before the inter vention, 
we identifi ed strong evidence that the longi tudinal 
prevalence of diarrhoea was higher in the two intervention 
groups than in the control group between 6 and 18 months 
of age (tabletable 4; p=0·001). We noted no evidence of 
diff erences between the three groups after cessation of 
micronutrient powder at 18 months of age (table 4; 
p=0·29). TableTable 5 shows incidence and rate ratios for 
reported diarrhoeal episodes (any, bloody, severe [≥6 stools 
per day], and persistent [>14 days] diarrhoea) for the three 
treatment groups. We recorded strong evidence of an 
increased incidence of bloody diarrhoea reported between 
6 and 18 months in the two micro nutrient powder groups 
(p=0·003) and weaker evidence (p=0·07) of an increase in 
severe diarrhoea (≥6 stools per day) among children 
receiving micronutrient powders (table 5). After 18 months 
of age, when supplementation ceased, we noted no evi-
dence that either bloody diarrhoea (p=0·41) or severe 

diarrhoea (p=0·51) were more fre quent in either of the 
micronutrient powder groups than in the control group 
(table 5).

Between ages 6 and 24 months the use of oral 
rehydration solution to treat diarrhoea episodes was 
much the same in the three groups: 30% (1225 of 4110) of 
episodes in the control group; 32% (1341 of 4157) of 
episodes in the micronutrient powder without zinc 
group); 33% (1421 of 4352) of episodes in the micro-
nutrient powder with zinc group. Treatment with zinc 
was more frequent in the group receiving micronutrient 
powder without zinc (39% [1627 of 4157] of episodes) 
than in the control group (24% [986 of 4110] of episodes) 
or in the group receiving micronutrient powder with zinc 
(27% [1161 of 4352] of episodes; p=0·003).

From more than 3000 episodes of diarrhoea per group 
between 6–18 months of age, we were able to obtain stool 
specimens for microbiology for about 600 episodes per 
group. A higher proportion of children receiving micro-
nutrient powder had Aeromonas spp isolated from their 
stools compared with controls (5·9% [35 of 593], control 
group; 7·3% [44 of 606], micronutrient powder without 
zinc; 11·3% [65 of 577], micronutrient powder with zinc; 
p=0·002; appendix). Enteropathogenic Escherichia coli 

Group A: control group Group B: MNP without zinc Group C: MNP with zinc p value†

Proportion stunted Prevalence OR Proportion stunted Prevalence OR Proportion stunted Prevalence OR

Age 6 months

Stunting 23·3% (181/777) 1·0 30·1% (221/734) 1·35 (0·98–1·85) 26·9% (191/709) 1·19 (0·86–1·63) ··

Wasting 21·0% (163/777) 1·0 23·6% (173/733) 1·14 (0·86–1·50) 22·0% (156/708) 1·05 (0·79–1·39) ··

Underweight 30·0% (241/803) 1·0 36·3% (276760) 1·29 (0·98–1·68) 34·7% (255/734) 1·26 (0·96–1·65) ··

Age 18 months

Stunting 51·4% (321/625) 1·0 51·9% (320/617) 0·75 (0·54–1·04) 49·8% (310/622) 0·65 (0·47–0·89) 0·03‡

Wasting 16·8% (105/624) 1·0 16·9% (104/614) 0·86 (0·58–1·27) 21·1% (131/622) 1·25 (0·86–1·83) 0·15

Underweight 36·7% (260/709) 1·0 39·5% (271/687) 0·90 (0·64–1·28) 38·6% (267/691) 0·96 (0·68–1·36) 0·85

Age 24 months

Stunting 55·8% (344/616) 1·0 56·9% (341/599) 0·93 (0·63–1·35) 55·4% (330/596) 0·94 (0·64–1·38) 0·92

Wasting 16·2% (100/616) 1·0 15·4% (92/599) 0·87 (0·59–1·28) 17·5% (104/596) 0·96 (0·65–1·41) 0·76

Underweight 43·0% (281/653) 1·0 42·4% (271/639) 0·76 (0·55–1·05) 46·9% (299/638) 1·01 (0·73–1·38) 0·15

Data are % (n) or OR (95% CI) unless otherwise specifi ed. For all categories, Z score <–2. MNP=micronutrient powder. OR=odds ratio. *ORs at 6 and 18 months are adjusted 
for the children’s Z scores at 6 months of age, and urban or rural location and sex. †p value for null hypothesis that ORs in MNP groups are both 1 versus the alternative that 
they are not both 1. ‡MNP without zinc versus control p=0·08, MNP with zinc versus control p=0·009, MNP without zinc versus MNP with zinc p=0·37.

Table 3: Anthropometric status at 6, 18,  and 24 months of age by trial group*

Group A: control group Group B: MNP without zinc Group C: MNP with zinc p value†

Proportion of days 
with diarrhoea

OR Proportion of days 
with diarrhoea

OR Proportion of days 
with diarrhoea

OR

Age 6·0–17·9 months 5·7% (13 913) 1·0 6·5% (15 836) 1·15 (1·00–1·33) 6·7% (16 166) 1·31 (1·13–1·51) 0·001‡

Age 18·0–23·9 months 4·3% (4718) 1·0 3·8% (3964) 0·85 (0·66–1·08) 4·3% (4501) 1·01 (0·77–1·28) 0·29

Data are % (number of days with diarrhoea) or OR (95% CI) unless otherwise specifi ed. MNP=micronutrient powder. OR=odds ratio. *ORs, CIs, and p values are adjusted for 
age, sex, urban or rural location, and for cluster-level prevalence at baseline (for children older than 6 months). †Testing the null hypothesis that longitudinal prevalence is 
equal in all three groups versus the alternative that it is not equal in all three groups. ‡MNP without zinc versus control p=0·06, MNP with zinc versus control p=0·0002, MNP 
without zinc versus MNP with zinc p=0·08.

Table 4: Reported diarrhoea longitudinal prevalence by trial group and age group*
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was less frequently detected in children in the group 
receiving micronutrient powder without zinc (9·2%, 
50 of 542) than the other two groups (13·2%, [71 of 537], 
control group; 14·1% [71 of 503], micronutrient powder 
with zinc; p=0·04).

TableTable 6 summarises data for respiratory signs and 
febrile episodes for the three groups after initiation of 
supplementation. The reported incidence of respiratory 

episodes involving either rapid breathing or chest in-
drawing was higher in the group receiving micronutrient 
powder with zinc than either of the other two groups. 
This diff erence was seen between both 6 and 18 months 
of age (p<0·0001) and, less strongly, between 18 and 
24 months of age (p=0·004). The reported incidence of 
episodes with chest indrawing was higher in the two 
intervention groups than in the control group between 

Group A: control 
group

Group B: MNP without zinc Group C: MNP with zinc p value†

Incidence per 
child year

IRR Incidence per 
child year

IRR Incidence per 
child year

IRR

Age 6·0–17·9 months

Rapid breathing or chest indrawing 2·03 (1636) 1·0 2·17 (1674) 0·85 (0·69–1·04) 3·11 (2376) 1·61 (1·32–1·96) <0·0001‡

Chest indrawing 0·23 (185) 1·0 0·30 (232) 1·36 (1·01–1·84) 0·32 (245) 1·49 (1·10–2·01) 0·03§

Admission to hospital with suspected 
pneumonia or severe pneumonia

0·02 (13) 0·02 (14) 1·15 (0·44–3·00) 0·02 (14) 1·08 (0·41–2·84) 0·96

Fever alone 0·46 (378) 1·0 0·55 (431) 1·20 (0·93–1·54) 0·46 (355) 0·95 (0·73–1·22) 0·14

Admission to hospital with fever alone 0·004 (3) ·· 0·004 (3) ·· 0 (0) ··

Age 18·0–23·9 months (after intervention)

Rapid breathing or chest indrawing 1·14 (387) 1·0 1·37 (445) 0·93 (0·63–1·38) 1·47 (480) 1·66 (1·14–2·41) 0·004¶

Chest indrawing|| 0·03 (10) 1·0 0·04 (13) 1·79 (0·62–5·18) 0·05 (16) 2·13 (0·76–6·00) 0·57

Admission to hospital with pneumonia or 
severe pneumonia

0·008 (3) ·· 0·006 (2) ·· 0·008 (3) ··

Fever alone 0·45 (154) 1·0 0·52 (173) 1·10 (0·80–1·51) 0·55 (184) 1·05 (0·76–1·44) 0·85

Admission to hospital with fever alone ·· (0) ·· ·· (0) ·· ·· (0) ·· ··

Data are incidence (number of episodes) or IRR (95% CI) unless otherwise specifi ed. MNP=micronutrient powder. IRR=incidence rate ratio. *IRRs, CIs, and p values are adjusted for 
age, sex, urban rural or location, and baseline cluster-level disease rates unless otherwise specifi ed.†Testing the null hypothesis that incidence is equal in all three groups versus 
the alternative that incidence is not equal in all three groups. ‡MNP without zinc versus control p=0·11, MNP with zinc versus control p<0·0001, MNP without zinc versus MNP 
with zinc p<0·0001. §MNP without zinc versus control p=0·05, MNP with zinc versus control p=0·01, MNP without zinc versus MNP with zinc p=0·55. ¶MNP without zinc versus 
control p=0·73, MNP with zinc versus control p=0·008, MNP without zinc versus MNP with zinc p=0·003. ||Unadjusted analysis because small number of events.

Table 6: Reported incidence of respiratory signs and fever by trial group and period after intervention*

Group A: control 
group

Group B: MNP without zinc Group C: MNP with zinc p value†

Incidence per 
child year

IRR Incidence per 
child year

IRR Incidence per 
child year

IRR

Age 6·0–17·9 months

Any diarrhoea 3·73 (3030) 1·0 4·16 (3229) 1·05 (0·94–1·17) 4·32 (3323) 1·12 (1·01–1·26) 0·12

Bloody diarrhoea 0·08 (69) 1·0 0·16 (124) 1·63 (1·12–2·39) 0·17 (132) 1·88 (1·29–2·74) 0·003‡

Severe diarrhoea (≥6 stools per day) 1·31 (1063) 1·0 1·94 (1503) 1·28 (1·03–1·57) 1·69 (1304) 1·17 (0·95–1·45) 0·07

Persistent diarrhoea (>14 days) 0·06 (51) 1·0 0·10 (75) 1·41 (0·87–2·28) 0·09 (68) 1·33 (0·82–2·16) 0·34

Admission to hospital with diarrhoea 0·04 (29) 1·0 0·05 (37) 1·30 (0·71–2·38) 0·04 (31) 1·01 (0·54–1·90) 0·63

Age 18·0–23·9 months (after intervention)

Any diarrhoea 3·13 (1080) 1·0 2·80 (928) 0·90 (0·77–1·05) 3·08 (1029) 0·99 (0·85–1·16) 0·31

Bloody diarrhoea 0·15 (52) 1·0 0·14 (48) 1·01 (0·61–1·69) 0·11 (38) 0·73 (0·42–1·25) 0·41

Severe diarrhoea (≥6 stools per day) 1·35 (468) 1·0 1·36 (453) 1·02 (0·80–1·30) 1·23 (411) 0·89 (0·70–1·14) 0·51

Persistent diarrhoea (>14 days) 0·05 (16) 1·0 0·05 (17) 1·07 (0·47–2·43) 0·07 (25) 1·65 (0·77–3·54) 0·36

Admission to hospital with diarrhoea§ 0·01 (4) 1·0 0·03 (9) 2·48 (0·69–8·87) 0·01 (3) 0·83 (0·17–4·00) 0·19

Data are incidence (number of episodes) or IRR (95% CI) unless otherwise specifi ed. MNP=micronutrient powder. IRR=incidence rate ratio. *IRRs, CIs, and p values are adjusted 
for age, sex, urban or rural location, and for cluster-level baseline diarrhoea rates. †Testing the null hypothesis that incidence is equal in all three groups versus the alternative 
that incidence is not equal in all three groups. ‡MNP without zinc versus control p=0·01, MNP with zinc versus control p=0·001, MNP without zinc versus MNP with zinc 
p=0·42. §Unadjusted analysis because small number of events.

Table 5: Reported diarrhoea incidence by trial group and period after intervention*
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6 months and 18 months of age (p=0·03). Between 18 and 
24 months of age there were too few episodes involving 
chest indrawing to establish whether this pattern was 
maintained. We noted no clear evidence that the incidence 
of episodes of fever alone diff ered between the three 
groups (p=0·14, 6–18 months; p=0·85, 18–24 months).

Discussion
Provision of micronutrient powder from age 6 months was 
associated with lower risk of iron-defi ciency anaemia at 
18 months compared with no supplementation. Compared 
with the control group, children in the group receiving 
micronutrient powder without zinc gained about an extra 
3 mm in height and children receiving micronutrient 
powder with zinc an extra 6 mm between 6 and 18 months 
of age. However, we recorded strong evidence of an 
increased proportion of days with diarrhoea, increased 
incidence of bloody diarrhoea, and increased reporting of 
chest indrawing in children in the micronutirent powder 
groups compared with those in the control group. 
Incidence of admission to hospital and other severe 
illnesses did not diff er between the three groups.

As far as we are aware, our trial is the largest safety study 
and cluster randomised trial of micronutrient powders up 
to now. The reported eff ect of micronutrient powders on 
anaemia and iron-defi ciency anaemia is broadly consistent 
with previous fi ndings26–30 and sup ports the contention 
that a longer period of supple mentation might result in a 
greater eff ect on iron status and anaemia.31 The reported 
adherence with periodic supply of micronutrient powders 
is much the same as that reported in other studies30 and in 
view of the duration of the study, might be the best that 
can be achieved in programme settings. However, even a 
12 month period of supplementation did not eliminate 
iron-defi ciency anaemia and the overall eff ect on mean 
haemoglobin was modest. The absence of a benefi cial 
eff ect of micronutrient powders on serum retinol could 
relate to the reportedly high rates of biannual vitamin A 
supplementation (>90%) in this region.

An important objective of the study was to assess the 
eff ectiveness of this approach to delivery of a daily 10 mg 
dose of zinc to children at high risk of zinc defi ciency in 
improving zinc status and hence growth, as few studies 
of micronutrient powders have assessed eff ects on 
linear growth or weight gain.7 No eff ect on serum zinc 
con centrations was detected and although the reported 
benefi ts on growth were much the same as those 
estimated from a meta-analysis5 of zinc supplementation 
trials using 10 mg daily for 6 months, the biological 
benefi t of the 3 mm extra length gain in the 
micronutrient powder plus zinc group over 12 months 
is unclear. Our fi nding of little eff ect of micronutrient 
powder supple mentation (with or without additional 
zinc) on growth is consistent with the results of a recent 
study in Cam bodia,8 which did not detect an eff ect of 
micronutrient powder on growth although a small 
improvement in serum zinc concentrations (3 μg/dL) 

was reported. Notably, however, background rates of 
undernutrition were lower in the Cambodian study than 
in the present study, and most children in Cambodia 
consumed a rice-based diet, which probably has a lower 
phytate content than the largely wheat-based and maize-
based diets in Pakistan.8

The fi ndings of increased morbidity (especially bloody 
diarrhoea and acute respiratory signs) in both micro-
nutrient powder supplementation groups are new and 
potentially worrying. As far as we are aware, this is the 
fi rst large scale study of micronutrient powders to have 
systematically collected information on morbidity over a 
12 month period of supplementation. Most previous 
studies of micronutrient powders have involved a 
shorter duration of supplementation, typically around 
2–3 months, and micronutrient powder programmes do 
not collect such information through regular household 
surveillance. That iron supplementation might be 
associated with an increase in diarrhoea has been noted 
previously. In a meta-analysis of 28 trials of iron 
supplementation Gera and Sachdev32 documented an 
11% increase in diarrhoea (incidence rate ratio 1·11; 
95% CI 1·01–1·23; p=0·04) but did not judge this excess 
of diarrhoea to be programmatically relevant because the 
diff erence in incidence was 0·05 episodes per child year. 
In our study the diff erence between micronutrient 
powder groups and the control group in incidence for 
bloody diarrhoea was around 0·08 per child year which 
corresponds to about one additional episode of bloody 
diarrhoea per year for every 12–13 children treated. 
Consistent with our fi ndings, a 49% excess in dysenteric 
episodes among infants has been reported from a study 
of daily oral iron (15 mg elemental iron) supplementation 
in Bangladesh.33

Iron supplementation has been shown to alter the 
microbial fl ora of African children leading to a pre-
ponderance of Gram negative bacteria34 and has been 
shown to increase the pathogenic potential of Gram 
negative bacteria at the intestinal epithelial interface.35 In 
a study36 of multiple micronutrient supplementation 
with or without zinc among Tanzanian children (aged 
6–60 months) the micronutrient group had an excess of 
diarrhoea (hazard ratio 1·19; 95% CI 0·94–1·50), par-
ticularly in children with asymptomatic giardiasis at 
baseline (2·03; 1·24–3·32). Although we do have micro-
biological information on a proportion (about 20%) of 
diarrhoeal episodes in all groups, we did not identify 
evidence of an excess of any specifi c pathogen other than 
Aeromonas spp in the micronutrient powder supple-
mented groups. Aeromonas is widely regarded as a true 
pathogen37 and has been noted to be a very common 
cause of diarrhoea and dysentery in children in Pakistan 
and Bangladesh in a large global enteric multicentre 
study (Zaidi AKM, unpublished).

We do not have an explanation for the reported excess 
of respiratory morbidity, which was consistently high 
during the period of supplementation and thereafter. 
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This relation has not been examined in previous studies of 
supplementation with micronutrient powder. Potential 
iron toxicity has been reported from a malaria endemic 
area,38 and it should be noted that this in cluded an excess 
of admissions to hospitals and deaths attributed to non-
malarial febrile illness, including pneumonia in children 
who were iron replete or suffi  cient at baseline, which has 
never been satisfactorily explained. The use of micro-
nutrient powders has been generally deemed safe in 
malaria-endemic areas39 because of lower absorption of 
the microencapsulated form of iron compared with other 
pharmacological iron preparations.40 The WHO guideline 
on use of micro nutrient powders in at-risk children6 and 

the systematic review accompanying it,7 do not discuss 
the possibility of adverse eff ects.

Several limitations should be recognised in considering 
our data, especially the coverage achieved. We sought to 
replicate programmatic delivery strategies that could be 
used by public sector community health workers such as 
in the Lady Health Workers programme41 and hence we 
used fortnightly replenishment of supplies. Although 
attrition rates were higher between 18–24 months of age 
when no intervention was being delivered compared 
with the invention groups, they were 13–14% at 18 months 
of age. Although receipt of health care and uptake of 
diarrhoea treatment was much the same in all groups, a 
higher proportion of children in the micro nutrient 
powder without zinc group received zinc as part of 
diarrhoea therapy compared with the other two groups. 
This fi nding could have reduced the diff erence in overall 
zinc intake between the micronutrient powder without 
zinc and micronutrient powder with zinc groups. We 
noted no excess of reported refusals or vomiting in the 
micronutrient powder with zinc group, but the slightly 
lower intake in this group overall suggests that taste 
masking might have been less than perfect, leading to an 
average 10% lesser micronutrient powder con sumption 
in the micronutrient powder with zinc group.

Our fi ndings with regard to diarrhoea and respiratory 
morbidity are based on maternal recall, with no placebo 
used in the control group. Mothers were thus aware of 
their child’s allocation to micronutrient powders or not. 
The absence of masking could have resulted in 
diff erential recall between the control group and the 
micronutrient powder groups. To account for increased 
reported morbidity in the micronutrient powder groups 
this outcome would have required control mothers to 
under-report or intervention group mothers to over 
report morbidity, or both. Although we cannot entirely 
exclude this possibility, in reality, if mothers in the 
control group felt dissatisfi ed that their child was not 
receiving an intervention, we believe any diff erential 
misclassifi cation is more likely to have occurred in the 
opposite direction. The agreement between data col-
lectors’ observation and reported maternal fast breathing 
on the day of the visit by the community health worker 
was 95% (data not shown). We did not do an objective 
verifi cation of blood in the stools or bedside stool guaiac 
testing; however, the data collection instruments and 
questions specifi cally queried mothers on fresh blood as 
opposed to dark or black stools. Since neither urban nor 
rural study areas were high malaria burden areas, we did 
not do nor collect information on malaria tests or 
antimalarial therapy during the course of this study.

Missing data are also a limitation. Among children 
with follow-up beyond 6 months of age (ie, into the 
intervention period), the average number of days of 
follow-up between 6 and 18 months of age was about 
280 (of 365). Rates of follow-up were very similar across 
the three groups but if so-called missingness mechanisms 

Panel: Research in context

Systematic review
The most up-to-date Cochrane review7 assessed the eff ects and safety of fortifi cation with 
micronutrient powders consumed by children younger than 2 years towards improving 
health outcomes and was followed by a set of WHO recommendations and guidelines for 
use.6 The review included eight trials (3748 participants; six micronutrient powders versus 
nothing or placebo and two trials comparing micronutrient powders with iron drops) of 
micronutrient powders containing between fi ve and 15 micronutrients and were done in 
low-income countries in Asia, Africa, and the Caribbean. Home fortifi cation with 
micronutrient powder reduced anaemia among infants and young children by 31% 
(six trials, 1447 participants, risk ratio [RR] 0·69; 95% CI 0·60–0·78) and iron defi ciency by 
51% (four trials, 586 participants, RR 0·49; 95% CI 0·35–0·67) but no eff ect on growth 
could be shown. We systematically reviewed scientifi c literature to include new studies 
published up to November, 2012. We searched PubMed, Cochrane Libraries, Embase, and 
WHO Regional Databases to identify all published and unpublished trials. We used the 
combinations of the search terms “micronutrient*” OR “multiple micronutrient” OR 
“multi-vitamin” OR “multi-mineral” OR “micronutrient powder” OR “MNP” OR “sprinkle” 
AND “Fortifi *” OR “food fortifi *” OR “point of use” OR “home fortifi cation”. Additional 
studies were identifi ed by hand searching references from included studies.

We identifi ed an additional seven studies,8,11,42–46 excluding the present study. Pooled 
analysis from these studies suggested that micronutrient powders signifi cantly reduced 
the prevalence of anaemia by 34% (11 trials, 5734 participants; RR 0·66, 95% CI 
0·57–0·77), iron-defi ciency anaemia by 59% (six trials, 1905 participants; 0·41, 
0·29–0·58), and retinol defi ciency by 21% (three trials, 1468 participants; 0·79, 
0·64–0·98). Eff ects were non-signifi cant for serum zinc (three trials, 1549 participants, 
standard mean diff erence [SMD] –0·22, 95% CI –0·52 to 0·09), zinc defi ciency (two trials, 
1058 participants; RR 1·02, 95% CI 0·87–1·19), and linear growth (three trials, 
524 participants; height-for-age Z score [HAZ] SMD 0·04, 95% CI –0·13 to 0·22).

Interpretation Inclusion of the fi ndings from the present study with the above results 
confi rm the signifi cant benefi t of micronutrient powder on reduction of prevalence of 
anaemia and iron defi ciency anaemia by 34% and 57%, respectively, with no benefi ts on 
linear growth or weight gain. However, consistent with the fi ndings from previous 
meta-analysis of liquid iron supplementation studies in children,34 administration of 
micronutrient powder is associated with signifi cant increase in diarrhoea (four trials, 
3466 participants, RR 1·04, 95% CI 1·01–1·06) with non-signifi cant eff ects on fever and 
acute respiratory infections. Although supportive of the continued use of micronutrient 
powders in programmes as potential vehicles for delivery of multiple micronutrients and 
iron for prevention of iron defi ciency anaemia in susceptible populations, these fi ndings 
suggest that careful risk benefi t estimation be done to assess the signifi cance of the fi ndings 
of excess diarrhoea and respiratory morbidity versus benefi ts on micronutrient status.  
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diff ered between treatment groups this discrepancy 
could have biased our results. However, our analysis did 
control for cluster-level, pre-intervention morbidity rates, 
age, sex, and urban or rural status and we do not believe 
that missing data invalidate our fi ndings (appendix).

Notwithstanding the above limitations, our study has 
several strengths, key among these strengths being the 
large sample size and the prospective nature of data 
collection with regular home visits to collect information 
on morbidity and measure growth, unlike other recent 
cluster randomised trials that have relied on cross-
sectional data8 and a non-randomised comparison of 
recipients and non-recipients.11

The context of our study must be borne in mind. 
Prevalence of both stunting and wasting were high in 
children in our trial, being about 25% at 6 months of age 
with stunting increasing to around 50% at 18 months of 
age. Although such prevalences are not unusual in south 
Asian populations, they are indicative of a very poorly 
nourished population. Our trial confi rms that micro-
nutrient powder reduces iron-defi ciency anaemia among 
at-risk children in urban and rural Pakistan; however, the 
reported excess morbidity and very small eff ect on growth 
suggest that a careful assessment of risks and benefi ts 
must be done in similar populations with a high prevalence 
of undernutrition and a high burden of diarrhoea. The 
extent to which our fi ndings might apply in better 
nourished populations is unknown. Since micronutrient 
powder programmes are already being scaled up in 
many countries, it is imperative that further appropriately 
designed and powered studies be done to confi rm or refute 
our fi ndings. Micronutrient powder programmes need a 
strong monitoring and assessment component to ensure 
that any excess of serious adverse events, such as admis-
sions to hospital and mortality, are detected.

Our fi ndings also raise issues related to the process of 
development of policy and guidelines. Notably, the total 
number of participants included as evidence before 
development of the WHO guidelines on the global use of 
micronutrient powder (six effi  cacy studies with a total of 
1447 participants) is hardly suffi  cient for due diligence on 
the use of micronutrient powder at scale and was not 
accompanied by an objective assessment of potential 
adverse eff ects associated with micronutrient powder over 
an extended period of time because of scarcity of data. 
Adding our study to the existing evidence (panelpanel7,8,11,42–46) 
confi rms the eff ect on iron-defi ciency anaemia but also 
suggests an excess of diarrhoea among recipients. Most 
studies of micronutrient powder so far have involved 
short periods of supplementation (typically 2–3 months). 
Although a case has been made for longer periods of 
administration of micronutrient powder,47 our data suggest 
that caution should be exercised until further safety studies 
have been done. The modest benefi ts reported from 
studies using micronutrient powder for prevention of 
micro nutrient defi ciencies must be weighed against the 
potential benefi ts of alternative strategies such as direct 

use of fortifi ed foods,48 fortifi ed lipid spreads, and strat-
egies to reduce maternal micronutrient defi ciencies and 
improve iron stores at birth.49 Further studies are needed to 
develop and fi eld test eff ective strategies for preventive 
zinc supplementation or fortifi cation in childhood.
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