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A B S T R A C T

Background

Vitamin and mineral deficiencies, particularly those of iron, vitamin A, and zinc, a�ect more than two billion people worldwide. Young
children are highly vulnerable because of rapid growth and inadequate dietary practices. Multiple micronutrient powders (MNPs) are
single-dose packets containing multiple vitamins and minerals in powder form, which are mixed into any semi-solid food for children
six months of age or older. The use of MNPs for home or point-of-use fortification of complementary foods has been proposed as an
intervention for improving micronutrient intake in children under two years of age. In 2014, MNP interventions were implemented in 43
countries and reached over three million children.

This review updates a previous Cochrane Review, which has become out-of-date.

Objectives

To assess the e�ects and safety of home (point-of-use) fortification of foods with MNPs on nutrition, health, and developmental outcomes
in children under two years of age.

For the purposes of this review, home fortification with MNP refers to the addition of powders containing vitamins and minerals to semi-
solid foods immediately before consumption. This can be done at home or at any other place that meals are consumed (e.g. schools,
refugee camps). For this reason, MNPs are also referred to as point-of-use fortification.

Search methods

We searched the following databases up to July 2019: CENTRAL, MEDLINE, Embase, and eight other databases. We also searched four trials
registers, contacted relevant organisations and authors of included studies to identify any ongoing or unpublished studies, and searched
the reference lists of included studies.

Selection criteria

We included randomised controlled trials (RCTs) and quasi-RCTs with individual randomisation or cluster-randomisation. Participants were
infants and young children aged 6 to 23 months at the time of intervention, with no identified specific health problems. The intervention
consisted of consumption of food fortified at the point of use with MNP formulated with at least iron, zinc, and vitamin A, compared with
placebo, no intervention, or use of iron-containing supplements, which is standard practice.
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Data collection and analysis

Two review authors independently assessed the eligibility of studies against the inclusion criteria, extracted data from included studies,
and assessed the risk of bias of included studies. We reported categorical outcomes as risk ratios (RRs) or odds ratios (ORs), with 95%
confidence intervals (CIs), and continuous outcomes as mean di�erences (MDs) and 95% CIs. We used the GRADE approach to assess the
certainty of evidence.

Main results

We included 29 studies (33,147 children) conducted in low- and middle-income countries in Asia, Africa, Latin America, and the Caribbean,
where anaemia is a public health problem. Twenty-six studies with 27,051 children contributed data. The interventions lasted between 2
and 44 months, and the powder formulations contained between 5 and 22 nutrients. Among the 26 studies contributing data, 24 studies
(26,486 children) compared the use of MNP versus no intervention or placebo; the two remaining studies compared the use of MNP versus
an iron-only supplement (iron drops) given daily. The main outcomes of interest were related to anaemia and iron status. We assessed
most of the included studies at low risk of selection and attrition bias. We considered some studies to be at high risk of performance and
detection bias due to lack of blinding. Most studies were funded by government programmes or foundations; only two were funded by
industry.

Home fortification with MNP, compared with no intervention or placebo, reduced the risk of anaemia in infants and young children by 18%
(RR 0.82, 95% CI 0.76 to 0.90; 16 studies; 9927 children; moderate-certainty evidence) and iron deficiency by 53% (RR 0.47, 95% CI 0.39 to
0.56; 7 studies; 1634 children; high-certainty evidence). Children receiving MNP had higher haemoglobin concentrations (MD 2.74 g/L, 95%
CI 1.95 to 3.53; 20 studies; 10,509 children; low-certainty evidence) and higher iron status (MD 12.93 μg/L, 95% CI 7.41 to 18.45; 7 studies;
2612 children; moderate-certainty evidence) at follow-up compared with children receiving the control intervention. We did not find an
e�ect on weight-for-age (MD 0.02, 95% CI −0.03 to 0.07; 10 studies; 9287 children; moderate-certainty evidence). Few studies reported
morbidity outcomes (three to five studies each outcome) and definitions varied, but MNP did not increase diarrhoea, upper respiratory
infection, malaria, or all-cause morbidity.

In comparison with daily iron supplementation, the use of MNP produced similar results for anaemia (RR 0.89, 95% CI 0.58 to 1.39; 1 study;
145 children; low-certainty evidence) and haemoglobin concentrations (MD −2.81 g/L, 95% CI −10.84 to 5.22; 2 studies; 278 children; very
low-certainty evidence) but less diarrhoea (RR 0.52, 95% CI 0.38 to 0.72; 1 study; 262 children; low-certainty of evidence). However, given
the limited quantity of data, these results should be interpreted cautiously.

Reporting of death was infrequent, although no trials reported deaths attributable to the intervention. Information on side e�ects and
morbidity, including malaria and diarrhoea, was scarce.

It appears that use of MNP is e�icacious among infants and young children aged 6 to 23 months who are living in settings with di�erent
prevalences of anaemia and malaria endemicity, regardless of intervention duration.

MNP intake adherence was variable and in some cases comparable to that achieved in infants and young children receiving standard iron
supplements as drops or syrups.

Authors' conclusions

Home fortification of foods with MNP is an e�ective intervention for reducing anaemia and iron deficiency in children younger than
two years of age. Providing MNP is better than providing no intervention or placebo and may be comparable to using daily iron
supplementation. The benefits of this intervention as a child survival strategy or for developmental outcomes are unclear. Further
investigation of morbidity outcomes, including malaria and diarrhoea, is needed. MNP intake adherence was variable and in some cases
comparable to that achieved in infants and young children receiving standard iron supplements as drops or syrups.

P L A I N   L A N G U A G E   S U M M A R Y

Using a vitamin and mineral powder, mixed into complementary foods, to improve health and nutrition in children under two years
of age

Review question

Does using a vitamin and mineral powder, mixed into complementary foods, improve health and nutrition in children under two years of
age?

Background

Deficiencies of vitamins and minerals, particularly of iron, vitamin A, and zinc, a�ect more than two billion people worldwide. Young
children are highly vulnerable because of rapid growth and inadequate dietary practices. Exclusive breastfeeding until six months of age,
followed by complementary feeding combined with continued breastfeeding for at least two years, is recommended to maintain children's
adequate health and nutrition. AOer six months of age, infants start to receive semi-solid foods, but the quantities of vitamins and minerals
can be insu�icient to fulfil all of their requirements for growth and development. Multiple micronutrient powders (MNPs) are single-dose
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packets of powder containing iron, vitamin A, zinc, and other vitamins and minerals that can be mixed into any semi-solid food at home
or at any other point of use, to increase the content of essential vitamins and minerals in the diet of infants and young children during this
period. This is done without making any other changes to their usual diet.

Study characteristics

We searched up to July 2019 for all studies that assessed the use of MNP for improving the health and nutrition of children under two years
of age. We included 29 studies that involved 33,147 infants and young children from low- and middle-income countries in Asia, Africa, Latin
America, and the Caribbean. Twenty-six studies with 27,051 children contributed data. Of these 26 studies, 24 compared the use of MNP
versus no intervention or placebo, and 2 compared the use of MNP versus an iron-only supplement (iron drops) given daily. We found that
a variety of MNP formulations containing between 5 and 22 vitamins and minerals were given for 2 to 44 months to infants and young
children aged 6 to 23 months. Most studies were funded by government programmes or foundations; only 2 were funded by industry.

Key results

The use of MNP containing at least iron, zinc, and vitamin A for home fortification of foods was associated with reduced risk of anaemia of
18% and iron deficiency of 53% in children aged six months to two years compared with no intervention. Also, haemoglobin concentration
and iron status improved. Studies did not find any e�ects on growth. There was no additional benefit in reducing risk of anaemia and
improving haemoglobin concentration compared to usually recommended iron drops or syrups; however, only two studies compared
these di�erent interventions. No trials reported death attributable to the intervention. Information on deaths, side e�ects, and morbidity,
including malaria and diarrhoea, was scarce. The use of MNP was beneficial for young children 6 to 23 months of age, independent of
whether they lived in settings with di�erent anaemia and malaria backgrounds and regardless of the length of the intervention.

MNP is better than no intervention or placebo and may be comparable to daily iron supplementation.The benefits of this intervention as
a child survival strategy or for developmental outcomes are still unclear, and further investigation is required.

MNP intake adherence was variable and in some cases comparable to that achieved in infants and young children receiving standard iron
supplements as drops or syrups.

Certainty of the evidence

For the comparison of MNP versus no intervention or placebo, we judged the certainty of evidence to be moderate for anaemia and high
for iron deficiency. The certainty of evidence for all other outcomes in this comparison was either low or moderate.

Two trials that compared the use of MNP versus iron supplement showed similar e�ects on anaemia and haemoglobin but less diarrhoea;
however, we judged the certainty of evidence as low for anaemia and very low for haemoglobin concentration due to the small number
of study participants.
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Summary of findings for the main comparison.   Home (point-of-use) fortification of foods with multiple micronutrient powders versus no
intervention or placebo in children under two years of age

Population: children 6 to 23 months of age
Settings: community settings
Intervention: home fortification with multiple micronutrient powders (duration range: 2 to 36 months)
Comparison: no intervention or placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with no intervention
or placebo

Risk with multiple micronutrient
powders

Relative effect

(95% CI)

№ of partici-
pants

(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationAnaemia (haemo-
globin values lower
than 110 g/L) 606 per 1000 497 per 1000

(461 to 545)

RR 0.82

(0.76 to 0.90)

9927

(16 RCTs)

⊕⊕⊕⊝

Moderatea
-

Study populationIron deficiency (as
defined by trialists)

335 per 1000 158 per 1000
(131 to 188)

RR 0.47 
(0.39 to 0.56)

1634

(7 RCTs)

⊕⊕⊕⊕
High

-

Haemoglobin con-
centration (g/L)

Mean haemoglobin concen-
tration in control groups
ranged from 91.2 g/L to 128
g/L

Mean haemoglobin concentration in
intervention groups was, on average,
2.74 g/L higher (1.95 higher to 3.53
higher)

- 10,509

(20 RCTs)

⊕⊕⊝⊝

Lowa,b

-

Iron status (ferritin
concentrations in
μg/L)

Mean ferritin concentration
in control groups ranged
from 7.9 μg/L to 69.4 μg/L

Mean ferritin concentration in inter-
vention groups was, on average, 12.93
μg/L higher (7.41 higher to 18.45 high-
er)

- 2612

(7 RCTs)

⊕⊕⊕⊝

Moderatea
-

Weight-for-age (z
scores)

Mean weight-for-age z score
in control groups ranged
from −1.87 to 0.52

Mean weight-for-age z score in inter-
vention groups was, on average,0.02
lower (0.03 lower to 0.07 higher)

- 9287

(10 RCTs)

⊕⊕⊕⊝

Moderateb
-

All-cause mortality Not measured

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio.
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GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level because heterogeneity was high.
bDowngraded one level because some studies are at high or unclear risk of selection and attrition bias.
 
 

Summary of findings 2.   Home (point-of-use) fortification of foods with multiple micronutrient powders versus an iron-only supplement in children
under two years of age

Population: children 6 to 23 months of age
Settings: community settings
Intervention: home fortification with multiple micronutrient powders (duration 2 months)
Comparison: iron-only supplement

Anticipated absolute effects* (95% CI)Outcomes

Risk with iron supple-
ments

Risk with multiple micronutrient
powders

Relative effect

(95% CI)

№ of partici-
pants

(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationAnaemia (haemoglobin val-
ues lower than 110 g/L)

467 per 1000 415 per 1000
(271 to 649)

RR 0.89
(0.58 to 1.39)

145

(1 RCT)

⊕⊕⊝⊝

Lowa

-

Iron deficiency (as defined
by trialists)

Not measured

Haemoglobin concentration
(g/L)

Mean haemoglobin
concentration ranged
across control groups
from 101 g/L to 110 g/
L

Mean haemoglobin concentration
in intervention groups was, on av-
erage, 2.81 g/L lower (10.84 lower
to 5.22 higher)

- 278

(2 RCTs)

⊕⊝⊝⊝

Very lowa,b

-

Iron status (as defined by
trialists)

Not measured

Weight-for-age (z scores) Not measured
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6

All-cause mortality Not measured

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence.
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels due to small sample size and wide 95% CI.
bDowngraded one level due to considerable statistical heterogeneity and inconsistency in the results between trials.
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B A C K G R O U N D

Description of the condition

Vitamin and mineral deficiencies a�ect more than two billion
people worldwide (Micronutrient Initiative 2009), and there is
a disproportionate burden of vitamin and mineral deficiencies
in low- and middle-income countries. Iron deficiency, which
a�ects over half the world’s population, is the most common
preventable nutritional deficiency. Together with vitamin A and
zinc deficiencies, iron deficiency has the largest documented
disease burden among micronutrients (Black 2008; WHO 2009;
WHO 2016a). Infants and children are the most vulnerable groups to
su�er from micronutrient malnutrition given the high vitamin and
mineral intake they need for rapid growth relative to the amount
of food they consume (Dewey 2003). The diets of infants and
young children aged 6 to 23 months generally provide insu�icient
quantities of key micronutrients (particularly iron, vitamin A, zinc,
and calcium) to meet their nutritional needs, and inclusion of
animal-source foods to fill the nutrient gap may not be practical
or feasible for all populations in low- and middle-income countries
(PAHO 2001; WHO 2005). No global estimates of vitamin and mineral
deficiencies are available specifically for children under two years
of age; however, it is calculated that 190 million preschool children
are a�ected by vitamin A deficiency (WHO 2009), and 273 million are
a�ected by anaemia (Stevens 2013).

Vitamin A deficiency is the leading cause of childhood blindness
(WHO 2009). Iron is essential for red blood cells and is involved
in several metabolic reactions; compelling evidence shows that
infants aged 6 to 23 months with iron deficiency anaemia
are at risk for poor cognitive, motor, social-emotional, and
neurophysiological development (Lozo� 2007). Zinc is important
during periods of accelerated growth and for tissues with rapid
cellular di�erentiation and turnover such as the immune system
and the gastrointestinal tract. Critical functions that are a�ected by
zinc nutrition include physical growth, susceptibility to infection,
and neurobehavioural development (Brown 2001).

Frequently, multiple vitamin and mineral deficiencies occur
simultaneously, and their joint e�ects during the critical period
from conception to two years of age can be associated with
irreversible physical and cognitive consequences, increased
perinatal mortality, and reduced physical work capacity and
productivity (Lozo� 2007; Sanghvi 2007; WHO 2016a), leading to
lifelong detrimental consequences for health, productivity, and
economic growth. In fact, it has been estimated that nutritional risk
factors, including underweight status, suboptimal breastfeeding,
and vitamin and mineral deficiencies, particularly vitamin A, iron,
and zinc, are responsible for 3.9 million deaths (35% of total deaths)
and 144 million disability-adjusted life years (DALYs) (33% of total
DALYs) in children under five years of age worldwide (WHO 2009).

Description of the intervention

Interventions to prevent micronutrient malnutrition typically
include exclusive breastfeeding during the first six months of life
and continued breastfeeding until at least two years of age, dietary
diversification to include foods with highly absorbable vitamins
and minerals, fortification of staple and complementary foods, and
provision of vitamin and mineral supplements (Bhutta 2013).

Vitamin A supplementation for children between six months and
five years of age significantly reduces total mortality by about 23%
to 30% (Beaton 1993; Fawzi 1993; Glasizou 1993; Imdad 2017), as
well as childhood blindness by 70%. The reduction in mortality
is believed to be mediated through improved vitamin A status,
which may a�ect susceptibility to infection through an e�ect on the
immune system (Stephensen 2001). Zinc supplementation leads
to a 9% reduction in child mortality and a 23% reduction in
the incidence of childhood diarrhoea (Brown 2009; WHO 2006).
Because adequate iron status early in life is critical for motor and
cognitive development, the World Health Organization (WHO) has
recommended blanket iron supplementation for all infants and
children aged 6 to 23 months in areas where the prevalence of
anaemia is 40% or higher (INACG 1998; WHO 2016a). Micronutrient
interventions, particularly vitamin A and zinc supplementation for
children and fortification of foods with iron and iodine, have been
shown to be among the most cost-e�ective global development
e�orts (Horton 2008).

Despite the well-recognised benefits of supplementation with
one, two, or multiple micronutrients, implementation has been
hindered by inadequate supply, low coverage, inadequate
healthcare provider communication and support, poor intake
adherence to dosing regimens, lack of perceived benefit, concerns
about perceived negative e�ects, potential dose-related side
e�ects, and safety concerns (Galloway 1994; Galloway 2002;
Sazawal 2006; Stoltzfus 2011; UNICEF 2011). In response to these
operational constraints, 'home' or ‘point-of-use’ food fortification
with multiple micronutrient powders (MNPs) was developed as an
alternative to daily iron supplementation for delivering iron and
other micronutrients with foods. MNPs for children aged 6 to 23
months are typically single-dose packets of dry powder containing
vitamins and minerals that parents or caregivers mix into any
semi-solid food right before eating; in institutional settings, multi-
serve sachets of MNPs are available that can be mixed into larger
quantities of food before serving to groups of individuals. MNPs
are not a substitute for food or breast milk and do not mix well
with liquids. When MNPs are mixed into semi-solid food and used
correctly, there should be no change in colour, flavour, or taste
of the food. Use of MNP does not require changes to typical
complementary feeding practices, assuming local complementary
foods are semi-soO and not too liquid. For children aged 6 to 23
months, MNPs should reinforce and support appropriate infant and
young child feeding practices, including exclusive breastfeeding for
the first six months of life, not using MNP until a child is six months
of age, continued breastfeeding for two years and beyond, and
timely introduction of complementary foods at six months.

How the intervention might work

Although initial e�icacy trials focused on formulations to reduce
anaemia and iron deficiency, public health programmes recognised
the opportunity to deliver additional micronutrients, and in
programme settings, the most common formulation includes
5 or 15 vitamins and minerals, including iron, vitamin A, and
zinc (UNICEF-CDC 2013). The cost of increasing the number of
micronutrients in the powder is minimal (the primary cost of the
product is in the packaging) (De Pee 2008). In 2013, the MNP product
cost of 180 sachets for one child for one year was estimated at
USD4.50 (De Pee 2013). An additional benefit of MNPs over liquid
iron supplements is that the potential for overdose is low with MNP

Home fortification of foods with multiple micronutrient powders for health and nutrition in children under two years of age (Review)
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(Zlotkin 2004). Further, MNP sachets are lightweight and relatively
simple to store, transport, and distribute.

Ongoing research is examining the potential for morbidities with
MNPs that contain iron. Providing iron in malaria-endemic areas
is a potential concern in that the malaria parasite requires iron
for growth (Oppenheimer 2001). However, a recent Cochrane
Review found that providing iron supplementation to children
does not increase the risk of clinical malaria (risk ratio (RR) 0.93,
95% confidence interval (CI) 0.87 to 1.0; high-quality evidence)
(Neuberger 2016), and in areas where prevention and management
services for malaria are available, there was a small reduction
in the risk of clinical malaria with iron supplementation. The
findings from this review, combined with other evidence, led to
a recent update of WHO guidelines on iron supplementation in
children, which state that in malaria-endemic areas, providing iron
supplementation for children should be done in conjunction with
public health measures to prevent, diagnose, and treat malaria
(WHO 2016a). Recent studies of iron MNP suggest that morbidity
from iron may occur secondary to changes in the gut microbiome
rather than to malaria (Paganini 2016). In a setting with high
malaria burden where malaria treatment was available, a trial
providing insecticide-treated bed nets found a decreased incidence
of malaria among young children consuming MNPs with iron
daily compared to those given MNPs without iron (Zlotkin 2013);
however, more children in the iron group were admitted to the
hospital for diarrhoea during the intervention compared to the non-
iron group. In a large study of children in Pakistan aged 6 to 18
months, iron-containing MNPs with or without zinc were associated
with small but statistically significant increases in diarrhoea and
chest in-drawing (Soofi 2013 (C)). Finally, Jaeggi 2015 examined
e�ects of daily MNPs with and without iron on the gut microbiome
in six-month-old Kenyan infants, and found that infants consuming
MNPs with iron had gut microbiome changes that favoured
the growth of potentially harmful pathogens, involved limited
beneficial strains, and were associated with increased intestinal
inflammation. However, in a study that distributed iron-containing
MNPs through integrated market-based community sales in a
malaria-endemic setting in Kenya, hospitalisations for diarrhoea
and fever in the intervention versus control villages were decreased
(Suchdev 2016). Public health MNP programmes have also reported
maternal/caregiver perceptions of side e�ects in children aOer
initiation of MNP intake, especially dark stools and loose stools
(De Pee 2013). Overall, in both research and programmatic public
health settings, most morbidity data are based on maternal or
caregiver recall rather than on rigorous morbidity monitoring
(Suchdev 2013). Programmes typically inform caregivers that these
e�ects might occur as part of the behaviour change intervention
strategy, which helps prepare caregivers and mitigates potential
negative e�ects on MNP acceptability (De Pee 2013).

The demand for MNP public health programmes is increasing;
the number of MNP programmes and the number of countries
implementing them almost doubled between 2011 and 2013. In
2011, there were 34 MNP programmes in 22 countries, which
increased to 61 MNP programmes in 43 countries in 2013. Most
were integrated with infant and young child feeding programmes
and used multiple channels to distribute MNP (UNICEF-CDC 2013;
UNICEF 2014). A majority of programmes have been designed and
implemented with limited written guidance, and this is reflected
in the considerable heterogeneity identified in programme design

and implementation across countries (Je�erds 2013; Timmer
2013).

Why it is important to do this review

The WHO recommends exclusive breastfeeding until six months
of age and continued breastfeeding for at least two years (PAHO
2001; WHO 2005). Intake of several vitamins and minerals aOer six
months, including iron, zinc, calcium, selected B vitamins, and (in
some settings) vitamin A, remains problematic because commonly
available, frequently consumed low-cost foods contain inadequate
quantities of these nutrients.

Various Cochrane Reviews have evaluated the e�ects of
supplementation with di�erent vitamins and minerals among
children. Neuberger 2016 examined the e�ects of iron
supplementation with tablets or elixirs, alone or in combination
with folic acid or other micronutrients, in children under 18
years of age living in malaria-endemic areas. Published Cochrane
Reviews have also assessed the e�ects of (1) iron supplementation
for improving clinical, immunological, and virological outcomes
in children infected with HIV (Adetifa 2009); (2) micronutrient
supplementation among children and adults with HIV infection
(Visser 2017); (3) oral or intramuscular iron therapy for improving
psychomotor development and cognitive function in children
under the age of three years with iron deficiency anaemia
(Wang 2013); (4) iodine supplementation for preventing iodine
deficiency disorders in children (Angermayr 2004); and (5) vitamin
A supplementation for preventing mortality and morbidity among
children aged six months to five years (Imdad 2017). A 2013
systematic review examined the e�ectiveness and safety of MNP
with at least two nutrients in children of all ages and in women
(Salam 2013).

A 2011 global assessment of home fortification interventions
reported that 50% of MNP pilots or demonstration projects were
planning to scale up the intervention for national distribution
(UNICEF-CDC 2013), and a 2013 global assessment reported
that 50% of programmes currently implemented worldwide were
designed for children aged 6 to 23 months (UNICEF 2014). An
update of this systematic review (which was first published in
2011) (De-Regil 2011), is needed to guide programmes on the
e�ectiveness and safety of MNP, as well as to inform on appropriate
dose, frequency, and duration of this intervention. This review
is focused on nutrition, health, and developmental outcomes in
infants and young children whose food is fortified with MNP,
particularly iron, zinc, and vitamin A, before consumption. We also
included e�ects of this intervention on morbidity and mortality
outcomes.

O B J E C T I V E S

To assess the e�ects and safety of home (point-of-use) fortification
of foods with MNPs on nutrition, health, and developmental
outcomes in children under two years of age.

For the purposes of this review, home fortification with MNP refers
to the addition of powders containing vitamins and minerals to
semi-solid foods immediately before consumption. This can be
done at home or at any other place at which meals are consumed
(e.g. schools, refugee camps). For this reason, MNPs are also
referred to as point-of-use fortification.

Home fortification of foods with multiple micronutrient powders for health and nutrition in children under two years of age (Review)
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M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) and quasi-RCTs with individual
randomisation or cluster randomisation.

Types of participants

Infants and young children younger than two years of age at the
start of the intervention. We did not include infants under six
months of age, as exclusive breastfeeding is recommended from
birth to six months. We included apparently healthy children (as
reported in the reviews) from the general population, although
some may be at risk of having highly prevalent diseases such
as malaria, HIV, diarrhoea, or even undernutrition. We included
only studies from which we could obtain information on children
younger than two years of age and those that included 51% or more
children within our specified age range.

Types of interventions

MNPs including at least the three micronutrients iron, zinc, and
vitamin A. We included MNPs given at the point of use at any dose,
frequency, and duration.

Comparators were no intervention, placebo, or usual
supplementation.

We included the following comparisons.

1. Home (point-of-use) fortification of foods with MNP versus no
intervention or placebo.

2. Home (point-of-use) fortification of foods with MNP versus an
iron-only supplement.

3. Home (point-of-use) fortification of foods with MNP versus iron
and folic acid supplements.

4. Home (point-of-use) fortification of foods with MNP versus the
same multiple micronutrients as in supplements.

We included interventions that combined home provision of
MNP for home (point-of-use) fortification with co-interventions,
such as education or other approaches, only if the other co-
interventions were the same in both intervention and comparison
groups. We excluded studies examining supplementary food-
based interventions (e.g. lipid-based supplements), micronutrient
crushable tablets, fortified complementary foods, and other
fortified foods.

Types of outcome measures

Primary outcomes

1. Anaemia (defined as haemoglobin values lower than 110 g/L)

2. Iron deficiency (as defined by trialists)

3. Haemoglobin concentration (g/L)

4. Iron status (as defined by trialists)

5. Weight for age (z scores)

6. All-cause mortality

Secondary outcomes

1. Adherence (as defined by trialists)

2. Severe anaemia (as defined by trialists)

3. Length for age (z scores)

4. Weight for height (z scores)

5. All-cause morbidity

6. Side e�ects (such as staining of teeth, vomiting, stool
discolouration, constipation, coughing)

7. Diarrhoea

8. Upper respiratory tract infections

9. Ear infections

10.Iron overload

11.Serum retinol concentration (µmol/L)

12.Retinol binding protein (as defined by trialists)

13.Serum zinc concentration (g/dL)

14.Mental development and motor skill development (as defined
by trialists, e.g. might include Bayley Mental Development Index,
Bayley Psychomotor Development Index, Stanford-Binet Test,
DENVER II Developmental Screening Test)

For populations in malaria-endemic areas, we planned to report
on malaria incidence and malaria severity (De-Regil 2011). Because
this was not reported by trial authors, we included any measure
that would describe e�ects of the intervention in malaria settings,
such as malaria infectivity. When malaria prevalence was not
reported, we defined an area as malaria endemic based on the WHO
classification (WHO 2018).

Search methods for identification of studies

Electronic searches

We searched the following electronic databases and trial registers
up to July 2019.

1. Cochrane Central Register of Controlled Trials (CENTRAL; 2019,
Issue 7), in the Cochrane Library (searched 16 July 2019).

2. MEDLINE Ovid (1946 to July Week 1 2019).

3. MEDLINE In-Process & Other Non-Indexed Citations Ovid
(searched 16 July 2019).

4. MEDLINE E-Pub Ahead of Print Ovid (searched 16 July 2019).

5. Embase Ovid (1980 to Week 29 2019).

6. Cumulative Index to Nursing and Allied Health Literature
(CINAHL EBSCOhost; 1937 to 16 July 2019).

7. Science Citation Index Web of Science (1970 to 16 July 2019).

8. Conference Proceedings Citation Index - Science Web of Science
(1990 to 16 July 2019).

9. African Index Medicus (indexmedicus.afro.who.int; searched 16
July 2019).

10.Latin American and Caribbean Health Science Information
database (LILACS; lilacs.bvsalud.org/en; searched 16 July 2019).

11.Population Information Online (POPLINE) (www.popline.org;
searched 16 July 2019).

12.ClinicalTrials.gov (clinicaltrials.gov; searched 16 July 2019).

13.International Standard Randomized Controlled Trials Number
(ISRCTN) Registry (www.isrctn.com; searched 16 July 2019).

14.metaRegister of Clinical Trials (www.isrctn.com/page/mrct; last
searched 28 February 2014, before service became unavailable).

Home fortification of foods with multiple micronutrient powders for health and nutrition in children under two years of age (Review)
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15.World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP; apps.who.int/trialsearch; searched 16
July 2019).

The search strategies for each source are provided in Appendix 1.
We did not apply any date or language restrictions, and we found
that no translation of relevant data was necessary.

Searching other resources

We searched the bibliographies of included studies and asked
authors of included studies for lists of other studies that should
be considered for inclusion. In January 2018, we contacted the
following organisations for assistance in identifying ongoing or
unpublished studies: Sprinkles Global Health Initiative; Home
Fortification Technical Advisory Group; Nutrition Branch of
the United Nations Children's Fund (i.e. UNICEF); World Food
Programme; Nutrition International; Global Alliance for Improved
Nutrition; Helen Keller International; Sight and Life Foundation;
Departments of Nutrition for Health and Development at WHO; and
US Centers for Disease Control and Prevention.

Data collection and analysis

In successive sections, we report only the methods that we used in
this review. Please see our protocol - De-Regil 2011 - and Table 1 for
additionally planned but unused methods.

Selection of studies

EO and KSL screened titles and abstracts of all records yielded by
the searches. All review authors then obtained the full-text reports
of those records deemed potentially relevant, or for which more
information was needed to determine relevance, and assessed
them for eligibility against the selection criteria (see Criteria for
considering studies for this review).

If studies were published only as abstracts, or if study reports
contained little information on methods, we attempted to contact
the study authors to obtain further details on study design,
populations, and interventions, to properly assess their eligibility
for inclusion.

The selection process is record in the PRISMA flow diagram (Figure
1).
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Figure 1.   Study flow diagram.

 
Data extraction and management

For eligible trials, two review authors independently extracted the
information using a form designed and piloted for this review. This
data collection form was adapted from a similar review. Two review
authors extracted data from the trial reports and entered them into
Review Manager 5 (Review Manager 2014). Two di�erent review
authors reviewed the data extracted and entered for accuracy. We
resolved any discrepancies through discussion with the entire team
and documented the process.

We completed the data collection form electronically and recorded
information on the following.

Trial methods

1. Study design

2. Unit and method of allocation

3. Method of sequence generation

4. Masking of participants, personnel, and outcome assessors

Home fortification of foods with multiple micronutrient powders for health and nutrition in children under two years of age (Review)
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Participants

1. Location of the study

2. Sample size

3. Age

4. Sex

5. Socioeconomic status (as defined by trialists and when such
information was available)

6. Baseline prevalence of anaemia

7. Baseline prevalence of soil helminths

8. Baseline malaria prevalence

9. Inclusion and exclusion criteria

Interventions

1. Dose

2. Type of iron compound

3. Provision of MNP regimen

4. Duration of the intervention

5. Co-intervention

Comparison group

1. No intervention

2. Placebo

3. Provision of iron supplements

Outcomes

1. Primary and secondary outcomes, as outlined under Types of
outcome measures

2. Exclusion of participants aOer randomisation and proportion of
losses at follow-up

We recorded both pre-specified and non-pre-specified outcomes,
although we did not use the latter to underpin the conclusions of
the review.

When information regarding any of the included trials was unclear,
we attempted to contact authors of the original reports to obtain
further details. If information was insu�icient for us to be able to
assess risk of bias, we categorised the trial as awaiting assessment,
until further information is published or made available to us.

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of bias of
each study using the criteria outlined in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2017). Using the
criteria set out in Appendix 2, both review authors assigned each
study a rating of low, high, or unclear risk of bias for the following
domains: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and
other potential sources of bias; we also assessed the overall risk of
bias. We resolved any disagreement by discussion or by involving a
third review author (JP-R).

We assessed the overall risk of bias between trials by following the
GRADE approach (Balshem 2010), as described in the 'Summary of
findings' section below.

Measures of treatment e<ect

Dichotomous data

We presented results as risk ratios (RRs) or odds ratios (ORs) with
95% confidence intervals (CIs).

Continuous data

We used mean di�erences (MDs) with 95% CIs because studies
measured outcomes in the same way.

Unit of analysis issues

Cluster-randomised studies

We combined results from cluster-randomised and individually
randomised studies. All cluster-randomised studies reported that
sample size calculations reflected e�ects of clustering in the data.
We conducted sensitivity analyses to examine the potential e�ects
of clustering on CIs of the summary estimates (Sensitivity analysis).
However, as the CI did not change significantly (P > 5%), we have not
reported results of the sensitivity analyses. We labelled all cluster-
randomised studies with '(C)'.

Studies with more than two treatment groups

For studies with more than two intervention groups (multi-arm
studies), we reported all arms in the Characteristics of included
studies tables and included the directly relevant arm only, including
each group in the analysis only once (Higgins 2019). If we came
across a study that compared home (point-of-use) fortification
of foods with MNPs versus two of our comparison possibilities,
we combined groups to create a single pair-wise comparison
(Christofides 2006 (C); Hirve 2007 (C)), as suggested by the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2019).

Dealing with missing data

We noted levels of attrition in all included studies in the
Characteristics of included studies tables. Five included studies
had high levels of attrition (all > 20%) (Adrianopoli 2014 (C);
Esamai 2014; Luo 2017 (C); Sazawal 2014 (C); Somassè 2018 (C)),
so we conducted sensitivity analyses to explore the impact of
including these studies in the overall assessment of treatment
e�ect (Sensitivity analysis).

We carried out analyses for all outcomes, as far as possible, on
an intention-to-treat basis. We conducted analyses using available
cases, and we conducted sensitivity tests (for dichotomous
outcomes, assuming worst-case scenario and assuming best-case
scenario) for primary outcomes, when data were available. For
continuous outcomes, we used available data (i.e. no imputations)
when data were missing.

Assessment of heterogeneity

We examined forest plots from the meta-analyses to look
for heterogeneity among studies. We assessed methodological
heterogeneity by examining risk of bias, and clinical heterogeneity
by examining similarities and di�erences between studies
regarding types of participants, interventions, and outcomes. We
considered the size and direction of e�ect and used tau2, I2,
and Chi2 statistics (P < 0.10) to quantify the level of statistical
heterogeneity among the studies in each analysis. If we identified
substantial heterogeneity (I2 between 30% and 100%), we explored
this by conducting pre-specified subgroup analyses (Subgroup
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analysis and investigation of heterogeneity).  We advise caution
in interpretation of results with high levels of unexplained
heterogeneity.

Assessment of reporting biases

When we suspected reporting bias (see "Selective reporting bias"
under Assessment of risk of bias in included studies above), we
contacted study authors to ask them to provide missing outcome
data, or to clarify study design or other study issues. We advise
caution in interpretation of results for which we suspected outcome
reporting bias.

We used funnel plots to assess reporting bias (such as publication
bias) and to investigate the relationship between e�ect size and
standard error when 10 or more studies were included in a meta-
analysis.

Data synthesis

We carried out statistical analysis using RevMan 5 (Review Manager
2014). When we expected di�erences between studies in both the
population and the intervention, or when we detected substantial
statistical heterogeneity, we combined the data using a random-
e�ects model when it was clinically meaningful to do so, to
provide an average treatment e�ect across studies. We used
Mantel-Haenszel weighting for dichotomous outcomes and inverse
variance for continuous outcomes.

'Summary of findings'

We present the main findings of the review in our 'Summary of
findings' tables, which we prepared using GRADE profiler soOware
(GRADEpro GDT). Primary outcomes (anaemia, iron deficiency,
haemoglobin concentration, iron status, weight-for-age, and all-
cause mortality) for the comparison of home (point-of-use)
fortification of foods with multiple micronutrient powders versus
no intervention or placebo and the comparison of home (point-
of-use) fortification of foods with multiple micronutrient powders
versus an iron-only supplement have been listed, with estimates
of relative e�ects along with numbers of participants and studies
contributing data for those outcomes.

Two review authors assessed the certainty of evidence for each
individual outcome included in the table, using the GRADE
approach (Balshem 2010); di�erences were resolved through
discussion or with involvement of another review author. The
GRADE approach involves consideration of within-study risk of bias
(methodological quality), directness of evidence, heterogeneity,
precision of e�ect estimates, and risk of publication bias. The
results are expressed as having one of four levels of quality (high,
moderate, low, or very low). We limited this assessment to the trials
included in this review.

Subgroup analysis and investigation of heterogeneity

We conducted several subgroup analyses irrespective of
heterogeneity. We interpreted all subgroup analyses cautiously.
The planned subgroups arose from current clinical dilemmas and
uncertainties (see Background). We explored subgroup analyses on
the primary outcomes based on the following criteria.

1. By anaemic (defined as haemoglobin values < 110 g/L) status of
participants at start of intervention (anaemic, non-anaemic, or
unknown anaemic status).

2. By iron status of participants at start of intervention as defined
by trialists (iron deficient, not iron deficient, or unknown).

3. By age of participants at start of intervention (6 to 11 months, 12
to 17 months, 18 to 23 months).

4. By refugee status (yes, no, or unknown).

5. By malaria endemicity of the area at the time of the trial as
reported by trialists (yes, no, or unknown).

6. By frequency (daily versus weekly versus flexible).

7. By duration of intervention (< 6 months versus ≥ 6 months).

8. By elemental iron content of product (< 12.5 mg versus ≥ 12.5
mg).

9. By zinc content of product (< 5 mg versus ≥ 5 mg).

For comparisons related to malaria-endemic areas, we planned
to conduct a subgroup analysis by treatment and prevention of
malaria, but we found that limited information was available (Table
1).

Sensitivity analysis

We carried out sensitivity analyses to examine the e�ects of
removing studies at high risk of bias (studies with poor or unclear
allocation concealment and either lack of blinding or loss to follow-
up > 20% in each arm) from the analysis, and of including studies
with children aged 6 to 59 months from which it was not possible
to extract information for children aged 6 to 23 months only.
Sensitivity analyses performed by removing high-risk studies are
post hoc analyses (see Di�erences between protocol and review)
that were not originally planned in the protocol (De-Regil 2011).

We also conducted sensitivity analyses to examine the potential
e�ects of clustering on the CIs of summary estimates using a range
of intracluster correlation coe�icients (Unit of analysis issues).
However, as the CI did not change significantly, we have not
reported results of the sensitivity analyses in successive sections.

R E S U L T S

Description of studies

Results of the search

Through the search strategy, we identified 26,442 references
for possible inclusion, from which we removed 8582 duplicate
references and excluded 4452 records because they were published
prior to the first MNP trial in 2001. The screening process for the
remaining 13,408 records is shown in Figure 1. We included 29
studies (Included studies) and excluded 34 (Excluded studies). Five
studies are awaiting assessment (see Characteristics of studies
awaiting classification tables).

Included studies

Below, we summarise the key characteristics of included studies.
For a detailed description, please see the Characteristics of
included studies tables.

We received additional information from the authors of two
included studies (Hirve 2007 (C); Inayati 2012 (C)).

Study design

We included in this review 29 studies (from 43 reports) involving
33,147 children (Aboud 2011 (C); Adrianopoli 2014 (C); Adu-
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Afarwuah 2007; Attanasio 2014 (C); Bar�our 2019; Baum 2017 (C);
Christofides 2006 (C); Clarke 2018 (C); Esamai 2014; Giovannini
2006; Hirve 2007 (C); Inayati 2012 (C); Jack 2012 (C); Kounnavong
2011; Lanou 2019 (C); Lundeen 2010 (C); Luo 2017 (C); Macharia-
Mutie 2012; Matias 2018 (C); Menon 2007 (C); Mridha 2016 (C); Olney
2018 (C); Osei 2015 (C); Sazawal 2014 (C); Sharie� 2006a; Somassè
2018 (C); Soofi 2013 (C); Larson 2018 (C); Young 2018 (C)). Of these,
26 studies (27,051 children) contributed data, and 3 studies did
not contribute data (Luo 2017 (C); Olney 2018 (C); Young 2018
(C)). A total of 22 studies are new to this update (Aboud 2011 (C);
Adrianopoli 2014 (C); Attanasio 2014 (C); Bar�our 2019; Baum 2017
(C); Clarke 2018 (C); Esamai 2014; Inayati 2012 (C); Jack 2012 (C);
Kounnavong 2011; Lanou 2019 (C); Luo 2017 (C); Macharia-Mutie
2012; Matias 2018 (C); Mridha 2016 (C); Olney 2018 (C); Osei 2015 (C);
Sazawal 2014 (C); Somassè 2018 (C); Soofi 2013 (C); Larson 2018 (C);
Young 2018 (C).

All included studies are RCTs - seven randomised at the individual
level (Adu-Afarwuah 2007; Bar�our 2019; Esamai 2014; Giovannini
2006; Kounnavong 2011; Macharia-Mutie 2012; Sharie� 2006a) and
22 cluster-RCTs (Aboud 2011 (C); Adrianopoli 2014 (C); Attanasio
2014 (C); Baum 2017 (C); Christofides 2006 (C); Clarke 2018 (C); Hirve
2007 (C); Inayati 2012 (C); Jack 2012 (C); Lanou 2019 (C); Lundeen
2010 (C); Luo 2017 (C); Matias 2018 (C); Menon 2007 (C); Mridha
2016 (C); Olney 2018 (C); Osei 2015 (C); Sazawal 2014 (C); Somassè
2018 (C); Soofi 2013 (C); Larson 2018 (C); Young 2018 (C)). Although
eligible for inclusion, no quasi-RCTs were included.

Setting

The studies included in the review were carried out over the last
10 years in low- and middle-income countries in Asia, Africa, Latin
America, and the Caribbean, where anaemia is a public health
problem (i.e. > 40% of the population is a�ected): Bangladesh
(Aboud 2011 (C); Matias 2018 (C); Mridha 2016 (C)); Burkina Faso
(Lanou 2019 (C)); Cambodia (Giovannini 2006; Jack 2012 (C)); China
(Luo 2017 (C)); Colombia (Attanasio 2014 (C)); Guatemala (Olney
2018 (C)); Ghana (Adu-Afarwuah 2007; Christofides 2006 (C)); Haiti
(Baum 2017 (C); Menon 2007 (C)); India (Hirve 2007 (C); Larson
2018 (C); Sazawal 2014 (C); Young 2018 (C)); Indonesia (Inayati 2012
(C)); Kenya (Esamai 2014; Macharia-Mutie 2012); Kyrzgyz Republic
(Lundeen 2010 (C)); Lao People’s Democratic Republic (Bar�our
2019; Kounnavong 2011); Mali (Clarke 2018 (C); Somassè 2018 (C));
Nepal (Osei 2015 (C)); Pakistan (Sharie� 2006a; Soofi 2013 (C)); and
Tajikistan (Adrianopoli 2014 (C)).

Twenty studies reported anaemia prevalence at baseline
(Adrianopoli 2014 (C); Adu-Afarwuah 2007; Attanasio 2014 (C);
Bar�our 2019; Christofides 2006 (C); Esamai 2014; Giovannini 2006;
Hirve 2007 (C); Inayati 2012 (C); Jack 2012 (C); Kounnavong 2011;
Lanou 2019 (C); Lundeen 2010 (C); Luo 2017 (C); Macharia-Mutie
2012; Menon 2007 (C); Osei 2015 (C); Somassè 2018 (C); Soofi 2013
(C); Larson 2018 (C)). In Adrianopoli 2014 (C), Giovannini 2006,
and Osei 2015 (C), all infants were anaemic at the start of the
intervention. In Esamai 2014, the baseline prevalence of anaemia
was 0% and in the remaining studies ranged from 23% in Soofi
2013 (C) to 84% in Jack 2012 (C). Seven studies did not report the
prevalence of anaemia (Aboud 2011 (C); Baum 2017 (C); Matias 2018
(C); Mridha 2016 (C); Sazawal 2014 (C); Sharie� 2006a; Young 2018
(C)).

According to the WHO classification (WHO 2018), 27 studies were
performed in malaria-endemic areas (Aboud 2011 (C); Adrianopoli

2014 (C); Adu-Afarwuah 2007; Attanasio 2014 (C); Bar�our 2019;
Baum 2017 (C); Christofides 2006 (C); Clarke 2018 (C); Esamai 2014;
Giovannini 2006; Hirve 2007 (C); Inayati 2012 (C); Jack 2012 (C);
Kounnavong 2011; Lanou 2019 (C); Macharia-Mutie 2012; Matias
2018 (C); Menon 2007 (C); Mridha 2016 (C); Olney 2018 (C); Osei
2015 (C); Sazawal 2014 (C); Sharie� 2006a; Somassè 2018 (C); Soofi
2013 (C); Larson 2018 (C); Young 2018 (C)). Only Kyrzgyz Republic
and China, respectively, were classified as non-malaria-endemic
(Lundeen 2010 (C); Luo 2017 (C)).

Inayati 2012 (C), Kounnavong 2011, and Lanou 2019 (C) reported
that a malaria control programme was implemented in the study
area. In the remaining reports, it is unclear whether malaria
prevention and control programmes were in place at the study
sites, or whether concomitant malaria interventions were made
available for study participants.

None of the studies took place in refugee settings, so it was not
possible to conduct a subgroup analysis for refugee status.

Participants

Participant age ranged from 6 to 60 months. When possible, we
included data for children under 24 months of age only. All studies
included children of both sexes. Sample sizes ranged from 45 in
Esamai 2014 to 4292 in Larson 2018 (C). However, the analyses
include only the estimated e�ective sample size, aOer data were
adjusted to account for the clustering e�ect.

Interventions

Twenty-six studies evaluated the e�ects of providing MNP versus
no intervention or placebo (comparison 1) (Aboud 2011 (C);
Adrianopoli 2014 (C); Adu-Afarwuah 2007; Attanasio 2014 (C);
Bar�our 2019; Baum 2017 (C); Clarke 2018 (C); Esamai 2014;
Giovannini 2006; Inayati 2012 (C); Jack 2012 (C); Kounnavong 2011;
Lanou 2019 (C); Lundeen 2010 (C); Luo 2017 (C); Macharia-Mutie
2012; Matias 2018 (C); Menon 2007; Mridha 2016 (C); Olney 2018 (C);
Osei 2015 (C); Sazawal 2014 (C); Sharie� 2006a; Somassè 2018 (C);
Soofi 2013 (C); Larson 2018 (C)). Of these studies, Luo 2017 (C) and
Olney 2018 (C) did not contribute data to the analyses. Two studies
compared e�ects of providing MNP versus an iron-only supplement
of iron drops or syrup (comparison 2) (Christofides 2006 (C); Hirve
2007 (C)). One study compared providing MNP versus iron and folic
acid supplements (comparison 3) (Young 2018 (C)); however, this
study did not contribute data to the analyses and so is not reported
on further. No studies compared MNP versus multiple vitamin and
mineral supplements (comparison 4).

Interventions lasted between two months in Christofides 2006 (C),
Hirve 2007 (C), Lundeen 2010 (C), Menon 2007 (C), and Sharie�
2006a, and 44 months in Mridha 2016 (C). Study duration was
variable in one study (Inayati 2012 (C)).

With the exception of Lanou 2019 (C), all studies used the same
regimen of daily intake. Lanou 2019 (C) provided 15 MNP sachets to
mothers every month (alternate-day dosing).

Vitamin and mineral composition

MNPs were formulated with 22 micronutrients in one study (Olney
2018 (C)), 19 micronutrients in another (Sazawal 2014 (C)), and 18
micronutrients in a third (Macharia-Mutie 2012). In seven studies,
MNPs contained 15 micronutrients (Bar�our 2019; Baum 2017
(C); Clarke 2018 (C); Lanou 2019 (C); Matias 2018 (C); Mridha
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2016 (C); Somassè 2018 (C)); in four studies, 14 micronutrients
(Inayati 2012 (C); Jack 2012 (C); Kounnavong 2011; Osei 2015 (C));
in one study, 12 micronutrients (Luo 2017 (C)); in two studies,
seven micronutrients (Larson 2018 (C); Young 2018 (C)); in four
studies, six micronutrients (Adu-Afarwuah 2007; Christofides 2006
(C); Giovannini 2006; Sharie� 2006a); and in eight studies, five
micronutrients (Aboud 2011 (C); Adrianopoli 2014 (C); Attanasio
2014 (C); Hirve 2007 (C); Esamai 2014; Lundeen 2010 (C); Menon
2007; Soofi 2013 (C)).

Fourteen studies provided 12.5 mg of elemental iron as ferrous
fumarate; eight studies used 10 mg of elemental iron (Clarke
2018 (C); Inayati 2012 (C); Kounnavong 2011; Lanou 2019 (C);
Matias 2018 (C); Mridha 2016 (C); Osei 2015 (C); Somassè 2018
(C)); one study provided 9 mg of ferrous orthophosphate (Olney
2018 (C)); one study provided 6 mg of ferrous lactate (Luo 2017
(C)); and one study provided 6 mg of elemental iron (Bar�our
2019). Macharia-Mutie 2012 used 2.5 mg of iron as sodium-iron-
ethylenediaminetetraacetic acid (NaFeEDTA), and Sharie� 2006a
used 30 mg of elemental iron. Two studies also tested micronised
ferrous pyrophosphate as the iron compound and three dosages of
elemental iron (as ferrous fumarate) - 12.5 mg, 20 mg, and 30 mg
(Christofides 2006 (C); Hirve 2007 (C)).

Five mg of elemental zinc (as gluconate) was used in 15 studies. Of
the 14 remaining studies, four used 10 mg of zinc (Bar�our 2019;
Jack 2012 (C); Sazawal 2014 (C); Soofi 2013 (C)); one used 8.0 mg of
zinc (Olney 2018 (C)); one used 6.0 mg of zinc (Luo 2017 (C)); seven
used 4.1 mg of zinc (Clarke 2018 (C); Kounnavong 2011; Lanou 2019
(C); Matias 2018 (C); Mridha 2016 (C); Osei 2015 (C); Somassè 2018
(C)); and one used 2.5 mg of zinc (Macharia-Mutie 2012).

The content of vitamin A in the MNP was as follows: 300 μg
vitamin A in 13 studies (Aboud 2011 (C); Adrianopoli 2014 (C); Adu-
Afarwuah 2007; Attanasio 2014 (C); Christofides 2006 (C); Esamai
2014; Giovannini 2006; Hirve 2007 (C); Jack 2012 (C); Lundeen 2010
(C); Sharie� 2006a; Soofi 2013 (C); Young 2018 (C)); 400 μg in 10
studies (Bar�our 2019; Clarke 2018 (C); Kounnavong 2011; Lanou
2019 (C); Matias 2018 (C); Menon 2007; Mridha 2016 (C); Olney 2018
(C); Osei 2015 (C); Somassè 2018 (C)); 375 μg in one study (Inayati
2012 (C)); and 200 μg in one study (Luo 2017 (C)). In Macharia-Mutie
2012, MNPs contained only 100 μg of vitamin A, and in Sazawal 2014
(C), MNP contained 978.26 μg of vitamin A.

Baum 2017 (C) used a 15-nutrient formulation that was not
described in detail. All studies also provided folic acid as part of the
MNP formulations.

Outcomes

Primary outcomes

Sixteen studies measured anaemia, 7 measured iron deficiency,
20 measured haemoglobin concentration, 7 measured iron status,
and 10 measured weight-for-age. No studies measured all-cause
mortality.

Secondary outcomes

Eleven studies measured length-for-age, 10 measured weight-for-
height, 3 measured all-cause morbidity, 5 measured diarrhoea, 3
measured upper respiratory tract infections, 1 measured serum
retinol concentrations, 2 measured retinol binding protein, 5
measured serum zinc concentration, and 1 measured mental
and motor skill development. Three studies measured malarial

infection. No studies measured adherence, severe anaemia, ear
infections, side e�ects, or iron overload.

Funding sources

Funding sources of included studies are described in the notes of
each Characteristics of included studies table. A total of 14 studies
were funded by government programmes, 17 by foundations, and
three by UNICEF or WHO ((Jack 2012 (C);Kounnavong 2011; Sazawal
2014 (C)). Only two studies reported industry funding (Inayati 2012
(C); Macharia-Mutie 2012).

Excluded studies

We excluded 34 studies (from 51 reports). We excluded one study
because the study design was not an RCT nor a quasi-RCT; only
two clusters were assigned to experimental or control groups (Jyoti
2014). We excluded another study because the children were not
randomised (Cardoso 2016). In four studies, participants were from
other age groups, such as two to six years of age (Chen 2008), three
to six years of age (Sharie� 2006b), or 5 to 11 (school-age) years
of age (Troesch 2011), or they were young women (Troesch 2009),
and a further four studies recruited high-risk populations (not
apparently healthy children) into the study (Lemaire 2011; Singla
2014; Van der Kam 2016a; Van der Kam 2016b). We excluded four
studies that assessed interventions with MNP but provided only
one or two of the relevant micronutrients (Yousafzai 2014; Zlotkin
2001; Zlotkin 2003a; Zlotkin 2003b); two studies that evaluated
food-like tablets (Smuts 2005; Wijaya-Erhardt 2007); one study
that assessed fortification of rice for use in childcare centre meals
(Bagni 2009); and one study that compared MNP versus drops
(multi-vitamin supplements) but the drops did not include all three
micronutrients that we used as inclusion criteria: vitamin A, iron,
and zinc (Geltman 2009). We also excluded a study that evaluated
a combined package of MNP and albendazole (Wang 2017). Finally,
we excluded 12 studies because they did not include any of the
comparisons of interest (e.g. they did not compare MNP versus
placebo or supplements) (Avula 2011; Barth-Jaeggi 2015; Bilenko
2014; Ip 2009; Jaeggi 2015; Khan 2014; Munayco 2013; Neufeld 2008;
Samadpour 2011; Shafique 2014; Teshome 2017; Zlotkin 2013),
one study because it had no comparison arm (Goyena 2019), and
two studies because they focused on marketing of MNPs (Rawat
2015; Suchdev 2012). Suchdev 2012 was included in the previous
version of this review, but we excluded this study because it
focused on marketing of MNPs, and because the control group may
have received MNPs, as vendors were not prevented from selling
Sprinkles MNP in control villages.

See the Characteristics of excluded studies tables for a detailed
description of excluded studies along with reasons for their
exclusion.

Studies awaiting assessment

We listed five studies (from seven reports) as awaiting classification
(Fernandez-Rao 2014; Hasan 2017; Islam 2018b; ISRCTN39244429;
ISRCTN57594793). Three studies are RCTs that have been
completed but have not yet published results (Fernandez-Rao
2014; ISRCTN39244429; ISRCTN57594793). We contacted the
study authors but received no reply. Two studies are protocols
for individual RCTs evaluating e�ects of MNPs on cognitive
development (Hasan 2017), and on diarrhoea morbidity and
growth (Islam 2018b). These studies have not been completed, and
no results are available.
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Risk of bias in included studies

See the 'Risk of bias' tables beneath the Characteristics of included
studies tables for an assessment of the risk of bias in each included
study, and see Figure 2 and Figure 3 for an overall summary of
the risk of bias of all included studies. We considered 10 studies to
be of high quality overall, according to our pre-established criteria
(Aboud 2011 (C); Bar�our 2019; Giovannini 2006; Hirve 2007 (C);
Inayati 2012 (C); Luo 2017 (C); Matias 2018 (C); Mridha 2016 (C);
Christofides 2006 (C); Soofi 2013 (C)). We considered studies to be

of high quality if they were assessed as having low risk of bias
for both random sequence generation and allocation concealment
(selection bias) and low risk of bias for either blinding (performance
or detection bias) or incomplete outcome data (attrition bias). We
considered the following 14 studies to be of low quality overall due
to unclear or high risk of selection or attrition bias, or both: Adu-
Afarwuah 2007; Adrianopoli 2014 (C); Attanasio 2014 (C); Baum 2017
(C); Esamai 2014; Jack 2012 (C); Kounnavong 2011; Luo 2017 (C);
Olney 2018 (C); Osei 2015 (C); Sazawal 2014 (C); Somassè 2018 (C);
Larson 2018 (C); Young 2018 (C).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   (Continued)

 
Allocation

Sequence generation

We assessed 22 studies as reporting adequate methods for
generating the randomisation sequence (Aboud 2011 (C); Bar�our
2019; Baum 2017 (C); Christofides 2006 (C); Clarke 2018 (C); Esamai
2014; Giovannini 2006; Hirve 2007 (C); Inayati 2012 (C); Kounnavong
2011; Lanou 2019 (C); Larson 2018 (C); Lundeen 2010 (C); Luo 2017
(C); Macharia-Mutie 2012; Matias 2018 (C); Menon 2007 (C); Mridha
2016 (C); Osei 2015 (C); Sharie� 2006a; Somassè 2018 (C); Soofi
2013 (C)). Risk of selection bias was unclear in the seven remaining
studies. One study allocated groups receiving the interventions
randomly but not the group receiving no intervention, although the
latter was randomly selected from the original population (Adu-
Afarwuah 2007). In Attanasio 2014 (C), individuals were not selected
by simple random sampling from each cluster but instead among
beneficiary households of elected mother leaders. The method of
random sequence generation was not fully described in the other
five studies (Adrianopoli 2014 (C); Jack 2012 (C); Olney 2018 (C);
Sazawal 2014 (C); Young 2018 (C)).

Allocation concealment

We assessed 21 studies at low risk of bias for allocation
concealment (Aboud 2011 (C); Adu-Afarwuah 2007; Attanasio 2014
(C); Bar�our 2019; Christofides 2006 (C); Clarke 2018 (C); Esamai
2014; Giovannini 2006; Hirve 2007 (C); Inayati 2012 (C); Jack 2012
(C); Lanou 2019 (C); Lundeen 2010 (C); Luo 2017 (C); Macharia-Mutie
2012; Matias 2018 (C); Menon 2007 (C); Mridha 2016 (C); Olney 2018
(C); Sharie� 2006a; Soofi 2013 (C)). Seven studies did not describe
the method of allocation concealment, and we judged these at
unclear risk of bias (Adrianopoli 2014 (C); Baum 2017 (C); Larson
2018 (C); Mridha 2016 (C); Osei 2015 (C); Sazawal 2014 (C); Young
2018 (C)). Kounnavong 2011 had no method in place to conceal the
allocation; consequently, we rated it at high risk of bias.

Blinding

Blinding of participants and personnel

We considered six studies to be at low risk of performance bias
(Bar�our 2019; Christofides 2006 (C); Esamai 2014; Giovannini 2006;
Matias 2018 (C); Sharie� 2006a). We rated 13 studies at unclear
risk of performance bias - 6 because they were unable to blind
allocation to treatment groups (Attanasio 2014 (C); Clarke 2018
(C); Hirve 2007 (C); Mridha 2016 (C); Osei 2015 (C); Sazawal 2014
(C)), and 7 because they provided insu�icient or no methodological
details (Adrianopoli 2014 (C); Inayati 2012 (C); Jack 2012 (C); Luo
2017 (C); Menon 2007 (C); Olney 2018 (C); Soofi 2013 (C)). We judged
ten studies at high risk of performance bias - eight studies did
not attempt blinding (Aboud 2011 (C); Adu-Afarwuah 2007; Baum
2017 (C); Lanou 2019 (C); Lundeen 2010 (C); Somassè 2018 (C);
Larson 2018 (C); Young 2018 (C)), one study did not use placebo
(Kounnavong 2011), and one study used only partial blinding
(Macharia-Mutie 2012).

Blinding of outcome assessment

Fourteen studies stated blinding of outcome assessors (Adu-
Afarwuah 2007; Attanasio 2014 (C); Bar�our 2019; Clarke 2018 (C);
Esamai 2014; Giovannini 2006; Kounnavong 2011; Macharia-Mutie
2012; Matias 2018 (C); Mridha 2016 (C); Sazawal 2014 (C); Sharie�
2006a; Soofi 2013 (C); Larson 2018 (C)). We judged six studies at
unclear risk of detection bias due to insu�icient details provided
(Christofides 2006 (C); Inayati 2012 (C); Jack 2012 (C); Luo 2017 (C);
Menon 2007 (C); Olney 2018 (C)). The nine remaining studies did
not attempt blinding of outcome assessment, and we rated these at
high risk of bias (Aboud 2011 (C); Adrianopoli 2014 (C); Baum 2017
(C); Hirve 2007 (C); Lanou 2019 (C); Lundeen 2010 (C); Osei 2015 (C);
Somassè 2018 (C); Young 2018 (C)).

Incomplete outcome data

We considered studies with more than 20% loss to follow-up, or
with imbalanced loss to follow-up in di�erent arms of the study, as
inadequate in terms of completeness of outcome data. We rated 22
studies at low risk of attrition bias (Aboud 2011 (C); Attanasio 2014
(C); Bar�our 2019; Baum 2017 (C); Christofides 2006 (C); Giovannini
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2006; Hirve 2007 (C); Inayati 2012 (C); Jack 2012 (C); Kounnavong
2011; Lanou 2019 (C); Larson 2018 (C); Lundeen 2010 (C); Macharia-
Mutie 2012; Matias 2018 (C); Menon 2007 (C); Mridha 2016 (C); Olney
2018 (C); Osei 2015 (C); Sharie� 2006a; Soofi 2013 (C); Young 2018
(C)). We rated two studies at unclear risk of bias (Adu-Afarwuah
2007; Clarke 2018 (C)). Due to high loss to follow-up, we considered
four studies at high risk of attrition bias (Adrianopoli 2014 (C); Luo
2017 (C); Sazawal 2014 (C); Somassè 2018 (C)). We also judged
Esamai 2014 at high risk of attrition bias because 40% (18/45) of
participants could not complete the isotope study.

Selective reporting

We rated 14 studies at low risk of reporting bias (Aboud 2011 (C);
Attanasio 2014 (C); Bar�our 2019; Baum 2017 (C); Esamai 2014;
Inayati 2012 (C); Jack 2012 (C); Luo 2017 (C); Matias 2018 (C);
Mridha 2016 (C); Olney 2018 (C); Somassè 2018 (C); Soofi 2013
(C); Young 2018 (C)), and we rated 15 studies at unclear risk of
bias because they provided no or insu�icient details about pre-
specified outcomes, or because a study protocol was not available
(Adrianopoli 2014 (C); Adu-Afarwuah 2007; Christofides 2006 (C);
Clarke 2018 (C); Giovannini 2006; Hirve 2007 (C); Kounnavong 2011;
Lanou 2019 (C); Lundeen 2010 (C); Macharia-Mutie 2012; Menon
2007 (C); Osei 2015 (C); Sazawal 2014 (C); Sharie� 2006a; Larson
2018 (C)).

Other potential sources of bias

Fourteen studies appeared to be free of other sources of
bias (Aboud 2011 (C); Adrianopoli 2014 (C); Attanasio 2014 (C);
Christofides 2006 (C); Giovannini 2006; Hirve 2007 (C); Lundeen
2010 (C); Luo 2017 (C); Matias 2018 (C); Menon 2007 (C); Mridha
2016 (C); Olney 2018 (C); Somassè 2018 (C); Soofi 2013 (C)). We
judged nine studies at unclear risk of other bias. It is unclear
whether the cuto� for retinol binding protein to define vitamin
A deficiency in Bar�our 2019 was appropriate. Inayati 2012 (C)
did not adjust data by length of the intervention, and it is
unclear if Jack 2012 (C) conducted the analysis on an intention-
to-treat basis. Macharia-Mutie 2012 used multiple imputation to
estimate missing data values. In Sazawal 2014 (C), milk was used
as the vehicle for MNP, which may have led to high rejection
rates by children because MNPs do not mix well with liquids. In
Esamai 2014, Osei 2015 (C), Larson 2018 (C), and Young 2018 (C),
there were imbalances in baseline numbers of boys versus girls
between control and intervention groups. We rated six studies
at high risk of other bias. In Baum 2017 (C), intervention and
control groups di�ered in several baseline characteristics. In Adu-
Afarwuah 2007, there were no baseline values in the control
group for any outcomes. In Kounnavong 2011, the haemoglobin
concentration was significantly di�erent at baseline between
control and intervention groups. Sharie� 2006a did not measure
haemoglobin and ferritin at baseline, making it di�icult to judge
comparability between groups. In Clarke 2018 (C), there was a wide
range of intervention coverage between villages, ranging from 38%
to 97%.

E<ects of interventions

See: Summary of findings for the main comparison Home (point-
of-use) fortification of foods with multiple micronutrient powders

versus no intervention or placebo in children under two years of
age; Summary of findings 2 Home (point-of-use) fortification of
foods with multiple micronutrient powders versus an iron-only
supplement in children under two years of age

This review includes 29 studies with 33,147 children, of which 26
studies with 27,051 children contributed data; however, for trials
with more than two treatment arms, we may not have included all
arms in our analyses. We have organised the results by the di�erent
comparisons and by primary and secondary outcomes. Most of the
included studies focused on anaemia and haematological indices;
few reported on any of the other outcomes pre-specified in the
protocol (De-Regil 2011). Because some results showed significant
heterogeneity that could not be explained by standard sensitivity
analyses, including quality assessment, we used a random-e�ects
model to analyse the results.

See the Data and analyses section for detailed results on primary
and secondary outcomes. The main findings of the review are set
out in Summary of findings for the main comparison and Summary
of findings 2, in which we also present the overall certainty of
evidence for each primary outcome, by comparison.

1. Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo

Twenty-six studies with 32,582 children under two years of age
examined this comparison (Aboud 2011 (C); Adrianopoli 2014 (C);
Adu-Afarwuah 2007; Attanasio 2014 (C); Bar�our 2019; Baum 2017
(C); Clarke 2018 (C); Esamai 2014; Giovannini 2006; Inayati 2012 (C);
Jack 2012 (C); Kounnavong 2011; Lanou 2019 (C); Lundeen 2010 (C);
Luo 2017 (C); Macharia-Mutie 2012; Matias 2018 (C); Menon 2007 (C);
Mridha 2016 (C); Olney 2018 (C); Osei 2015 (C); Sazawal 2014 (C);
Sharie� 2006a; Somassè 2018 (C); Soofi 2013 (C); Larson 2018 (C)).
Two studies did not contribute data to the analyses because of the
ways in which they reported the primary outcomes (Luo 2017 (C);
Olney 2018 (C)).

Primary outcomes  

Anaemia (defined as haemoglobin values < 110 g/L)

Sixteen studies (9927 children) evaluated this outcome (Adu-
Afarwuah 2007; Attanasio 2014 (C); Bar�our 2019; Clarke 2018 (C);
Giovannini 2006; Inayati 2012 (C); Jack 2012 (C); Kounnavong 2011;
Lanou 2019 (C); Lundeen 2010 (C); Macharia-Mutie 2012; Matias
2018 (C); Menon 2007 (C); Sharie� 2006a; Soofi 2013 (C); Larson
2018 (C)). Children receiving MNPs were significantly less likely to
have anaemia at follow-up than children receiving no treatment
or placebo (risk ratio (RR) 0.82, 95% confidence interval (CI) 0.76
to 0.90; P < 0.001; moderate-certainty evidence; Analysis 1.1). The
risk remained almost the same aOer four low-quality trials were
removed from the analysis (RR 0.79, 95% CI 0.70 to 0.89; 12 trials;
6817 children; analysis not shown) (Adu-Afarwuah 2007; Jack 2012
(C); Kounnavong 2011; Larson 2018 (C)). As 16 trials were included
in the meta-analysis, we investigated the relationship between
e�ect size and standard error by drawing a funnel plot (Figure 4),
and we found no evidence of reporting bias.
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Figure 4.   Funnel plot of comparison: 1 Home (point-of-use) fortification of foods with MNP versus no intervention or
placebo, outcome: 1.1 Anaemia.

 
Visual examination of the subgroup analyses reveals that the
intervention appeared equally e�ective among all infants aged 6
to 23 months (Analysis 1.4). The intervention was more e�ective
in populations anaemic at baseline (RR 0.54, 95% CI 0.38 to
0.76) compared to populations with mixed/unknown anaemia
status (RR 0.84, 95% CI 0.77 to 0.91; test for subgroup di�erences
P = 0.01; Analysis 1.2) in non-malarial versus malaria-endemic
settings (Analysis 1.6), with daily versus flexible intake (Analysis
1.7), and when the intervention lasted less than six months versus
six months or longer (Analysis 1.8). When anaemia status was
examined by iron content, MNPs with low iron content (< 12.5
mg) were noted to be less e�ective (RR 0.91, 95% CI 0.84 to 1.00)
than MNPs with 12.5 mg of iron (RR 0.76, 95% CI 0.66 to 0.87;
test for subgroup di�erences P = 0.02; Analysis 1.9). There were
no di�erences by MNP zinc content (Analysis 1.10). No studies
reported baseline iron status, and no studies were conducted
among refugees (Analysis 1.3; Analysis 1.5).

Iron deficiency (as defined by trialists)

Seven studies with 1634 children assessed iron deficiency at follow-
up (Adu-Afarwuah 2007; Bar�our 2019; Giovannini 2006; Macharia-
Mutie 2012; Matias 2018 (C); Sharie� 2006a; Soofi 2013 (C)). Five
studies defined iron deficiency as ferritin concentration less than
12 μg/L (Adu-Afarwuah 2007; Bar�our 2019; Matias 2018 (C);
Sharie� 2006a; Soofi 2013 (C)); one study as ferritin concentration
< 12 μg/L or serum transferrin receptor > 8.3 mg/L, corrected
for inflammation if C-reactive protein > 5 mg/L (Macharia-Mutie
2012); and one study as ferritin concentration < 15 μg/L (Sharie�

2006a). These studies found that children receiving MNP were
significantly less likely to have iron deficiency at follow-up than
children receiving no treatment or placebo (RR 0.47, 95% CI 0.39
to 0.56; P < 0.001; high-certainty evidence; Analysis 1.11). AOer one
low-quality study was removed from the analysis (Adu-Afarwuah
2007), the RR was 0.44 (95% CI 0.35 to 0.56; 6 studies; 1475 children;
analysis not shown).

There were no apparent di�erences among subgroups (Analysis
1.12; Analysis 1.14; Analysis 1.18; Analysis 1.19; Analysis 1.20). It
was not possible to conduct subgroup analyses for iron status
at baseline as all were of mixed status (Analysis 1.13), nor for
refugee status (Analysis 1.15), malaria endemicity (Analysis 1.16), or
frequency of intake (Analysis 1.17).

Haemoglobin concentration (g/L)

Twenty studies (10,509 children) evaluated this outcome (Adu-
Afarwuah 2007; Adrianopoli 2014 (C); Attanasio 2014 (C); Bar�our
2019; Baum 2017 (C); Clarke 2018 (C); Esamai 2014; Giovannini
2006; Inayati 2012 (C); Jack 2012 (C); Kounnavong 2011; Lanou
2019 (C); Lundeen 2010 (C); Macharia-Mutie 2012; Matias 2018 (C);
Menon 2007 (C); Osei 2015 (C); Sazawal 2014 (C); Sharie� 2006a;
Soofi 2013 (C)). Compared to children receiving no treatment or
placebo, children receiving MNP had a 3.04 g/L higher haemoglobin
concentration at follow-up (MD 2.74 g/L, 95% CI 1.95 to 3.53;
P < 0.001; low-certainty evidence; Analysis 1.21). AOer nine low-
quality trials were removed from the analysis (Adu-Afarwuah 2007;
Adrianopoli 2014 (C); Attanasio 2014 (C); Baum 2017 (C); Esamai
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2014; Jack 2012 (C); Kounnavong 2011; Osei 2015 (C); Sazawal
2014 (C)), the MD was 3.39 g/L (95% CI 2.39 to 4.39; 11 trials; 7690

children; analysis not shown). Visual inspection of the funnel plot
suggests no evidence of reporting bias for this outcome (Figure 5).

 

Figure 5.   Funnel plot of comparison: 1 Home (point-of-use) fortification of foods with MNP versus no intervention or
placebo, outcome: 1.21 Haemoglobin (g/L).

 
The intervention was not e�ective in children who were non-iron
deficient or anaemic at baseline (Analysis 1.22; Analysis 1.23), nor
in children for whom the duration of the intervention was less
than six months (Analysis 1.28). The intervention was e�ective in
children aged 6 to 11 months old at the start of the intervention,
but not in children aged 12 to 17 months or 18 to 23 months
(Analysis 1.24). The intervention appeared to be more e�ective in
non-malaria-endemic areas compared to malaria-endemic areas
(mean di�erence (MD) 9.50, 95% CI 7.19 to 11.81 compared to MD
2.30, 95% CI 1.49 to 3.11; test for subgroup di�erences P < 0.001;
Analysis 1.26). MNP with higher iron content (12.5 mg or higher) was
more e�ective than MNP with iron content less than 12.5 mg (MD
3.92, 95% CI 1.06 to 6.77 compared to MD 1.61, 95% CI 0.58 to 2.64;
test for subgroup di�erences P = 0.14; Analysis 1.29). There was no
di�erence by frequency of intake (Analysis 1.27) nor by zinc content
(Analysis 1.30). It was not possible to perform subgroup analysis for
refugee status (Analysis 1.25).

Iron status (as defined by trialists)

Seven studies (2612 children) provided information on ferritin
concentrations (Adu-Afarwuah 2007; Bar�our 2019; Clarke 2018 (C);
Esamai 2014; Giovannini 2006; Jack 2012 (C); Matias 2018 (C)). On
average, children receiving MNP had 12.93 μg of ferritin more per
litre at follow-up than children receiving no treatment or placebo

(MD 12.93 μg/L, 95% CI 7.41 to 18.45; P < 0.001; moderate-certainty
evidence; Analysis 1.31).

It was not possible to perform subgroup analyses for age at the start
of the intervention, refugee status, malaria endemicity, frequency
of intake, nor zinc content (Analysis 1.34; Analysis 1.35; Analysis
1.36; Analysis 1.37; Analysis 1.40). MNP with low iron content
(< 12.5 mg) was not e�ective (MD 6.76, 95% CI −2.25 to 15.77),
whereas MNP with higher iron content (≥ 12.5 mg) was e�ective
(MD 19.43, 95% CI 9.50 to 29.36), in improving iron status (test for
subgroup di�erences P = 0.06; Analysis 1.39). All other subgroup
analyses indicate that the intervention appeared equally e�ective
in populations with di�erent anaemia status at baseline (Analysis
1.32) and with di�erent iron status at baseline (Analysis 1.33), and
whether the intervention lasted less than six months or six months
or longer (Analysis 1.38).

Weight-for-age (z scores)

In 10 studies (9287 children) in which the intervention was given for
3 (Esamai 2014), 6 (Aboud 2011 (C); Adu-Afarwuah 2007; Sazawal
2014 (C)), 9 (Bar�our 2019), 11 (Osei 2015 (C)), 12 (Giovannini 2006;
Larson 2018 (C)), or 18 months or longer (Clarke 2018 (C); Mridha
2016 (C)), researchers found no evidence of a di�erence in weight-
for-age z scores between groups (MD 0.02, 95% CI −0.03 to 0.07;
moderate-certainty evidence; Analysis 1.41).
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All-cause mortality

Giovannini 2006 stated that no deaths occurred over the 12-month
intervention period. In Hirve 2007 (C), two deaths were reported
aOer the intervention was finalised but were judged not to be
related to the study. In Soofi 2013 (C), 37 deaths were reported, but
no di�erences were reported by study group. In Matias 2018 (C),
15 postneonatal deaths occurred in the MNP group (15.6/1000 live
births) and 23 postnatal deaths in the control group (25.6/1000 live
births).

Secondary outcomes  

Length-for-age (z scores)

In 11 studies (11,682 children) in which the intervention was given
for 3 (Esamai 2014), 6 (Aboud 2011 (C); Adu-Afarwuah 2007; Sazawal
2014 (C)), 9 (Bar�our 2019), 11 (Osei 2015 (C)), 12 (Giovannini 2006;
Lanou 2019 (C); Larson 2018 (C)), or 18 months or longer (Clarke
2018 (C); Mridha 2016 (C)), researchers found no evidence of a
significant di�erence in length-for-age z scores between groups
(MD −0.01, 95% CI −0.04 to 0.01; Analysis 1.42).

Weight-for-height (z scores)

Ten studies (11,664 children) reported on weight-for-height z scores
(Adrianopoli 2014 (C); Adu-Afarwuah 2007; Bar�our 2019; Clarke
2018 (C); Giovannini 2006;Lanou 2019 (C); Mridha 2016 (C); Osei
2015 (C); Sazawal 2014 (C); Larson 2018 (C)); researchers found
no evidence of a di�erence in weight-for-height z scores between
groups (MD 0.03, 95% CI −0.01 to 0.08; Analysis 1.43).

All-cause morbidity

This outcome was reported by three trials with 2270 children
(Aboud 2011 (C); Giovannini 2006; Lanou 2019 (C);). Results show no
significant di�erences in all-cause morbidity between intervention
and control groups (RR 1.03, 95% CI 0.77 to 1.39; Analysis 1.44).

Diarrhoea

In five trials with 5579 children (Bar�our 2019; Larson 2018 (C);
Mridha 2016 (C); Sharie� 2006a; Soofi 2013 (C)), children receiving
MNP did not have more diarrhoea than those who received placebo
(odds ratio (OR) 1.05, 95% CI 0.82 to 1.35; Analysis 1.45).

Upper respiratory tract infections

Three studies with 3560 children found that upper respiratory
infections were equally prevalent among children receiving MNP
and those allocated to the placebo group (OR 0.89, 95% CI 0.76 to
1.06; Analysis 1.46) (Bar�our 2019; Giovannini 2006; Mridha 2016
(C)).

Serum retinol concentration (μmol/L)

One trial with 386 children reported on serum retinol concentration
in μmol/L to assess vitamin A status and found that children
receiving MNP compared with children receiving no intervention
or placebo had significantly lower retinol levels at follow-up (MD
−0.16, 95% CI −0.28 to −0.04; P = 0.009; Analysis 1.48) (Soofi 2013
(C)).

Retinol binding protein (μmol/L)

Two trials with 883 children reported on retinol binding protein
to assess vitamin A status and found no di�erences between

intervention and control groups (MD 0.00, 95% CI −0.04 to 0.04;
Analysis 1.47) (Bar�our 2019; Jack 2012 (C)).

Serum zinc concentration (g/dL)

Five trials with 1426 children reported this outcome (Adu-Afarwuah
2007; Bar�our 2019; Esamai 2014; Jack 2012 (C); Soofi 2013 (C));
these researchers found no e�ect of daily provision of MNP plus
zinc on children's serum zinc concentrations (MD 1.07, 95% CI −3.46
to 5.61; Analysis 1.49). The only study that provided 10 mg of zinc
reported significant improvement in serum zinc concentrations
(MD 6.20, 95% CI 5.67 to 6.73; P < 0.0001; analysis not shown)
(Bar�our 2019).

Mental development and motor skill development (as defined by
trialists)

One study with 179 children reported that children receiving MNP
were more likely to walk independently at 12 months of age than
those receiving no intervention (RR 1.58, 95% CI 1.02 to 2.46;
Analysis 1.51) (Adu-Afarwuah 2007).

One study with 192 children reported language and Home
Observation for Measurement of the Environment (HOME) scores
(Aboud 2011 (C)). Researchers found no evidence of an e�ect of
MNP on mental development (MD −0.77, 95% CI −2.74 to 1.20;
Analysis 1.52) nor on motor skill development (MD 0.31, 95% CI
−1.18 to 1.80; Analysis 1.53).

One trial with 1710 children found evidence of a better repetitive
language z score (MD 0.17, 95% CI 0.07 to 0.27, P < 0.001) and
expressive language z score (MD 0.13, 95% CI 0.04 to 0.22, P = 0.006)
at 24 months for children receiving MNP compared with those given
the control intervention (Analysis 1.54) (Mridha 2016 (C)).

Malaria outcomes

Although 27 studies were conducted in settings considered as
malaria-endemic, only three studies with 1737 children reported
results on the presence of positive malaria smears (Adu-Afarwuah
2007; Clarke 2018 (C); Lanou 2019 (C)); researchers found no
di�erences between study groups (RR 0.88, 95% CI 0.62 to 1.24;
Analysis 1.50).

Other outcomes

No studies reported data on outcomes that we defined as all-cause
mortality, adherence, severe anaemia, non-serious adverse e�ects,
ear infections, or iron overload.

2. Home (point-of-use) fortification of foods with MNP versus
an iron-only supplement

Two studies with 565 children under two years of age examined this
comparison (Christofides 2006 (C); Hirve 2007 (C)).

Primary outcomes

Anaemia (defined as haemoglobin values < 110 g/L)

One study with 145 children found no di�erences in anaemia
between children who received MNP plus five nutrients and those
who were supplemented with iron drops aOer two months of
follow-up (RR 0.89, 95% CI 0.58 to 1.39; P = 0.62; low-certainty
evidence; Analysis 2.1) (Hirve 2007 (C)).
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Haemoglobin concentration (g/L)

Data from both studies (278 children) show no evidence of
a di�erence in haemoglobin concentrations between groups
receiving MNP or iron supplements (MD −2.81, 95% CI −10.84 to 5.22;
P = 0.49; very low-certainty evidence; Analysis 2.2).

Secondary outcomes

Side e<ects

Data from both studies (395 children) show that children receiving
MNP were less likely to have stained teeth than those receiving iron
syrup daily (RR 0.37, 95% CI 0.16 to 0.82; P = 0.02; Analysis 2.3), and
were less likely to have stool discolouration (RR 0.80, 95% CI 0.66 to
0.98; P = 0.04; Analysis 2.4). Only Hirve 2007 (C) reported on other
side e�ects, finding an e�ect of MNP versus iron supplements on
reducing the likelihood of children getting a cold (RR 0.84, 95% CI
0.73 to 0.97; P = 0.01; 262 children; Analysis 2.5) or fever (RR 0.59,
95% CI 0.42 to 0.82; P = 0.002; 262 children; Analysis 2.6) but not
cough (RR 0.74, 95% CI 0.53 to 1.03; P = 0.08; 130 children; Analysis
2.7).

Hirve 2007 (C) (262 children) reported that children receiving MNP
were less likely to have vomiting (RR 0.58, 95% CI 0.35 to 0.95; P =
0.03; Analysis 2.8), diarrhoea (RR 0.52, 95% CI 0.38 to 0.72; P < 0.001;
Analysis 2.9), and recurrent diarrhoea (RR 0.27, 95% CI 0.10 to 0.73;
P = 0.01; Analysis 2.10) than those receiving daily iron supplements.

Christofides 2006 (C) and Hirve 2007 (C) found no di�erences in
the mean number of episodes of diarrhoea per child between
interventions (RR 0.46, 95% CI 0.16 to 1.30; P = 0.14; 389 children;
Analysis 2.11).

Other outcomes

No studies reported data on the outcomes we defined as
iron deficiency, iron status, weight-for-age, all-cause mortality,
adherence, severe anaemia, length-for-age, weight-for-height, all-
cause morbidity, upper respiratory tract infections, ear infections,
iron overload, serum retinol concentration, retinol blinding protein,
serum zinc concentration, mental development, and motor skill
development, nor malaria incidence or malaria severity.

D I S C U S S I O N

Summary of main results

This review includes 29 studies, with 24 contributing data that
compared groups of children receiving micronutrient powder
(MNP) to groups receiving no treatment or placebo. Results show
that providing MNP to infants and children aged six months to
two years at the start of the intervention reduced anaemia by
18% and iron deficiency by 53%, and that those who received
MNP had significantly higher haemoglobin concentrations and
significantly higher ferritin concentrations compared to those who
did not receive the intervention, or who received placebo. MNP
with iron content of 12.5 mg or higher was more e�ective for
reducing anaemia and for increasing haemoglobin and ferritin
concentrations compared to MNP with low iron content (< 12.5
mg). The intervention led to no e�ects on zinc status, vitamin A
status, or child growth. The haematological e�ects of MNP seemed
comparable to those observed with daily oral iron supplementation
with drops; however, given the small number of studies evaluating

the equivalence between interventions, these results should be
interpreted with caution.

Although the real e�ect of an intervention is context-specific,
providing MNP was e�ective in various settings with a high
infectious disease burden, in both malaria- and non-malaria-
endemic areas, among populations with a high prevalence of
anaemia (25% to 100%), and when provided for two to six months
or longer to infants and young children across the age span of 6 to
23 months.

Data on side e�ects and morbidity are scarce, and definitions
for each of the outcomes are variable amongst studies, making
it di�icult to compare and assess the overall safety of this
intervention (e.g. diarrhoea was reported as the average number
of episodes of diarrhoea per child, longitudinal prevalence of any
diarrhoea, or number of children with at least one episode of
diarrhoea). Nonetheless, there were no increased e�ects of MNP on
diarrheoa, upper respiratory infections, malarial infection, or all-
cause morbidity. Furthermore, none of the studies reported deaths
attributable to the intervention, and the pattern of disease seemed
similar to that in children receiving placebo or no intervention.
It is clear that a standardised approach to reporting side e�ects
and morbidity is needed, as are improved malaria surveillance
and reporting in studies conducted in malaria settings. Data
on neurocognitive development are scarce and di�icult to pool
due to the di�erent tools used to measure mental and motor
development.

Overall completeness and applicability of evidence

Use of MNP containing iron, zinc, and vitamin A for children younger
than two years of age significantly reduces the prevalence of
anaemia and iron deficiency in populations with high prevalence of
anaemia, but information is insu�icient to assess e�ects of MNP on
other health and nutrition outcomes.

Public health programmes supporting home fortification with MNP
for improving micronutrient intake in children younger than two
years of age have rapidly expanded worldwide (UNICEF 2014).
Although doses as high as 80 mg of elemental iron per day were
initially used to test the e�icacy of this intervention, as well as its
equivalence to 40 mg of iron given as drops (Zlotkin 2001; Zlotkin
2003a), the widely used dose of 12.5 mg of elemental iron per sachet
is based on the recommended daily dose to supplement children
aged 6 to 23 months for iron deficiency anaemia prevention (INACG
1998; WHO 2016a). Its e�ectiveness was confirmed by a dose-
response trial in which 12.5 mg of elemental iron (as encapsulated
ferrous fumarate) was as e�ective as 20 mg and 30 mg of iron in the
same form and 20 mg of elemental iron (as ferrous sulphate drops)
for improving haemoglobin and ferritin concentrations among
anaemic children aged 6 to 18 months (Hirve 2007 (C)).

Most of the evidence included in this review examines a dose of
10 mg to 12.5 mg of iron given on a daily basis. However, another
study suggested that providing MNP in a flexible regimen for two
months, and hence at a lower overall monthly dose, produced
the same haematological response as daily use of MNP (Hyder
2007). Other studies that have distributed MNP through flexible,
market-based distribution approaches have reported significant
reductions in anaemia and iron deficiency (Suchdev 2012; Sun
2011). Intermittent provision of iron was proposed more than
25 years ago as a feasible public health strategy to supplement
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children's and women's diets and to reduce anaemia, as it is
supposed to maximise absorption by providing iron in synchrony
with the turnover of mucosal cells (Beaton 1999; Berger 1997; Viteri
1997).

The lasting e�ect of the benefits of using MNP on haematological
outcomes is still unclear. However, evidence from two studies
suggests that, independently of the dosing regimen, positive e�ects
of MNP on anaemia prevalence may be maintained for a period of
approximately six months aOer the end of the intervention (Ip 2009;
Menon 2007 (C)).

MNPs can be prepared in various formulations, but for inclusion
in this review, they had to contain zinc, vitamin A, and iron. In the
included studies, these three nutrients were always accompanied
by folic acid and vitamin C; approximately half (total of 14) of
studies utilised MNP with 14 or more micronutrients (WHO/WFP/
UNICEF 2007). When studies that provided a lower daily dose of
elemental iron (< 12.5 mg) were compared with those that provided
12.5 mg or more of iron, MNP with higher iron content had a greater
impact on haematological outcomes (haemoglobin and ferritin).
Leaving iron aside, five studies evaluated the e�ects of MNP on
zinc status (Adu-Afarwuah 2007; Bar�our 2019; Esamai 2014; Jack
2012 (C); Soofi 2013 (C)). Adding 5 mg of elemental zinc, which
is a lower dose than that recommended to treat diarrhoea but is
su�icient to avoid competition with iron for sites of absorption,
did not improve serum zinc concentrations (WHO/UNICEF 2004),
although providing 10 mg of elemental zinc did improve serum
zinc concentrations in one study (Bar�our 2019), but not in another
(Jack 2012 (C)). An ongoing study in Bangladesh is comparing
the e�ects of MNP at di�erent doses and frequencies of zinc on
diarrhoeal disease, zinc status, and growth (Islam 2018a). More
evidence on the impact of MNP on other micronutrients (e.g.
vitamin A, vitamin E, iodine, folic acid) is needed (Lobo 2019).

It is di�icult to assess the safety of this intervention in malaria
settings. Only three studies reported the incidence of malaria
with no di�erences in malaria parasitaemia between MNP and
control groups (Adu-Afarwuah 2007; Clarke 2018 (C); Lanou 2019
(C)). Although a study in Ghana found a decreased incidence
of malaria among young children who consumed daily MNP
containing iron compared to MNP without iron (Zlotkin 2013),
another study in Kenya found no di�erences in Plasmodium
falciparum infection (Teshome 2017). We excluded these studies
because the comparison group was given non-iron-containing MNP
- not placebo or no intervention.

Evidence shows that MNP was associated with increased risk of
diarrhoea among children in one of five studies that reported
on this outcome, although no e�ects were seen on prolonged
diarrhoea or hospitalisation with diarrhoea (Soofi 2013 (C)).
The mechanism for increased diarrhoea from MNP has been
demonstrated and may reflect adaptation of gut microflora to
increased iron intake (Paganini 2016). A recent MNP study in Kenyan
infants demonstrated that addition of an exogenous prebiotic to
the MNP, in the form of galacto-oligosaccharides, mitigated the side
e�ects of the iron MNP on the gut microbiome (Paganini 2016). In
another Kenyan study, which distributed iron-containing MNPs as
part of a health product package that included insecticide-treated
bed nets, soap, and point-of-use water treatment, hospitalisations
for diarrhoea were decreased as was fever in intervention versus
control villages (Suchdev 2016). Additional research is needed
to ascertain potential side e�ects of iron on the infant gut in

di�erent settings and potential strategies to mitigate these e�ects,
including alternative formulations and dosing of iron, use of
prebiotics or nutrients with antioxidant e�ects, and integrated
and complementary interventions to address both nutritional
deficiencies and infections.

Albeit they were not specific outcomes of this review, it is well
known that intake adherence and acceptability of a product
are essential for an intervention to be implemented successfully
(De Barros 2016). Overall, MNP seems to be well accepted by
children and families, and caregivers report perceiving multiple
health benefits aOer use (De Pee 2013). Results of the randomised
controlled trials (RCTs) included in this review, along with some
RCTs that were excluded because of the limited number of
nutrients, show that acceptance of the intervention is not always
translated into better adherence. High intake adherence (defined
by experts as consumption of four or more sachets per week)
to daily provision of MNP has ranged from 50% to around 90%
(De Barros 2016; Giovannini 2006), and high adherence has been
observed in studies in which children received the product on an
intermittent basis (Hyder 2007). 

Evidence from the first version of this review was used to inform
World Health Organization (WHO) guidelines on this intervention
(WHO 2011; WHO 2016b). The results of this updated version
confirm both findings of the previous review and the provision
scheme proposed in the WHO guidelines (WHO 2016b).

Quality of the evidence

Although not all reports include detailed information on study
methods employed, we made e�orts to contact study authors to
request more data. We classified nine studies at high risk of bias,
and their exclusion from the analyses in a sensitivity analysis did
not a�ect the significance of the results nor hence the review's
conclusions. Blinding of mothers or caregivers and care providers
was not attempted or was unclear in 80% of studies. Also, only
two studies utilised a placebo control; thus we lumped these
studies together with studies in which the control group received no
intervention. In approximately 50% of studies, outcome assessors
and technical sta� carrying out laboratory investigations were
reported to be unaware of group allocation. Although for some
outcomes, lack of blinding is unlikely to have an impact on results
(e.g. anaemia), for others (e.g. maternal reports on infant side
e�ects), lack of blinding may represent a potentially serious source
of bias. With the exception of five studies (Adrianopoli 2014 (C);
Esamai 2014; Luo 2017 (C); Sazawal 2014 (C); Somassè 2018 (C)), we
did not consider attrition to be a serious problem in the included
studies.

We evaluated the certainty of available evidence using the GRADE
method and presented our ratings in 'Summary of findings' tables
for the primary outcomes of anaemia, iron deficiency, haemoglobin
concentration, iron status, and weight-for-age z scores (Summary
of findings for the main comparison; Summary of findings 2). We
planned to conduct a GRADE assessment for all-cause mortality
also; however, no data were available for analysis for this outcome.
In the four studies that did mention mortality, the outcome did
not occur (Giovannini 2006), or the outcome was not related to the
intervention (Hirve 2007 (C); Matias 2018 (C); Mridha 2016 (C)).

The certainty of evidence, as assessed via GRADE, was moderate for
anaemia, high for iron deficiency, low for haemoglobin, moderate
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for iron status, and moderate for weight-for-age (z scores) for
the comparison of 'fortification of foods with MNP versus no
intervention or placebo in children under two years of age'. We
downgraded the certainty ratings due to serious or unclear risk of
bias and high heterogeneity. For the comparison of 'fortification
of foods with MNP versus an iron-only supplement in children
under two years of age', we rated the certainty of evidence as low
for anaemia and very low for haemoglobin due to considerable
statistical heterogeneity, inconsistency in results between studies,
and small sample sizes with wide 95% confidence intervals.

Potential biases in the review process

We were aware of the possibility of introducing bias at every stage
of the review process. In this review, we tried to minimise bias in
a number of ways: two review authors assessed study eligibility
for inclusion, carried out data extraction, and assessed risk of bias;
and each review author worked independently. Nevertheless, the
process of assessing risk of bias, for example, is not an exact science
and includes many personal judgements. Further, the process of
reviewing research studies is known to be a�ected by prior beliefs
and attitudes. It is di�icult to control for this type of bias in the
review process.

This intervention is very recent and is well known among
implementing agencies; they were contacted as part of the search
strategy. Thus, we consider there to be minimal risk of publication
bias.

Agreements and disagreements with other studies or
reviews

For this update, we have included 22 new studies and have
excluded one previously included study (Suchdev 2012). Our
findings are consistent with the previous version of this Cochrane
Review, and our primary conclusions have not changed (De-Regil
2011).

A systematic review on the e�icacy and e�ectiveness of
complementary feeding interventions carried out in developing
countries evaluated various interventions that targeted children
within the age range of 6 to 24 months (Dewey 2009).
Interventions assessed included fortification of complementary
foods with micronutrients (centrally processed fortified foods or
home fortification products with or without additional energy).
These review authors restricted the evaluation of MNP to
anaemia prevention specifically and included two other types of
micronutrient supplements that were added to home-prepared
complementary foods: crushable tablets and fat-based products.
They concluded that fortification of complementary foods (through
either processed complementary foods or home fortification) was a
feasible option for complementary feeding in most circumstances,
given the cost of iron-rich foods (such as liver or meat). Home
fortification requires little change in dietary practices, thus
allowing families to continue to use home-prepared or purchased
complementary foods as the basis for the child's diet.

Our review focused specifically on home fortification of foods
with MNP, with an inclusion criterion that established three
micronutrients of critical importance (iron, vitamin A, and zinc), and
assessed a broader spectrum of outcomes. We excluded other types
of home fortification with lipid-based spreads or crushable tablets
to isolate the e�ects of this single intervention. We also excluded 10

studies that did not compare MNP to placebo, no intervention, or
usual supplementation. Future reviews assessing the independent
e�ects of iron versus non-iron-containing MNP would be helpful.

Another systematic review, which included 17 studies, evaluated
e�ects of MNP in women and children (aged six months to six years)
on haematological, anthropometric, and morbidity outcomes
(Salam 2013). In agreement with our review, Salam 2013 found that
children receiving MNP were less likely to be anaemic at follow-
up and had significantly reduced iron deficiency anaemia and
improved haemoglobin levels. This review also found a significant
increase in diarrhoea among children receiving MNP but did not
show an impact of MNP on growth.

An area of potential concern relates to iron interventions in areas
of high malaria transmission. A technical working group convened
by the US National Institutes of Health concluded that there
was little evidence regarding the safety of iron-containing home
fortification mixtures in malaria-endemic areas, and that there was
no evidence that MNPs are not safe, but this group recognised
that no published studies have been designed to examine safety
in malaria-endemic areas (Raiten 2011). Our systematic review
concurs with the results of this report and acknowledges the
limitations of studies designed specifically to examine the safety of
home fortification with MNP in malaria-endemic areas for malarial
outcomes. The limited evidence does not seem to suggest that
increased risk of mortality or morbidity is associated with malaria,
but ongoing studies specifically addressing this issue will help us
to better understand any potential risks associated with providing
iron through home fortification with MNP.

Home fortification has most oOen targeted infants and young
children. Although the results of this review are mainly applicable
to this age group, a complementary Cochrane Review in preschool-
age and school-age children shows similar findings (De-Regil 2017).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Use of MNP for home fortification of foods is an e�ective
intervention to reduce anaemia and iron deficiency in infants and
young children. This intervention can be integrated into strategies
to prevent anaemia and reduce the risk of iron deficiency among
infants and children aged 6 to 23 months, but its benefit in reducing
the risk of other vitamin and mineral deficiencies has not yet been
demonstrated. It can be hypothesised that improving dietary intake
of vitamins and minerals in the daily diet through this mechanism
is beneficial, but evidence is lacking, as most studies have focused
on iron deficiency and anaemia outcomes.

In this context, the dose of 12.5 mg of elemental iron (as ferrous
fumarate) along with 5 mg of zinc and 300 μg of vitamin A
has proved e�ective, and the addition of other vitamins and
minerals to address nutrient gaps could be considered within the
recommended nutrient intake levels for this age group. Other, more
bioavailable iron compounds or substances that can modify the
e�ects of iron (e.g. prebiotics) may be used (Paganini 2017), but the
evidence is limited. Use of sodium iron-ethylenediaminetetraacetic
acid (FeNaEDTA or iron-EDTA) as a more bioavailable source of
iron may be feasible, but consideration of safe levels of iron-EDTA
is important to avoid their excessive intake, particularly among
infants.
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Provision of the sachets seems to be well accepted by mothers
and caregivers. Although the evidence is limited, in comparison
to iron supplements (as drops or syrups), home fortification with
MNP has similar benefits for haematological outcomes but is
associated with less staining of teeth and discolouration of stools.
If iron supplementation programmes are not in place, or are
not successfully implemented, use of MNP for home fortification
of foods can be considered for prevention of anaemia and iron
deficiency in children 6 to 23 months of age.

As providing MNP to children requires preparation of food by a
caregiver, e�orts should be made to ensure that basic sanitation
is available, and that food hygiene and handling are done
properly with safe water. All included studies were performed
in low resource settings, where sanitation tends to be poor.
Behavioural and communication campaigns, therefore, should
promote appropriate use of MNP in addition to the hygienic
preparation of complementary foods and hand washing (World
Bank 2010). Furthermore, some evidence suggests that use of
MNP may increase the prevalence of diarrhoea among children
but provides limited information on severity; additional research
is needed so we can better understand the potential risks and
mitigating factors of MNP for diarrhoea.

The benefits of using MNP as a child survival strategy or for
developmental outcomes are limited. Data on e�ects on malaria
outcomes are also lacking, and further investigation in malaria
settings is needed.

Implications for research

This systematic review has highlighted some evidence gaps that
merit further research, including the following.

1. Side e�ects (such as vomiting, constipation, diarrhoea,
coughing), as well as iron overload associated with home
fortification with MNP in settings where infection and
malnutrition are common, need to be explored in greater depth,
with emphasis on the harmonisation of outcome definitions that

will better balance harms and benefits of this intervention in
various contexts, particularly in areas with high transmission of
malaria.

2. The prevalence of diarrhoea in association with MNP needs to be
investigated in greater detail.

3. The use of alternative iron compounds, as well as dosing of iron
and provision of prebiotics in MNP formulations, in areas with
high infection burden needs to be examined.

4. The e�ective regimen for distribution and consumption of MNP
in intermittent or flexible schemes as an alternative to daily
provision of MNP needs to be identified.

5. The minimum e�ective duration of fortification with MNP and
total iron intake must be ascertained.

6. The e�icacy and e�ectiveness of home fortification with MNP
for additional nutrient e�ects (e.g. iodine, vitamin D, vitamin A,
calcium, phosphorus, magnesium, potassium, choline) and also
for important functional outcomes, including growth and motor
and cognitive development, need to be determined.
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Characteristics of included studies [ordered by study ID]

 

Methods Study design: cluster-randomised field trial with 3 arms

Unit and method of allocation: group (village level)

Method of sequence generation: not reported

Masking of participants, personnel, and outcome assessors: not reported

Participants Location of the study: Khansama subdistrict, Bangladesh

Sample size: 302 children and their mothers

Dropouts/withdrawals: 9 at post-test, 17 at follow-up

Age (range): children aged 8 to 20 months

Sex: both sexes (girls: control = 49%, RFS = 54%, RFS+ = 57%)

Socioeconomic status: poor and very poor wealth categories

Baseline prevalence of anaemia: not reported

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: mothers and their children aged 8 to 20 months were eligible for in-
clusion. Disabled children and those who had not started complementary feeding were excluded

Interventions 45 clusters were randomly allocated to 1 of 3 groups

Interventions

1. Group 1 (n = 15 villages, 92 children): RFS; responsive feeding and stimulation training

2. Group 2 (n = 14 villages, 100 children): RFS+; responsive feeding and stimulation training + 6-month
supply of micronutrient powders containing 12.5 mg of iron, 300 μg of vitamin A, 140 μg of folic acid,
50 mg of vitamin C, and 5 mg of zinc; 7 sachets delivered weekly to mothers for 6 months

Comparison

Group 3 (n = 16 villages, 110 children): control group received a health and nutrition child develop-
ment programme, comprising 12 informational sessions

Duration of intervention: 6 months

Outcomes Primary: nutritional and developmental outcomes (weight, weight-for age z score, length, length-for-
age z score), developmental outcomes (HOME inventory, mother-child responsiveness, Bayley lan-
guage scores)

Aboud 2011 (C) 
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Secondary: self-reported illness in the past week, observed feeding behaviours

Timing of outcome assessment: baseline in April, post-test in July (3 months later), follow-up in De-
cember (8 months later)

Notes Study start date: May 2008

Study end date: December 2008

Conflict(s) of interest: not reported

Funding source(s): Social Sciences and Humanities Research Council of Canada

Malaria-endemic area: yes

Comment

For the purposes of this review, we included only intervention groups 1 and 2. We analysed individual
child outcomes on an intention-to-treat basis

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: villages randomly pre-assigned to treatment arm, then all moth-
er-child pairs of eligible age recruited for enrolment

Allocation concealment
(selection bias)

Low risk Comment: not described, but intervention was at village level, so low risk of
selection bias at individual level

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: not described, probably not performed

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: not described, probably not performed

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: low loss to follow-up (5.6% overall) with minimal difference be-
tween groups; high adherence (80%) for MNP use

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes pre-specified in
the trial registration were reported in the final publication

Other bias Low risk Comment: appears to be free of other sources of bias

Aboud 2011 (C)  (Continued)

 
 

Methods Study design: cluster-randomised pilot trial

Unit and method of allocation: randomisation at village level

Method of sequence generation: 2-stage cluster-sampling method was used. 20 clusters were select-
ed and randomly assigned to 1 of 2 groups. 30 eligible households were selected from each cluster (n =
20). Method details were not described

Adrianopoli 2014 (C) 
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Masking of participants, personnel, and outcome assessors: not reported

Participants Location of the study: Tajikistan, Khatlon Province, and Gorno-Badakhshan Autonomous Region

Sample size: 209

Dropouts/withdrawals: 52 dropped out at first follow-up (3 months), 1 dropped out at second fol-
low-up (6 months), 11 dropped out at third follow-up (12 months)

Age: 6 to 12 months

Sex: both sexes. Male:female ratio = 45:55 in group A, 61:39 in group B

Socioeconomic status: not reported

Baseline prevalence of anaemia: 100% (moderate anaemia)

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: infants and young children (IYC) who were anaemic were the target
population for the study. Blood haemoglobin levels and nutritional status were assessed during the
screening phase. 209 IYC with a haemoglobin concentration > 7 g/dL and < 11 g/dL and aged 6 to 12
months were included. IYC presenting with severe clinical malnutrition (weight-for-height z score, or
WHZ, < −3), haemoglobin level < 7 g/dL, severe chronic illness, and congenital abnormalities were ex-
cluded. Children receiving iron supplementation or enrolled in a therapeutic feeding programme were
also excluded

Interventions 209 IYC were randomly assigned to 1 of the 2 intervention groups

Intervention: Group B (n = 105): received FBCFRs (food-based complementary feeding recommenda-
tions) plus MNP (12.5 mg of iron, 5 mg of zinc, 300 μg of vitamin A, 160 μg of folic acid, and 30 mg of vit-
amin C in powder form, daily)

Comparison: Group A (n = 104): received FBCFRs (age-specific)

Duration of intervention: 12 months

Outcomes Primary: haemoglobin concentrations, iron status, anthropometric measurements (z scores of the in-
dex weight-for-length), dietary assessment

Secondary: morbidity, side effects (episodes of diarrhoea, respiratory illness, severe vomiting, and vis-
its to physicians)

Timing of outcome assessment: baseline, first follow-up (3 months), second follow-up (6 months),
third follow-up (12 months)

Notes Study start date: November 2007

Study end date: April 2009

Conflict(s) of interest: not reported

Funding source(s): US Centers for Disease Control and Prevention (CDC)

Malaria-endemic area: yes

Comments

1. Mothers from group A have been more compliant with the recommendations than mothers from
group B. The prevalence of moderate acute malnutrition (WHZ −2 to −3) was 12% in both groups at
baseline

2. Both malaria and malnutrition are present in Tajikistan

Adrianopoli 2014 (C)  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "randomly assigned"

Comment: method details not described

Allocation concealment
(selection bias)

Unclear risk Comment: not described

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: not described, but blinding could not be possible due to the nature
of the intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: not described and probably not attempted; however, non-blind-
ing of outcome assessment appears likely to have affected outcome measure-
ments

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: 56% (58/104) in group A and 47% (49/105) in group B completed all
3 follow-up measurements

Selective reporting (re-
porting bias)

Unclear risk Comment: protocol not available

Other bias Low risk Comment: appears to be free of other sources of bias

Adrianopoli 2014 (C)  (Continued)

 
 

Methods Study design: RCT with a non-randomised control group

Unit and method of allocation: individual level

Method of sequence generation: random selection of 75% of participants who were randomly allocat-
ed to 1 of the intervention groups via opaque envelopes

Masking of participants, personnel, and outcome assessors: not attempted for participants or per-
sonnel; outcome assessors blinded to the intervention

Participants Location of the study: Koforidua, Ghana

Sample size: 409 infants

Dropouts/withdrawals: 15 lost to follow-up

Age: 6 months

Sex: both sexes

Socioeconomic status: not reported

Baseline prevalence of anaemia: 25%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: baseline not reported. The percentage of children who had a positive
malaria smear (at 12 months of age) ranged from 2% to 8.3%

Adu-Afarwuah 2007 
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Inclusion and exclusion criteria: inclusion: 5 months of age, receiving any breast milk, not known to
be asthmatic or allergic to peanuts, planning to stay at the study site during the next 7 months. Exclu-
sion: not specified

Interventions 313 infants were randomly allocated to 1 of the following groups

Interventions

1. Group 1* (n = 98): infants received daily a micronutrient powder containing 12.5 mg of elemental iron
(as ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of RE (as β-carotene), 50 mg of vitamin C, 7.5
μg of vitamin D3, and 150 μg (0.15 mg) of folic acid

2. Group 2 (n = 102): infants received daily, multiple micronutrient Nutritabs (crushable tablets)

3. Group 3 (n = 98): infants received daily, multiple micronutrient Nutributter (lipid-based supplement)

Comparison

Control group* (n = 96): did not receive an intervention. It was not randomised but was randomly se-
lected from the original population

*For the purposes of this review, only group 1 and the control group were included

Duration of intervention: 6 months

Outcomes Primary: growth (z scores for weight-for-age, length-for-age, and weight-for-length; head circumfer-
ence)

Secondary: morbidity, observed motor milestone acquisition, micronutrient status (haemoglobin, fer-
ritin, transferrin receptor, plasma zinc), positive malaria smear

Timing of outcome assessment: all outcomes were measured when infants were 12 months old (i.e. 6
months after start of the intervention). There were no baseline measurements in the control group

Notes Study start date: February 2004

Study end date: June 2005

Conflict(s) of interest: one of the study authors (AB) was a paid consultant for Nutriset, the company
that manufactured NB until December 2003

Funding source(s): HJ Heinz Company has supported the technical development of micronutrient
powders on a cost-recovery basis

Malaria-endemic area: yes

Comments

1. There were no significant differences between groups regarding mothers' responses to most ques-
tions about acceptability of supplements

2. There were no differences in reported side effects among intervention groups

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: random selection of 75% of participants who were randomly allo-
cated to 1 of the intervention groups using opaque envelopes. Control group
(no intervention) was not randomised but belongs to the same sample popula-
tion as the rest of the participants. Even though infants in the no-intervention
group were eligible for the trial at the same place in time, and comparability
may be assumed, it is not clear what criteria were used by study authors to se-
lect the children because the paper states that "40 were not randomly select-
ed" (quote)

Adu-Afarwuah 2007  (Continued)
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Allocation concealment
(selection bias)

Low risk Comment: see above; however, as assignment to MNP was allocated via
opaque envelopes and the control group was not part of the original study, it
may be possible that the concealment was adequate

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: not attempted for participants or caregivers

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: outcome assessors blinded to intervention

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: few dropouts in randomised groups (4.7%) with no differences
among groups. It is impossible to assess dropouts in the control group be-
cause there was no follow-up. Overall, only 96 out of 170 of the eligible popula-
tion were included in the final analysis (56.4%)

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias High risk Comment: control group does not have baseline values for any of the out-
comes, making it difficult to assess the comparability of groups, particularly
for indicators such as ferritin, which show large, albeit non-significant baseline
variation among intervention groups

Adu-Afarwuah 2007  (Continued)

 
 

Methods Study design: cluster-randomised trial with 4 arms

Unit and method of allocation: randomisation at the municipality level

Method of sequence generation: computer-generated codes to randomly assign 8 clusters each

Masking of participants, personnel, and outcome assessors: not possible to blind allocation to
treatment group; interviewers blinded to treatment status of participants

Participants Location of the study: 96 towns in Colombia, including Oriental region, coffee zone region, and central
region

Sample size: 1420 children

Dropouts/withdrawals: 166 participants lost to follow-up

Age: children aged 12 to 24 months (mean = 18.27 (± 4.02) months in the control group, 17.96 (± 3.6)
months in the intervention group)

Sex: both sexes (50% male in the control group, 54% male in the intervention group)

Socioeconomic status: mean wealth index = −0.08 (± 0.92) in the control group, 0.07 (± 1.06) in the in-
tervention group

Baseline prevalence of anaemia: 46%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Attanasio 2014 (C) 
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Inclusion and exclusion criteria: children aged 12 to 24 months and their caregivers living in 8 of 32
departments in Colombia were eligible for inclusion. No exclusion criteria were reported

Interventions 32 municipalities (clusters) were selected from 3 geographic regions. Then, households with children
aged 12 to 24 months (mean age = 18 months) were randomly selected from each cluster to be enrolled
in the study

Interventions

1. Group 1 (n = 318 children): children received psychosocial stimulation during weekly visits

2. Group 2* (n = 308 children): children received micronutrient powders, which contained 12.5 mg of
iron, 300 μg of vitamin A, 160 μg of folic acid, 30 mg of vitamin C, and 5 mg of zinc; delivered to house-
holds every 2 weeks

3. Group 3 (n = 319 children): children received psychosocial stimulation + micronutrient powders

Comparison

Group 4* (n = 318 children): control, no intervention

*For the purposes of this review, only groups 2 and 4 were compared

Duration of intervention: 18 months

Outcomes Primary: Bayley Scales of Development (language, fine and gross motor scores), weight, length,
haemoglobin level

Secondary: Center for Epidemiologic Studies short depression scale (CES-D 10), children's consump-
tion of iron-rich food based on maternal reports

Timing of outcome assessment: baseline and after intervention

Notes Study start date: February to May 2010

Study end date: September to December 2011

Conflict(s) of interest: not reported

Funding source(s): Economic and Social Research Council; Inter-American Development Bank; World
Bank; International Growth Center

Malaria-endemic area: yes

Comments

1. Adherence to micronutrient powders was on average 73%

2. Data on weight-for-age and length-for-age are not presented

3. Anaemia was presented in follow-up publication (Attanasio 2014 (C))

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: municipalities (clusters) not completely random as they were in
locations where the Familias en Acción programme was in operation. Individ-
uals from each cluster were not selected by simple random sampling, but in-
stead among beneficiary households of elected mother leaders, and it is un-
clear whether this could raise selection bias

Allocation concealment
(selection bias)

Low risk Comment: clusters assigned to treatment group via computer-generated
codes; intervention at municipality level, thus low risk of selection bias at indi-
vidual level

Attanasio 2014 (C)  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: not possible to blind allocation to treatment group

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: interviewers blinded to treatment status of participants

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: overall loss to follow-up 10.7% for Bayley outcome with no signifi-
cant differences between treatment arms

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes pre-specified in
the trial registration were reported in the final publication

Other bias Low risk Comment: appears to be free of other sources of bias

Attanasio 2014 (C)  (Continued)

 
 

Methods Design: double-blind, placebo-controlled trial

Unit and method of allocation: individual randomisation

Method of sequence generation: statistician randomly assigned study ID numbers to the 4 study arms
using a block randomisation scheme with block lengths of 4 or 8

Masking of participants, personnel, and outcome assessors: supplements were pre-labelled by the
manufacturer with 4 different numerical codes. In the field, the 4 numerical codes were assigned spe-
cific colours (one colour per intervention group) to ensure correct delivery to children in respective
study groups. Each colour represented 1 type of preventive intervention to be taken daily and the cor-
responding therapeutic tablets for diarrhoea management. Micronutrient powder and control pre-
ventive interventions were formulated in powder form, whereas preventive zinc and therapeutic zinc
were formulated in tablet form, potentially undermining the blinding procedures. Because there were
2 groups of powders and tablets, it was impossible to identify the exact intervention allocation for any
particular group. The statistical analysis plan was published before analyses and was strictly followed
to minimise bias. Group identities were revealed only after data analyses were completed and study in-
vestigators had reached consensus on interpretation of results

Participants Location of the study: rural communities in Khammouane Province, central Lao People's Democratic
Republic; 300 villages from 5 districts (Nongbok, Xebangfai, Mahaxay, Xaibuathong, and Yommalat)

Selection of participants: all villages in the 5 districts invited for enrolment, except in Nongbok, where
only those with a mean stunting prevalence ≥ 25% were invited

Sample size: 3407 randomised. Available data at end-line by arm: group 1 = 739 children; group 2 = 701
children; group 3 = 763 children; and group 4 = 740 children (Figure 1). For biomarkers of nutritional
status and health, data were collected from a subsample of 760 children. Available data at end-line by
arm: group 1 = 145 children; group 2 = 138 children; group 3 = 145 children; and group 4 = 140 children
(Figure 1). Only group 2 and group 4 included in this analysis

Age: 6 to 23 months at enrolment (mean age = 14.3 months at baseline)

Sex: female and male (51.1% male)

Socioeconomic status (as defined by trialists): not reported. Household Food Insecurity Access Scale
3.2 (±) 5.0 at baseline

Baseline prevalence of anaemia: 54.8%

Bar<our 2019 
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Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported; Laos was classified as malaria-endemic area, but study
area was selected due to low malaria transmission (personal communication in Barffour 2019)

Inclusion and exclusion criteria: inclusion: aged 6 to 23 months at enrolment; families intended to
stay in study area for duration of study; willing to accept home visits; and caregiver provided writ-
ten informed consent. When multiple siblings were within the eligible age range, only the youngest
was enrolled. For twins, both were assigned to the same group and received all study-related inter-
ventions and follow up, but only 1 was randomly selected for inclusion in data analysis. Exclusion: se-
vere anaemia (haemoglobin < 70 g/L); severe wasting (weight-for-height z score < −3); bipedal oede-
ma; severe illness warranting hospitalisation referral; congenital abnormalities that may interfere with
growth; chronic medical conditions requiring frequent medical attention; known HIV infection of child
or mother; ongoing use of micronutrient supplements; current participation in another research study

Interventions Children were individually randomised into 1 of 4 groups

1. Group 1, preventive zinc: daily preventive zinc supplementation (7 mg of zinc) and placebo thera-
peutic tablets for diarrhoea

2. Group 2, micronutrient powder: daily preventive micronutrient powder (10 mg of zinc, 6 mg of iron
as ferrous fumarate, 400 μg retinol equivalents of vitamin A, thiamine 0.5 mg, riboflavin 0.5 mg, niacin
6 mg, vitamin B6 0.5 mg, folic acid 150 μg, cyanocobalamin 0.9 μg, ascorbic acid 30 mg, cholecalciferol
5 mg, 5 mg of tocopherol equivalents, 0.56 mg copper, 90 μg iodine, 17 μg selenium)

3. Group 3, therapeutic zinc: therapeutic zinc supplementation (daily placebo preventive supplement
tablet and therapeutic zinc tablets containing 20 mg of zinc for 10 days for diarrhoea treatment)

4. Group 4, control: placebo control (daily placebo preventive powder and placebo therapeutic tablets
for diarrhoea)

For all groups, caregivers were instructed to give diarrhoea treatment with therapeutic zinc (or place-
bo) tablets whenever the child had 3 or more liquid stools per day and to continue treatment for 10
days, until the blister pack was empty. Micronutrient powder and control arms were included in this
analysis

Duration of the intervention: 36 weeks

Outcomes Study authors did not distinguish between primary and secondary outcomes

Outcomes and timing of outcome assessment: mean length; weight; mid-upper arm circumference
(MUAC); length-for-age z score; weight-for age z score; weight-for-length z score; stunting; wasting; un-
derweight; mean haemoglobin; anaemia; mean micronutrient values and deficiency (zinc, ferritin, solu-
ble transferrin receptor, retinol binding protein); diarrhoea (incidence, prevalence, duration); acute up-
per and lower respiratory tract infection (incidence, prevalence, duration)

Timing of outcome assessment: anthropometry assessed at baseline, after 18 weeks, and at end-line
(32 to 40 weeks); haemoglobin, zinc, and iron status assessed at baseline and at end-line; morbidity as-
sessed weekly

Notes Study start date: September 2015

Study end date: April 2017

Conflict(s) of interest: 2 study authors work for the Bill and Melinda Gates Foundation (funder). No
other conflicts of interest reported

Funding source(s): Mathile Institute for the Advancement of Human Nutrition; Nutrition International;
Bill and Melinda Gates Foundation

Malaria-endemic area: yes

Comments

1. All analyses were done on intention-to-treat basis among children with available data

Bar<our 2019  (Continued)
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2. Overall reported adherence to preventive supplement was 91%, ranging from 89% in micronutrient
powder group to 92% in preventive zinc and therapeutic groups (P < 0.01)

3. Retinol binding protein (RBP) assays produced concentrations ˜ 13% greater than National Institute
of Standards and Technology (NIST) standards, so vitamin A deficiency was defined as RBP < 0.81
µmol/L. No subsample of retinol collected to calculate survey and population-specific equivalent to
retinol < 0.7 µmol/L

4. Attrition during 36 weeks of follow-up by arm was significantly different (P = 0.01). Children lost to
follow-up were statistically similar to those who completed the study with respect to baseline age,
maternal variables, and anaemia. Similarly, baseline anthropometric indicators were comparable be-
tween those who completed the study and those who dropped out, except for MUAC, which was slight
and significantly lower (P = 0.04) among children who competed the study compared with those lost to
follow-up. Attrition during 36-week follow-up was 13% in group 1, 17% in group 2, and 10% in group 3

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: statistician randomly assigned study ID numbers to the 4 study
arms using a block randomisation scheme with block length of 4 or 8

Allocation concealment
(selection bias)

Low risk Comment: supplements were pre-labeled by the manufacturer with 4 differ-
ent numerical codes. In the field, the 4 numerical codes were assigned specific
colours (1 colour per intervention group) to ensure correct delivery to children
in the respective study groups. Each colour represented 1 type of preventive
intervention to be taken daily and the corresponding therapeutic tablets for
diarrhoea management. Micronutrient powder and control preventive inter-
ventions were formulated in powder forms, whereas preventive zinc and ther-
apeutic zinc were formulated in tablet forms, potentially undermining blinding
procedures. Because there were 2 groups of powders and tablets, it was im-
possible to identify the exact intervention allocation for any particular group

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Comment: see above, under allocation concealment

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: statistical analysis plan was published before analyses and was
strictly followed to minimise bias. Group identities were revealed only after da-
ta analyses were completed and study investigators had reached consensus
on interpretation of results

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: attrition was lower than expected but varied significantly by arm
with micronutrient powder arm having highest attrition at 17%

Selective reporting (re-
porting bias)

Low risk Comment: statistical analysis plan was published before analyses and was
strictly followed to minimise bias

Other bias Unclear risk Comment: unknown if cutoff for retinol binding protein to define vitamin A de-
ficiency is appropriate

Bar<our 2019  (Continued)

 
 

Methods Study design: cluster-randomised, community-based intervention trial

Unit and method of allocation: 1 credit centre represented 1 cluster
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Method of sequence generation: computer-generated list of random numbers

Masking of participants, personnel, and outcome assessors: no blinding

Participants Location of the study: 34 Fonkoze credit centres in rural Haiti

Sample size: 521

Dropouts/withdrawals: 31 participants lost to follow-up

Age: children aged 6 to 59 months (29.7 months in intervention group, 27.6 months in control group)

Sex: both sexes (58% male in intervention group, 47% male in control group)

Socioeconomic status: not reported

Baseline prevalence of anaemia: haemoglobin concentration of 9.7 g/dL in intervention group and
9.8 g/dL in control group

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: participation was limited to children aged 6 to 59 months who lived
in a household whose head was a member of 1 of the credit centres. Children who were anaemic (hav-
ing a blood haemoglobin concentration < 7 g/dL) or severely malnourished (having a mid-upper arm
circumference < 110 mm) at baseline were excluded

Interventions 34 clusters were randomly allocated to 1 of 2 groups

Intervention (17 clusters, n = 262): MNP (vitamins A, B, B2, B6, B12, C, D, and E; folic acid; niacin; cop-
per; iodine; iron; zinc; and selenium). Iron dose consisted of 2.5 mg ethylenediaminetetraacetic acid
(EDTA) plus 2.5 mg ferrous lactate

Comparison (17 clusters, n = 259): no intervention. Control group received MNP after 3-month fol-
low-up at the conclusion of the study

Duration of intervention: 3 months

Outcomes Primary: haemoglobin concentration

Secondary: percentage of children with anaemia (those with haemoglobin < 11 g/dL)

Timing of outcome assessment: baseline and during follow-up 3 months later

Notes Study start date: February 2012

Study end date: March 2012

Conflict(s) of interest: not reported

Funding source(s): Vitamin Angels. The first study author was supported by a sub-award from the US
Agency for International Development, for which Fonkoze is the prime awardee. Two study authors
were employed by Fonkoze

Malaria-endemic area: yes

Comments

1. Imperfect compliance due to dilution (i.e. MNPs were added to 1 meal per day in the home, and the
product may have been shared with other household members)

2. Exact MNP composition is unclear

Risk of bias

Baum 2017 (C)  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: computer-generated list of random numbers was used

Allocation concealment
(selection bias)

Unclear risk Comment: not mentioned

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: no blinding

Quote: "... participants and field sta� members were not blinded to their credit
centers’ group assignment..."

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: no blinding

Quote: "... participants and field sta� members were not blinded to their credit
centers’ group assignment..."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 31 participants lost to follow-up; no evidence of a difference in
attrition between intervention (246/262; 6.1%) and control (236/259; 8.9%)
groups

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes pre-specified in
the trial registration were reported in the final publication

Other bias High risk Comment: intervention and control groups differed in several variables at
baseline

Baum 2017 (C)  (Continued)

 
 

Methods Study design: 5-arm, cluster-randomised clinical trial

Unit and method of allocation: at housing compound level

Method of sequence generation: random digit generator used

Masking of participants, personnel, and outcome assessors: participants blinded to multiple mi-
cronutrient composition groups; care providers and field sta� blinded to form and dose of iron in the
multiple MNPs; blinding of outcome assessors unclear

Participants Location of the study: Ghana

Sample size: 133

Dropouts/withdrawals: 118 (89%) children completed the study

Age: 6 to 18 months

Sex: both sexes

Socioeconomic status: not reported

Baseline prevalence of anaemia: anaemic (100%)

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: 60% to 73.7%

Christofides 2006 (C) 
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Inclusion and exclusion criteria: infants with body temperature ≤ 37.5 °C, no history of iron supple-
mentation within 2 weeks before recruitment, and ingesting semi-solid or solid weaning foods were eli-
gible for inclusion. Infants with severe anaemia (haemoglobin < 70 g/L) were excluded

Interventions 127 clusters of housing compounds (n = 133 children) were randomised to 5 groups

Interventions*

1. Group 1 (n = 26, clusters 25): children received daily MNP containing 12.5 mg of elemental iron (as
microencapsulated ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of vitamin A, 30 mg of ascor-
bic acid, 160 μg (0.16 mg) of folic acid, and 7.5 μg of vitamin D (as cholecalciferol)

2. Group 2 (n = 28, clusters 26): children received daily MNP with 20 mg of elemental iron (as microen-
capsulated ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of vitamin A (as acetate), 30 mg of
ascorbic acid, and 160 μg (0.16 mg) of folic acid

3. Group 3 (n = 27, clusters 26): children received daily MNP with 30 mg of elemental iron (as microen-
capsulated ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of vitamin A (as acetate), 30 mg of
ascorbic acid, and 160 μg (0.16 mg) of folic acid

4. Group 4 (n = 27, clusters 26): children received MNP daily containing 20 mg of elemental iron (as
micronised ferric pyrophosphate), 30 mg of ascorbic acid, 300 μg of vitamin A (as acetate), 160 μg folic
acid, and 5 mg of zinc (as gluconate)

Comparison

Group 5* (n = 25, clusters 24): children received iron drops containing 15 mg of elemental iron per mL
(as ferrous glycine sulphate drops) daily, between meals

*For the purposes of this review, we have considered the 4 MNPs together and compared with group 5

Duration of intervention: 2 months

Outcomes Primary: haemoglobin

Secondary: serum ferritin, serum transferrin receptors, iron deficiency anaemia, adherence, ease of
use, diarrhoeal episodes per child, darkening of stools, staining of teeth

Timing of outcome assessment: 3 and 8 weeks post intervention

Notes Study start date: April 2003

Study end date: September 2003

Conflict(s) of interest: S Zlotkin (last author) owns the intellectual property rights to micronutrient
Sprinkles™. All profit net of expenses from the licensing of Sprinkles is donated to the Hospital for Sick
Children Foundation. No other conflicts of interests

Funding source(s): funded, in part, by grants from Canadian Institutes of Health Research and the HJ
Heinz Company Foundation

Malaria-endemic area: yes

Comments

None

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: cluster randomisation by housing compounds, using random digit
generator

Christofides 2006 (C)  (Continued)
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Allocation concealment
(selection bias)

Low risk Comment: not described; however, because the intervention was allocated at
cluster (housing compounds) level, selection bias at the individual level is un-
likely

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Comment: participant blinded to the multiple micronutrient composition
groups; care provider and field sta� blinded to the form and dose of iron in the
multiple MNP

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: blinding of outcome assessment unclear

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 7 out of 108 participants in the MNP groups (groups 1 to 4) lost to
follow-up and 4 out of 25 in the iron drop groups lost to follow-up; no imbal-
ance among groups

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias Low risk Comment: appears to be free of other sources of bias

Christofides 2006 (C)  (Continued)

 
 

Methods Study design: 2-arm cluster-randomised effectiveness trial

Unit and method of allocation: community/village with a functional centre for early cognitive devel-
opment (ECD)

Method of sequence generation: computer-generated random list

Masking of participants, personnel, and outcome assessors: evaluators and outcome assessors
were blinded

Participants Location of the study: 60 communities in the circles of Sikasso and Yorosso, Mali

Sample size: 40 children per village; 20 kids younger than 1 year (3 years at end of evaluation) and 20
who were 3 years of age or older (around 5 years at end of evaluation). This review includes results of
the children who were 1 year old or younger at the start of the intervention. Total sample size was 583
in intervention group and 553 in control group

Dropouts/withdrawals: 140 (∼ 9%)

Age: 3 months to 5 years

Sex: 52.8% male

Socioeconomic status: not reported

Baseline prevalence of anaemia: ∼ 85%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: ∼ 62%

Inclusion and exclusion criteria: all children previously randomly selected and enrolled in the sur-
veys in 2013, who were still residents in the same village in 2016. New children were recruited in 2016,
at random, from the same villages exposed to interventions to replace those lost to follow-up

Clarke 2018 (C) 
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Interventions Intervention

Group 1 (n = 600): children received home fortification with micronutrient powders, ECD and par-
enting education, seasonal malaria chemoprevention, and deworming plus vitamin A (by the govern-
ment). Under this project, 120 MNP sachets containing 10 mg of iron were given to each child over a
shorter, 4-month period to avoid provision of iron-containing supplements during the malaria trans-
mission season (which ends in December and starts again in May-June). The sachets contained 400
mcg of vitamin A; 5 mcg of vitamin D; 5 mg of vitamin E; 0.5 mg of vitamins B1, B2, and B6; 0.9 mcg of
vitamin B12; 6 mg of niacinamide; 150 mcg of folate; 30 mg of vitamin C; 10 mg of iron; 4.1 mg of zinc;
0.56 mg of copper; 17 mcg of selenium; and 90 mcg of iodine. By May 2016, villages had received inter-
ventions from 2014 to 2016

Comparison

Group 2 (n = 600): children received ECD and parenting education, seasonal malaria chemopreven-
tion, and deworming plus vitamin A (by the government)

There was an additional non-randomised arm with no ECD, which, for the purposes of this review, was
excluded from the analyses

Duration of intervention: intervention lasted between 1 and 3 years, depending on age of enrolment
to the study (i.e. 3 months to 3 years)

Outcomes Primary: anaemia, defined as haemoglobin < 110 g/L

Secondary: haemoglobin concentration, serum ferritin, C-reactive protein (CRP), acid glycoprotein
(AGP), and soluble transferrin receptor (sTfR); height-for-age, weight-for-age, and weight-for-height z
scores (HAZ, WAZ, and WHZ); malaria parasite density; malaria infectivity. Cognitive tests included ex-
pressive vocabulary (number of words); rapid automated naming time (seconds); digit span (maximum
digit span); mixed instructions (number correct); heads, shoulders, knees, and toes (total score); listen-
ing comprehension (maximum 8 correct); letter recognition (maximum 20 correct); and number recog-
nition (maximum 20 correct)

Timing of outcome assessment: data on nutritional status and other health outcomes were collected
in June and July 2016 at the end of the ECD school year. Children were assessed on cognitive and nu-
merical tests between 3 and 5 years of age (on average) after the end of the intervention

Notes Study start date: June 2016

Study end date: July 2016

Conflict(s) of interest: none reported

Funding source(s): World Bank, Save the Children, UBS Optimus Foundation

Malaria-endemic area: yes

Comment

Adherence was over 90% and did not differ between groups. Results reported by study authors were
adjusted by the clustering effect. Amongst those that reported giving MNPs to their child, acceptability
of the intervention was generally high (Table 7). Few parents had encountered problems in giving MNPs
to their child, with 92% reporting no difficulty. Over 90% of parents reported that their child liked the
food with the MNPs added, and 98% of parents would want to give their child MNPs again

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: study authors used a computer-generated random list to allocate
the intervention

Clarke 2018 (C)  (Continued)
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Allocation concealment
(selection bias)

Low risk Comment: not described; however, because the intervention was allocated at
cluster (housing compounds) level, selection bias at the individual level is un-
likely

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Quote: "we did not use placebo tablets, but precautions were taken to blind
evaluators to the intervention status of communities. Measurement of study
outcomes [was] undertaken using standardized tests by independent field
teams unaware of which communities have received the intervention. Slide
microscopy was likewise performed by technicians blinded to the intervention
status of communities, and data analysed in London by research sta� blinded
to intervention status of communities"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "we did not use placebo tablets, but precautions were taken to blind
evaluators to the intervention status of communities. Measurement of study
outcomes [was] undertaken using standardized tests by independent field
teams unaware of which communities have received the intervention. Slide
microscopy was likewise performed by technicians blinded to the intervention
status of communities, and data analysed in London by research sta� blinded
to intervention status of communities"

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Quote: "losses to follow-up were approximately 20% amongst the two age
groups of children recruited at baseline in 2013, and resampling was carried
out to improve statistical power at endline. Under these circumstances, bias
due to differential losses could be a potential concern. However, there was
no circumstantial evidence to suggest that differential attrition had occurred
between the two study arms: the interventions were reported to have been
well received and popular with both parents and children; there were no docu-
mented refusals or withdrawals of consent; and losses to follow-up were main-
ly due to outmigration, and thus can be assumed to be missing at random.
Furthermore, the characteristics of the children examined at endline in 2016
were well balanced across the intervention and control arms"

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias High risk Quote: "almost 80% of parents in the MNP intervention villages reported that
they had given their child MNPs and 85% of those giving MNPs to their child
had given them 4-7 times in the preceding seven days. Although reported cov-
erage of the MNP intervention exceeded 80% in more than half of the villages
(17/30), there was some variation in the coverage between villages, which
ranged from 38% to 97%"

Comment

Children in the control group received 1 round less of antimalaria treatment

Clarke 2018 (C)  (Continued)

 
 

Methods Study design: double-blind, randomised trial with 3 arms

Unit and method of allocation: individual level

Method of sequence generation: 45 pieces of paper with letters marked A, B, or C to represent the 3
study arms were rolled into balls and placed in a plastic container. The pieces were mixed thoroughly
through shaking of the container. An independent person then picked the pieces one by one from the
container

Esamai 2014 
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Masking of participants, personnel, and outcome assessors: participants, personnel, and outcome
assessors were masked

Participants Location of the study: rural western Kenya

Sample size: 45 infants

Dropouts/withdrawals: 18 dropouts due to withdrawals or technical difficulties with the metabolic
study

Age: 6 months

Sex: both sexes

Socioeconomic status: villages are characterised by extreme poverty, with 40% to 80% of the popula-
tion living below the World Bank-defined poverty level

Baseline prevalence of anaemia: 0%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: 0%

Inclusion and exclusion criteria: included: born at term with birth weight > 2500 g, healthy appear-
ance with no apparent congenital anomalies, current immunisation status, family social situation,
agree to participate in the study, haemoglobin ≥ 10 g/dL, infant still breastfeeding at enrolment and in-
tended to continue during the 3 months of the study period, and negative blood slide for malaria par-
asites. Excluded: existing acute malnutrition, current or planned use of infant formula or other nutri-
ent-fortified products, current or planned use of iron or zinc supplements, anaemia (defined as haemo-
globin < 10 g/dL), previous hospitalisations for malaria within the last 4 weeks, and persistent diar-
rhoea (per WHO, > 3 loose stools/d lasting ≥ 14 days)

Interventions 45 infants (6 months of age) were assigned to 1 of 3 MNP groups

Interventions

1. Group 1 (n = 15): daily MNP containing iron (12.5 mg), zinc (5 mg), vitamin A (300 μg), vitamin C (30
mg), and folic acid (160 μg)

2. Group 2 (n = 15): same composition as group 1 except no iron (MNP − Fe)

Comparison

Group 3 (n = 15): control with placebo sachets including no micronutrients (C)
MNPs were provided at weekly intervals during the 3-month intervention period from 6 to 9 months of
age. At the end of each visit, 7 sachets were leO with the mother plus 3 extra in case a delay in follow-up
visits occurred. Mothers were instructed to give 1 sachet daily and to add the entire contents of the sa-
chet to 1 meal

For the purposes of this review, groups 1 and 3 were compared

Duration of intervention: 3 months

Outcomes Study authors did not distinguish between primary and secondary outcomes

Outcomes and timing of outcome assessment: for descriptive purposes, length and weight were
obtained for infants at enrolment and at the end of the study period. Isotope studies were undertak-
en when participating infants were approximately 9 months of age (estimated amount of zinc in the
meals). Baseline stool and urine specimens were taken before isotope dosing. Weighed duplicate di-
ets were collected, and approximately 20-mL urine samples were collected twice a day (am and pm)
for days 4 to 7 after oral isotope administration. Blood was obtained at 6 and 9 months for serum zinc,
biomarkers of iron status (ferritin and soluble transferrin receptor (sTfR)), and systemic inflammatory
markers α1-acid glycoprotein (AGP) and C-reactive protein (CRP)

Esamai 2014  (Continued)
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Notes Study start date: not reported

Study end date: not reported

Conflict(s) of interest: no conflict of interest

Funding source(s): research was funded by International Atomic Energy Agency (IAEA); National Insti-
tutes of Health/National Center for Research Resources (NIH/NCRR); Colorado Clinical and Translation-
al Sciences Institute (CCTSI)

Malaria-endemic area: yes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "forty-five pieces of paper with letters marked A, B, or C to represent
the three study arms were rolled into balls and placed in a plastic container.
The pieces were mixed thoroughly through shaking of the container. An inde-
pendent person then picked the pieces one by one from the container. The
unique number-letter became the subject and group assignment for each indi-
vidual"

Allocation concealment
(selection bias)

Low risk Comment: see above; appears adequate

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "all of the MNP sachets were marked with either A, B, or C by the man-
ufacturer (Hexagon Nutrition Pvt. Ltd., Mumbai, India), and were otherwise in-
distinguishable. The code was known only to a senior investigator not involved
in the field work (FE), thus assuring blinding of group assignment to the partic-
ipating subjects and to the field research teams"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "thus, the isotope doses were the same for the 2 MNP groups contain-
ing zinc and lower for the placebo MNP preparation. The isotope preparations
were indistinguishable except for labelling, to maintain the blinding of the
MNP group assignment"

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: 18/45 (40%) could not complete isotope studies

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes pre-specified in
the trial registration were reported in the publication

Other bias Unclear risk Comment: imbalances in baseline characteristics between control and inter-
vention groups (there were more boys in the control group)

Esamai 2014  (Continued)

 
 

Methods Study design: double-blind, placebo-controlled trial

Unit and method of allocation: individual level and sealed opaque envelopes

Method of sequence generation: computer generated in blocks of 9 units and stratified on sex

Masking of participants, personnel, and outcome assessors: participants, personnel, and outcome
assessors were masked

Giovannini 2006 
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Participants Location of the study: Tuk Phos district, Kompong Chhnang Province, Cambodia

Sample size: 204 infants

Dropouts/withdrawals: participation rate at the end of the study was 93.6%

Age: 6 months

Sex: both sexes (109 males, 95 females)

Socioeconomic status: geographical area where people depend on farming and the main crop and
complementary food is rice

Baseline prevalence of anaemia: 100% (haemoglobin < 100 g/L). The prevalence of anaemia in Cam-
bodian infants and young children is 63%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: infants born between January and July 2003 and aged 6 months at
recruitment were eligible for inclusion. Exclusion criterion was severe anaemia (haemoglobin < 70 g/L)

Interventions Infants were randomly allocated to 1 of the following groups

Interventions

1. Group 1* (n = 68): infants received daily 12.5 mg of elemental iron (as ferrous fumarate), 5 mg of zinc
(as gluconate), 300 μg of vitamin A, 150 μg (0.15 mg) of folic acid, 50 mg of vitamin C, and 7.5 μg of
vitamin D in sprinkled powder form

2. Group 2 (n = 68): infants received daily 12.5 mg of elemental iron (as ferrous fumarate) + 150 μg (0.15
mg) of folic acid in sprinkled powder form

Comparison

Group 3* (n = 68): infants received daily placebo (potato maltodextrins in sprinkled powder form)

Active Sprinkles and placebo, similar in powder form

Administration of micronutrient powder started 7 (±) 2 days after baseline blood assessment. Content
of each sachet was mixed with the infant’s meal after it was cooked

*For the purposes of this review, only groups 1 and 3 were compared

Duration of intervention: 12 months

Outcomes Study authors did not distinguish between primary and secondary outcomes

Outcomes and timing of outcome assessment: mortality and malaria parasitaemia; z scores for
weight-for-age, length-for-age, and weight-for-length; haemoglobin concentration and serum ferritin at
baseline and at the end of the intervention. Reported adverse events possibly linked to interventions:
frequent or loose stool or diarrhoea within 14 days of administration; darkening of stool; mild constipa-
tion; mild vomiting

Notes Study start date: January 2003

Study end date: July 2003

Conflict(s) of interest: not reported

Funding source(s): Canadian International Development Agency-Health and Nutrition Initiatives Fund

Malaria-endemic area: yes

Comments
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1. Treatments were distributed to mothers weekly by 3 trained health workers as micronutrient powder
in 1-dose sachets. Micronutrients were packaged in a paper, aluminum, polyethylene pouch. Immu-
nisation, vitamin A capsule, and mebendazole coverage were further provided to all infants according
to Cambodian National (Ministry of Health) guidelines

2. Micronutrient powder's acceptance was evaluated by the number of infants refusing the complemen-
tary food. Blood samples were taken and analysed at the Institute Pasteur du Cambodge to identify
the presence of malaria parasitaemia at baseline and at the end of the study period

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: randomisation to group designations based on allocation lists,
computer generated in blocks of 9 units and stratified by sex

Allocation concealment
(selection bias)

Low risk Comment: randomisation to treatment was performed with sealed opaque
envelopes containing group designations

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Comment: parents and health workers unaware of group assignment until
code was broken after completion of data analyses

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: research sta� unaware of group assignment until code was broken
after completion of data analyses

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 3/68 (4.4%) lost to follow-up in MNP group and 6/68 (8.8%) in
placebo group; analysis on intention-to-treat basis

Selective reporting (re-
porting bias)

Unclear risk Comment: insufficient information to permit judgement

Other bias Low risk Comment: appears to be free of other sources of bias

Giovannini 2006  (Continued)

 
 

Methods Design: double-blinded, cluster-randomised, community-based trial

Unit and method of allocation: village level. Random allocation. Study authors listed all villages on
pieces of paper and blindly drew papers without replacement from an opaque bag to randomise the 22
villages to 5 groups

Masking of participants, personnel, and outcome assessors: it is not possible to blind the difference
between drops and MNP sachets. No blinding of outcome assessors

Participants Location of the study: Vadu Rural Health Program of KEM Hospital, which covers a rural population of
67,000 in 22 villages of Pune District, State of Maharashtra, India

Selection of participants: surveillance database was used to identify and screen all children from
these villages against eligibility criteria

Sample size: 432

Age: 6 to 18 months

Sex: females and males

Hirve 2007 (C) 
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Socioeconomic status (as defined by trialists): not reported

Baseline prevalence of anaemia: 58%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: study area has only sporadic cases reported annually

Inclusion and exclusion criteria: included: haemoglobin between 70 and 100 g/L; children should be
taking semi-solid or solid weaning foods; should not be taking hematinic; likely to remain within study
area for 2 months; absence of any major illness. Excluded: severe anaemia (Hb < 70 g/L)

Interventions Villages were randomised to 1 of 5 groups:

1. Group 1 (n = 84): children received daily MNP containing 12.5 mg of elemental iron (as microencapsu-
lated ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of vitamin A, 30 mg of ascorbic acid, and
160 μg (0.16 mg) of folic acid

2. Group 2 (n = 83): children received daily MNP with 20 mg of elemental iron (as microencapsulated
ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of vitamin A (as acetate), 30 mg of ascorbic acid,
and 160 μg (0.16 mg) of folic acid

3. Group 3 (n = 101): children received daily MNP with 30 mg of elemental iron (as microencapsulated
ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of vitamin A, 30 mg of ascorbic acid (as acetate),
and 160 μg (0.16 mg) of folic acid

4. Group 4 (n = 82): children received MNP daily containing 20 mg of elemental iron (as micronised ferric
pyrophosphate), 5 mg of zinc (as gluconate), 300 μg of vitamin A (as acetate), 30 mg of ascorbic acid,
and 160 μg (0.16 mg) of folic acid

5. Group 5 (n = 83): children received iron drops containing 20 mg of elemental iron (as ferrous glycine
sulphate drops) daily

Four of the 5 groups were randomly assigned to receive identical looking Sprinkles sachets containing
different dosages of elemental iron; the fiOh group received iron drops. For the purposes of this review,
we considered the 4 MNPs together and compared them with drops. For subgroups, we extracted rele-
vant data if they were available

Duration of the intervention: 2 months

Outcomes Study authors did not distinguish between primary and secondary outcomes

Outcomes: haemoglobin; serum ferritin; anaemia; side effects such as diarrhoea, vomiting and dis-
colouration of stools, cough, cold, or fever in the past 7 days

Timing of outcome assessment: side effects and compliance monitored through weekly visits;
haemoglobin estimated at baseline and at 3 and 8 weeks; ferritin assessed at baseline and at 8 weeks

Notes Study start date: September 2004

Study end date: August 2005

Conflict(s) of interest: 1 co-author owns the intellectual property rights to micronutrient Sprinkles™.
The HJ Heinz Company is supporting the technical development of Sprinkles on a cost-recovery basis.
Any profit from administrative fees on the technology transfer of Sprinkles is currently donated to the
Hospital for Sick Children Foundation. There are no other ‘competing interests’

Funding source(s): research grant from the Canadian Institutes for Health Research. Study authors ac-
knowledge the support of Heinz India in facilitating the procurement of Sprinkles

Malaria-endemic area: yes

Comments

1. 51/432 (11.8%) participants were lost to follow-up with no differences between groups

2. There appears to be no selective reporting. Outcomes pre-specified in the trial registration were
reported in the publication; however, determination of haemoglobin levels at 8 months after the

Hirve 2007 (C)  (Continued)
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planned first dosing was not reported. Two deaths that occurred after the intervention was finalised
were judged not to be related to the study. The study author calculated the sample size with a design
effect of 2

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: all villages listed on pieces of paper. Random selection of pieces of
paper from an opaque bag to allocated to study arms

Allocation concealment
(selection bias)

Low risk Comment: see above; appears adequate

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: not possible to blind differences between drops and MNP sachets

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: not attempted

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 51/432 (11.8%) lost to follow-up with no differences between
groups

Selective reporting (re-
porting bias)

Unclear risk Comment: appears to be no selective reporting, as outcomes pre-specified in
the trial registration were reported in the publication; however, determination
of haemoglobin levels at 8 months after planned first dosing was not reported

Other bias Low risk Comment: appears to be free of other sources of bias

Hirve 2007 (C)  (Continued)

 
 

Methods Design: randomised cluster trial with 4-arm design

Unit and method of allocation: villages (n = 29). Villages in the existing project areas were randomly
allocated to groups 1 and 2

Method of sequence generation: manually, by use of random tables. Only groups 1 and 2 were ran-
domised (information provided by the study author, Inayati 2012 (C)). For groups 3 and 4, the agency
co-ordinating the study opened new project sites that were distanced out of daily communication
range with the first 2 groups' villages, to avoid spread of nutrition-related knowledge. Groups 3 and 4
were not included in this analysis

Masking of participants, personnel, and outcome assessors: participants and personnel were aware
of the intervention, and no placebo was used. Outcome assessors were aware of the intervention (in-
formation provided by the study author, Inayati 2012 (C))

Participants Location of the study: Archipelago of Nias in North Sumatra, Indonesia

Selection of participants: eligible children were recruited in the project area from among all children
who attended the monthly growth monitoring activities implemented by the Church World Service
(CWS) or the Goverment of Indonesia, or both

Sample size: 215

Inayati 2012 (C) 
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Age: ≥ 6 to < 60 months (mean age = ˜ 35 months)

Sex: female and male (41% and 50% female in groups 1 and 2, respectively)

Socioeconomic status (as defined by trialists): 90% of the children came from households with low
socioeconomic status

Baseline prevalence of anaemia: 64% and 62% for groups 1 and 2, respectively

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: malaria programme in areas; no baseline prevalence reported. Study
authors report that when they conducted the study, the endemic malaria situation on Nias Island was
stable and no index children suffered from malaria during the study period (information provided by
the study author, Inayati 2012 (C))

Inclusion and exclusion criteria: children suffering from mild wasting (< −1.0 to ≥ −1.5 standard devi-
ations) were eligible for inclusion. Children were individually discharged when they reached a weight-
for-height z score (WHZ) of ≥ −1.0, or, when the intervention period ended, if they had not achieved
WHZ ≥ −1.0 during the study period

Interventions Villages were assigned to one of the following groups (only groups 1 and 2 were randomly allocated).
Groups 3 and 4 were not randomly allocated (information provided by study author, Inayati 2012 (C))

1. Group 1 (n = 51): mothers/caregivers received 7 sachets of MNP (containing 10 mg iron as ferrous
fumarate, 375 μg vitamin A, 5 mg zinc, 150 μg folic acid, 50 μg iodine, 35 mg vitamin C, 0.5 mg thiamine,
0.5 mg riboflavin, 6 mg niacin, 0.9 mg vitamin B12, 0.5 mg vitamin B6, 5 μg vitamin D, 4 mg vitamin E,
and 0.6 mg copper) per week to feed their children, in addition to intensive educational programmes
on a weekly basis. Referred to as intensive educational programmes + MNP

2. Group 2 (n = 64): mothers/caregivers were assigned to attend weekly intensive educational pro-
grammes. Participants received information once a week on the importance of healthy family meals,
food safety, feeding infants and young children, feeding sick children, and prevention/treatment of
malnutrition in a participatory manner by specially trained Church World Service health and nutrition
officers and community workers. This included practical cooking classes showing how to use locally
and seasonally available foods to create balanced meals for families

3. Group 3 (n = 50): mothers/caregivers received 7 sachets of MNP per week to feed their children and
attended the non-intensive educational programmes once a month. Referred to as non-intensive ed-
ucational programmes + MNP

4. Group 4 (n = 50): mothers/caregivers received non-intensive educational programmes within an on-
going, monthly, child growth monitoring programme of integrated health service centre (Posyandu)
activities

For the purposes of this review, only groups 1 and 2 were compared

Duration of the intervention: variable. Children were individually discharged when they reached
weight-for-height z score (WHZ) ≥ −1.0 or failed to achieve WHZ ≥ −1.0 at the end of the intervention pe-
riod. Length of stay of eligible children was 55 (± 34) days in group 1, 35 (± 14) days in group 2, 85 (± 19)
days in group 3, and 83 (± 19) days in group 4. Final values were adjusted by length of stay in the pro-
gramme

Outcomes Study authors did not distinguish between primary and secondary outcomes

Outcomes and timing of outcome assessment: weight, weight gain, height, length, weight-for-height
z score (WHZ), height-for-age z score (HAZ), mid-upper arm circumference (MUAC), haemoglobin,
anaemia, reached discharge criterion, non-reached discharge criterion, and adherence. Information on
side effects (mortality, diarrhoea, acute respiratory infections, fever) was not reported in the publica-
tion but was provided by the study author (Inayati 2012 (C))

Notes Study start date: October 2007 (with interruptions for Christmas and New Year)

Study end date: September 2008

Inayati 2012 (C)  (Continued)
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Conflict(s) of interest: study authors disclose no conflicts of interest

Funding source(s): Neys-van Hoogstraten Foundation; Eiselen Foundation; DSM Nutritional Products;
Church World Service (CWS) Indonesia

Malaria-endemic area: yes

Comments

1. Data not adjusted by length of the intervention (information confirmed by study author, Inayati 2012
(C)). Analysis took into account the clustering effect. A mixed model was used to analyse the data. The
following variables that were not normally distributed were log-transformed: age of mother; number
of children; income per capita; HAZ; weight gain per kg BW/d; height gain per day; MUAC gain per day;
weight gain per day. The mixed model included fixed and random effects. The type of programme
(groups 1 to 4) was used as a fixed effect and the village as a random factor

2. Malaria control programme was implemented in the project area; therefore impregnated bed nets and
artemisin-based combination therapy (ART) for treatment of malaria were provided. In addition, sev-
eral activities were implemented to minimise the risks of iron supplementation, such as continuous
collection of malaria symptoms via morbidity record and education and communication programme.
There were no index children suffering from malaria during the study period (information provided
by the author, Inayati 2012 (C))

3. Haemoglobin was measured at discharge; 16.3% of participants have no data, but this was balanced
across groups

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: generated manually by use of random tables; only groups 1 and 2
randomised. For groups 3 and 4, the agency co-ordinating the study opened
new project sites that were distanced out of daily communication range with
the first 2 groups' villages, to avoid spread of nutrition-related knowledge.
These groups were not included in this analysis

Allocation concealment
(selection bias)

Low risk Comment: villages in existing project areas were randomly allocated to
groups 1 and 2, and because the intervention was allocated at village level, se-
lection bias at the individual level was unlikely

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: not described

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: not described

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: haemoglobin measured at discharge; 16.3% of participants have
no data but balanced across groups

Selective reporting (re-
porting bias)

Low risk Comment: data on side effects not reported in publication but provided by
study author

Other bias Unclear risk Comment: data not adjusted by length of intervention (information confirmed
by study author)

Inayati 2012 (C)  (Continued)
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Methods Design: cluster-randomised trial

Unit and method of allocation: health centres catchment area

Method of sequence generation: clusters were randomly assigned to 1 of 2 interventions by a statisti-
cian not involved in study implementation. Unclear how 20 catchment areas were selected

Masking of participants, personnel, and outcome assessors: allocation concealment not described,
but intervention was at health centre catchment area level, so low risk of selection bias at individual
level. Blinding of participants and personnel not described. Blinding of outcome assessors was not
clearly described, but data entry was blinded

Participants Location of the study: Svay Rieng Operational Health District, Cambodia

Selection of participants: 6- to 7-month-old infants residing in Svay Rieng Operational Health District,
Cambodia, who were identified through listings of infants at health centre (HC) and village levels, were
eligible to participate

Sample size: 1350 subsample (675/arm) selected from original sample of 3112 infants

Age: 6 to 7 months

Sex: female and male (51% female in group 1, 50% female in group 2)

Socioeconomic status (as defined by trialists): not reported but area described as rural; 15% in
group 1 and 17% in group 2 had electricity, and 89% in both groups owned agricultural land

Baseline prevalence of anaemia: approximately 84% in both groups

Baseline prevalence of soil helminths: not assessed

Baseline malaria prevalence: not assessed. Low malaria incidence rate (1 case/1000 population)

Inclusion and exclusion criteria: all children aged 6 to 7 months living in the catchment areas of 20
health centres (clusters) in rural Cambodia were eligible for inclusion (n = 3112). A random subsample
of 675 children per arm were randomly selected for the impact evaluation. No exclusion criteria were
reported

Interventions Health centres were randomly assigned to 1 of 2 groups

1. Group 1 (n = 10 centres, 1579 children): received infant and young child feeding education only

2. Group 2 (n = 10 centres, 1533 children): received infant and young child feeding education and daily
MNP (containing 12.5 mg iron as ferrous fumarate, 10 mg zinc gluconate, 300 μg vitamin A, 90 μg io-
dine, 0.5 mg vitamin B1, 0.5 mg vitamin B2, 0.5 mg vitamin B6, 0.9 μg vitamin B12, 6 mg niacin, 160
μg folic acid, 30 mg ascorbic acid, 0.3 mg copper, 5 μg vitamin D, and 6 IU vitamin E) in single dose
sachets, delivered monthly to their homes by government village health workers

Infant and young child feeding education was provided to caregivers of all children in both intervention
and control groups in verbal, written, and pictorial form, together with cooking demonstrations that fo-
cused on frequency, amount, consistency, and increased consumption of animal-source foods. Immu-
nisations, biannual vitamin A capsules, and mebendazole tablets (for deworming) were provided to all
children, according to Cambodia Ministry of Health guidelines

Duration of the intervention: infants were followed up to 24 months of age and outcomes were mea-
sured at 6, 12, 18, and 24 months of age

Outcomes Primary outcomes: anaemia, mean haemoglobin levels

Secondary outcomes: retinol binding protein, zinc, ferritin, growth, MNP adherence

Timing of outcome assessment: baseline and at 6-month intervals to age 24 months

Notes Study start date: enrolment started March to August 2008

Jack 2012 (C) 
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Study end date: intervention lasted 6 months with a subsample followed up at 6-month intervals for
data collection at ages 6, 12, 18, and 24 months

Conflict(s) of interest: not stated. No financial disclosures reported

Funding source(s): A2Z Micronutrient Project; Academy for Educational Development; USAID; Cambo-
dia Health Sector Support Projects I & II (World Bank, Department for International Development, Aus-
tralian Agency for International Development, UNICEF, UN Population Fund, French Cooperation); WHO
Cambodia; Global Alliance for Improved Nutrition

Malaria-endemic area: yes

Comments

1. Overall use of MNP in treatment group was 93.3%

2. Median sachets consumed/month was 23.8

3. Study area has a low malaria incidence rate (1 case/1000 population)

4. All 20 clusters stayed in the study for its entirety. Approximately 26% of individuals were lost to fol-
low-up. Overall loss to follow-up was 88/675 in the treatment group and 99/675 in the control group.
In addition, on average, ˜ 25% of children were absent or refused at each visit, with no apparent dif-
ferences by treatment group. Analyses were conducted separately for the 12-, 18-, and 24-month visit

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: clusters randomly assigned to treatment arm by external statisti-
cian; unclear how 20 catchment areas were selected

Allocation concealment
(selection bias)

Low risk Comment: not described, but intervention was provided at health centre
catchment area level, so low risk of selection bias at individual level

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: not described

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: not clearly described but data entry was blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: overall loss to follow-up was 88/675 in the intervention group and
99/675 in the control group. In addition, on average, ˜ 25% of children were
absent or refused at each visit, with no apparent differences by treatment
group. Analyses were conducted separately for the 12-, 18-, and 24-month vis-
its

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes pre-specified in
the trial registration were reported in the final publication

Other bias Unclear risk Comment: unclear if analyses on an intent-to-treat basis

Jack 2012 (C)  (Continued)

 
 

Methods Design: randomised controlled trial with a 3-arm design

Unit and method of allocation: a computer-generated random number was used to randomise house-
holds to 1 of the 3 arms
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Method of sequence generation: computer randomised by household to 3 arms

Masking of participants, personnel, and outcome assessors: No method was in place to conceal the
allocation (confirmed by study author, Kounnavong 2011). Anthropometrists and trained technicians
who collected haemoglobin data were unaware of the participant arm allocation. Because of technical
and financial constraints, the placebo could not be produced locally, so trialists followed the normal
standard of care in Lao People's Democratic Republic (PDR) at the time of the study; the control group
received 6-monthly high-dose vitamin A supplementation instead of placebo. Village health volunteers
monitored adherence and were aware of arm allocation of participants. They visited households every
week and recorded the number of sachets consumed by children in the 2 intervention groups, any side
effects, and any illnesses that occurred during the study period

Participants Location of the study: 6 communities in the Lahanam zone, Songkhone District, Savannakheth
Province, 600 km south of the capital city, Vientiane, Lao PDR

Selection of participants: since 2004, the entire population in the study area is registered in the Health
and Demographic Surveillance System (HDSS) of the National Institute of Public Health (NIOPH). From
the HDSS database, 367 eligible pre-school-age children were identified and invited to participate if
they met all inclusion criteria. All eligible children in each household were enrolled and followed the
same intervention randomly assigned to the household

Sample size: 336. Of the 367 children who originally met the criteria, 17 were absent at the time of en-
rolment and 14 were excluded because they had infection with fever on the day of enrolment. There-
fore, a total of 336 children were enrolled in the study

Age: 6 to 52 months (mean = 32 months)

Sex: female and male (58% female)

Socioeconomic status (as defined by trialists): each household was categorised into 1 of 2 socioeco-
nomic status groups: high (with electricity, improved water source, and latrine) or low (lacking one or
all of these)

Baseline prevalence of anaemia: 48.9%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: "inclusion criteria were (i) age 6 to 53 months at the time of recruit-
ment; (ii) willingness to participate; (iii) receiving complementary food in addition to breast milk; and
(iv) apparently healthy. Exclusion criteria were: (i) having a fever or any illness on the day of enrol-
ment; (ii) baseline level of haemoglobin less than 70 g/L; and (iii) currently receiving iron supplementa-
tion" (quote)

Interventions Households were randomised to 1 of 3 groups

1. Group 1 (n = 111) received a daily MNP sachet (MixMe™) containing 10 mg iron as ferrous fumarate 7
days a week (total of 168 MNP sachets)

2. Group 2 (n = 115): twice-weekly multiple micronutrient powder (MNP) sachets (MixMe™) per week
(Monday and Friday, total of 48 MNP sachets)

3. Group 3 (n = 110): no intervention

For the purposes of this review, results from groups 1 and 2 were combined and were reported sepa-
rately in the subgroup assessing the scheme

All subjects received a single high dose of vitamin A every 6 months, and those aged 24 months or old-
er received a single dose of mebendazole for deworming in the 2 months before the study. Children
who had not received mebendazole received it during the baseline survey. Because of technical and fi-
nancial constraints, placebo could not be produced locally, so trialists followed the normal standard of
care in Lao People’s Democratic Republic (PDR) at the time of the study; the control group received 6-
monthly, high-dose vitamin A supplementation instead of placebo

Kounnavong 2011  (Continued)
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Duration of the intervention: 24 weeks

Outcomes Study authors did not distinguish between primary and secondary outcomes

Outcomes and timing of outcome assessment: haemoglobin, anaemia (measured at baseline, at
week 12, and at week 24), height-for-age z score, weight-for-age z score, weight-for-height z score (tak-
en every 4 weeks)

Notes Study start date: March 2009 for 24 weeks

Study end date: October 2009

Conflict(s) of interest: none reported

Funding source(s): this study was conducted as a part of the Eco-Health Project of the Research In-
stitute for Humanity and Nature, Kyoto (Japan), in collaboration with the National Institute of Pub-
lic Health, Ministry of Health (MOH) of Lao PDR. MNP supplements were provided by the United Na-
tions Children's Fund (UNICEF), Lao PDR. SK was in receipt of an Asian Health & Education Fund, Tokyo
(Japan), and was in partial receipt of the Institute of Tropical Medicine, Nagasaki University (NEKKEN)
Fellowship

Malaria-endemic area: yes

Comments

1. A malaria control programme was successfully executed in all villages 10 years ago

2. Analyses in this review include estimated effective sample size only, after data adjustment to account
for the clustering effect. Study authors provided the average cluster size and the intracluster correla-
tion coefficient for anaemia

3. All children in group 2 consumed 2 sachets of micronutrient powder per week, giving 100% compli-
ance for this group

4. Although it was unintended, the haemoglobin concentration was significantly different at baseline in
the control group (n = 110) compared with the 2 intervention groups. Children in the control group had,
on average, a higher mean haemoglobin concentration and thus a lower incidence of anaemia com-
pared with children in the 2 supplementation groups. Baseline anaemia prevalence varied by arm: dai-
ly (53.6%); twice weekly (58.6%); and control (34.5%). Village health volunteers monitored adherence
and were aware of arm allocation of participants. They visited households every week and recorded
the number of sachets consumed by children in the 2 intervention groups, any side effects, and any
illnesses that occurred during the study period

5. In group 1, 72.7% of children consumed 5 or more sachets of micronutrient powders per week and
43.6% consumed all 7 sachets per week for all 24 weeks. The most common reasons for not consuming
the micronutrient powder in group 1 were illness, such as diarrhoea (n = 20) and cough (n = 10), and
forgetting to take supplements (n = 32). About 42% (93/221) of mothers reported that the micronu-
trient powders changed the colour of their children’s food, and 97/221 reported that they had an un-
pleasant smell or taste. Some mothers mixed the micronutrient powders in liquids such as juice or
milk. Many mothers felt the micronutrient powders had increased their child’s appetite (31.7%) and
playfulness (48.4%)

6. 98.5% of participants completed the study without imbalance between groups

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: computer-generated random number used to randomise house-
holds to 1 of the 3 arms

Allocation concealment
(selection bias)

High risk Comment: no method in place to conceal allocation

Kounnavong 2011  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: because of technical and financial constraints, placebo could not
be produced locally, so followed the normal standard of care in Lao People's
Democratic Republic at the time of the study. The control group received 6-
monthly, high-dose vitamin A supplementation instead of placebo

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: assessment of haemoglobin concentration by trained technicians,
who were unaware of the allocation of micronutrient supplement; anthropo-
metric measurement by 2 field workers who were unaware of which group a
child belonged to

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 98.5% of participants completed the study without imbalance be-
tween groups

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias High risk Comment: although this was unintended, the haemoglobin concentration
was significantly different at baseline in the control group (n = 110) compared
with the 2 intervention groups. Children in the control group had, on aver-
age, a higher mean haemoglobin concentration and thus a lower incidence
of anaemia compared with children in the 2 supplementation groups. Base-
line anaemia prevalence varied by arm: 53.6% (daily); 58.6% (twice weekly);
and 34.5% (control). Village health volunteers monitored adherence and were
aware of arm allocation of participants. They visited households every week
and recorded the number of sachets consumed by children in the 2 interven-
tion groups, any side effects, and any illnesses that occurred during the study
period

Kounnavong 2011  (Continued)

 
 

Methods Design: cluster-randomised trial

Unit and method of allocation: villages within 4 municipalities

Method of sequence generation: a total of 74 clusters (villages) were eligible; 12 were excluded, re-
sulting in 62 clusters. Villages were randomly allocated to intervention (n = 31) and control (n = 31)
groups

Masking of participants, personnel, and outcome assessors: allocation of villages to study groups
using letter blindly selected from a text, "i", and selecting village names with first letter closest to "i" in
the intervention group. Blinding of participants and personnel not described. Blinding of outcome as-
sessors not clearly described

Participants Location of the study: rural area of the health district of Tougan, in Northwest Burkina Faso

Sample size: 4629 representing 2233 children at baseline (control = 1132, intervention = 1101) and
2396 at end-line survey (control = 1156, intervention = 1240)

Age: children aged 6 to 23 months

Sex: 50.8% female in intervention group, 49.7% female in control group

Socioeconomic status: low socioeconomic status

Baseline prevalence of anaemia: 81.2% in control group, 75.3 in intervention group

Baseline prevalence of soil helminths: not reported

Lanou 2019 (C) 
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Baseline malaria prevalence: holoendemic, but baseline prevalence not reported

Inclusion and exclusion criteria: all children aged 6 to 23 months living in study villages before and af-
ter intervention. No exclusion criteria reported

Interventions 62 clusters were randomly allocated

Intervention (31 clusters): intervention package consisted of (a) monthly supply of MNP to be taken
on alternate days (15 micronutrients = 10 mg of elemental iron, 4.1 mg of zinc, 400 μg of vitamin A, 30
mg of vitamin C, 5 μg of vitamin D, 5 mg of vitamin E, 0.5 mg of B1, 0.5 mg of B2, 6 mg of B3, 0.5 mg of
B6, 0.9 μg of B12, 150 μg of folic acid, 0.56 mg of copper, 17 μg of selenium, 90 μg of iodine); (b) child
growth monitoring; (c) child-centred counseling; and (d) cooking demonstrations

Comparison (31 clusters): child growth monitoring only

Duration of intervention: 12 months

Outcomes Primary: stunting, minimum dietary diversity

Secondary: anthropometry (weight, height, mid-upper arm circumference), haemoglobin, malaria
(fever and rapid diagnostic kit), morbidity (fever, diarrhoea, lower respiratory tract infection)

Timing of outcome assessment: 12 months

Notes Study start date: November 2014

Study end date: October 2015

Conflict(s) of interest: none reported

Funding source(s): micronutrient initiative

Malaria-endemic area: yes

Comment

Study not powered to detect effects on anaemia. Analysis repeated cross-sectional surveys, rather than
comparing longitudinal changes in the same individuals in each study group. Suboptimal coverage
and duration of intervention in some villages. Cluster-level analyses were carried out. Sample sizes for
growth data not reported, so results not included

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: all eligible villages were listed, and villages within a municipality
were paired according to population size and distance from the nearest health
centre

Allocation concealment
(selection bias)

Low risk Comment: allocation of villages to study groups using letter blindly selected
from a text, "i", and selecting village names with first letter closest to "i" in the
intervention group

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: not attempted; both researchers and caretakers were aware of the
intervention, and no placebo was used

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: not attempted; both researchers and caretakers were aware of the
intervention, and no placebo was used

Lanou 2019 (C)  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: repeated cross-sectional surveys with similar sample size in base-
line and end-line surveys.

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias High risk Comment: suboptimal coverage and duration of intervention in some villages.
Coverage or intake of MNP not reported

Lanou 2019 (C)  (Continued)

 
 

Methods Study design: cluster-randomised effectiveness trial

Unit and method of allocation: health subcentre communities randomly assigned to intervention and
control

Method of sequence generation: random number generator

Masking of participants, personnel, and outcome assessors: only data collection and data entry
were blinded

Participants Location of the study: West Champaran, Bihar, India

Sample size: 4360 at baseline and 4292 at end-line

Age: 6 to 18 months

Sex: 56% boys in micronutrient group, 28% boys in control group

Socioeconomic status: similar at baseline between groups (report ethnicity, maternal education, fam-
ily income, housing structure)

Baseline prevalence of anaemia: 72%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: age at enrolment = 6 to 18 months

Interventions 70 health subcentres were randomised

1. Intervention (5000 children from 35 clusters): MNPs and Infant and Young Child Feeding (IYCF)
counselling. MNPs included 12.5 mg of iron, 5.0 of zinc, 90 mcg of iodine, 0.16 mg of folic acid, 0.3 mg
of vitamin A, 30 mg of vitamin C, and 0.9 mcg of vitamin B12

2. Comparison (5000 children from 35 clusters): IYFC only

Duration of intervention: 12 months

Outcomes Primary: anaemia, stunting, underweight and wasting, motor (gross and fine) and mental (language
and personal-social) development

Secondary: adverse outcomes (diarrhoea, hospitalisations, fever)

Timing of outcome assessment: assessed at baseline and end-line (12 months)

Notes Study start date: January 2015

Study end date: December 2015

Larson 2018 (C) 
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Conflict(s) of interest: none reported

Funding source(s): Bill and Melinda Gates Foundation, Thrasher Research Fund

Malaria-endemic area: yes

Comment

33% were stunted at baseline. Only 38% of children had consumed MNPs in the last month, and 24%
were currently consuming MNP at end-line. Design was nested, cross-sectional, with pre-test/post-test
control group design

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: cluster-randomised effectiveness trial with random number gener-
ation

Allocation concealment
(selection bias)

Unclear risk Comment: not mentioned

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: not blinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: repeated cross-sectional surveys with small number of refusals or
missing data at each time point

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias Unclear risk Comment: information insufficient to permit judgement; delayed publication
of primary study results

Larson 2018 (C)  (Continued)

 
 

Methods Study design: cluster-randomised, community-based effectiveness trial

Unit and method of allocation: village or part of central district represented a cluster

Method of sequence generation: random selection of small, medium, and large villages as well as
parts of district centre. Excluded villages without functioning healthcare services

Masking of participants, personnel, and outcome assessors: no blinding

Participants Location of the study: 2 rural areas of the Kyrgyz Republic and an urban quarter outside Bishkek, the
nation's capital

Sample size: 1869 (947 in intervention group and 922 in control group)

Age: children aged 6 to 36 months (mean of 20.8 months in intervention group, 19.9 months in control
group)

Lundeen 2010 (C) 
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Sex: 49.5% male in intervention group, 50.5% male in control group

Socioeconomic status: low socioeconomic status

Baseline prevalence of anaemia: 71.7% in intervention group, 72.2% in control group

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: participation was limited to children aged 6 to 36 months who were
consuming semi-solid food and were not currently taking any iron supplement. Severely anaemic chil-
dren (haemoglobin < 7 g/dL) were excluded

Interventions 24 clusters were randomly allocated to 1 of 2 groups

Intervention (12 clusters, n = 1103): daily MNP (containing 12.5 mg of elemental iron as microencap-
sulated ferrous fumarate, 5 mg of zinc gluconate, 300 μg of vitamin A, 30 mg of vitamin C, and 0.16 mg
of folic acid)

Comparison (12 clusters, n = 1090): no intervention

Duration of intervention: 2 months

Outcomes Primary: haemoglobin, anaemia

Secondary: morbidity symptoms, side effects (diarrhoea, constipation, vomiting)

Timing of outcome assessment: June 2007 (2 months after intervention)

Notes Study start date: March 2007

Study end date: June 2007

Conflict(s) of interest: none reported

Funding source(s): Kyrgyz-Swiss-Swedish Health Project, Sprinkles Group at SickKids

Malaria-endemic area: no

Comments

1. 58.7% of children consumed more than 80% of sachets (on average, 45 of 60 sachets)

2. Cluster-level analyses (conducted for unit of randomisation) were carried out using a weighted t-test,
with weights calculated based on size of clusters

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: villages and parts of a central district randomly allocated to inter-
vention and control groups using stratified randomisation to balance the size
of the clusters. Sequence was generated by shuffling cards (in envelopes)

Allocation concealment
(selection bias)

Low risk Comment: not described; however because the intervention was allocated at
village level, selection bias at the individual level is unlikely

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: not attempted; both researchers and caretakers were aware of the
intervention, and no placebo was used

Lundeen 2010 (C)  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: not attempted; both researchers and caretakers were aware of the
intervention, and no placebo was used

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 156/1103 (14%) of children lost to follow-up in the MNP group, and
168/1090 (14.4%) in the control group mainly because they could not be locat-
ed

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias Low risk Comment: appears to be free of other sources of bias

Lundeen 2010 (C)  (Continued)

 
 

Methods Study design: cluster-randomised controlled trial

Unit and method of allocation: randomisation at village level

Method of sequence generation: randomly assigned 117 villages to control group and 234 villages to
micronutrient group using computer code (in Stata version 12)

Masking of participants, personnel, and outcome assessors: caregivers were not aware that they
were in an RCT. Outcome assessor blinding was not clear

Participants Location of the study: Shaanxi Province, China

Sample size: 1802 children

Age: children aged 6 to 11 months

Sex: 53.5% male in intervention group, 51.0% male in control group

Socioeconomic status: relatively poor and rural

Baseline prevalence of anaemia: 48%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: all townships in each county were included except for 1 township per
county that housed the county seat and townships that did not have any villages with at least 800 peo-
ple

Interventions Participants were randomly assigned to 1 of 3 groups and were fed at feeding centres

Intervention (1192 children, 629 in cohort 1 and 563 in cohort 2): caregivers in the MNP arm were
given a 6-month supply of sachets every 6 months (each sachet containing 6.0 mg of iron as ferrous lac-
tate, 4.8 mg of zinc, 200 μg of vitamin A, 50 mg of vitamin C, 5 μg of vitamin D, 1.55 mg of vitamin E, 0.3
mg of vitamin B1, 0.5 mg of vitamin B2, 0.3 mg of vitamin B6, 0.5 μg of vitamin B12, 66 μg of folic acid,
and 3.0 mg of niacin). They were also given information about causes and consequences of anaemia
along with oral and written instructions on how to use the powder, specifically to give 1 packet per day
mixed with the child’s food. 'NurtureMate' is a Heinz-produced MNP

Comparison (610 children, 313 in cohort 1 and 297 in cohort 2): no intervention

Duration of intervention: 18 months for both cohorts

Outcomes Primary: haemoglobin (measured in g/L), 2 sub-indices of Bayley Scales of Infant Development

Luo 2017 (C) 
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Secondary: feeding behaviour

Timing of outcome assessment: 6, 12, and 18 months after the start of the intervention

Notes Study start date: April 2013 for cohort 1 and October 2013 for cohort 2

Study end date: October 2014 for cohort 1 and April 2015 for cohort 2

Conflict(s) of interest: funders of the study had no role in study design, data collection, data analysis,
data interpretation, or writing of the report

Funding source(s): International Initiative for Impact Evaluation (3ie), National Natural Science Foun-
dation of China (71473239, 71703083), UBS Optimus Foundation, China Medical Board, Bank of East
Asia, Huaqiao Foundation, Bill & Melinda Gates Foundation-HBGDki Initiative, Noblesse, HJ Heinz Com-
pany Foundation

Malaria-endemic area: not reported

Comments

1. Home fortification using MNPs significantly increased haemoglobin levels after 6 months of supple-
mentation (when children were 12 to 17 months of age), but haemoglobin levels were not significant-
ly higher than the control group after 12 months of supplementation (when children were 18 to 23
months of age) or after 18 months of supplementation (when children were 24 to 29 months of age)

2. MNPs did not improve anaemia or cognitive outcomes of children after 18 months of age. Unable to
include anaemia or haemoglobin results due to study authors not reporting raw prevalence estimates

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: randomly assigned 117 villages to control group and 234 villages to
micronutrient group using computer code (in Stata version 12)

Allocation concealment
(selection bias)

Low risk Comment: randomly assigned using computer code; concealment probably
attempted

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: caregivers were not aware that they were in an RCT, but no placebo
was used

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: not described

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: attrition rate was high in both control and treatment groups (ap-
proximately 28%), but there was no difference between arms

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes were pre-speci-
fied in the trial registration

Other bias Low risk Comment: intention-to-treat analysis performed

Luo 2017 (C)  (Continued)

 
 

Methods Study design: randomised, partially blinded, controlled trial
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Unit and method of allocation: individual

Method of sequence generation: computer-generated block randomisation by age and sex

Masking of participants, personnel, and outcome assessors: blinded randomisation, but porridge
prepared in amaranth and MNP groups notably different in colour and consistency

Participants Location of the study: Migwani and Nzauni administrative locations within the Migwani Division,
Mwingi District, Kenya; semi-arid area prone to food shortages

Sample size: 276 (93 in MNP intervention group, 93 in control group, 93 in amaranth group - last group
not included)

Age: children aged 12 to 59 months (35.8 months in intervention group, 37.3 months in control group)

Sex: 51.6% male in intervention group, 49.5% male in control group

Socioeconomic status: not reported, but study is located in an agro-ecological zone in a semi-arid
area that experiences food shortages most parts of the year

Baseline prevalence of anaemia: 40.9% in intervention group, 35.5% in control group

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: 0%

Inclusion and exclusion criteria: participation was limited to children aged 12 to 59 months who were
apparently healthy at the time of entry into the study, had lived in the village for at least 6 months be-
fore the intervention, and were continuing to live there for the next year

Interventions Participants were randomly assigned to 1 of 3 groups and were fed at feeding centres

Intervention (n = 93): daily unrefined maize porridge fortified at the time of consumption with MNP
(2.5 mg of sodium-iron-ethylenediaminetetraacetic acid (NaFeEDTA), 100 µg of RE vitamin A as retinyl
palmitate, 2.5 mg of zinc, 0.9 mg of folic acid, 60 mg of vitamin C, 5 µg of vitamin D3 cholecalciferol, 5
mg of TE vitamin E (1-a tocopheryl acetate), 6 mg of niacin, 0.34 mg of copper, 30 µg of iodine, 0.5 mg
of thiamine, 0.5 mg of riboflavin, 0.5 mg of vitamin B6, 0.9 µg of vitamin B12, 200 µg of calcium, 2 mg of
pantothenic, 30 mg of vitamin K (phylloquinone), and 17 µg of selenium)

Comparison (n = 93): refined plain maize porridge (control)

Note: a third arm of n = 93 children fed daily unrefined maize porridge enriched with amaranth grain
flour at the ratio of 30% maize flour and 70% amaranth was not included. All children who had not
been de-wormed within the last 3 months before the start of the study were de-wormed with albenda-
zole

Duration of intervention: 16 weeks

Outcomes Primary: haemoglobin, anaemia, iron deficiency

Secondary: stunting, underweight, wasting, malaria, C-reactive protein (CRP)

Timing of outcome assessment: baseline and post intervention (16 weeks)

Notes Study start date: not reported

Study end date: not reported

Conflict(s) of interest: none reported

Funding source(s): International Nutrition Foundation/Ellison Medical Foundation, Nutricia Research
Foundation, and Foundation Van Dam Nutrition Plan, Nestlé Foundation, DSM pharmaceuticals (pro-
vided the MNP)

Macharia-Mutie 2012  (Continued)
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Malaria-endemic area: yes

Comment

Target daily intake was 350 mL of porridge for all children, which was considered to be an amount that
they could comfortably consume in 1 session. Elevated acute phase protein was defined as CRP > 5 mg/
L, and a correction factor of 0.67 for those with elevated CRP was used to adjust plasma ferritin concen-
tration

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: block randomisation by age and sex generated with Excel (Mi-
crosoft) by 1 investigator not involved in recruitment and data collection

Allocation concealment
(selection bias)

Low risk Comment: all serving bowls labelled with child's name and identification
number; similar serving cups equivalent to 350 mL of porridge used to serve at
all centres

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: partially blinded; maize-only and maize with MNP porridge were
identical in appearance and taste, but it was evident that amaranth porridge
was different (amaranth was different in colour and thinner in consistency)

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: laboratory personnel performing analysis not aware of treatment
allocations

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: a total of 239 children completed the study, equivalent to 86% of
children randomised at baseline. The endpoint measurement for biochemical
indicators was not done for 19 children because their veins could not be de-
tected (n = 5) or their caretakers declined (n = 14). 9 children were absent for
the final measurement

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias Unclear risk Comment: missing data values for haemoglobin, ferritin, and TfR were imput-
ed before primary analysis using multiple imputations. Data were imputed 5
times using the fully conditional specification method with the default PASW
Statistics initialisation value. Treatment group, number of days attended, sex,
age, and baseline and post-intervention weight, height, haemoglobin, PF, and
TfR concentrations were used as predictors in the imputation model. Pooled
estimates from imputed data are reported

Macharia-Mutie 2012  (Continued)

 
 

Methods Study design: cluster-randomised effectiveness trial with 4 arms in a ratio of 1:1:1:1

Unit and method of allocation: randomisation at union level

Method of sequence generation: randomly assigned 64 clusters to the 4 arms equally by sorting on a
randomly generated, uniformly distributed number (with use of SAS for Windows, release 9.2; SAS Insti-
tute)

Matias 2018 (C) 
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Masking of participants, personnel, and outcome assessors: personnel and outcome assessors were
blinded to group assignment. However, participant blinding was not clear

Participants Location of the study: 11 rural unions of the Badarganj and Chirirbandar subdistricts of the northwest
region of Bangladesh

Sample size: 4011 pregnant women and 1346 unborn children

Age: not reported

Sex: both sexes (mentioned children)

Socioeconomic status: not reported but study areas are among the poorest areas of Bangladesh

Baseline prevalence of anaemia: not reported

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: all pregnant women residing in the area of work of any of the 64
community health workers were eligible if they met the following eligibility criteria at enrolment: (1)
gestational age was ≤ 20 weeks and (2) had no plans to move out of study area for 3 years after enrol-
ment

Interventions Participants (2964 pregnant women) were randomly assigned to 1 of 3 groups and were fed at feeding
centres: LNS-LNS arm (1047 women with 327 livebirths), IFA-LNS arm (930 women with 277 livebirths),
and IFA-MNP arm (1052 women with 324 livebirths). For the purposes of this review, arms 1 and 2 were
not included

Intervention (1052 women with 324 livebirths): IFA-MNP arm; women received iron plus folic acid
(IFA; 1 tablet containing 60 mg of Fe and 400 μg of folic acid) daily during pregnancy and every other
day during the first 3 months postpartum, and their children received MNPs (1 sachet/d) containing 15
micronutrients (including 10 mg of iron, 400 μg of vitamin A, 4.1 mg of zinc, 0.5 mg of thiamin, 0.5 mg of
riboflavin, 6 mg of niacin, 0.15 mg of folic acid, 0.5 mg of vitamin B6, 0.9 mg of vitamin B12, 30 mg of vit-
amin C, 5 mcg of vitamin D, 5 mg of vitamin E, 0.56 mg of copper, 90 mcg of iodine, 17 mcg of selenium)
from 6 to 24 months of age

Comparison (982 pregnant women with 298 livebirths): IFA-control arm; women received IFA dai-
ly during pregnancy and every other day during the first 3 months postpartum, and their children re-
ceived no supplements

Duration of intervention: 18 months after postpartum

Outcomes Primary: anaemia (haemoglobin < 110 g/L), iron deficiency (ferritin < 12 µg/L or soluble transferrin re-
ceptor > 8.3 mg/L), iron deficiency anaemia (IDA)

Secondary: not reported

Timing of outcome assessment: 18 months postpartum

Notes Study start date: between 15 October 2011 and 31 August 2012 (pregnant women enrolment)

Study end date: not reported (April 2013 and February 2014 as 18 months postpartum follow-up)

Conflict(s) of interest: none reported

Funding source(s): US Agency for International Development Food and Nutrition Technical Assistance
III Project (FANTA), managed by Family Health International 360

Malaria-endemic area: not reported

Comment: home fortification using lipid-based nutrient supplements (LNS) or MNP reduced IDA in 18-
month-old Bangladeshi children. Provision of LNS in both pregnancy and childhood also reduced child

Matias 2018 (C)  (Continued)
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anaemia and iron deficiency. Ferritin concentrations were adjusted for inflammation using correction
factors

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: randomly assigned 64 clusters to the 4 arms equally by sorting, us-
ing a randomly generated, uniformly distributed number (with use of SAS for
Windows, release 9.2; SAS Institute)

Allocation concealment
(selection bias)

Low risk Comment: random assignment performed

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Comment: team members were blinded to group assignment

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: study evaluation teams were kept blind to group assignment

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: attrition rate was 15% in treatment group and 17% in control
group with no significant differences between arms

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes were pre-speci-
fied in the trial registration; protocol approved by institutional review board

Other bias Low risk Comment: intention-to-treat analysis performed

Matias 2018 (C)  (Continued)

 
 

Methods Study design: cluster-randomised, pre-post trial

Unit and method of allocation: food distribution point represented a cluster

Method of sequence generation: not reported

Masking of participants, personnel, and outcome assessors: not reported

Participants Location of the study: Central Plateau region of Haiti

Sample size: 415 (254 = MNP intervention group, 161 = control group)

Age: children aged 6 to 21 months at enrolment to 18 to 33 months at follow-up

Sex: 54.3% male in intervention group, 43.5% male in control group

Socioeconomic status: not reported but noted to not differ at baseline between 2 groups

Baseline prevalence of anaemia: 52.3% in intervention group, 36.6% in control group

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Menon 2007 (C) 
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Inclusion and exclusion criteria: included enrolled children aged 6 to 21 months. Excluded those who
were severely anaemic (haemoglobin < 7.0 g/dL), not receiving wheat-soy-blend, or not accompanied
by their mother

Interventions 10 FDPs (clusters) were randomly allocated to 1 of 2 groups

1. Intervention (6 clusters, n = 254): daily MNP containing 12.5 mg of elemental iron as microencap-
sulated ferrous fumarate, 5 mg of zinc gluconate, 400 μg of vitamin A, 30 mg of vitamin C, and 0.16
mg of folic acid

2. Comparison (4 clusters, n = 161): no intervention

Both groups received 8 kg of wheat-soy-blend, 2.5 kg of oil (vitamin A fortified), and indirect ration of 10
kg of soy-fortified bulgur and 2.5 kg of brown lentils

Duration of intervention: 2 months

Outcomes Primary: haemoglobin concentration, prevalence of anaemia

Secondary: diarrhoea

Timing of outcome assessment: baseline, 2 and 9 months post intervention

Notes Study start date: March 2005

Study end date: March 2006

Conflict(s) of interest: none reported

Funding source(s): Micronutrient Initiative, Food and Nutrition Technical Assistance (FANTA) Project,
World Vision-Haiti

Malaria-endemic area: yes

Comment: individual level data were used and results were adjusted for child age, sex, and baseline
haemoglobin (given differences in groups at baseline). The group that received MNP was followed up
after 7 months post end of the intervention

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: randomised by computer-generated random numbers (in SPSS)

Allocation concealment
(selection bias)

Low risk Comment: not mentioned; however, because the intervention was allocated
at FDP level, selection bias at the individual level is unlikely

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: not described, but probably not attempted

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: not described, but probably not attempted

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 10/254 (3.9%) children lost to follow-up in MNP group, and 7/154
(4.5%) in control group, mainly because children moved away from the inter-
vention area

Menon 2007 (C)  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias Low risk Comment: appears to be free of other sources of bias

Menon 2007 (C)  (Continued)

 
 

Methods Study design: cluster-randomised effectiveness trial

Unit and method of allocation: cluster defined as supervision area of community health worker

Method of sequence generation: computer-generated randomisation, balanced across arms for mean
cluster population, numbers of clinics and health workers, number of nutrition-related non-govern-
mental organisations in the cluster, and source of funding

Masking of participants, personnel, and outcome assessors: study team blinded, recipients not
blinded to supplements due to differences in appearance and taste

Participants Location of the study: 11 rural unions of the Badarganj and Chirirbandar subdistricts in northwest
Bangladesh

Sample size: 4011 pregnant women followed through 24 months postpartum, 3379 children at 24
months

Age: women = 22 years (mean), children = 6 to 24 months (range)

Sex: not reported

Socioeconomic status: similar between randomised groups

Baseline prevalence of anaemia: not reported

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: enrolled pregnant women (≤ 20 gestational weeks) with no plans to
move out of the study area for the following 3 years. All children eligible

Interventions 64 clusters were randomly allocated to 1 of 4 arms

Interventions

1. Group 1 (1047 participants/16 clusters): comprehensive lipid-based nutrient supplements (LNS):
women received LNS during pregnancy and first 6 months postpartum, and children received LNS
from 6 to 24 months of age (LNS-LNS group)

2. Group 2 (930 participants/16 clusters): child-only LNS: women received IFA (1 tablet of 60 mg of Fe
and 400 μg of folic acid) daily during pregnancy and every alternate day during first 3 months post-
partum, and children received LNS from 6 to 24 months of age (IFA-LNS group)

3. Group 3 (1052 participants/16 clusters)*: child-only MNP: women received IFA (as described above)
and children received daily MNP containing 15 micronutrients (10 mg of iron, 400 μg of vitamin A, 30
mg of vitamin C, 4.1 mg of zinc, 0.5 mg of thiamin, 0.5 mg of riboflavin, 6 mg of niacin, 150 μg of folic
acid, 0.5 mg of vitamin B6, 0.9 μg of vitamin B12, 5 μg of vitamin D, 5 mg of vitamin E, 0.56 mg of copper,
17 μg of selenium, 90 μg of iodine) from 6 to 24 months of age (IFA-MNP group)

Comparison

Group 4 (982 participants/16 clusters)*: control. Women received IFA (as described above) and chil-
dren received no supplements (IFA-control)

Mridha 2016 (C) 
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*For the purposes of this review, only groups 3 and 4 were compared

Duration of intervention: 44 months

Outcomes Primary outcomes and timing of outcome assessment: length-for-age z score,weight-for-length z
score, weight-for-age z score, measured at 0, 6, 12, 18, and 24 months. Number of days of reported high
fever, nasal discharge, cough, or diarrhoea in the 2 weeks before 6, 12, 18, and 24 months

Secondary outcomes and timing of outcome assessment: language development at 12, 18, and 24
months, assessed using the MacArthur Communicative Development Inventories (CDI); acute upper
respiratory infection and diarrhoea in the 2 weeks before 6, 12, 18, and 24 months

Notes Study start date: 15 January 2012

Study end date: May 2015

Conflict(s) of interest: none reported

Funding source(s): USAID Food and Nutrition Technical Assistance III Project (FANTA)

Malaria-endemic area: yes

Comment: reported adherence to MNP, based on consumption during previous 6 months, was high:
94% to 97% at 6 to 12 months and 97% to 99% at 12 to 24 months

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: cluster-randomised effectiveness trial; used multi-stage cluster
sampling procedure

Quote: "... randomly generated, uniformly distributed number.."

Allocation concealment
(selection bias)

Low risk Comment: not mentioned; however, because the intervention was allocated
at the cluster level, selection bias is unlikely

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: blinding of participants not possible but blinding of personnel in-
tended

Quote: "...study evaluation teams were kept blind to group assignment, al-
though this was difficult for home visit team members because they might
have seen supplements in the home"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "...researchers responsible for the collection of outcome data were
kept blind to study assignment"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: losses to follow-up balanced between groups (15% to 17%)

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting

Other bias Low risk Comment: appears to be free of other sources of bias

Mridha 2016 (C)  (Continued)

 
 

Home fortification of foods with multiple micronutrient powders for health and nutrition in children under two years of age (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

78



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Methods Study design: longitudinal, cluster-randomised controlled trial

Unit and method of allocation: health convergence centre randomised

Method of sequence generation: unclear (120 (out of 215) eligible health convergence centres were
stratified by size and randomly assigned to 1 of 6 study groups)

Masking of participants, personnel, and outcome assessors: unclear

Participants Location of the study: Alta Verapaz in Guatemala

Sample size: 4545 pregnant women and 4194 children

Age: not reported

Sex: both sexes (mentioned children)

Socioeconomic status: highest percentage of households in the lowest wealth quintile (57%), among
lowest levels of education (34% of women and 25% of men have had no education) and highest levels
of illiteracy

Baseline prevalence of anaemia: not reported

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: women living in PROCOMIDA (name of programme, not acronym)
communities were eligible to enrol in the programme when they became pregnant and could partici-
pate in monthly food distributions, behaviour change communication, and other programme activities
from time of enrolment until children were 24 months of age

Interventions 120 clusters were randomly allocated to 1 of 6 study groups that varied the size of the family ration
(full, reduced, or none) and the type of individual ration (corn-soy blend (CSB), lipid-based nutrient
supplement, or MNP)

Interventions

1. Group 1 (748 women and 693 children): full family ration + CSB (FFR + CSB)

2. Group 2 (755 women and 695 children): reduced family ration + CSB (RFR + CSB)

3. Group 3 (756 women and 705 children): no family ration + CSB (NFR + CSB)

4. Group 4 (739 women and 685 children): full family ration + LNS (FFR + LNS)

5. Group 5 (794 women and 718 children): full family ration + MNP (FFR + MNP)

MNP contained 22 micronutrients containing 9 mg of iron (as ferrous orthophosphate), 8 mg of zinc,
400 µg of vitamin A, and vitamins C, D, E, K, B1, B2, niacin, B5, B6, folic acid, B12, copper, selenium, io-
dine, calcium, magnesium, manganese, phosphorus, and potassium
Intervention beneficiaries received monthly family food rations for the duration of their participation
in the programme. In addition, beneficiaries received a micronutrient-fortified individual ration, which
was intended to be consumed daily. Receipt of food rations was conditional on attending monthly BCC
sessions and preventive health services. Monthly group BCC sessions were led by trained sta� and were
held at health convergence centres (primary healthcare facilities)

Comparison

Group 6 (753 women and 698 children): control group, which received no PROCOMIDA interventions

*For the purposes of this review, only FFR + MNP and control arms were included

Duration of intervention: 24 months after postpartum

Outcomes Primary: stunting, length-for-age z scores

Olney 2018 (C) 
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Secondary: not reported

Timing of outcome assessment: 24 months after postpartum

Notes Study start date: August 2011

Study end date: May 2015

Conflict(s) of interest: not reported

Funding source(s): US Agency for International Development (USAID), Food and Nutrition Technical
Assistance III Project, CGIAR Research Program on Agriculture for Nutrition and Health led by the Inter-
national Food Policy Research Institute

Malaria-endemic area: not reported

Comments

1. Although the programme was successful, the prevalence of stunting was still nearly 50% in the most
effective treatment group at 24 months

2. Outcomes of length-for-age z scores were not reported for control group, so results are not included
in the review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: 120 (out of 215) eligible health convergence centres were stratified
by size and randomly assigned to 1 of 6 study groups

Allocation concealment
(selection bias)

Low risk Comment: random assignment performed

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: not described, but no inclusion of placebo

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Comment: not described

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: at 24 months, between 84% and 87% of children had data at all
time points

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes were pre-speci-
fied in the trial registration; protocol approved by institutional review board

Other bias Low risk Comment: intention-to-treat analysis performed

Olney 2018 (C)  (Continued)

 
 

Methods Study design: cluster-randomised controlled substudy

Unit and method of allocation: clusters defined as village development committees (VDCs)

Method of sequence generation: simple random sampling to select 4 pairs of Ilakas matched on so-
cioeconomic indicators

Osei 2015 (C) 
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Masking of participants, personnel, and outcome assessors: investigators, field workers, and partic-
ipants not blinded

Participants Location of the study: Baitadi District, Nepal

Sample size: 335 children

Age: 6 to 9 months

Sex: 47% female overall with no differences between groups

Socioeconomic status: overall 32.6% of households in lower tertile with no difference between EHFP +
MNP and EHFP-only groups

Baseline prevalence of anaemia: 67%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: children who were not severely anaemic (haemoglobin < 70 g/L), un-
derweight (weight-for-age z score (WAZ) < −3), stunted (length-for-age z score (HAZ) < −3), or wasted
(weight-for-length z score (WHZ) < −3) at baseline who had mothers willing to remain in the study area
for at least 1 year from the start of MNP supplementation were included in the trial

Interventions For this MNP substudy, children were selected from the EHFP study (to assess the enhanced homestead
food production (EHFP) programme, which offers home garden, animal husbandry, and nutrition edu-
cation to beneficiary families). Children were randomised to 1 of 3 groups

Intervention

Group 1* (n = 115): EHFP + MNP (10 mg of iron (encapsulated ferrous fumarate), 4.1 mg of zinc (zinc
gluconate), 90 μg of iodine (potassium iodide), 400 μg of vitamin A (vitamin A acetate), 150 μg of folic
acid, 0.5 mg of vitamin B1 (thiamin mononitrate), 0.5 of mg vitamin B2 (riboflavin), 0.5 mg of vitamin B6
(pyridoxine), 0.9 μg of vitamin B12 (cyanocobalamin), 30 mg of vitamin C (ascorbic acid), 5 μg of vita-
min D3 (cholecalciferol), 5 mg of vitamin E (vitamin E acetate), 6 mg of niacin (niacinamide), and 0.6 mg
of copper (cupric gluconate)). Daily consumption of MNP

Comparisons

1. Group 2* (n = 110): EHFP

2. Group 3 (n = 110): control (no intervention)

*For the purposes of this review, only groups 1 and 2 were compared

Duration of intervention: 11 months

Outcomes Primary: weight, recumbent length/height, haemoglobin

Secondary: morbidity

Timing of outcome assessment: primary outcomes assessed at enrolment and at end of MNP; sec-
ondary outcomes assessed 2 weeks before each interview at baseline and post intervention and during
biweekly monitoring visits

Notes Study start date: September 2010

Study end date: February 2012

Conflict(s) of interest: none reported

Funding source(s): Bill and Melinda Gates Foundation, Aline & Thrive Small Grants Program

Malaria-endemic area: yes

Osei 2015 (C)  (Continued)
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Comment

Estimated MNP distribution efficiency was 90.8%. Estimated compliance with MNP intake by children
over the 11-month period was 96.9%

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: used multi-stage cluster sampling procedure. Clusters were ran-
domised to interventions or control using simple random sampling to select 4
pairs of Ilakas matched on socioeconomic indicators

Allocation concealment
(selection bias)

Unclear risk Comment: not mentioned

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: investigators and field workers not blinded to treatment assigned
to children

Quote: "the assignment of clusters rather than individuals to the study groups
prevented participants in one group from knowing the treatment received by
those in the other groups"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Quote: "the non-blinding of the data collectors may have also introduced
some potential bias in our findings" (page 200)

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 16/115 (14%) children lost to follow-up in EHFP + MNP group (7 =
younger than age criteria for inclusion at baseline, 8 = migrated; 1 = dropped
out), 9/110 (8%) in EHFP group (8 = migrated; 1 = died), and 4/110 (4%) in con-
trol group (3 = migrated; 1 = died)

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias Unclear risk Quote: "stunting was significantly lower among children in the EHFP than
those in the EHFP + MNP and control groups"

Osei 2015 (C)  (Continued)

 
 

Methods Study design: cluster-randomised trial

Unit and method of allocation: cluster (n = 12)

Method of sequence generation: unclear

Masking of participants, personnel, and outcome assessors: no blinding of field sta� or participants;
analysts blinded to group assignments

Participants Location of the study: Sangam Vihar, a low-income, resettlement community in North Delhi, India

Sample size: 292

Age: 6 to 24 months

Sex: 58.8% boys in MNP group, 50.5% in fortified complementary food group, and 53.2% in control
group

Socioeconomic status: similar socioeconomic score between 3 groups

Sazawal 2014 (C) 
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Baseline prevalence of anaemia: not reported

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: eligible children selected from pre-existing surveillance database
were between 6 and 24 months old, consuming complementary food in addition to breastfeeding, not
severely ill or with severe acute malnutrition requiring treatment, and willing to stay in study area for
the next 6 months

Interventions Participants were randomly allocated to the following groups

Interventions

1. Group 1* (n = 97): sprinkles (MNP) and nutrition education

2. Group 3 (n = 101): participants received a complementary fortified food

19 MNP formulation = 978.26 μg of vitamin A (IU), 0.98 mg of thiamin, 1.11 mg of riboflavin, 13.04 mg of
niacin, 1.3 mg of pyridoxine, 3.91 μg of cyanocobalamin, 19.57 μg of biotin, 260.87 μg of folic acid, 39.13
mg of vitamin C, 6.52 μg of vitamin D, 9.78 μg of vitamin E, 494.02 mg of calcium, 69.13 mg of mag-
nesium, 81.52 mg of phosphorus, 12.5 mg of iron, 10.0 mg of zinc, 1.3 mg of copper, 2.58 mg of man-
ganese, 6.52 mg of pantothenic acid

Intervention delivered to mother monthly for 6 months. Children assigned to MNP were to be fed 1 sa-
chet daily. Children "less than 12 months of age were provided half the quantity of the sprinkle" - it is
unclear what half the quantity refers to

Comparison

Group 2* (n = 94): nutrition education alone as control. Education sessions occurred once a month

*For the purposes of this review, only groups 1 and 2 were compared

Duration of intervention: 6 months

Outcomes Primary: weight, height, length-for-age, weight-for-length, weight-for-age, haemoglobin, hematocrit,
mean corpuscular volume, red cell distribution width, iron deficiency anaemia; anaemia defined as
haemoglobin < 10 g/dL

Secondary: intake compliance

Timing of outcome assessment: weight and length measured at baseline and at end of study; com-
plete haemogram estimation conducted at baseline and at end of study; information on compliance
and anthropometry collected biweekly

Notes Study start date: not reported

Study end date: not reported

Conflict(s) of interest: not reported

Funding source(s): Trasher Foundation, World Health Organization

Malaria-endemic area: yes

Comment

Does not state if results are adjusted for clustering. Used a lower haemoglobin cutoff than recommend-
ed by World Health Organization

Risk of bias

Sazawal 2014 (C)  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: clusters were matched but randomisation methods were not de-
scribed

Allocation concealment
(selection bias)

Unclear risk Comment: states cluster sampling was carried out to identify 12 clusters but
no methods were described. Eligible children selected within clusters were
randomly assigned to arms but methods were not described. Child character-
istics were used to match clusters but unclear where matching was relevant

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Comment: not possible to blind field sta� or mothers

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: those responsible for laboratory and data analysis blinded to
group allocation

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: 5 lost to out-migration in the MNP arm, and in control group, 2 lost
to out-migration and 1 died. Large proportion of refusals (those refusing to
continue participating in the study because children did not like MNP or forti-
fied complementary food) in the MNP arm (n = 30)

Selective reporting (re-
porting bias)

Unclear risk Comment: in the MNP arm, 132 initially enrolled in the study, 30 (23%) with-
drawn (children did not like the food with MNP), and 5 out-migrated. In the
control arm, 102 initially enrolled, 5 withdrew, 2 out-migrated, and 1 died

Other bias Unclear risk Comment: results state that "usually, the sprinkle was added to milk, al-
though it was acceptable with all other commonly-consumed complementary
foods" (quote). As a liquid drink, milk is not an appropriate vehicle to mix MNP.
It is unclear if the milk was thick enough to stay on a spoon facing downward
and thus had sufficient thickness for appropriate use. If mixed into liquids and
the powder does not mix well, it is likely to be rejected by the child

Sazawal 2014 (C)  (Continued)

 
 

Methods Study design: randomised placebo-controlled trial

Unit and method of allocation: individual

Method of sequence generation: computer-generated random selection of children from each geo-
graphical zone

Masking of participants, personnel, and outcome assessors: study participants, field sta�, and data
analyst were blinded

Participants Location of the study: Bilal Colony, an urban slum neighbourhood in Karachi, Pakistan

Sample size: 75 infants

Age: 6 to 12 months

Sex: 56% boys in micronutrient group, 28% boys in control group

Socioeconomic status: similar at baseline between groups (report ethnicity, maternal education, fam-
ily income, housing structure)

Sharie< 2006a 
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Baseline prevalence of anaemia: not reported

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: inclusion criteria included intent to reside in the area for 2 or more
months, parental consent, and child able to ingest any type of semi-solid weaning food, 1 or more
episode of diarrhoea within previous 2 weeks

Interventions Participants were randomly assigned to 1 of 3 groups

Interventions

1. Group 1* (n = 25): children received daily a micronutrient powder containing 30 mg of elemental iron
(as encapsulated ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of vitamin A, 50 mg of vitamin
C, 7.5 μg of vitamin D3, and 150 μg (0.15 mg) of folic acid

2. Group 2 (n = 25): children received daily a micronutrient powder containing 5 mg of zinc (as glu-
conate), 30 mg of elemental iron (as microencapsulated ferrous fumarate), 50 mg of vitamin C, 300 μg
of vitamin A, 7.5 μg of vitamin D3, and 150 μg (0.15 mg) of folic acid and heat-inactivated Lactobacillis
acidophilus at a concentration of 1 to 2 × 109 colony-forming units (CFUs) per dose

Comparison

Group 3* (n = 25): children received daily placebo (containing ground purple rice with maltodextrin)

Interventions were provided in small screw-cap plastic containers with powders that were similar in
appearance and taste; mothers and caregivers were instructed to open the containers and mix the en-
tire contents with semi-solid meal provided to the child once each day

*For the purposes of this review, only groups 1 and 3 were compared

Duration of intervention: 2 months

Outcomes Primary: longitudinal prevalence of diarrhoea (defined as 3 or more liquid or loose stools in the past
24 hours). Longitudinal prevalence was defined as percentage of days that the child had diarrhoea over
the observation period

Secondary: febrile days per child, compliance, haemoglobin concentrations, serum ferritin concen-
trations, anaemia, iron deficiency. Stool cultures at baseline (for Salmonella, Shigella, Campylobacter,
Yersinia, enteropathic Escherichia coli and Vibrio cholerae, and Giardia lamblia)

Timing of outcome assessment: number of diarrhoeal stools, days of diarrhoea, dysentery, vomiting,
presence of fever (and intensity and duration), respiratory symptoms, and drug usage assessed twice a
week; blood samples collected at end of 2 months

Notes Study start date: January 2003

Study end date: March 2003

Conflict(s) of interest: co-author (S Zlotkin) owns intellectual property rights to micronutrient Sprin-
kles™

Funding source(s): Canadian Institutes of Health Research, HJ Heinz Foundation, Institut Rosell Lalle-
mand

Malaria-endemic area: yes

Comment

Compliance was measured by counting the used supplements for each child whose supplements were
not shared or lost. 91% of children consumed half of MNP (mean number 36)

Sharie< 2006a  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: children assigned to treatment via a computer programme

Allocation concealment
(selection bias)

Low risk Comment: study authors provided identical, small screw-cap plastic contain-
ers filled with micronutrients (with or without probiotic) or placebo in powder
form, which were similar in appearance and taste

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Comment: study authors provided identical, small screw-cap plastic contain-
ers filled with micronutrients (with or without probiotic) or placebo in powder
form, which were similar in appearance and taste. Study participants and field
sta� were blinded to random allocation

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: data analysts blinded to random allocation

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 1 child dropped out from the intervention group and 1 from the
comparison group

Selective reporting (re-
porting bias)

Unclear risk Comment: information insufficient to permit judgement

Other bias High risk Comment: haemoglobin and ferritin were not measured at baseline, making it
difficult to judge comparability between groups. Only 61% of the original pop-
ulation agreed to provide a blood sample at the end of the study

Sharie< 2006a  (Continued)

 
 

Methods Study design: cluster-randomised controlled community trial

Unit and method of allocation: randomisation at the village level from 2 different municipalities

Method of sequence generation: computer-aided selection of 10 villages to intervention and 10 vil-
lages to control in each of 2 municipalities

Masking of participants, personnel, and outcome assessors: not possible to blind allocation to
treatment group; study sta� also not blinded

Participants Location of the study: Circle of the Nioro, municipalities of Korera-Kore and Sandare, Mali

Sample size: 702 children (351 per arm)

Age: 6 to 23 months

Sex: 49% male in intervention group, 44% male in control group

Socioeconomic status: approximately 80% of mothers with no school attendance; no differences be-
tween groups

Baseline prevalence of anaemia: 89.9%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Somassè 2018 (C) 
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Inclusion and exclusion criteria: all children aged 6 to 23 months were eligible for inclusion. Those
with severe acute malnutrition and those receiving iron supplementation at the time of the study were
excluded

Interventions Villages were randomised to 2 groups

1. Intervention (396 participants/20 clusters): micronutrient powder to be taken daily for 90 days
(containing 400 μg of vitamin A, 150 μg of folic acid, 5 μg of vitamin D3, 90 μg of iodine, 17 μg of sele-
nium, 0.9 μg of vitamin B12, 6 mg of niacin, 10 mg of Fe, 4.1 mg of zinc, 0.56 mg of copper, 0.5 mg of
thiamin, 0.5 mg of riboflavin, 30 mg of vitamin C, 0.5 mg of vitamin B6, and 5 mg of vitamin E). Mothers
also received counselling on optimal infant and young child feeding

2. Comparison (326 participants/20 clusters): group counselling without supplementation

Duration of intervention: 3 months

Outcomes Primary: weight, haemoglobin, anaemia

Secondary: length, change in mid-upper arm circumference (MUAC), reported illness (diarrhoea or
fever)

Timing of outcome assessment: primary outcomes, as well as length and MUAC, assessed at baseline
and 3 months; illness assessed each month over 3 months of follow-up

Notes Study start date: not reported

Study end date: not reported

Conflict(s) of interest: none reported

Funding source(s): Red Cross of Belgium

Malaria-endemic area: yes

Comment

Analysis performed intent-to-treat using regression techniques, with standard errors taking account of
the cluster design

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: computer-generated assignment

Allocation concealment
(selection bias)

Unclear risk Comment: not possible to blind allocation to treatment group

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: field sta� and investigators not blinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: not blinded

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: 24.9% loss to follow-up

Somassè 2018 (C)  (Continued)
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Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes pre-specified
were reported in the final publication

Other bias Low risk Comment: appears to be free of other sources of bias

Somassè 2018 (C)  (Continued)

 
 

Methods Study design: cluster-randomised trial

Unit and method of allocation: cluster level within urban and rural strata

Method of sequence generation: computer-generated random numbers to 1 of 3 groups

Masking of participants, personnel, and outcome assessors: investigators and field sta� masked to
composition of MNP preparations; participants not blinded

Participants Location of the study: urban and rural sites of Sindh, Pakistan. Urban areas were in Bilal colony, an ur-
ban squatter settlement in Karachi with population of 75,000. Rural areas in Matari district, about 200
km from Karachi, with population of 500,000. Both have functional health centres and research infra-
structure and are broadly representative of urban and rural Pakistan

Sample size: 2746 children in 256 clusters

Age: 6 to 18 months

Sex: not reported

Socioeconomic status: similar between randomised groups (piped drinking water, underground
sewage, monthly income) but lower underground sewage in rural vs urban clusters

Baseline prevalence of anaemia: 23%

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: all children younger than 5 months in the 3 groups were eligible

Interventions Participants were randomly assigned to 1 of 3 groups

Interventions

1. Group B (n = 910, 85 clusters): same as group A plus receiving a fortnightly supply of MNP without
zinc for daily use between 6 and 18 months of age

2. Group C* (n = 889, 85 clusters): same as group A plus receiving a fortnightly supply of MNP with zinc
(as zinc gluconate, 10 mg per day) for daily use between 6 and 18 months of age

MNP composition for groups B and C (all amounts represent elemental content) = 12.5 mg of iron (as
microencapsulated ferrous fumarate), 50 mg of vitamin C (as ascorbic acid), 300 μg of vitamin A (as
retinol acetate), 5 μg of vitamin D (as vitamin D3), and 150 μg of folate (as folic acid)

100 community health workers with at least 12 years of schooling were hired and trained for 1 week to
support IYCN, use of oral rehydration solution and zinc for treatment of acute diarrhoea, and continued
breastfeeding and complementary feeding during episodes. Also trained to distribute 2 weeks worth
of MNP for daily use for children aged 6 to 18 months mixed with normal weaning food; told to contin-
ue MNP at the same dose during common illnesses; community health workers counted empty and re-
maining sachets every 2 weeks and replenished supplies

Comparison

Soofi 2013 (C) 
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Group A* (n = 947, 85 clusters): non-supplemented control. Children received basic infant and young
child feeding messages based on UNICEF/WHO recommendations; exclusive breastfeeding was pro-
moted up to 6 months and continued breastfeeding with appropriate complementary feeding with lo-
cally available foods thereafter

Duration of the intervention: 6 months.

*For the purposes of this review, only groups A and C were compared

Outcomes Primary: growth, episodes of diarrhoea, acute lower respiratory tract infection, fever, incidence of ad-
mission to hospital

Secondary: micronutrient status (haemoglobin, hematocrit, C-reactive protein, ferritin, retinol, zinc)

Timing of outcome assessment: information on presence or absence of diarrhoea, including presence
of visible blood in the child's stools; respiratory signs; fever in the preceding week or 2 weeks obtained
from families during regular household visits from recruitment to 24 months of age; monthly anthro-
pometric assessments; blood samples collected at recruitment and at 6 and 18 months of age; routine
stool samples collected at recruitment and at 6, 12, 18, and 24 months of age; diarrhoeal stool samples
collected when mothers reported acute diarrhoea to visiting data collectors

Notes Study start date: 1 November 2008

Study end date: 31 December 2011

Conflict(s) of interest: none reported

Funding source(s): Bill and Melinda Gates Foundation

Malaria-endemic area: yes

Comments

1. Length or height measured, depending on child's ability to stand (not just length for < 2 years). 12 in-
dependent teams collected morbidity info from mothers of participating children starting at recruit-
ment until 24 months of age through regular household visits. Subset of children visited weekly; rou-
tine blood and stool specimens collected and analysed

2. Routine stool samples collected at recruitment and at 6, 12, 18, and 24 months for microbiological
assessment. Diarrheal stool samples collected when mothers reported acute diarrhoea to visiting col-
lectors and transported within 6 hours in transport medium for assessment of possible bacterial and
viral pathogens

3. Higher proportion of children in urban setting had been hospitalised with diarrhoea at baseline, pre-
sumably reflective of better access to health services

4. Prevalence of wasting was high (approximately 25%) in enrolled children at baseline. Data were
analysed on an intention-to-treat basis

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: within urban and rural strata, computer-generated random num-
bers to 1 of 3 groups

Allocation concealment
(selection bias)

Low risk Comment: MNP sachets for groups B and C were identical except for colour
(colour coding known only to the manager of Genera Pharmaceuticals (Islam-
abad), who produced the powders under license, and the Chair of the trial's
DMC)

Blinding of participants
and personnel (perfor-
mance bias) 

Unclear risk Comment: field sta� masked to composition of the MNP until after results of
the trial were presented to the independent DMC. No placebo was used in the

Soofi 2013 (C)  (Continued)
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All outcomes control group; therefore parents knew whether their child was receiving MNP
but did not know whether the powder contained zinc

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Comment: investigators and supervisory sta� masked to composition of MNP
until after results of the trial were presented to the independent DMC

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: 108 children (11.4%) lost to follow-up in group A and 87 children
(9.8%) in group B at 24 months of age; no clusters lost to follow-up

Selective reporting (re-
porting bias)

Low risk Comment: appears to be no selective reporting, as outcomes pre-specified in
trial registration were reported in the final publication

Other bias Low risk Comment: appears to be free of other sources of bias

Soofi 2013 (C)  (Continued)

 
 

Methods Study design: longitudinal cross-over trial

Unit and method of allocation: health subcentre communities randomly assigned to intervention and
control

Method of sequence generation: not reported

Masking of participants, personnel, and outcome assessors: none (open label)

Participants Location of the study: West Champaran, Bihar, India

Sample size: 100 households

Age: 6 to 23 months

Sex: 50% female in health centre 1 and 60% female in health centre 2

Socioeconomic status: not reported

Baseline prevalence of anaemia: not reported

Baseline prevalence of soil helminths: not reported

Baseline malaria prevalence: not reported

Inclusion and exclusion criteria: children aged between 6 and 23 months and not currently taking
iron supplements were eligible for inclusion. Exclusion criteria included wasting (mid-upper arm cir-
cumference < 11.5 cm); suspected severe anaemia (through assessment of palmar pallor); history of
haemoglobinopathy or repeated blood transfusions; and currently ill with pneumonia, fever, or acute
diarrhoea

Interventions Two health centres selected, and within each, 50 households randomly selected

1. Intervention (n = 50): health centre 1, daily MNP for 1 month, followed by 2-week washout and cross-
over

2. Comparison (n = 50): health centre 2, twice weekly iron-folic acid supplementation for 1 month, fol-
lowed by 2-week washout and cross-over

Duration of intervention: 2.5 months

Outcomes Primary: adherence, acceptability

Young 2018 (C) 

Home fortification of foods with multiple micronutrient powders for health and nutrition in children under two years of age (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

90



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Secondary: maternal preferences for MNP vs iron folic acid supplements

Timing of outcome assessment: adherence and acceptability assessed by survey at baseline, 1 month
after first intervention, and 1 month after second intervention; maternal preferences assessed by se-
mi-structured intervention at end of month 1 and month 2

Notes Study start date: December 2015

Study end date: April 2016

Conflict(s) of interest: none reported

Funding source(s): Bill and Melinda Gates Foundation

Malaria-endemic area: yes

Comment

No primary or secondary outcomes reported, so no data included

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: randomised, but random sequence generation not described

Allocation concealment
(selection bias)

Unclear risk Comment: not mentioned

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Comment: not blinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Comment: not blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: < 5% loss to follow-up

Selective reporting (re-
porting bias)

Low risk Comment: no apparent selective reporting

Other bias Unclear risk Comment: information insufficient to permit judgement

Young 2018 (C)  (Continued)

CRP: C-reactive protein.
DMC: Data Monitoring Committee.
ECD: early cognitive development.
EDTA: ethylenediaminetetraacetic acid.
EHFP: enhanced homestead food production.
FBCFR: food-based complementary feeding recommendation.
FDP: food distribution point.
Fe: iron.
HAZ: height-for-age z score.
Hb: haemoglobin.
HDSS: Health and Demographic Surveillance System.
HOME: Home Observation for Measurement of the Environment.
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IDA: iron deficiency anaemia.
IFA: iron and folic acid.
IYCF: Infant young child feeding
LNS: lipid-based nutrition supplement.
MNP: micronutrient powder.
MUAC: mid-upper arm circumference.
PASW: Predictive Analytics SoOware.
PF: phenol formaldehyde resin.
RBP: retinol binding protein.
SPSS: Statistical Package for the Social Sciences.
sTfR: soluble transferrin receptor.
TfR: transferrin receptor.
VDCs: village development committees.
WAZ: weight-for-age z score.
WHZ: weight-for-height z score.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Avula 2011 Quasi-experimental longitudinal design with randomisation at centre level. 1128 children aged 6
to 30 months living in Rajasthan, India, were selected from 30 Anganwadi centres (AWCs) and re-
ceived the enhanced programme or the usual programme for 6 months. Enhancements to the Sup-
plemental Nutrition Program (SNP) were provided through a network of AWCs delivered by Angan-
wadi workers (AWWs). AWCs were randomly selected and delivered the enhanced programme or
the usual SNP programme

1. Enhanced group (n = 680 children, 15 AWCs) received 3 enhancements to the usual SNP pro-
gramme
a. Ready-to-eat-supplement prepared within the village instead of procuring it centrally

b. Multiple micronutrient supplement (5 sachets per week; per sachet: 12 mg of iron, 50 μg of folic
acid, 300 μg of vitamin A as retinol acetate, 40 mg of vitamin C, and 5 mg of zinc, topped up to
500 mg of dextrose to make it more palatable)

c. Increased monitoring of programme delivery

2. Usual group (n = 448 children, 15 AWCs) received centrally produced ready-to-eat supplementary
food

Outcomes were height-for-age, weight-for-age, and weight-for-height z scores. We excluded the
study because there was no appropriate comparison arm (comparison vs placebo or other type of
supplement)

Bagni 2009 Randomised controlled trial with children between 12 and 60 months of age attending public child-
care centres in Rio de Janeiro, Brazil. Participants were randomly assigned to receive a daily meal
prepared with iron-fortified rice or to receive non-fortified placebo rice. The rice was fortified once
a week. We excluded the study because the type of intervention provided (fortification) is outside
the scope of this review

Barth-Jaeggi 2015 Randomised controlled, double-blinded trial. 287 infants aged 6 months living in the catchment
area of Kikoneni Health Center in rural coastal Kenya were selected if they had a haemoglobin level
of at least 70 g/L and no acute or chronic illness. Infants were enrolled and randomised to 2 groups

1. Group 1 = daily maize porridge fortified with MNP containing 2.5 mg of iron as NaFeEDTA iron, 100
µg of vitamin A, 2.5 mg of zinc, 60 mg of vitamin C, and 12 other micronutrients; or

2. Group 2 = same MNP composition without iron

Haemoglobin, serum ferritin, sTfR, body iron stores, C-reactive protein, weight, height, and illness
recall were assessed at baseline, 6 months, and 12 months. We excluded the study because both in-
tervention and control groups received MNP and they differed only in iron supplementation. There
was no appropriate comparison arm (comparison vs placebo or other type of supplement)
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Study Reason for exclusion

Bilenko 2014 Open-label, cluster-randomised, controlled clinical trial with a 2-arm design. Randomisation at
cluster level (mother and child health (MCH) clinics). Stratification by ethnic population group
(Bedouin and Jewish). 621 infants (328 Bedouin and 293 Jewish), aged 6 months old, living in
Negev, Israel, who belonged to families attending MCH clinics during 2005 to 2007. Excluded infants
with Hb < 10 g/dL; chronic haematological, immunological, metabolic, or malabsorption disorders;
or major congenital malformations; or participating in another study Infants from 12 clusters were
randomised to 2 groups

1. Group 1 (MNP arm) = daily sachet containing 12.5 mg of elemental iron as microencapsulated
ferrous fumarate, 5 mg of zinc, 300 μg of vitamin A, 7.5 μg of vitamin D, 150 μg of folic acid, and
50 mg of ascorbic acid; or

2. Group 2 (standard treatment) = 12 mg of iron, 300 μg of vitamin A, 10 μg of vitamin D as wa-
ter-based formula

Length of intervention was 2 months. Outcomes included haemoglobin, hematocrit, mean cell vol-
ume, red blood cell distribution, serum ferritin, transferrin saturation, and nutritional evaluation at
6 and 12 months. We excluded the study because there was no appropriate comparison arm (com-
parison vs placebo or other type of supplement)

Cardoso 2016 Multi-centre, pragmatic, controlled trial among young Brazliian children, carried out in primary
health centres, with data collected at baseline and at end-line. Control group (CG) included chil-
dren aged 10 to 14 months (n = 521) who were assessed at baseline only. CG participants were re-
cruited during routine healthcare visits, where measurements of anaemia, anthropometry, and
micronutrient status were collected. Intervention group (IG) children were 6 to 8 months of age at
baseline (n = 462) and were given 60 micronutrient powder sachets to consume - 1 daily over 60
days. Data were collected for IG children when they reached the age of CG children. Data were col-
lected during different seasons and with no blinding. We excluded the study because children were
not randomised

Chen 2008 Randomised trial with 226 apparently healthy preschool children (2 to 6 years old) from 15 nurs-
eries or kindergartens in the Banan District of Chongqing, China, who were randomly assigned to 1
of 3 groups for 6 months

1. Group 1 = fortified powder containing 500 μg of vitamin A (as acetate)

2. Group 2 = fortified powder containing 500 μg of vitamin A (as acetate) and 12 mg of elemental iron
(as ferric sodium edentate); or

3. Group 3 = fortified powder containing 500 μg of vitamin A (as acetate) and 12 mg of elemental iron
(as ferric sodium edentate), 12 mg of zinc (as zinc oxide), 0.7 mg of thiamin (as thiamin mononi-
trate), 0.7 mg of riboflavin, 200 μg (0.2 mg) of folic acid, 7 mg of niacinamide, and 800 mg of cal-
cium (as calcium carbonate)

Powders were to be sprinkled over porridge, soy milk, soup, or noodles after cooking, and were in-
distinguishable in taste, colour, and packaging. Food prepared with the powders was delivered to
each child at lunchtime or afternoon snack time, 5 days a week, during the study period. We ex-
cluded the study because participants are outside of the age range for inclusion in this review

Geltman 2009 Randomised clinical trial with 150 healthy 6-month-old infants. Each infant received a daily packet
of MNPs, or multiple micronutrient drops. Follow-up included alternating telephone and home vis-
its biweekly for 3 months. Adherence was the primary outcome, whereas side effects and caregiv-
er attitude about supplements were secondary outcomes. We excluded the study because the mi-
cronutrient powder formulation contained iron and vitamins A, C, and D, but not zinc, which was 1
of 3 main nutrients evaluated in this review

Goyena 2019 Randomised community trial of children 6 to 23 months of age in the Phillippines receiving 2 differ-
ent formulations of MNP. Primary outcomes were compliance and acceptability. We excluded the
study because there was no comparison arm. Also, no data were presented on any of our primary
or secondary outcomes
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Study Reason for exclusion

Ip 2009 Cluster-randomised trial with 362 Bangladeshi children (haemoglobin ≥ 70 g/L) aged 6 to 24
months who received 60 sachets of MNP daily over 2 months; flexibly over 3 months; or flexibly
over 4 months. With a flexible regimen, mothers/caregivers decided how frequently to use MNP
without exceeding 1 sachet per day. Post-intervention outcomes included adherence, acceptabili-
ty, and haematological status, which also was evaluated at 6 months post intervention. We exclud-
ed the study because it compared different schemes for providing MNP but did not compare them
versus placebo or another type of supplement

Jaeggi 2015 A double-blind, randomised controlled trial in 6-month-old Kenyan infants (n = 115). Participants
were randomly assigned to receive MNP with or without 2.5 mg of iron as sodium iron EDTA. Re-
searchers dispensed 7 MNP sachets and 2 kg of maize flour directly to participating mothers each
week for 4 months. We excluded the study because both intervention and control groups received
MNP, differing only in iron supplementation

Jyoti 2014 In India, from the records of registered children at respective Anganwadi centres, all children into
the 6- to 36-month age group were enrolled in the study through house-to-house visits. The experi-
mental group (n = 790) received 75 g of the new supplementary baby mix (6 times a week) with mi-
cronutrient sprinkles (5 sachets per week). Micronutrient sprinkles were not administered to the
control group (n = 540)
The study was a quasi-experimental longitudinal study. In the Tonk district, 2 blocks (namely, Tonk
(rural) and Malpurawere) were selected randomly, and from the list of total Anganwadi centres in
each block, a total of 15 Anganwadi centres were selected randomly. Tonk (rural) and Malpura were
considered as experimental and control groups, respectively. We excluded the study because it was
not an RCT

Khan 2014 A double-blind, randomised controlled (2-month) trial in Bangladesh. Infants aged 6 to 11 months
(n = 100) were randomised to 1 of 2 intervention groups given MNP (Sprinkles) containing Fe and
other micronutrients, with or without Ca. We excluded the study because both intervention and
control groups received MNP, differing only in Ca supplementation

Lemaire 2011 A randomised, double-blind, placebo-controlled, non-inferiority safety trial conducted in 268
Bangladeshi children used a 2-month course of daily iron-containing micronutrient powder
(iron MNP) or placebo powder. This trial evaluated the effects of iron MNP on infectious morbidi-
ties when provided to children aged 12 to 24 months with moderate to severe malnutrition and
anaemia. Primary outcomes included diarrhoea, dysentery, and lower respiratory tract infection
episodes. Secondary outcomes included haemoglobin and anthropometric changes at 2 and 6
months. We excluded the study because MNP targeted to high-risk populations is outside the scope
of this review

Munayco 2013 Randomised controlled trial with Peruvian infants (n = 400) aged 6 to 11 months. Participants were
randomly assigned to 6 months daily, 6 months intermittent (every other day), 12 months daily, or
12 months intermittent MNP supplementation. MNPs were provided monthly, and field sta� con-
ducted home visits twice monthly. Unused MNP sachets were collected throughout, and at end-line
(12 months) all caregivers were asked about their experiences using MNP. The study was conducted
between 2009 and 2011. We excluded the study because there was no comparison arm

Neufeld 2008 A cluster-randomised trial, implemented in the context of the Oportunidades programme, which is
a conditional cash transfer programme implemented in rural areas in 1997 and urban areas in 2002
with authorisation from Oportunidades officials at federal, state, and local levels, at the National
Institute of Public Health Ethics Commission, in Mexico. The study was designed to guide decisions
within the programme to compare the effects of 3 nutritional supplements vs identical multiple mi-
cronutrient content (syrup, Nutrisano, MNP Sprinkles) on child growth and development and mi-
cronutrient status among Mexican children aged 6 to 12 months at baseline. 927 children were ran-
domly assigned to:

1. Group 1 (n = 265 infants): 44 g of daily supplement, Nutrisano (fortified food), containing 10 mg of
elemental iron (as ferrous gluconate), 400 μg of vitamin A, 10 mg of zinc, 50 mg of vitamin C, 50
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Study Reason for exclusion

μg (0.05 mg) of folic acid, 6 mg of vitamin E, 0.8 mg of vitamin B2, and 0.7 μg of vitamin B12, and
providing energy, protein, lipids, carbohydrates, and sodium

2. Group 2 (n = 323 infants): 5 mL of a syrup daily containing 10 mg of elemental iron (as ferrous
gluconate), 400 μg of vitamin A, 10 mg of zinc, 50 mg of vitamin C, 50 μg (0.05 mg) of folic acid, 6
mg of vitamin E, 0.8 mg of vitamin B2, and 0.7 μg of vitamin B12

3. Group 3 (n = 339 infants): 1 g of micronutrient powder (Sprinkles) containing 10 mg of elemental
iron (as ferous fumarate), 400 μg of vitamin A, 10 mg of zinc, 50 mg of vitamin C, 50 μg (0.05 mg)
of folic acid, 6 mg of vitamin E, 0.8 mg of vitamin B2, and 0.7 μg of vitamin B12

We excluded the study because there was no comparison arm

Rawat 2015 A cluster-randomised, controlled trial was conducted with children aged 6 to 11 months in
Bangladesh, to assess the impact of (1) sale of MNPs by BRAC (Bangladesh Rural Advancement
Committee) front-line workers (MNP intervention); or (2) enhanced nutrition interpersonal coun-
selling (EIPC intervention), or both, on anaemia and iron deficiency. We excluded the study be-
cause it focused on the sale of MNP, which is outside the scope of this review

Samadpour 2011 Randomised trial, conducted from May to September 2007 in an urban area of Iran, to compare the
efficacy of daily MNP provided as foodlets (food-like tablets), sprinkles, and drops on micronutri-
ent status and growth in children aged 6 to 18 months. 362 children were allocated to receive a 4-
month daily dosage of:

1. Foodlet tablets (n = 120)

2. Sprinkles (n = 121) or

3. Drops (n = 121)

Foodlets and sprinkles had the same 14 nutrients, whereas drops included only 9 of the 14 nutri-
ents and did not contain zinc, vitamin B12, folic acid, copper, or iodine. Haemoglobin, serum fer-
ritin, serum retinol, serum zinc, 25(OH)D concentration, and anthropometry were assessed at base-
line and at 4 months. We excluded the study because it compared different schemes for providing
MNP but did not compare them vs placebo or another type of supplement, or the same MNPs as
supplements

Shafique 2014 Community-based, cluster-randomised trial with 244 full-term, low-birthweight infants aged 6 to
12 months in rural Bangladesh (24 clusters). Participants were randomly assigned to 2 groups:

1. NHHE (nutrition, health, and hygiene education) plus MNP or

2. NHHE only

We excluded the study because this type of participant (low-birthweight infants) is outside the
scope of this review

Sharieff 2006b 16 classes of 3- to 6-year-old children (n = 415) attending kindergarten in northern China were ran-
domly assigned to 1 of 3 groups

1. Group 1 = daily provision of a single-dose sprinkles sachet containing 30 mg of elemental iron (as
encapsulated ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of vitamin A, 50 mg of vitamin
C, 7.5 μg of vitamin D3, and 150 μg (0.15 mg) of folic acid for 5 days a week

2. Group 2 = once-a-week provision of a single-dose sprinkles sachet containing 30 mg of elemental
iron (as encapsulated ferrous fumarate), 5 mg of zinc (as gluconate), 300 μg of vitamin A, 50 mg of
vitamin C, 7.5 μg of vitamin D3, and 150 μg (0.15 mg) of folic acid or

3. Group 3 = no supplements (control group)

The intervention lasted for 1 school term (13 weeks). Consumption of sachets was monitored for
each child, and SF concentrations were measured at the end of the study. We excluded the study
because this type of participant is outside the scope of this review
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Singla 2014 A cluster-randomised trial to assess the effects of a 22-element MNP on linear growth and mental
development in full-term, low-birthweight children in rural Bangladesh. Children from 24 clusters
were randomly allocated to receive:

1. MNP intervention (a 22-element MNP plus nutrition, health, and hygiene education) from 6 to 12
months of age (n = 117, 12 clusters) or

2. No MNP (nutrition, health, and hygiene education only) (n = 114, 12 clusters)

Children at 16 to 22 months of age were assessed on subtests of the Bayley Scales of Infant and
Toddler Development III, to measure cognitive and receptive and expressive language develop-
ment. We excluded the study because this type of participant (full-term, low-birthweight children)
is outside the scope of this review

Smuts 2005 290 term infants, aged 6 to 12 months, were recruited through the health posts of Valley of a Thou-
sand Hills, Durban, KwaZulu-Natal Province, South Africa; they were enrolled in the study and were
randomly assigned to 1 of 4 groups:

1. Group 1 = daily supplement containing 1 daily allowance of MNP for young children

2. Group 2 = daily placebo supplement containing no micronutrients

3. Group 3 = weekly supplement containing 2 daily allowances of MNP for young children and a
placebo supplement on the other days of the week or

4. Group 4 = daily supplement containing 10 mg of elemental iron

The MNPs provided were large, chewable tablets or foodlets (food-like tablets). We excluded the
study because this type of intervention is outside the scope of this review

Suchdev 2012 A cluster-randomised trial with children aged 6 to 35 months in Western Kenya, from March 2007 to
March 2009, to investigate (1) the effectiveness of the distribution of sprinkles MNP through an inte-
grated health promotion and income-generating programme; and (2) the impact of sales of sprin-
kles MNP on anaemia, iron deficiency, and vitamin A deficiency. Children from 60 villages were en-
rolled into the study and were randomly allocated to receive:

1. Sprinkles MNP with 12.5 mg of iron; 375 μg of vitamin A; 5 mg of zinc; 150 μg of folic acid; 35 mg of
vitamin C; 5 μg of vitamin D3; 6 mg of vitamin E; 6 mg of niacin; 0.6 mg of copper; 50 μg of iodine;
0.5 mg of thiamin, riboflavin, and vitamin B6; and 0.9 mg of vitamin B12 (n = 561) or

2. No intervention (control; n = 502)

Sprinkles MNP was marketed and distributed in the intervention villages, but vendors were not
prevented from selling sprinkles MNP in control villages. Outcomes included haemoglobin, ferritin,
retinol binding protein, malaria, and anthropometric measurements at baseline and 12 months
of follow-up, along with sprinkles MNP sales and usage. We excluded the study because it was fo-
cused on marketing of MNP, which is outside the scope of this review

Teshome 2017 Randomised, double-blind, non-inferiority trial with children aged 12 to 36 months in Western
Kenya that included 3 arms: (1) experimental treatment (n = 112), given MNP containing 3 mg of
iron as NaFeEDTA plus 13 other micronutrients taken daily for 30 days; (2) active control treatment
(n = 114), given MNP containing 12.5 mg of iron as encapsulated ferrous fumarate plus 13 other mi-
cronutrients taken daily for 30 days; and (3) placebo (n = 112), given MNP containing no iron but 13
other micronutrients taken daily for 30 days. Outcomes included haemoglobin concentration, iron
status, anaemia, and malaria (microscopy and dipstick test). We excluded the study because all 3
arms were given MNP with and without iron

Troesch 2009 101 apparently healthy, non-pregnant, non-lactating young women studying or working at the In-
stitute of Food Science and Nutrition, Swiss Federal Institute of Technology, Zurich, and the Uni-
versity of Zurich, between January and April 2008, were randomly assigned to 1 of 6 groups receiv-
ing a maize porridge fortified with a micronutrient powder containing stable, isotope-labelled ele-
mental iron as ferrous sulphate or NaFeEDTA, along with different combinations of inhibitors and
enhancers (ascorbic acid, calcium, phytase, l-alpha-glycerophosphocholine). Each woman con-
sumed 2 meals in a cross-over design for determination of iron absorption. We excluded this study
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because this type of participant and this type of intervention are not within the scope of this review
 

Troesch 2011 200 apparently healthy South African schoolchildren aged between 5 and 11 years from 2 primary
schools in low socioeconomic areas of Kimberley, Northern Cape, South Africa, with low iron sta-
tus, with haemoglobin higher than 90 g/L, and not taking nutritional supplements containing iron
were randomly assigned to 1 of 2 groups:

1. Group 1 = MNP containing 2.5 mg of elemental iron (as NaFeEDTA), 2.5 mg of zinc (as zinc oxide),
and 60 mg of vitamin C, as well as a phytase and 14 other micronutrients or

2. Group 2 = unfortified carrier added just before consumption to a bowl of 250 g of sweetened, high-
phytate maize porridge, given daily for 5 days a week for a period of 23 weeks

Primary outcomes were iron and zinc status. Secondary outcome was somatic growth. We exclud-
ed the study because participants were school-aged children, between 5 and 11 years of age, and
thus they were outside the scope of this review

Van der Kam 2016a 3-Armed, partially blinded, randomised controlled trial; randomisation at individual level. 2213
children aged 6 to 59 months living in Goronyo, rural Nigeria, diagnosed with 1 or more of the 3
study diseases (malaria, diarrhoea, lower respiratory tract infection) were included in the study.
Children were randomised in a 1:1:1 ratio to 1 of 3 intervention groups:

1. Control group = no supplementation

2. MNP group = 2 doses per day for 14 days whenever children were diagnosed with at least 1 of the
3 study diseases (2 sachets of MNP contained 8.2 mg of zinc, 1.1 mg of copper, 20 mg of iron, 180
μg of iodine, 34 μg of selenium, 800 μg of vitamin A, 10 μg of vitamin D, 10 μg of vitamin E, 60 mg
of vitamin C, 1 mg of thiamin, 1 mg of riboflavin, 12 mg of niacin, 1 mg of pyridoxine, 1.8 μg of
cobalamin, and 300 μg of folic acid) or

3. RUFT group = 1 sachet of RUFT for 14 days whenever children were diagnosed with at least 1 of
the 3 study diseases (1 sachet of RUFT contained 11.6 g of protein, 29.5 g of lipid, 276 mg of cal-
cium, 276 mg of phosphorus, 1022 mg of potassium, 84.6 of magnesium, 12.9 mg of zinc, 1.6 mg
of copper, 10.6 mg of iron, 96 μg of iodine, 27.6 μg of selenium, < 267 μg of sodium, 840 μg of vit-
amin A, 15 μg of vitamin D, 18.4 μg of vitamin E, 49 mg of vitamin C, 0.55 mg of thiamin, 1.66 mg of
riboflavin, 4.88 mg of niacin, 0.55 mg of pyridoxine, 1.7 μg of cobalamin, 193 μg of folic acid, 19.3
μg of vitamin K, 60 μg of biotin, and 2.85 mg of pantothenic acid)

All groups (including the control group) received health education, including the message that fol-
lowing an illness, a child should eat 1 extra healthy meal per day for 2 weeks. Primary outcomes
were negative nutritional outcome, defined as moderate malnutrition (MAM) or severe acute mal-
nutrition (SAM), or both. For non-malnourished children, weight-for-height z score < −2, MUAC < 115
mm, or nutritional oedema, whichever occurred first. For MAM, weight loss > 10% from baseline,
weight-for-height z score < −2. For SAM, weight-for-height z score < −3, MUAC < 115 mm, nutrition-
al oedema. Secondary outcomes included changes in anthropometric indicators, morbidity, and
mortality. We excluded the study because high-risk populations are outside the scope of this re-
view

Van der Kam 2016b 3-Armed, partially blinded randomised controlled trial; randomisation at individual level. 2202 chil-
dren aged 6 to 59 months living in Kaabong, Karamoja region, Uganda, diagnosed with 1 or more
of the 3 study diseases (malaria, diarrhoea, lower respiratory tract infection) were included in the
study. Children were randomised in a 1:1:1 ratio to 1 of 3 intervention groups:

1. Control group = no supplementation

2. MNP group = 2 doses per day for 14 days whenever children were diagnosed with at least 1 of the
3 study diseases (2 sachets of MNP contained 8.2 mg of zinc, 1.1 mg of copper, 20 mg of iron, 180
μg of iodine, 34 μg of selenium, 800 μg of vitamin A, 10 μg of vitamin D, 10 μg of vitamin E, 60 mg
of vitamin C, 1 mg of thiamin, 1 mg of riboflavin, 12 mg of niacin, 1 mg of pyridoxine, 1.8 μg of
cobalamin, and 300 μg of folic acid) or

3. RUFT group = 1 sachet of RUFT for 14 days whenever children were diagnosed with at least 1 of
the 3 study diseases (1 sachet of RUFT contained 11.6 g of protein, 29.5 g of lipid, 276 mg of cal-
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cium, 276 mg of phosphorus, 1022 mg of potassium, 84.6 of magnesium, 12.9 mg of zinc, 1.6 mg
of copper, 10.6 mg of iron, 96 μg of iodine, 27.6 μg of selenium, < 267 μg of sodium, 840 μg of vit-
amin A, 15 μg of vitamin D, 18.4 μg of vitamin E, 49 mg of vitamin C, 0.55 mg of thiamin, 1.66 mg of
riboflavin, 4.88 mg of niacin, 0.55 mg of pyridoxine, 1.7 μg of cobalamin, 193 μg of folic acid, 19.3
μg of vitamin K, 60 μg of biotin, and 2.85 mg of pantothenic acid)

All groups (including the control group) received health education, including the message that fol-
lowing an illness, a child should eat 1 extra healthy meal per day for 2 weeks. Primary outcomes
were negative nutritional outcome, defined as weight-for-height z score < −2, MUAC < 115 mm, or
nutritional oedema, whichever came first. Secondary outcomes included changes in anthropomet-
ric indicators, morbidity, and mortality. We excluded the study because high-risk populations are
outside the scope of this review

Wang 2017 A double-blind, randomised, placebo-controlled clinical trial with rural, Malawian children aged 12
to 35 months. Intervention was the combined usage of a dose of albendazole, a course of zinc, and
a daily MNP. Outcomes were compared to those of a placebo group after 12 and 24 weeks of inter-
vention. We excluded this study because the type of intervention (a combined package of MNP and
albendazole dose) is outside the scope of this review

Wijaya-Erhardt 2007 Randomised controlled trial conducted in children between 6 and 12 months of age in rural In-
donesia, which assessed the efficacy and safety of 3 types of food-like tablets (foodlets) given for 23
weeks, compared to placebo. The foodlets were given as daily iron (ferrous sulphate), daily multi-
ple micronutrients (14 nutrients: vitamins A, D, E, K, and C, thiamin, riboflavin, vitamin B12, niacin,
folate, iron, zinc, copper, iodine), and weekly multiple micronutrients (same 14 nutrients). Results
showed an increase in iron stores in the daily iron and daily multiple micronutrients groups, but
not in the weekly multiple micronutrients group. Observed side effects were vomiting and diar-
rhoea, with no significant differences between intervention groups. We excluded the study because
foodlets are not an intervention within the scope of this review

Yousafzai 2014 Community-based, cluster-randomised effectiveness trial in rural Sindh, Pakistan, from June 2009
to March 2012. The objective was to assess if responsive stimulation or enhanced care for nutrition
intervention delivered alone, or a combined approach, would have an independent and additive or
synergistic effect on child development, growth, and morbidity outcomes at 24 months. 1489 chil-
dren younger than 24 months of age, from 80 clusters, were randomly allocated to receive:

1. Routine health and nutrition services (control; n = 368)

2. Nutrition education and MNP (enhanced nutrition; n = 364)

3. Responsive stimulation (responsive stimulation; n = 383) or

4. A combination of both enriched interventions (n = 374)

MNP contained iron, folic acid, vitamin A, and vitamin C. Primary endpoints were child develop-
ment at 12 and 24 months of age (assessed with Bayley Scales of Infant and Toddler Development)
and growth at 24 months of age. We excluded the study because the MNP did not contain zinc and
thus did not comply with the definition used in this review of MNP requiring 3 or more micronutri-
ents with at least iron, vitamin A, and zinc

Zlotkin 2001 Randomised controlled trial with 557 anaemic children between 6 and 18 months of age from rural
Ghana. This trial assessed the efficacy of home fortification with MNP containing 80 mg of elemen-
tal iron (microencapsulated ferrous fumarate) + 50 mg of ascorbic acid added to weaning foods,
compared to iron drops (40 mg of elemental iron given 3 times/d), given for 2 months. Outcomes
included anaemia, ferritin, serum zinc, and growth concentration. We excluded the study because
the MNP formulation tested in this study included only 2 micronutrients and thus did not comply
with the definition used in this review of MNP requiring 3 or more micronutrients with at least iron,
vitamin A, and zinc

Zlotkin 2003a Randomised trial with 437 Ghanaian, non-anaemic children aged 8 to 20 months who were ingest-
ing a weaning food in addition to breast milk. Participants were randomised individually to 1 of 4
groups:
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1. Group 1 (n = 110) = iron-only MNP, containing 40 mg of elemental iron (as microencapsulated fer-
rous fumarate) daily

2. Group 2 (n = 107) = iron and vitamin A MNP, containing 40 mg of elemental iron (as microencap-
sulated ferrous fumarate) and 600 μg of retinol equivalents (as retinyl acetate) daily

3. Group 3 (n = 112) = 12.5 mg of elemental iron (as ferrous sulphate iron drops) daily or

4. Group 4 (n = 108) = placebo in powder form

Primary outcome measures were change in haemoglobin and anaemic status at baseline and
end of study. Prophylactic supplementation was provided to children for 6 months (October 1999
to March 2000). Children who maintained Hb concentration ≥ 100 g/L at the end of the interven-
tion were reassessed at 12 months post intervention. Acceptability of the powders was better in
comparison to the iron drops. No significant changes were seen in mean haemoglobin, ferritin, or
serum retinol values from baseline to the end of the supplementation period among groups. The
study area was considered a setting where intestinal parasites, malaria, and infectious diarrhoea
are common. The supplementation period began at the end of the rainy season and was finished
by the end of the dry season, when the burden of malaria was lower

We excluded the study because the trial evaluated provision of MNP formulated with only 1 or 2 mi-
cronutrients and thus did not comply with the definition used in this review of MNP requiring 3 or
more micronutrients with at least iron, vitamin A, and zinc

Zlotkin 2003b Randomised controlled trial with 304 anaemic children between 6 and 18 months of age from rur-
al Ghana. This trial compared the efficacy of home fortification with MNP including 80 mg of ele-
mental iron (as microencapsulated ferrous fumarate) + 50 mg of ascorbic acid vs that of 80 mg of
elemental iron (as microencapsulated ferrous fumarate) and 5 mg of zinc (as gluconate), over 2
months. Outcomes included anaemia, ferritin, serum zinc, and growth concentration. We excluded
the study because interventions evaluated in this study included MNP with only 1 or 2 micronutri-
ents and thus did not comply with the definition used in this review of MNP requiring 3 or more mi-
cronutrients with at least iron, vitamin A, and zinc. In addition, the study did not compare MNP vs
placebo or any other supplement

Zlotkin 2013 Double-blind, cluster-randomised trial with children 6 to 35 months of age, conducted over 6
months in a rural community setting in central Ghana - an area with high malaria burden. This tri-
al evaluated effects of providing MNP with or without iron on the incidence of malaria among chil-
dren living in a high malaria-endemic region. 1958 children living in 1552 clusters were randomly
allocated to receive MNP with 12 mg/d iron (n = 967) or MNP without iron (n = 991). Outcomes in-
cluded malaria (defined as parasitaemia of any density plus reported fever within 48 hours or axil-
lary temperature higher than 37.5 °C), malaria with parasite density higher than 5000/μL, anaemia
(haemoglobin level < 10 g/dL), iron deficiency (ferritin level < 30 μg/L), hospital admission, and clin-
ical diagnoses of pneumonia, diarrhoea (> 3 loose or watery stools in 24 hours), cerebral malaria,
or meningitis among children who were admitted to a health facility during the study period. We
excluded this study because there was no appropriate comparison arm (comparison vs placebo or
another type of supplement)

Ca: calcium
CG: control group.
EDTA: ethylenediaminetetraacetic acid.
Fe: iron.
Hb: haemoglobin.
MNP: micronutrient powder.
MUAC: mid-upper arm circumference.
NaFeEDTA: mixture of ferric sodium ethylenediaminetetraacetate.
RCT: randomised controlled trial.
RUFT: ready-to-use therapeutic food.
sTfR: soluble transferrin receptor.
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Methods Design: integrated, randomised, double-masked, placebo-controlled trial comprising 2 phases:

1. Infant phase (enrolment age: 6 to 12 months) and

2. Preschool phase (enrolment age: 36 to 48 months)

Unit of randomisation: individual level

Participants Setting: rural India

Sample size: 480

Age range: (1) infant phase (enrolment age: 6 to 12 months); and (2) preschool phase (enrolment
age: 36 to 48 months)

Inclusion criteria: infants aged 6 to 14 months or preschoolers aged 30 to 48 months, inclusive,
at time of recruitment; residing in the Nalgonda district of Telengana, India; preschoolers must at-
tend an Anganwadi Center (preschool) in the Nalgonda district that is participating in Project Grow
Smart; participating caregivers must be at least 18 years of age at the time of recruitment

Exclusion criteria: developmental delays, congenital illnesses or disabilities, severe anaemia
(haemoglobin < 7)

Interventions Infants will be randomly allocated to 1 of 4 groups:

1. Group 1 (n = 120): placebo (vitamin B2 and maltodextrin as filler)

2. Group 2 (n = 120): placebo plus early learning

3. Group 3 (n = 120): MNP alone (MNP contains iron, vitamin A, vitamin C, folic acid, zinc, vitamin
B12, vitamin B2, and maltodextrin as filler) or

4. Group 4 (n = 120): MNP plus early learning (integrated intervention); conducted through home
visits

Administration: mixed into food served to the children

Preschool children receive MNP (group 3) or placebo (group 1)

Outcomes Primary

1. Child development (cognitive, motor, socioemotional)

Secondary

1. Growth (weight-for-age, length-for–age, and weight–for-length z scores)

2. Micronutrient status (zinc, ferritin, soluble transferrin receptor (sTfR), haemoglobin, folate, vita-
min B12, C-reactive protein)

3. Morbidity (acute respiratory infection, diarrhoea)

Timing of outcome assessment: 12 months

Notes Comments: awaiting assessment because report includes only background information and a de-
scription of the pilot phase of the trial. We contacted study authors but received no reply

Funding source: University of Maryland

Principal investigator: Maureen M Black, PhD; Madhavan K Nair, PhD

Conflicts of interests: no conflicts of interest

Trial register ID: NCT01660958

Study start date: August 2012

Study end date: December 2014

Fernandez-Rao 2014 
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Fernandez-Rao 2014  (Continued)

 
 

Methods Design: protocol for a 3-arm, parallel, double-blind, double-dummy, placebo-controlled superi-
ority trial comparing 3 months of iron drops or iron-containing micronutrient powders used for
anaemia control in young children aged 8 months ± 14 days against placebo. Additional follow-up 9
months post intervention. Researcher, caregiver, data collector, analysts, and participant-blinded
study design

Unit of randomisation: individual. Participants randomly assigned to 1 of 3 arms with 1:1:1 alloca-
tion using computer-generated schedule of randomly permuted blocks of fixed size stratification
by sex and geographic union (each covered by different field team) to achieve balance between
arms within each stratum. Randomisation list will be prepared by an independent statistician who
will not reveal the block size. Allocation will occur by the field team according to the list, within the
assigned union, once eligibility criteria are confirmed

Participants Setting: Rupganj, a rural subdistrict/Upazilla of Narayanganj district, Bangladesh (50 km from Dha-
ka, Bangaldesh). This setting is non-malaria endemic and has a low groundwater iron level

Sample size: 3300 total

Age range: 8 months ± 14 days

Inclusion criteria

1. Aged 8 months (± 14 days) at the time of randomisation

2. Not expected to leave study location for > 1 week over the next 3 months or for > 1 month over
the next 12 months

3. Has legal guardian capable of providing informed consent

Exclusion criteria

1. Capillary Hb < 8.0 g/dL at the time of screening

2. Drinking water iron concentration > 1 mg/L

3. Diagnosed case of any clinical haemoglobinopathy (e.g. beta-thalassaemia major, HbE-beta tha-
lassaemia)

4. Current infective illness (i.e. respiratory infection, diarrhoea) with fever; however, children may
be re-screened after recovery if otherwise eligible

5. Received iron supplements or iron-containing MNPs in the previous month

6. Known congenital anomaly, developmental disorder, or severe developmental delay

7. Child of multiple birth, for example, twins, triplets

Interventions Participants will be randomised in a 1:1:1 ratio to 3 arms:

1. Arm 1 (1100 participants): iron syrup and placebo sachet. 12.5 mg daily of oral iron in syrup and a
placebo sachet containing powders in identical packaging as the micronutrient powder but con-
taining no micronutrients

2. Arm 2 (1100 participants): micronutrient powder and placebo syrup. 12.5 mg daily of oral iron
in micronutrient powder (including 0.3 mg of vitamin A, 30 mg of vitamin C, 0.16 mg of folic acid,
and 5 mg of zinc) and placebo syrup containing no iron but with identical colour and flavour

3. Arm 3 (1100 participants): placebo syrup and placebo sachet. Each participant will receive a
pouch each week with a placebo bottle of syrup and 7 placebo sachets

Administration: each participant will be asked to consume a syrup and sachet with powder every
day for 3 months. After enrolment, assigned trained village health workers (VHWs) will visit child
every week during 3 months of intervention and every month for the 9-month post-intervention pe-
riod. VHWs will document and notify of any unscheduled hospital or clinic admissions by partici-

Hasan 2017 
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pants. VHSs will also record number of doses missed, collect empty bottles and sachets, and dis-
tribute new doses for the following week

Outcomes Primary

1. Cognitive development

Secondary

1. Cognitive indices

2. Motor, language, behaviour, and temperament

3. Prevalence of anaemia and iron deficiency

4. Infection risks, especially diarrhoea and respiratory infection

Timing of outcome assessment: the primary outcome, cognitive development, will be assessed
after 3 months of intervention. It will also be assessed as a secondary outcome at 9 months post in-
tervention. Secondary outcomes 2 and 3 will be assessed at 3 and 9 months post intervention. Mor-
bidity data will be collected weekly and monthly during the intervention and post intervention, re-
spectively

Notes Comments: no mention of additional behaviour change strategies to support intake of syrups or
powders, whether infant and young child feeding programmes are in place, or whether micronutri-
ent powder content is mentioned or included in such programmes, as recommended by WHO

Funding source: National Health and Medical Research Council (NHMRC)

Principal investigator: Sant-Rayn Pasricha

Conflicts of interests: none declared

Trial register ID: ACTRN12617000660381

Study start date: 1 June 2017

Study end date: 31March 2020 (anticipated)

Current status: data collection

Hasan 2017  (Continued)

 
 

Methods Design: randomised, double-blind, community-based efficacy trial of 5 different doses, forms, and
frequencies of preventive zinc supplementation vs placebo among children aged 9 to 11 months in
urban Dhaka, Bangladesh

Unit of randomisation: individual. Children stratified by sex and then randomised to 1 of 6 groups
using block randomisation, to ensure even distribution of groups across time

Participants Setting: Urban Dhaka, Bangladesh

Sample size: 481 per group, 2886 total

Age range: 9 to 11 months

Inclusion criteria

1. 9 to 11 months - time of enrolment

2. Weight-for-length (WLZ) z score ≥ −3 according to 2006 WHO growth standard

Exclusion criteria

Islam 2018b 
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1. Severe acute malnutrition (WLZ < −3 and/or presence of bipedal oedema, and/or mid-upper arm
circumference (MUAC) < 115 mm)

2. Congenital anomalies (e.g. cardiac defects, cleO lip or palate) or any other conditions that inter-
fere with feeding

3. Chromosomal anomalies and other organic problems (e.g. jaundice, tuberculosis)

Interventions There are 6 study groups:

1. Study group 1 (481 participants):: standard micronutrient powder (MNP) consumed daily for
24 weeks. Formulation of MNP: 400 g of vitamin A; 5 g of vitamin D; 5 mg of vitamin E; 30 mg of
vitamin C; 0.5 mg of thiamin; 0.5 mg of riboflavin; 6 mg of niacin; 0.5 mg of pyridoxine; 0.9 mg of
vitamin B12; 150 g of folate; 10 mg of iron; 4.1 mg of zinc; 0.56 mg of copper; 17.0 g of selenium;
90 g of iodine

2. Study group 2 (481 participants): high-zinc, low-iron MNP consumed daily for 24 weeks. Formu-
lation: same as study group 1, except with 10 mg of zinc and 6 mg of iron

3. Study group 3 (481 participants): high-zinc, low-iron MNP, high-zinc, no-iron MNP on alternating
days. Consumed daily for 24 weeks. Formulation: same as study group 1, except with 10 mg of zinc
and 6 mg of iron but no iron on alternating days

4. Study group 4 (481 participants): dispersible zinc tablet supplement consumed daily for 24
weeks. Formulation: 10 mg of zinc

5. Study group 5 (481 participants): intermittent zinc supplement consumed daily for 14 days at
baseline and 3 months; placebo tablet on all other days. Formulation: 10 mg of zinc or placebo

6. Study group 6 (481 participants): placebo powder consumed daily for 24 weeks. Formulation:
placebo

Administration: study workers will visit each study participant's household twice weekly to in-
quire about and record any morbidity that took place in previous 3 to 4 days. Study worker will ask
about supplement intake during prior 3 or 4 days and will encourage continued future supplement
intake. Unconsumed supplements and used supplement containers will be collected during these
visits

Outcomes Primary

1. Incidence of diarrhoeal disease per child (number of episodes), over 24 weeks, and linear growth

2. Change in linear growth defined by LAZ from enrolment until end of the 24-week study period

Secondary

1. Prevalence of diarrhoea

2. Incidence of dysentery

3. Incidence of diarrhoea with dehydration

4. All hospitalisations

Timing of outcome assessment: 24 weeks

Notes Comments: no results published

Funding source: Bill and Melinda Gates Foundation

Principal investigator: Robert Black

Conflicts of interest: none reported

Trial register ID: NCT03406793

Study start date: 20 February 2018

Study end date: 30 January 2020 (anticipated)

Current status: data collection

Islam 2018b  (Continued)
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Methods Design: randomised controlled trial comparing a powder with multiple micronutrient vs iron-only
powder; follow-up to an initial randomised, double-blind controlled trial in 2010

Unit of randomisation: not reported

Participants Setting: Peru

Sample size: 902 infants. In this study, 200 children of the 902 were randomly selected from the
original study cohort for assessment of cognitive function (100 in each group)

Age range: 6 to 17 months

Inclusion criteria

1. Healthy born

2. At-term infants and children

3. 6 to 17 months of age

4. Living in Villa El Salvador, Lima, Peru

5. Birthweight ≥ 2500 g

6. Haemoglobin > 80 g/L

7. Written, informed consent from parents or caregivers

Exclusion criteria

1. Age younger than 6 months, or ≥ 18 months

2. Not residents in the area of intervention

3. Children with an initial haemoglobin ≤ 8 g/dL will be evaluated by a doctor to rule out some addi-
tional pathology and will receive treatment according to Peruvian Ministry of Health (Ministerio
de Salud [MINSA]) norms

4. Weight/length < −2 standard deviations

5. Any chronic, congenital, or severe illness

6. Children who regularly consume other micronutrient supplements

Interventions Participants will be randomly assigned to 1 of 2 groups:

1. Group 1 (451 participants): oral micronutrient supplement powder containing 12.5 mg of ele-
mental iron (as ferrous fumarate), 10 mg of zinc gluconate (as zinc oxide), 160 μg (0.16 mg) of folic
acid, 300 mcg of RE vitamin A (as retinol palmitate), and 30 mg of ascorbic acid (vitamin C). Sup-
plements will be provided in the form of sprinkles (single-dose sachets, like small packets of sugar)

2. Group 2, control (451 participants): oral micronutrient supplement powder containing 12.5 mg
of elemental iron (as ferrous fumarate). The iron portion of the powder is lipid encapsulated to
prevent change in taste, texture, or colour of food

Administration: each child will receive monthly 30 sachets of the corresponding supplement, to
be consumed as 1 sachet per day mixed with a part of the main meal, for a period of 6 months

Outcomes Primary

1. Anaemia

2. Diarrhoea

Secondary

1. Incidence of severe diarrhoea

2. Duration of diarrhoea

3. Adherence to supplementation

4. Changes in weight and length

ISRCTN39244429 
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5. Serum zinc

Timing of outcome assessment: 6 months

Notes Comment: aims to examine the long-term cognitive and social-emotional effects of MNP, which
is outside the scope of this review. The original study is not published. We contacted the study au-
thors but received no reply

Funding source: United Nations Children's Fund (UNICEF) (USA)

Principal investigator: Nelly Zavaleta

Conflicts of interest: not provided
Trial register ID: ISRCTN39244429

Study start date: 7 January 2010

Study end date: 31 January 2011

Current status: completed

ISRCTN39244429  (Continued)

 
 

Methods Design: randomised controlled trial comparing multiple micronutrient powder containing 15 mi-
cronutrients vs a micronutrient supplement containing 3 micronutrients

Unit of randomisation: individual randomisation

Participants Setting: Palestine

Sample size: target sample size of 200; unclear how many enrolled

Age range: 5 months + 2 weeks

Inclusion criteria

1. Aged 5 months + 2 weeks

2. Normal z scores (> −2 to < 2 standard deviations) of weight-for-age, length-for-age, and head cir-
cumference-for-age

3. Birthweight of 2.5 to 4 kg

4. Appropriate for gestational age (between 10th and 90th percentiles)

5. Blood level of haemoglobin of 11 g/dL

6. Breastfed for at least 4 months

7. United Nations Relief and Works Agency (UNRWA) clinics for vaccination and/or routine child's
growth follow-up

Exclusion criteria

1. Preterm infants (< 37 weeks)

2. History of chronic disease

3. Infants of diabetic mothers

4. History of complications during delivery (aspiration, trauma)

5. History of congenital or acquired neurological diagnosis

Interventions Individuals randomised to 2 groups:

1. Intervention (100 participants): micronutrient powder with national micronutrient supplement
containing 15 vitamins and minerals (unclear dose), produced by DSM (MixMe)

ISRCTN57594793 
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2. Control (100 participants): national micronutrient supplement containing vitamin A, vitamin D,
and iron (unclear dose)

Administration: both groups given 3 sachets/week for 12 months

Outcomes Primary

1. Anthropometric measurements

2. Haemoglobin concentration (capillary assessment using colorimeter)

Secondary

1. Calorie intake, assessed via 24-hour recall

2. Nutrient intake, assessed via 24-hour recall

Timing of outcome assessment: anthropometrics assessed at baseline and throughout the study
period (every 3 to 6 months); haemoglobin concentration assessed secondary outcomes assessed
at baseline, 6 months of intervention, and end of the intervention period; secondary outcomes as-
sessed at baseline, end-line, and 3 months after the end of the intervention

Notes Comments: no results published. We contacted study authors but received no reply

Funding source: University Putra Malaysia

Principal investigator: Ali Albelbeisi

Conflicts of interest: none

Trial register ID: ISRCTN57594793

Study start date: 4 September 2015

Study end date: 20 January 2017

Current status: unknown

ISRCTN57594793  (Continued)

MNP: multiple micronutrient powder.
MUAC: mid-upper arm circumference.
sTfR: soluble transferrin receptor.
WLZ: weight-for-length z score.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Home (point-of-use) fortification of foods with MNP versus no intervention or placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Anaemia 16 9927 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.76, 0.90]

2 Anaemia by baseline
anaemia status

16 9291 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.75, 0.89]

2.1 Anaemic 1 125 Risk Ratio (M-H, Random, 95% CI) 0.54 [0.38, 0.76]

2.2 Non-anaemic 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

2.3 Mixed/unknown 15 9166 Risk Ratio (M-H, Random, 95% CI) 0.84 [0.77, 0.91]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3 Anaemia by baseline iron
status

16 9927 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.76, 0.90]

3.1 Iron deficiency 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

3.2 Non-iron deficiency 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

3.3 Mixed/unknown 16 9927 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.76, 0.90]

4 Anaemia by age at the
start of the intervention

12 4425 Risk Ratio (M-H, Random, 95% CI) 0.76 [0.69, 0.85]

4.1 6 to 11 months 9 3556 Risk Ratio (M-H, Random, 95% CI) 0.81 [0.72, 0.90]

4.2 12 to 17 months 2 312 Risk Ratio (M-H, Random, 95% CI) 0.57 [0.40, 0.82]

4.3 18 to 23 months 1 557 Risk Ratio (M-H, Random, 95% CI) 0.70 [0.61, 0.79]

5 Anaemia by refugee status 16 9291 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.75, 0.89]

5.1 Yes 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

5.2 No 16 9291 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.75, 0.89]

6 Anaemia by malaria en-
demicity in the study area

16 9927 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.76, 0.90]

6.1 Yes 15 9370 Risk Ratio (M-H, Random, 95% CI) 0.85 [0.78, 0.92]

6.2 No 1 557 Risk Ratio (M-H, Random, 95% CI) 0.70 [0.61, 0.79]

7 Anaemia by frequency of
intake

16 9927 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.76, 0.90]

7.1 Daily 15 8321 Risk Ratio (M-H, Random, 95% CI) 0.80 [0.73, 0.88]

7.2 Flexible 1 1606 Risk Ratio (M-H, Random, 95% CI) 0.97 [0.94, 1.00]

7.3 Weekly 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

8 Anaemia by duration of
the intervention

16 9927 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.76, 0.90]

8.1 Less than 6 months 5 990 Risk Ratio (M-H, Random, 95% CI) 0.69 [0.62, 0.78]

8.2 6 months or longer 11 8937 Risk Ratio (M-H, Random, 95% CI) 0.86 [0.80, 0.93]

9 Anaemia by iron content 16 9927 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.76, 0.90]

9.1 Less than 12.5 mg 7 5097 Risk Ratio (M-H, Random, 95% CI) 0.91 [0.84, 1.00]

9.2 12.5 mg or more 9 4830 Risk Ratio (M-H, Random, 95% CI) 0.76 [0.66, 0.87]

10 Anaemia by zinc content 16 9927 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.76, 0.90]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

10.1 Less than 5 mg 3 2363 Risk Ratio (M-H, Random, 95% CI) 0.79 [0.57, 1.10]

10.2 5 mg or more 13 7564 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.74, 0.90]

11 Iron deficiency 7 1634 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.56]

12 Iron deficiency by base-
line anaemia status

7 1634 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.56]

12.1 Anaemic 1 125 Risk Ratio (M-H, Random, 95% CI) 0.27 [0.14, 0.52]

12.2 Non-anaemic 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

12.3 Mixed/unknown 6 1509 Risk Ratio (M-H, Random, 95% CI) 0.49 [0.41, 0.59]

13 Iron deficiency by base-
line iron status

7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

13.1 Iron deficiency 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

13.2 Non-iron deficiency 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

13.3 Mixed/unknown 7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

14 Iron deficiency by age at
the start of the intervention

6 1367 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.38, 0.59]

14.1 6 to 11 months 5 1181 Risk Ratio (M-H, Random, 95% CI) 0.48 [0.38, 0.60]

14.2 12 to 17 months 1 186 Risk Ratio (M-H, Random, 95% CI) 0.31 [0.12, 0.82]

14.3 18 to 23 months 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

15 Iron deficiency by
refugee status

7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

15.1 Yes 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

15.2 No 7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

16 Iron deficiency by malar-
ia endemicity in the study
area

7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

16.1 Yes 7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

16.2 No 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

17 Iron deficiency by fre-
quency of intake

7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

17.1 Daily 7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

17.2 Flexible 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

17.3 Weekly 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

18 Iron deficiency by dura-
tion of the intervention

7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

18.1 Less than 6 months 3 490 Risk Ratio (M-H, Random, 95% CI) 0.41 [0.27, 0.64]

18.2 6 months or longer 4 1155 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.36, 0.60]

19 Iron deficiency by iron
content

7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

19.1 Less than 12.5 mg 3 1035 Risk Ratio (M-H, Random, 95% CI) 0.40 [0.29, 0.56]

19.2 12.5 mg or more 4 610 Risk Ratio (M-H, Random, 95% CI) 0.49 [0.37, 0.65]

20 Iron deficiency by zinc
content

7 1645 Risk Ratio (M-H, Random, 95% CI) 0.47 [0.39, 0.57]

20.1 Less than 5 mg 2 757 Risk Ratio (M-H, Random, 95% CI) 0.39 [0.26, 0.60]

20.2 5 mg or more 5 888 Risk Ratio (M-H, Random, 95% CI) 0.48 [0.38, 0.61]

21 Haemoglobin (g/L) 20 10509 Mean Difference (IV, Random, 95%
CI)

2.74 [1.95, 3.53]

22 Haemoglobin by base-
line anaemia status

20 9862 Mean Difference (IV, Random, 95%
CI)

2.76 [2.13, 3.39]

22.1 Anaemic 3 1011 Mean Difference (IV, Random, 95%
CI)

4.53 [0.04, 9.01]

22.2 Non-anaemic 1 18 Mean Difference (IV, Random, 95%
CI)

-8.0 [-12.26, -3.74]

22.3 Mixed/unknown 16 8833 Mean Difference (IV, Random, 95%
CI)

3.05 [1.77, 4.32]

23 Haemoglobin by base-
line iron status

20 10498 Mean Difference (IV, Random, 95%
CI)

2.73 [1.94, 3.52]

23.1 Iron deficiency 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

23.2 Non-iron deficiency 1 18 Mean Difference (IV, Random, 95%
CI)

-8.0 [-12.26, -3.74]

23.3 Mixed/unknown 19 10480 Mean Difference (IV, Random, 95%
CI)

3.02 [2.22, 3.82]

24 Haemoglobin by age at
the start of the intervention

18 6040 Mean Difference (IV, Random, 95%
CI)

2.83 [1.02, 4.65]

24.1 6 to 11 months 12 3948 Mean Difference (IV, Random, 95%
CI)

2.82 [0.59, 5.05]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

24.2 12 to 17 months 3 938 Mean Difference (IV, Random, 95%
CI)

1.14 [-1.39, 3.67]

24.3 18 to 23 months 3 1154 Mean Difference (IV, Random, 95%
CI)

4.04 [-1.92, 10.00]

25 Haemoglobin by refugee
status

20 10498 Mean Difference (IV, Random, 95%
CI)

2.73 [1.94, 3.52]

25.1 Yes 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

25.2 No 20 10498 Mean Difference (IV, Random, 95%
CI)

2.73 [1.94, 3.52]

26 Haemoglobin by malaria
endemicity in the study area

20 10498 Mean Difference (IV, Random, 95%
CI)

2.73 [1.94, 3.52]

26.1 Yes 19 9941 Mean Difference (IV, Random, 95%
CI)

2.30 [1.49, 3.11]

26.2 No 1 557 Mean Difference (IV, Random, 95%
CI)

9.5 [7.19, 11.81]

27 Haemoglobin by fre-
quency of intake

20 10498 Mean Difference (IV, Random, 95%
CI)

2.73 [1.94, 3.52]

27.1 Daily 19 7455 Mean Difference (IV, Random, 95%
CI)

2.72 [1.23, 4.22]

27.2 Flexible 1 3043 Mean Difference (IV, Random, 95%
CI)

2.60 [2.56, 2.64]

27.3 Weekly 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

28 Haemoglobin by dura-
tion of the intervention

20 10498 Mean Difference (IV, Random, 95%
CI)

2.73 [1.94, 3.52]

28.1 Less than 6 months 7 1510 Mean Difference (IV, Random, 95%
CI)

1.96 [-2.25, 6.17]

28.2 6 months or longer 13 8988 Mean Difference (IV, Random, 95%
CI)

2.70 [1.80, 3.60]

29 Haemoglobin by iron
content

20 10498 Mean Difference (IV, Random, 95%
CI)

2.73 [1.94, 3.52]

29.1 Less than 12.5 mg 9 7288 Mean Difference (IV, Random, 95%
CI)

1.61 [0.58, 2.64]

29.2 12.5 mg or more 11 3210 Mean Difference (IV, Random, 95%
CI)

3.92 [1.06, 6.77]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

30 Haemoglobin by zinc
content

20 10498 Mean Difference (IV, Random, 95%
CI)

2.73 [1.94, 3.52]

30.1 Less than 5 mg 4 3999 Mean Difference (IV, Random, 95%
CI)

2.06 [0.68, 3.44]

30.2 5 mg or more 16 6499 Mean Difference (IV, Random, 95%
CI)

3.05 [1.31, 4.79]

31 Iron status (ferritin con-
centrations in μg/L)

7 2612 Mean Difference (IV, Random, 95%
CI)

12.93 [7.41, 18.45]

32 Iron status (ferritin con-
centrations in μg/L) by
baseline anaemia status

7 2612 Mean Difference (IV, Random, 95%
CI)

12.93 [7.41, 18.45]

32.1 Anaemic 1 125 Mean Difference (IV, Random, 95%
CI)

27.5 [19.29, 35.71]

32.2 Non-anaemic 1 17 Mean Difference (IV, Random, 95%
CI)

26.2 [14.80, 37.60]

32.3 Mixed/unknown 5 2470 Mean Difference (IV, Random, 95%
CI)

8.36 [4.72, 12.00]

33 Iron status (ferritin con-
centrations in μg/L) by
baseline iron status

7 2764 Mean Difference (IV, Random, 95%
CI)

13.43 [5.71, 21.15]

33.1 Iron deficiency 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

33.2 Non-iron deficiency 1 17 Mean Difference (IV, Random, 95%
CI)

26.2 [14.80, 37.60]

33.3 Mixed/unknown 6 2747 Mean Difference (IV, Random, 95%
CI)

11.37 [3.34, 19.40]

34 Iron status (ferritin con-
centrations in μg/L) by age
at the start of the interven-
tion

6 2334 Mean Difference (IV, Random, 95%
CI)

14.43 [6.33, 22.52]

34.1 6 to 11 months 6 2334 Mean Difference (IV, Random, 95%
CI)

14.43 [6.33, 22.52]

34.2 12 to 17 months 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

34.3 18 to 23 months 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

35 Iron status (ferritin con-
centrations in μg/L) by
refugee status

7 2764 Mean Difference (IV, Random, 95%
CI)

13.43 [5.71, 21.15]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

35.1 Yes 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

35.2 No 7 2764 Mean Difference (IV, Random, 95%
CI)

13.43 [5.71, 21.15]

36 Iron status (ferritin con-
centrations in μg/L) by
malaria endemicity in the
study area

7 2612 Mean Difference (IV, Random, 95%
CI)

12.93 [7.41, 18.45]

36.1 Yes 7 2612 Mean Difference (IV, Random, 95%
CI)

12.93 [7.41, 18.45]

36.2 No 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

37 Iron status by frequency
of intake

7 2764 Mean Difference (IV, Random, 95%
CI)

13.43 [5.71, 21.15]

37.1 Daily 7 2764 Mean Difference (IV, Random, 95%
CI)

13.43 [5.71, 21.15]

37.2 Flexible 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

37.3 Weekly 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

38 Iron status (ferritin con-
centrations in μg/L) by du-
ration of the intervention

7 2764 Mean Difference (IV, Random, 95%
CI)

13.43 [5.71, 21.15]

38.1 Less than 6 months 1 17 Mean Difference (IV, Random, 95%
CI)

26.2 [14.80, 37.60]

38.2 6 months or longer 6 2747 Mean Difference (IV, Random, 95%
CI)

11.37 [3.34, 19.40]

39 Iron status (ferritin con-
centrations in μg/L) by iron
content

7 2764 Mean Difference (IV, Random, 95%
CI)

13.43 [5.71, 21.15]

39.1 Less than 12.5 mg 3 2053 Mean Difference (IV, Random, 95%
CI)

6.76 [-2.25, 15.77]

39.2 12.5 mg or more 4 711 Mean Difference (IV, Random, 95%
CI)

19.43 [9.50, 29.36]

40 Iron status (ferritin con-
centrations in μg/L) by zinc
content

7 2764 Mean Difference (IV, Random, 95%
CI)

13.43 [5.71, 21.15]

40.1 Less than 5 mg 1 571 Mean Difference (IV, Random, 95%
CI)

12.5 [8.58, 16.42]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

40.2 5 mg or more 6 2193 Mean Difference (IV, Random, 95%
CI)

13.19 [2.13, 24.25]

41 Weight-for-age (in z
scores)

10 9287 Mean Difference (IV, Random, 95%
CI)

0.02 [-0.03, 0.07]

42 Length-for-age (in z
scores)

11 11682 Mean Difference (IV, Random, 95%
CI)

-0.01 [-0.04, 0.01]

43 Weight-for-length (in z
scores)

10 11664 Mean Difference (IV, Random, 95%
CI)

0.03 [-0.01, 0.08]

44 All-cause morbidity 3 2270 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.77, 1.39]

45 Diarrhoea 5 5579 Odds Ratio (Random, 95% CI) 1.05 [0.82, 1.35]

46 Upper respiratory infec-
tions

3 3560 Odds Ratio (IV, Random, 95% CI) 0.89 [0.76, 1.06]

47 Retinol binding protein
(μmol/L)

2 883 Mean Difference (IV, Random, 95%
CI)

0.0 [-0.04, 0.04]

48 Retinol (μmol/L) 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

49 Serum zinc concentra-
tion

5 1426 Mean Difference (IV, Random, 95%
CI)

1.07 [-3.46, 5.61]

50 Malaria infection 3 1737 Risk Ratio (M-H, Random, 95% CI) 0.88 [0.62, 1.24]

51 Cognitive outcome:
walking independently

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

52 Cognitive outcome: lan-
guage score (Bayley)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

53 Cognitive outcome:
HOME score

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

54 Cognitive outcome: lan-
guage score (CDI)

1   Mean Difference (IV, Random, 95%
CI)

Subtotals only

54.1 Receptive language z
score at 24 months

1 1710 Mean Difference (IV, Random, 95%
CI)

0.17 [0.07, 0.27]

54.2 Expressive language z
score at 24 months

1 1710 Mean Difference (IV, Random, 95%
CI)

0.13 [0.04, 0.22]
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Analysis 1.1.   Comparison 1 Home (point-of-use) fortification of foods
with MNP versus no intervention or placebo, Outcome 1 Anaemia.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Adu-Afarwuah 2007 18/98 31/96 2.27% 0.57[0.34,0.95]

Attanasio 2014 (C) 63/316 85/321 5.09% 0.75[0.57,1]

Barffour 2019 274/689 313/726 9.61% 0.92[0.81,1.04]

Clarke 2018 (C) 310/538 309/514 10.32% 0.96[0.87,1.06]

Giovannini 2006 25/65 43/60 4.02% 0.54[0.38,0.76]

Inayati 2012 (C) 15/42 20/53 2.1% 0.95[0.56,1.61]

Jack 2012 (C) 219/443 259/457 9.62% 0.87[0.77,0.99]

Kounnavong 2011 26/115 14/57 1.89% 0.92[0.52,1.62]

Lanou 2019 (C) 721/819 716/787 11.86% 0.97[0.94,1]

Larson 2018 (C) 586/910 618/934 11.25% 0.97[0.91,1.04]

Lundeen 2010 (C) 148/283 206/274 9.41% 0.7[0.61,0.79]

Macharia-Mutie 2012 18/93 30/93 2.27% 0.6[0.36,1]

Matias 2018 (C) 92/299 114/272 6.67% 0.73[0.59,0.91]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 2.25% 0.54[0.32,0.9]

Sharieff 2006a 5/13 6/13 0.82% 0.83[0.34,2.06]

Soofi 2013 (C) 151/210 194/211 10.54% 0.78[0.71,0.86]

   

Total (95% CI) 5009 4918 100% 0.82[0.76,0.9]

Total events: 2689 (MNP), 2980 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=75.97, df=15(P<0.0001); I2=80.25%  

Test for overall effect: Z=4.5(P<0.0001)  

Favours MNP 1000.01 100.1 1 Favours no int/placebo

 
 

Analysis 1.2.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 2 Anaemia by baseline anaemia status.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.2.1 Anaemic  

Giovannini 2006 25/65 43/60 4.08% 0.54[0.38,0.76]

Subtotal (95% CI) 65 60 4.08% 0.54[0.38,0.76]

Total events: 25 (MNP), 43 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.52(P=0)  

   

1.2.2 Non-anaemic  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.2.3 Mixed/unknown  

Adu-Afarwuah 2007 18/98 31/96 2.31% 0.57[0.34,0.95]

Attanasio 2014 (C) 63/316 85/321 5.15% 0.75[0.57,1]

Barffour 2019 196/391 218/388 9.35% 0.89[0.78,1.02]

Clarke 2018 (C) 310/538 309/514 10.3% 0.96[0.87,1.06]

Inayati 2012 (C) 15/42 20/53 2.14% 0.95[0.56,1.61]
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Jack 2012 (C) 219/443 259/457 9.62% 0.87[0.77,0.99]

Kounnavong 2011 26/115 14/57 1.93% 0.92[0.52,1.62]

Lanou 2019 (C) 721/819 716/787 11.8% 0.97[0.94,1]

Larson 2018 (C) 586/910 618/934 11.2% 0.97[0.91,1.04]

Lundeen 2010 (C) 148/283 206/274 9.41% 0.7[0.61,0.79]

Macharia-Mutie 2012 18/93 30/93 2.31% 0.6[0.36,1]

Matias 2018 (C) 92/299 114/272 6.72% 0.73[0.59,0.91]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 2.3% 0.54[0.32,0.9]

Sharieff 2006a 5/13 6/13 0.84% 0.83[0.34,2.06]

Soofi 2013 (C) 151/210 194/211 10.52% 0.78[0.71,0.86]

Subtotal (95% CI) 4646 4520 95.92% 0.84[0.77,0.91]

Total events: 2586 (MNP), 2842 (No int/placebo)  

Heterogeneity: Tau2=0.01; Chi2=66.32, df=14(P<0.0001); I2=78.89%  

Test for overall effect: Z=4.2(P<0.0001)  

   

Total (95% CI) 4711 4580 100% 0.82[0.75,0.89]

Total events: 2611 (MNP), 2885 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=77.3, df=15(P<0.0001); I2=80.6%  

Test for overall effect: Z=4.54(P<0.0001)  

Test for subgroup differences: Chi2=6, df=1 (P=0.01), I2=83.34%  

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.3.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 3 Anaemia by baseline iron status.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 Iron deficiency  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.3.2 Non-iron deficiency  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.3.3 Mixed/unknown  

Adu-Afarwuah 2007 18/98 31/96 2.27% 0.57[0.34,0.95]

Attanasio 2014 (C) 63/316 85/321 5.09% 0.75[0.57,1]

Barffour 2019 274/689 313/726 9.61% 0.92[0.81,1.04]

Clarke 2018 (C) 310/538 309/514 10.32% 0.96[0.87,1.06]

Giovannini 2006 25/65 43/60 4.02% 0.54[0.38,0.76]

Inayati 2012 (C) 15/42 20/53 2.1% 0.95[0.56,1.61]

Jack 2012 (C) 219/443 259/457 9.62% 0.87[0.77,0.99]

Kounnavong 2011 26/115 14/57 1.89% 0.92[0.52,1.62]

Lanou 2019 (C) 721/819 716/787 11.86% 0.97[0.94,1]

Favours MNP 50.2 20.5 1 Favours no int/placebo
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Larson 2018 (C) 586/910 618/934 11.25% 0.97[0.91,1.04]

Lundeen 2010 (C) 148/283 206/274 9.41% 0.7[0.61,0.79]

Macharia-Mutie 2012 18/93 30/93 2.27% 0.6[0.36,1]

Matias 2018 (C) 92/299 114/272 6.67% 0.73[0.59,0.91]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 2.25% 0.54[0.32,0.9]

Sharieff 2006a 5/13 6/13 0.82% 0.83[0.34,2.06]

Soofi 2013 (C) 151/210 194/211 10.54% 0.78[0.71,0.86]

Subtotal (95% CI) 5009 4918 100% 0.82[0.76,0.9]

Total events: 2689 (MNP), 2980 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=75.97, df=15(P<0.0001); I2=80.25%  

Test for overall effect: Z=4.5(P<0.0001)  

   

Total (95% CI) 5009 4918 100% 0.82[0.76,0.9]

Total events: 2689 (MNP), 2980 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=75.97, df=15(P<0.0001); I2=80.25%  

Test for overall effect: Z=4.5(P<0.0001)  

Test for subgroup differences: Not applicable  

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.4.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 4 Anaemia by age at the start of the intervention.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.4.1 6 to 11 months  

Adu-Afarwuah 2007 18/98 31/96 3.74% 0.57[0.34,0.95]

Clarke 2018 (C) 310/538 309/514 16.4% 0.96[0.87,1.06]

Giovannini 2006 25/65 43/60 6.57% 0.54[0.38,0.76]

Inayati 2012 (C) 15/42 20/53 3.46% 0.95[0.56,1.61]

Jack 2012 (C) 219/443 259/457 15.34% 0.87[0.77,0.99]

Kounnavong 2011 26/115 14/57 3.13% 0.92[0.52,1.62]

Matias 2018 (C) 92/299 114/272 10.78% 0.73[0.59,0.91]

Sharieff 2006a 5/13 6/13 1.37% 0.83[0.34,2.06]

Soofi 2013 (C) 151/210 194/211 16.74% 0.78[0.71,0.86]

Subtotal (95% CI) 1823 1733 77.54% 0.81[0.72,0.9]

Total events: 861 (MNP), 990 (No int/placebo)  

Heterogeneity: Tau2=0.01; Chi2=19.6, df=8(P=0.01); I2=59.18%  

Test for overall effect: Z=3.67(P=0)  

   

1.4.2 12 to 17 months  

Macharia-Mutie 2012 18/93 30/93 3.74% 0.6[0.36,1]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 3.72% 0.54[0.32,0.9]

Subtotal (95% CI) 169 143 7.45% 0.57[0.4,0.82]

Total events: 36 (MNP), 52 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=0.09, df=1(P=0.77); I2=0%  

Test for overall effect: Z=3.07(P=0)  

   

1.4.3 18 to 23 months  

Lundeen 2010 (C) 148/283 206/274 15.01% 0.7[0.61,0.79]
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Subtotal (95% CI) 283 274 15.01% 0.7[0.61,0.79]

Total events: 148 (MNP), 206 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=5.45(P<0.0001)  

   

Total (95% CI) 2275 2150 100% 0.76[0.69,0.85]

Total events: 1045 (MNP), 1248 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=30.21, df=11(P=0); I2=63.59%  

Test for overall effect: Z=4.79(P<0.0001)  

Test for subgroup differences: Chi2=5, df=1 (P=0.08), I2=60.01%  

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.5.   Comparison 1 Home (point-of-use) fortification of foods with
MNP versus no intervention or placebo, Outcome 5 Anaemia by refugee status.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.5.1 Yes  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.5.2 No  

Adu-Afarwuah 2007 18/98 31/96 2.31% 0.57[0.34,0.95]

Attanasio 2014 (C) 63/316 85/321 5.15% 0.75[0.57,1]

Barffour 2019 196/391 218/388 9.35% 0.89[0.78,1.02]

Clarke 2018 (C) 310/538 309/514 10.3% 0.96[0.87,1.06]

Giovannini 2006 25/65 43/60 4.08% 0.54[0.38,0.76]

Inayati 2012 (C) 15/42 20/53 2.14% 0.95[0.56,1.61]

Jack 2012 (C) 219/443 259/457 9.62% 0.87[0.77,0.99]

Kounnavong 2011 26/115 14/57 1.93% 0.92[0.52,1.62]

Lanou 2019 (C) 721/819 716/787 11.8% 0.97[0.94,1]

Larson 2018 (C) 586/910 618/934 11.2% 0.97[0.91,1.04]

Lundeen 2010 (C) 148/283 206/274 9.41% 0.7[0.61,0.79]

Macharia-Mutie 2012 18/93 30/93 2.31% 0.6[0.36,1]

Matias 2018 (C) 92/299 114/272 6.72% 0.73[0.59,0.91]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 2.3% 0.54[0.32,0.9]

Sharieff 2006a 5/13 6/13 0.84% 0.83[0.34,2.06]

Soofi 2013 (C) 151/210 194/211 10.52% 0.78[0.71,0.86]

Subtotal (95% CI) 4711 4580 100% 0.82[0.75,0.89]

Total events: 2611 (MNP), 2885 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=77.3, df=15(P<0.0001); I2=80.6%  

Test for overall effect: Z=4.54(P<0.0001)  

   

Total (95% CI) 4711 4580 100% 0.82[0.75,0.89]

Total events: 2611 (MNP), 2885 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=77.3, df=15(P<0.0001); I2=80.6%  

Test for overall effect: Z=4.54(P<0.0001)  
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for subgroup differences: Not applicable  

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.6.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 6 Anaemia by malaria endemicity in the study area.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.6.1 Yes  

Adu-Afarwuah 2007 18/98 31/96 2.27% 0.57[0.34,0.95]

Attanasio 2014 (C) 63/316 85/321 5.09% 0.75[0.57,1]

Barffour 2019 274/689 313/726 9.61% 0.92[0.81,1.04]

Clarke 2018 (C) 310/538 309/514 10.32% 0.96[0.87,1.06]

Giovannini 2006 25/65 43/60 4.02% 0.54[0.38,0.76]

Inayati 2012 (C) 15/42 20/53 2.1% 0.95[0.56,1.61]

Jack 2012 (C) 219/443 259/457 9.62% 0.87[0.77,0.99]

Kounnavong 2011 26/115 14/57 1.89% 0.92[0.52,1.62]

Lanou 2019 (C) 721/819 716/787 11.86% 0.97[0.94,1]

Larson 2018 (C) 586/910 618/934 11.25% 0.97[0.91,1.04]

Macharia-Mutie 2012 18/93 30/93 2.27% 0.6[0.36,1]

Matias 2018 (C) 92/299 114/272 6.67% 0.73[0.59,0.91]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 2.25% 0.54[0.32,0.9]

Sharieff 2006a 5/13 6/13 0.82% 0.83[0.34,2.06]

Soofi 2013 (C) 151/210 194/211 10.54% 0.78[0.71,0.86]

Subtotal (95% CI) 4726 4644 90.59% 0.85[0.78,0.92]

Total events: 2541 (MNP), 2774 (No int/placebo)  

Heterogeneity: Tau2=0.01; Chi2=54.67, df=14(P<0.0001); I2=74.39%  

Test for overall effect: Z=4.09(P<0.0001)  

   

1.6.2 No  

Lundeen 2010 (C) 148/283 206/274 9.41% 0.7[0.61,0.79]

Subtotal (95% CI) 283 274 9.41% 0.7[0.61,0.79]

Total events: 148 (MNP), 206 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=5.45(P<0.0001)  

   

Total (95% CI) 5009 4918 100% 0.82[0.76,0.9]

Total events: 2689 (MNP), 2980 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=75.97, df=15(P<0.0001); I2=80.25%  

Test for overall effect: Z=4.5(P<0.0001)  

Test for subgroup differences: Chi2=6.36, df=1 (P=0.01), I2=84.29%  

Favours MNP 50.2 20.5 1 Favours no int/placebo
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Analysis 1.7.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 7 Anaemia by frequency of intake.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.7.1 Daily  

Adu-Afarwuah 2007 18/98 31/96 2.27% 0.57[0.34,0.95]

Attanasio 2014 (C) 63/316 85/321 5.09% 0.75[0.57,1]

Barffour 2019 274/689 313/726 9.61% 0.92[0.81,1.04]

Clarke 2018 (C) 310/538 309/514 10.32% 0.96[0.87,1.06]

Giovannini 2006 25/65 43/60 4.02% 0.54[0.38,0.76]

Inayati 2012 (C) 15/42 20/53 2.1% 0.95[0.56,1.61]

Jack 2012 (C) 219/443 259/457 9.62% 0.87[0.77,0.99]

Kounnavong 2011 26/115 14/57 1.89% 0.92[0.52,1.62]

Larson 2018 (C) 586/910 618/934 11.25% 0.97[0.91,1.04]

Lundeen 2010 (C) 148/283 206/274 9.41% 0.7[0.61,0.79]

Macharia-Mutie 2012 18/93 30/93 2.27% 0.6[0.36,1]

Matias 2018 (C) 92/299 114/272 6.67% 0.73[0.59,0.91]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 2.25% 0.54[0.32,0.9]

Sharieff 2006a 5/13 6/13 0.82% 0.83[0.34,2.06]

Soofi 2013 (C) 151/210 194/211 10.54% 0.78[0.71,0.86]

Subtotal (95% CI) 4190 4131 88.14% 0.8[0.73,0.88]

Total events: 1968 (MNP), 2264 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=50.65, df=14(P<0.0001); I2=72.36%  

Test for overall effect: Z=4.61(P<0.0001)  

   

1.7.2 Flexible  

Lanou 2019 (C) 721/819 716/787 11.86% 0.97[0.94,1]

Subtotal (95% CI) 819 787 11.86% 0.97[0.94,1]

Total events: 721 (MNP), 716 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.93(P=0.05)  

   

1.7.3 Weekly  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 5009 4918 100% 0.82[0.76,0.9]

Total events: 2689 (MNP), 2980 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=75.97, df=15(P<0.0001); I2=80.25%  

Test for overall effect: Z=4.5(P<0.0001)  

Test for subgroup differences: Chi2=13.58, df=1 (P=0), I2=92.64%  

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.8.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 8 Anaemia by duration of the intervention.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.8.1 Less than 6 months  
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Inayati 2012 (C) 15/42 20/53 2.1% 0.95[0.56,1.61]

Lundeen 2010 (C) 148/283 206/274 9.41% 0.7[0.61,0.79]

Macharia-Mutie 2012 18/93 30/93 2.27% 0.6[0.36,1]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 2.25% 0.54[0.32,0.9]

Sharieff 2006a 5/13 6/13 0.82% 0.83[0.34,2.06]

Subtotal (95% CI) 507 483 16.85% 0.69[0.62,0.78]

Total events: 204 (MNP), 284 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=2.73, df=4(P=0.6); I2=0%  

Test for overall effect: Z=6.06(P<0.0001)  

   

1.8.2 6 months or longer  

Adu-Afarwuah 2007 18/98 31/96 2.27% 0.57[0.34,0.95]

Attanasio 2014 (C) 63/316 85/321 5.09% 0.75[0.57,1]

Barffour 2019 274/689 313/726 9.61% 0.92[0.81,1.04]

Clarke 2018 (C) 310/538 309/514 10.32% 0.96[0.87,1.06]

Giovannini 2006 25/65 43/60 4.02% 0.54[0.38,0.76]

Jack 2012 (C) 219/443 259/457 9.62% 0.87[0.77,0.99]

Kounnavong 2011 26/115 14/57 1.89% 0.92[0.52,1.62]

Lanou 2019 (C) 721/819 716/787 11.86% 0.97[0.94,1]

Larson 2018 (C) 586/910 618/934 11.25% 0.97[0.91,1.04]

Matias 2018 (C) 92/299 114/272 6.67% 0.73[0.59,0.91]

Soofi 2013 (C) 151/210 194/211 10.54% 0.78[0.71,0.86]

Subtotal (95% CI) 4502 4435 83.15% 0.86[0.8,0.93]

Total events: 2485 (MNP), 2696 (No int/placebo)  

Heterogeneity: Tau2=0.01; Chi2=45.47, df=10(P<0.0001); I2=78.01%  

Test for overall effect: Z=3.66(P=0)  

   

Total (95% CI) 5009 4918 100% 0.82[0.76,0.9]

Total events: 2689 (MNP), 2980 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=75.97, df=15(P<0.0001); I2=80.25%  

Test for overall effect: Z=4.5(P<0.0001)  

Test for subgroup differences: Chi2=9.09, df=1 (P=0), I2=89%  

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.9.   Comparison 1 Home (point-of-use) fortification of foods with
MNP versus no intervention or placebo, Outcome 9 Anaemia by iron content.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.9.1 Less than 12.5 mg  

Barffour 2019 274/689 313/726 9.61% 0.92[0.81,1.04]

Clarke 2018 (C) 310/538 309/514 10.32% 0.96[0.87,1.06]

Inayati 2012 (C) 15/42 20/53 2.1% 0.95[0.56,1.61]

Kounnavong 2011 26/115 14/57 1.89% 0.92[0.52,1.62]

Lanou 2019 (C) 721/819 716/787 11.86% 0.97[0.94,1]

Macharia-Mutie 2012 18/93 30/93 2.27% 0.6[0.36,1]

Matias 2018 (C) 92/299 114/272 6.67% 0.73[0.59,0.91]

Subtotal (95% CI) 2595 2502 44.72% 0.91[0.84,1]

Total events: 1456 (MNP), 1516 (No int/placebo)  

Favours MNP 1000.01 100.1 1 Favours No int/placebo
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0.01; Chi2=12.87, df=6(P=0.05); I2=53.38%  

Test for overall effect: Z=2.04(P=0.04)  

   

1.9.2 12.5 mg or more  

Adu-Afarwuah 2007 18/98 31/96 2.27% 0.57[0.34,0.95]

Attanasio 2014 (C) 63/316 85/321 5.09% 0.75[0.57,1]

Giovannini 2006 25/65 43/60 4.02% 0.54[0.38,0.76]

Jack 2012 (C) 219/443 259/457 9.62% 0.87[0.77,0.99]

Larson 2018 (C) 586/910 618/934 11.25% 0.97[0.91,1.04]

Lundeen 2010 (C) 148/283 206/274 9.41% 0.7[0.61,0.79]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 2.25% 0.54[0.32,0.9]

Sharieff 2006a 5/13 6/13 0.82% 0.83[0.34,2.06]

Soofi 2013 (C) 151/210 194/211 10.54% 0.78[0.71,0.86]

Subtotal (95% CI) 2414 2416 55.28% 0.76[0.66,0.87]

Total events: 1233 (MNP), 1464 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=41.18, df=8(P<0.0001); I2=80.57%  

Test for overall effect: Z=4.01(P<0.0001)  

   

Total (95% CI) 5009 4918 100% 0.82[0.76,0.9]

Total events: 2689 (MNP), 2980 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=75.97, df=15(P<0.0001); I2=80.25%  

Test for overall effect: Z=4.5(P<0.0001)  

Test for subgroup differences: Chi2=5.17, df=1 (P=0.02), I2=80.66%  

Favours MNP 1000.01 100.1 1 Favours No int/placebo

 
 

Analysis 1.10.   Comparison 1 Home (point-of-use) fortification of foods with
MNP versus no intervention or placebo, Outcome 10 Anaemia by zinc content.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.10.1 Less than 5 mg  

Lanou 2019 (C) 721/819 716/787 11.86% 0.97[0.94,1]

Macharia-Mutie 2012 18/93 30/93 2.27% 0.6[0.36,1]

Matias 2018 (C) 92/299 114/272 6.67% 0.73[0.59,0.91]

Subtotal (95% CI) 1211 1152 20.8% 0.79[0.57,1.1]

Total events: 831 (MNP), 860 (No int/placebo)  

Heterogeneity: Tau2=0.07; Chi2=14.42, df=2(P=0); I2=86.13%  

Test for overall effect: Z=1.38(P=0.17)  

   

1.10.2 5 mg or more  

Adu-Afarwuah 2007 18/98 31/96 2.27% 0.57[0.34,0.95]

Attanasio 2014 (C) 63/316 85/321 5.09% 0.75[0.57,1]

Barffour 2019 274/689 313/726 9.61% 0.92[0.81,1.04]

Clarke 2018 (C) 310/538 309/514 10.32% 0.96[0.87,1.06]

Giovannini 2006 25/65 43/60 4.02% 0.54[0.38,0.76]

Inayati 2012 (C) 15/42 20/53 2.1% 0.95[0.56,1.61]

Jack 2012 (C) 219/443 259/457 9.62% 0.87[0.77,0.99]

Kounnavong 2011 26/115 14/57 1.89% 0.92[0.52,1.62]

Larson 2018 (C) 586/910 618/934 11.25% 0.97[0.91,1.04]

Favours MNP 50.2 20.5 1 Favours no int/placebo
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Lundeen 2010 (C) 148/283 206/274 9.41% 0.7[0.61,0.79]

Menon 2007 _x0028_C_x0029_ 18/76 22/50 2.25% 0.54[0.32,0.9]

Sharieff 2006a 5/13 6/13 0.82% 0.83[0.34,2.06]

Soofi 2013 (C) 151/210 194/211 10.54% 0.78[0.71,0.86]

Subtotal (95% CI) 3798 3766 79.2% 0.82[0.74,0.9]

Total events: 1858 (MNP), 2120 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=46.13, df=12(P<0.0001); I2=73.99%  

Test for overall effect: Z=4.05(P<0.0001)  

   

Total (95% CI) 5009 4918 100% 0.82[0.76,0.9]

Total events: 2689 (MNP), 2980 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=75.97, df=15(P<0.0001); I2=80.25%  

Test for overall effect: Z=4.5(P<0.0001)  

Test for subgroup differences: Chi2=0.03, df=1 (P=0.86), I2=0%  

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.11.   Comparison 1 Home (point-of-use) fortification of foods
with MNP versus no intervention or placebo, Outcome 11 Iron deficiency.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Adu-Afarwuah 2007 24/87 39/72 18.73% 0.51[0.34,0.76]

Barffour 2019 16/138 40/140 11.06% 0.41[0.24,0.69]

Giovannini 2006 9/65 31/60 7.36% 0.27[0.14,0.52]

Macharia-Mutie 2012 5/93 16/93 3.45% 0.31[0.12,0.82]

Matias 2018 (C) 22/299 48/272 13.51% 0.42[0.26,0.67]

Sharieff 2006a 3/13 4/13 1.95% 0.75[0.21,2.71]

Soofi 2013 (C) 55/158 84/131 43.95% 0.54[0.42,0.7]

   

Total (95% CI) 853 781 100% 0.47[0.39,0.56]

Total events: 134 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.28, df=6(P=0.39); I2=4.53%  

Test for overall effect: Z=8.23(P<0.0001)  

Favours MNP 200.05 50.2 1 Favours no int/placebo

 
 

Analysis 1.12.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 12 Iron deficiency by baseline anaemia status.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.12.1 Anaemic  

Giovannini 2006 9/65 31/60 7.36% 0.27[0.14,0.52]

Subtotal (95% CI) 65 60 7.36% 0.27[0.14,0.52]

Total events: 9 (MNP), 31 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.95(P<0.0001)  

   

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.12.2 Non-anaemic  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.12.3 Mixed/unknown  

Adu-Afarwuah 2007 24/87 39/72 18.73% 0.51[0.34,0.76]

Barffour 2019 16/138 40/140 11.06% 0.41[0.24,0.69]

Macharia-Mutie 2012 5/93 16/93 3.45% 0.31[0.12,0.82]

Matias 2018 (C) 22/299 48/272 13.51% 0.42[0.26,0.67]

Sharieff 2006a 3/13 4/13 1.95% 0.75[0.21,2.71]

Soofi 2013 (C) 55/158 84/131 43.95% 0.54[0.42,0.7]

Subtotal (95% CI) 788 721 92.64% 0.49[0.41,0.59]

Total events: 125 (MNP), 231 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=3.02, df=5(P=0.7); I2=0%  

Test for overall effect: Z=7.81(P<0.0001)  

   

Total (95% CI) 853 781 100% 0.47[0.39,0.56]

Total events: 134 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.28, df=6(P=0.39); I2=4.53%  

Test for overall effect: Z=8.23(P<0.0001)  

Test for subgroup differences: Chi2=3.14, df=1 (P=0.08), I2=68.15%  

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.13.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 13 Iron deficiency by baseline iron status.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.13.1 Iron deficiency  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.13.2 Non-iron deficiency  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.13.3 Mixed/unknown  

Adu-Afarwuah 2007 28/98 39/72 20.69% 0.53[0.36,0.77]

Barffour 2019 16/138 40/140 11.19% 0.41[0.24,0.69]

Giovannini 2006 9/65 31/60 7.51% 0.27[0.14,0.52]

Macharia-Mutie 2012 5/93 16/93 3.55% 0.31[0.12,0.82]

Matias 2018 (C) 22/299 48/272 13.6% 0.42[0.26,0.67]

Sharieff 2006a 3/13 4/13 2.01% 0.75[0.21,2.71]

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Soofi 2013 (C) 55/158 84/131 41.45% 0.54[0.42,0.7]

Subtotal (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

   

Total (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

Test for subgroup differences: Not applicable  

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.14.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no
intervention or placebo, Outcome 14 Iron deficiency by age at the start of the intervention.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.14.1 6 to 11 months  

Adu-Afarwuah 2007 28/98 39/72 24.17% 0.53[0.36,0.77]

Giovannini 2006 9/65 31/60 9.77% 0.27[0.14,0.52]

Matias 2018 (C) 22/299 48/272 16.81% 0.42[0.26,0.67]

Sharieff 2006a 3/13 4/13 2.74% 0.75[0.21,2.71]

Soofi 2013 (C) 55/158 84/131 41.74% 0.54[0.42,0.7]

Subtotal (95% CI) 633 548 95.22% 0.48[0.38,0.6]

Total events: 117 (MNP), 206 (No int/placebo)  

Heterogeneity: Tau2=0.01; Chi2=5.11, df=4(P=0.28); I2=21.68%  

Test for overall effect: Z=6.33(P<0.0001)  

   

1.14.2 12 to 17 months  

Macharia-Mutie 2012 5/93 16/93 4.78% 0.31[0.12,0.82]

Subtotal (95% CI) 93 93 4.78% 0.31[0.12,0.82]

Total events: 5 (MNP), 16 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.37(P=0.02)  

   

1.14.3 18 to 23 months  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 726 641 100% 0.47[0.38,0.59]

Total events: 122 (MNP), 222 (No int/placebo)  

Heterogeneity: Tau2=0.01; Chi2=6.04, df=5(P=0.3); I2=17.23%  

Test for overall effect: Z=6.8(P<0.0001)  

Test for subgroup differences: Chi2=0.74, df=1 (P=0.39), I2=0%  

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo
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Analysis 1.15.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 15 Iron deficiency by refugee status.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.15.1 Yes  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.15.2 No  

Adu-Afarwuah 2007 28/98 39/72 20.69% 0.53[0.36,0.77]

Barffour 2019 16/138 40/140 11.19% 0.41[0.24,0.69]

Giovannini 2006 9/65 31/60 7.51% 0.27[0.14,0.52]

Macharia-Mutie 2012 5/93 16/93 3.55% 0.31[0.12,0.82]

Matias 2018 (C) 22/299 48/272 13.6% 0.42[0.26,0.67]

Sharieff 2006a 3/13 4/13 2.01% 0.75[0.21,2.71]

Soofi 2013 (C) 55/158 84/131 41.45% 0.54[0.42,0.7]

Subtotal (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

   

Total (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

Test for subgroup differences: Not applicable  

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.16.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no
intervention or placebo, Outcome 16 Iron deficiency by malaria endemicity in the study area.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.16.1 Yes  

Adu-Afarwuah 2007 28/98 39/72 20.69% 0.53[0.36,0.77]

Barffour 2019 16/138 40/140 11.19% 0.41[0.24,0.69]

Giovannini 2006 9/65 31/60 7.51% 0.27[0.14,0.52]

Macharia-Mutie 2012 5/93 16/93 3.55% 0.31[0.12,0.82]

Matias 2018 (C) 22/299 48/272 13.6% 0.42[0.26,0.67]

Sharieff 2006a 3/13 4/13 2.01% 0.75[0.21,2.71]

Soofi 2013 (C) 55/158 84/131 41.45% 0.54[0.42,0.7]

Subtotal (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

   

1.16.2 No  

Subtotal (95% CI) 0 0 Not estimable

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo

Home fortification of foods with multiple micronutrient powders for health and nutrition in children under two years of age (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

125



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

Test for subgroup differences: Not applicable  

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.17.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 17 Iron deficiency by frequency of intake.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.17.1 Daily  

Adu-Afarwuah 2007 28/98 39/72 20.69% 0.53[0.36,0.77]

Barffour 2019 16/138 40/140 11.19% 0.41[0.24,0.69]

Giovannini 2006 9/65 31/60 7.51% 0.27[0.14,0.52]

Macharia-Mutie 2012 5/93 16/93 3.55% 0.31[0.12,0.82]

Matias 2018 (C) 22/299 48/272 13.6% 0.42[0.26,0.67]

Sharieff 2006a 3/13 4/13 2.01% 0.75[0.21,2.71]

Soofi 2013 (C) 55/158 84/131 41.45% 0.54[0.42,0.7]

Subtotal (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

   

1.17.2 Flexible  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.17.3 Weekly  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (No int/placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

Test for subgroup differences: Not applicable  

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo
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Analysis 1.18.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 18 Iron deficiency by duration of the intervention.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.18.1 Less than 6 months  

Barffour 2019 16/138 40/140 11.19% 0.41[0.24,0.69]

Macharia-Mutie 2012 5/93 16/93 3.55% 0.31[0.12,0.82]

Sharieff 2006a 3/13 4/13 2.01% 0.75[0.21,2.71]

Subtotal (95% CI) 244 246 16.75% 0.41[0.27,0.64]

Total events: 24 (MNP), 60 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=1.17, df=2(P=0.56); I2=0%  

Test for overall effect: Z=3.97(P<0.0001)  

   

1.18.2 6 months or longer  

Adu-Afarwuah 2007 28/98 39/72 20.69% 0.53[0.36,0.77]

Giovannini 2006 9/65 31/60 7.51% 0.27[0.14,0.52]

Matias 2018 (C) 22/299 48/272 13.6% 0.42[0.26,0.67]

Soofi 2013 (C) 55/158 84/131 41.45% 0.54[0.42,0.7]

Subtotal (95% CI) 620 535 83.25% 0.47[0.36,0.6]

Total events: 114 (MNP), 202 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=4.71, df=3(P=0.19); I2=36.35%  

Test for overall effect: Z=5.9(P<0.0001)  

   

Total (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

Test for subgroup differences: Chi2=0.25, df=1 (P=0.62), I2=0%  

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.19.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 19 Iron deficiency by iron content.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.19.1 Less than 12.5 mg  

Barffour 2019 16/138 40/140 11.19% 0.41[0.24,0.69]

Macharia-Mutie 2012 5/93 16/93 3.55% 0.31[0.12,0.82]

Matias 2018 (C) 22/299 48/272 13.6% 0.42[0.26,0.67]

Subtotal (95% CI) 530 505 28.34% 0.4[0.29,0.56]

Total events: 43 (MNP), 104 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=0.28, df=2(P=0.87); I2=0%  

Test for overall effect: Z=5.42(P<0.0001)  

   

1.19.2 12.5 mg or more  

Adu-Afarwuah 2007 28/98 39/72 20.69% 0.53[0.36,0.77]

Giovannini 2006 9/65 31/60 7.51% 0.27[0.14,0.52]

Sharieff 2006a 3/13 4/13 2.01% 0.75[0.21,2.71]

Soofi 2013 (C) 55/158 84/131 41.45% 0.54[0.42,0.7]

Subtotal (95% CI) 334 276 71.66% 0.49[0.37,0.65]

Total events: 95 (MNP), 158 (No int/placebo)  

Favours MNP 1000.01 100.1 1 Favours no int/placebo
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0.03; Chi2=4.45, df=3(P=0.22); I2=32.64%  

Test for overall effect: Z=4.94(P<0.0001)  

   

Total (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

Test for subgroup differences: Chi2=0.88, df=1 (P=0.35), I2=0%  

Favours MNP 1000.01 100.1 1 Favours no int/placebo

 
 

Analysis 1.20.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 20 Iron deficiency by zinc content.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.20.1 Less than 5 mg  

Macharia-Mutie 2012 5/93 16/93 3.55% 0.31[0.12,0.82]

Matias 2018 (C) 22/299 48/272 13.6% 0.42[0.26,0.67]

Subtotal (95% CI) 392 365 17.15% 0.39[0.26,0.6]

Total events: 27 (MNP), 64 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=0.28, df=1(P=0.6); I2=0%  

Test for overall effect: Z=4.27(P<0.0001)  

   

1.20.2 5 mg or more  

Adu-Afarwuah 2007 28/98 39/72 20.69% 0.53[0.36,0.77]

Barffour 2019 16/138 40/140 11.19% 0.41[0.24,0.69]

Giovannini 2006 9/65 31/60 7.51% 0.27[0.14,0.52]

Sharieff 2006a 3/13 4/13 2.01% 0.75[0.21,2.71]

Soofi 2013 (C) 55/158 84/131 41.45% 0.54[0.42,0.7]

Subtotal (95% CI) 472 416 82.85% 0.48[0.38,0.61]

Total events: 111 (MNP), 198 (No int/placebo)  

Heterogeneity: Tau2=0.02; Chi2=5.14, df=4(P=0.27); I2=22.23%  

Test for overall effect: Z=6.18(P<0.0001)  

   

Total (95% CI) 864 781 100% 0.47[0.39,0.57]

Total events: 138 (MNP), 262 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=6.48, df=6(P=0.37); I2=7.38%  

Test for overall effect: Z=8.04(P<0.0001)  

Test for subgroup differences: Chi2=0.65, df=1 (P=0.42), I2=0%  

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.21.   Comparison 1 Home (point-of-use) fortification of foods with
MNP versus no intervention or placebo, Outcome 21 Haemoglobin (g/L).

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 1.93% 5[-0.21,10.21]

Favours no int/placebo 2010-20 -10 0 Favours MNP
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 2.74% 4.3[0.1,8.5]

Attanasio 2014 (C) 316 120.5 (11.9) 321 120.9 (12.1) 7.31% -0.49[-2.35,1.37]

Barffour 2019 689 111.6 (0.4) 726 110.6 (0.4) 12.29% 1[0.96,1.04]

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 5.61% 1.99[-0.47,4.45]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 8.11% 1.5[-0.12,3.12]

Esamai 2014 10 120 (4) 8 128 (5) 2.68% -8[-12.26,-3.74]

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 3.28% 7.9[4.17,11.63]

Inayati 2012 (C) 51 124 (14) 64 124 (12) 2.19% 0[-4.84,4.84]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 9.47% 5.8[4.57,7.03]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 2.89% 1.6[-2.46,5.66]

Lanou 2019 (C) 1540 93.8 (0.5) 1503 91.2 (0.5) 12.29% 2.6[2.56,2.64]

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 5.98% 9.5[7.19,11.81]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 4.65% 2[-0.89,4.89]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 6.33% 2.8[0.62,4.98]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 2.21% 3.9[-0.91,8.71]

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 3.25% -2[-5.75,1.75]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 2.39% 1.4[-3.18,5.98]

Sharieff 2006a 13 103 (8) 13 99 (12) 0.94% 4[-3.84,11.84]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 3.48% 9[5.42,12.58]

   

Total *** 5307   5202   100% 2.74[1.95,3.53]

Heterogeneity: Tau2=1.32; Chi2=3417.29, df=19(P<0.0001); I2=99.44%  

Test for overall effect: Z=6.8(P<0.0001)  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.22.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 22 Haemoglobin by baseline anaemia status.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.22.1 Anaemic  

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 1.34% 5[-0.21,10.21]

Barffour 2019 391 108.9 (0.5) 388 107.3 (0.5) 17.56% 1.6[1.53,1.67]

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 2.43% 7.9[4.17,11.63]

Subtotal *** 505   506   21.33% 4.53[0.04,9.01]

Heterogeneity: Tau2=12.67; Chi2=12.56, df=2(P=0); I2=84.08%  

Test for overall effect: Z=1.98(P=0.05)  

   

1.22.2 Non-anaemic  

Esamai 2014 10 120 (4) 8 128 (5) 1.93% -8[-12.26,-3.74]

Subtotal *** 10   8   1.93% -8[-12.26,-3.74]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.68(P=0)  

   

1.22.3 Mixed/unknown  

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 1.98% 4.3[0.1,8.5]

Attanasio 2014 (C) 308 120.5 (12) 318 121.2 (12) 6.79% -0.64[-2.53,1.25]

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 4.75% 1.99[-0.47,4.45]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 8.12% 1.5[-0.12,3.12]

Favours no int/placebo 2010-20 -10 0 Favours MNP
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Inayati 2012 (C) 51 124 (14) 64 124 (12) 1.53% 0[-4.84,4.84]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 10.5% 5.8[4.57,7.03]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 2.1% 1.6[-2.46,5.66]

Lanou 2019 (C) 1540 93.8 (0.5) 1503 91.2 (0.5) 17.59% 2.6[2.56,2.64]

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 5.18% 9.5[7.19,11.81]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 3.72% 2[-0.89,4.89]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 5.62% 2.8[0.62,4.98]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 1.55% 3.9[-0.91,8.71]

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 2.41% -2[-5.75,1.75]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 1.69% 1.4[-3.18,5.98]

Sharieff 2006a 13 103 (8) 13 99 (12) 0.62% 4[-3.84,11.84]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 2.61% 9[5.42,12.58]

Subtotal *** 4486   4347   76.74% 3.05[1.77,4.32]

Heterogeneity: Tau2=4.27; Chi2=94.37, df=15(P<0.0001); I2=84.11%  

Test for overall effect: Z=4.68(P<0.0001)  

   

Total *** 5001   4861   100% 2.76[2.13,3.39]

Heterogeneity: Tau2=0.58; Chi2=750.36, df=19(P<0.0001); I2=97.47%  

Test for overall effect: Z=8.63(P<0.0001)  

Test for subgroup differences: Chi2=24.72, df=1 (P<0.0001), I2=91.91%  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.23.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 23 Haemoglobin by baseline iron status.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.23.1 Iron deficiency  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.23.2 Non-iron deficiency  

Esamai 2014 10 120 (4) 8 128 (5) 2.69% -8[-12.26,-3.74]

Subtotal *** 10   8   2.69% -8[-12.26,-3.74]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.68(P=0)  

   

1.23.3 Mixed/unknown  

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 1.93% 5[-0.21,10.21]

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 2.75% 4.3[0.1,8.5]

Attanasio 2014 (C) 308 120.5 (12) 318 121.2 (12) 7.23% -0.64[-2.53,1.25]

Barffour 2019 689 111.6 (0.4) 726 110.6 (0.4) 12.3% 1[0.96,1.04]

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 5.61% 1.99[-0.47,4.45]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 8.12% 1.5[-0.12,3.12]

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 3.28% 7.9[4.17,11.63]

Inayati 2012 (C) 51 124 (14) 64 124 (12) 2.19% 0[-4.84,4.84]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 9.47% 5.8[4.57,7.03]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 2.89% 1.6[-2.46,5.66]
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Lanou 2019 (C) 1540 93.8 (0.5) 1503 91.2 (0.5) 12.3% 2.6[2.56,2.64]

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 5.98% 9.5[7.19,11.81]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 4.65% 2[-0.89,4.89]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 6.34% 2.8[0.62,4.98]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 2.21% 3.9[-0.91,8.71]

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 3.26% -2[-5.75,1.75]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 2.39% 1.4[-3.18,5.98]

Sharieff 2006a 13 103 (8) 13 99 (12) 0.94% 4[-3.84,11.84]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 3.48% 9[5.42,12.58]

Subtotal *** 5289   5191   97.31% 3.02[2.22,3.82]

Heterogeneity: Tau2=1.31; Chi2=3397.05, df=18(P<0.0001); I2=99.47%  

Test for overall effect: Z=7.42(P<0.0001)  

   

Total *** 5299   5199   100% 2.73[1.94,3.52]

Heterogeneity: Tau2=1.32; Chi2=3417.92, df=19(P<0.0001); I2=99.44%  

Test for overall effect: Z=6.77(P<0.0001)  

Test for subgroup differences: Chi2=24.85, df=1 (P<0.0001), I2=95.98%  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.24.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no
intervention or placebo, Outcome 24 Haemoglobin by age at the start of the intervention.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.24.1 6 to 11 months  

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 4.51% 5[-0.21,10.21]

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 5.19% 4.3[0.1,8.5]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 6.79% 1.5[-0.12,3.12]

Esamai 2014 10 120 (4) 8 128 (5) 5.14% -8[-12.26,-3.74]

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 5.51% 7.9[4.17,11.63]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 6.95% 5.8[4.57,7.03]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 5.28% 1.6[-2.46,5.66]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 6.5% 2.8[0.62,4.98]

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 5.49% -2[-5.75,1.75]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 4.92% 1.4[-3.18,5.98]

Sharieff 2006a 13 103 (8) 13 99 (12) 3.07% 4[-3.84,11.84]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 5.61% 9[5.42,12.58]

Subtotal *** 2013   1935   64.96% 2.82[0.59,5.05]

Heterogeneity: Tau2=11.65; Chi2=72.35, df=11(P<0.0001); I2=84.8%  

Test for overall effect: Z=2.48(P=0.01)  

   

1.24.2 12 to 17 months  

Attanasio 2014 (C) 308 120.5 (12) 318 121.2 (12) 6.66% -0.64[-2.53,1.25]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 6.07% 2[-0.89,4.89]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 4.77% 3.9[-0.91,8.71]

Subtotal *** 477   461   17.51% 1.14[-1.39,3.67]

Heterogeneity: Tau2=2.67; Chi2=4.36, df=2(P=0.11); I2=54.09%  

Test for overall effect: Z=0.88(P=0.38)  
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.24.3 18 to 23 months  

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 6.34% 1.99[-0.47,4.45]

Inayati 2012 (C) 51 124 (14) 64 124 (12) 4.75% 0[-4.84,4.84]

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 6.43% 9.5[7.19,11.81]

Subtotal *** 580   574   17.53% 4.04[-1.92,10]

Heterogeneity: Tau2=24.87; Chi2=24.23, df=2(P<0.0001); I2=91.75%  

Test for overall effect: Z=1.33(P=0.18)  

   

Total *** 3070   2970   100% 2.83[1.02,4.65]

Heterogeneity: Tau2=11.93; Chi2=121.12, df=17(P<0.0001); I2=85.96%  

Test for overall effect: Z=3.06(P=0)  

Test for subgroup differences: Chi2=1.33, df=1 (P=0.51), I2=0%  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.25.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 25 Haemoglobin by refugee status.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.25.1 Yes  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.25.2 No  

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 1.93% 5[-0.21,10.21]

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 2.75% 4.3[0.1,8.5]

Attanasio 2014 (C) 308 120.5 (12) 318 121.2 (12) 7.23% -0.64[-2.53,1.25]

Barffour 2019 689 111.6 (0.4) 726 110.6 (0.4) 12.3% 1[0.96,1.04]

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 5.61% 1.99[-0.47,4.45]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 8.12% 1.5[-0.12,3.12]

Esamai 2014 10 120 (4) 8 128 (5) 2.69% -8[-12.26,-3.74]

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 3.28% 7.9[4.17,11.63]

Inayati 2012 (C) 51 124 (14) 64 124 (12) 2.19% 0[-4.84,4.84]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 9.47% 5.8[4.57,7.03]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 2.89% 1.6[-2.46,5.66]

Lanou 2019 (C) 1540 93.8 (0.5) 1503 91.2 (0.5) 12.3% 2.6[2.56,2.64]

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 5.98% 9.5[7.19,11.81]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 4.65% 2[-0.89,4.89]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 6.34% 2.8[0.62,4.98]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 2.21% 3.9[-0.91,8.71]

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 3.26% -2[-5.75,1.75]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 2.39% 1.4[-3.18,5.98]

Sharieff 2006a 13 103 (8) 13 99 (12) 0.94% 4[-3.84,11.84]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 3.48% 9[5.42,12.58]

Subtotal *** 5299   5199   100% 2.73[1.94,3.52]

Heterogeneity: Tau2=1.32; Chi2=3417.92, df=19(P<0.0001); I2=99.44%  

Test for overall effect: Z=6.77(P<0.0001)  
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Total *** 5299   5199   100% 2.73[1.94,3.52]

Heterogeneity: Tau2=1.32; Chi2=3417.92, df=19(P<0.0001); I2=99.44%  

Test for overall effect: Z=6.77(P<0.0001)  

Test for subgroup differences: Not applicable  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.26.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no
intervention or placebo, Outcome 26 Haemoglobin by malaria endemicity in the study area.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.26.1 Yes  

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 1.93% 5[-0.21,10.21]

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 2.75% 4.3[0.1,8.5]

Attanasio 2014 (C) 308 120.5 (12) 318 121.2 (12) 7.23% -0.64[-2.53,1.25]

Barffour 2019 689 111.6 (0.4) 726 110.6 (0.4) 12.3% 1[0.96,1.04]

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 5.61% 1.99[-0.47,4.45]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 8.12% 1.5[-0.12,3.12]

Esamai 2014 10 120 (4) 8 128 (5) 2.69% -8[-12.26,-3.74]

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 3.28% 7.9[4.17,11.63]

Inayati 2012 (C) 51 124 (14) 64 124 (12) 2.19% 0[-4.84,4.84]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 9.47% 5.8[4.57,7.03]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 2.89% 1.6[-2.46,5.66]

Lanou 2019 (C) 1540 93.8 (0.5) 1503 91.2 (0.5) 12.3% 2.6[2.56,2.64]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 4.65% 2[-0.89,4.89]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 6.34% 2.8[0.62,4.98]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 2.21% 3.9[-0.91,8.71]

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 3.26% -2[-5.75,1.75]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 2.39% 1.4[-3.18,5.98]

Sharieff 2006a 13 103 (8) 13 99 (12) 0.94% 4[-3.84,11.84]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 3.48% 9[5.42,12.58]

Subtotal *** 5016   4925   94.02% 2.3[1.49,3.11]

Heterogeneity: Tau2=1.3; Chi2=3376.79, df=18(P<0.0001); I2=99.47%  

Test for overall effect: Z=5.55(P<0.0001)  

   

1.26.2 No  

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 5.98% 9.5[7.19,11.81]

Subtotal *** 283   274   5.98% 9.5[7.19,11.81]

Heterogeneity: Not applicable  

Test for overall effect: Z=8.05(P<0.0001)  

   

Total *** 5299   5199   100% 2.73[1.94,3.52]

Heterogeneity: Tau2=1.32; Chi2=3417.92, df=19(P<0.0001); I2=99.44%  

Test for overall effect: Z=6.77(P<0.0001)  

Test for subgroup differences: Chi2=33.14, df=1 (P<0.0001), I2=96.98%  

Favours no int/placebo 2010-20 -10 0 Favours MNP
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Analysis 1.27.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 27 Haemoglobin by frequency of intake.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.27.1 Daily  

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 1.93% 5[-0.21,10.21]

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 2.75% 4.3[0.1,8.5]

Attanasio 2014 (C) 308 120.5 (12) 318 121.2 (12) 7.23% -0.64[-2.53,1.25]

Barffour 2019 689 111.6 (0.4) 726 110.6 (0.4) 12.3% 1[0.96,1.04]

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 5.61% 1.99[-0.47,4.45]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 8.12% 1.5[-0.12,3.12]

Esamai 2014 10 120 (4) 8 128 (5) 2.69% -8[-12.26,-3.74]

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 3.28% 7.9[4.17,11.63]

Inayati 2012 (C) 51 124 (14) 64 124 (12) 2.19% 0[-4.84,4.84]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 9.47% 5.8[4.57,7.03]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 2.89% 1.6[-2.46,5.66]

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 5.98% 9.5[7.19,11.81]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 4.65% 2[-0.89,4.89]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 6.34% 2.8[0.62,4.98]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 2.21% 3.9[-0.91,8.71]

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 3.26% -2[-5.75,1.75]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 2.39% 1.4[-3.18,5.98]

Sharieff 2006a 13 103 (8) 13 99 (12) 0.94% 4[-3.84,11.84]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 3.48% 9[5.42,12.58]

Subtotal *** 3759   3696   87.7% 2.72[1.23,4.22]

Heterogeneity: Tau2=7.96; Chi2=175.81, df=18(P<0.0001); I2=89.76%  

Test for overall effect: Z=3.57(P=0)  

   

1.27.2 Flexible  

Lanou 2019 (C) 1540 93.8 (0.5) 1503 91.2 (0.5) 12.3% 2.6[2.56,2.64]

Subtotal *** 1540   1503   12.3% 2.6[2.56,2.64]

Heterogeneity: Not applicable  

Test for overall effect: Z=143.41(P<0.0001)  

   

1.27.3 Weekly  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 5299   5199   100% 2.73[1.94,3.52]

Heterogeneity: Tau2=1.32; Chi2=3417.92, df=19(P<0.0001); I2=99.44%  

Test for overall effect: Z=6.77(P<0.0001)  

Test for subgroup differences: Chi2=0.03, df=1 (P=0.87), I2=0%  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.28.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 28 Haemoglobin by duration of the intervention.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.28.1 Less than 6 months  

Favours no int/placebo 2010-20 -10 0 Favours MNP
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 5.61% 1.99[-0.47,4.45]

Esamai 2014 10 120 (4) 8 128 (5) 2.69% -8[-12.26,-3.74]

Inayati 2012 (C) 51 124 (14) 64 124 (12) 2.19% 0[-4.84,4.84]

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 5.98% 9.5[7.19,11.81]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 4.65% 2[-0.89,4.89]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 2.21% 3.9[-0.91,8.71]

Sharieff 2006a 13 103 (8) 13 99 (12) 0.94% 4[-3.84,11.84]

Subtotal *** 772   738   24.27% 1.96[-2.25,6.17]

Heterogeneity: Tau2=27.44; Chi2=58.33, df=6(P<0.0001); I2=89.71%  

Test for overall effect: Z=0.91(P=0.36)  

   

1.28.2 6 months or longer  

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 1.93% 5[-0.21,10.21]

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 2.75% 4.3[0.1,8.5]

Attanasio 2014 (C) 308 120.5 (12) 318 121.2 (12) 7.23% -0.64[-2.53,1.25]

Barffour 2019 689 111.6 (0.4) 726 110.6 (0.4) 12.3% 1[0.96,1.04]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 8.12% 1.5[-0.12,3.12]

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 3.28% 7.9[4.17,11.63]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 9.47% 5.8[4.57,7.03]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 2.89% 1.6[-2.46,5.66]

Lanou 2019 (C) 1540 93.8 (0.5) 1503 91.2 (0.5) 12.3% 2.6[2.56,2.64]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 6.34% 2.8[0.62,4.98]

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 3.26% -2[-5.75,1.75]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 2.39% 1.4[-3.18,5.98]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 3.48% 9[5.42,12.58]

Subtotal *** 4527   4461   75.73% 2.7[1.8,3.6]

Heterogeneity: Tau2=1.3; Chi2=3354.4, df=12(P<0.0001); I2=99.64%  

Test for overall effect: Z=5.86(P<0.0001)  

   

Total *** 5299   5199   100% 2.73[1.94,3.52]

Heterogeneity: Tau2=1.32; Chi2=3417.92, df=19(P<0.0001); I2=99.44%  

Test for overall effect: Z=6.77(P<0.0001)  

Test for subgroup differences: Chi2=0.11, df=1 (P=0.74), I2=0%  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.29.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 29 Haemoglobin by iron content.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.29.1 Less than 12.5 mg  

Barffour 2019 689 111.6 (0.4) 726 110.6 (0.4) 12.3% 1[0.96,1.04]

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 5.61% 1.99[-0.47,4.45]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 8.12% 1.5[-0.12,3.12]

Inayati 2012 (C) 51 124 (14) 64 124 (12) 2.19% 0[-4.84,4.84]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 2.89% 1.6[-2.46,5.66]

Lanou 2019 (C) 1540 93.8 (0.5) 1503 91.2 (0.5) 12.3% 2.6[2.56,2.64]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 4.65% 2[-0.89,4.89]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 6.34% 2.8[0.62,4.98]
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 3.26% -2[-5.75,1.75]

Subtotal *** 3682   3606   57.65% 1.61[0.58,2.64]

Heterogeneity: Tau2=1.28; Chi2=3282.41, df=8(P<0.0001); I2=99.76%  

Test for overall effect: Z=3.07(P=0)  

   

1.29.2 12.5 mg or more  

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 1.93% 5[-0.21,10.21]

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 2.75% 4.3[0.1,8.5]

Attanasio 2014 (C) 308 120.5 (12) 318 121.2 (12) 7.23% -0.64[-2.53,1.25]

Esamai 2014 10 120 (4) 8 128 (5) 2.69% -8[-12.26,-3.74]

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 3.28% 7.9[4.17,11.63]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 9.47% 5.8[4.57,7.03]

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 5.98% 9.5[7.19,11.81]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 2.21% 3.9[-0.91,8.71]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 2.39% 1.4[-3.18,5.98]

Sharieff 2006a 13 103 (8) 13 99 (12) 0.94% 4[-3.84,11.84]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 3.48% 9[5.42,12.58]

Subtotal *** 1617   1593   42.35% 3.92[1.06,6.77]

Heterogeneity: Tau2=19.06; Chi2=94.96, df=10(P<0.0001); I2=89.47%  

Test for overall effect: Z=2.69(P=0.01)  

   

Total *** 5299   5199   100% 2.73[1.94,3.52]

Heterogeneity: Tau2=1.32; Chi2=3417.92, df=19(P<0.0001); I2=99.44%  

Test for overall effect: Z=6.77(P<0.0001)  

Test for subgroup differences: Chi2=2.21, df=1 (P=0.14), I2=54.79%  

Favours no int/placebo 10050-100 -50 0 Favours MNP

 
 

Analysis 1.30.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 30 Haemoglobin by zinc content.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.30.1 Less than 5 mg  

Lanou 2019 (C) 1540 93.8 (0.5) 1503 91.2 (0.5) 12.3% 2.6[2.56,2.64]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 4.65% 2[-0.89,4.89]

Matias 2018 (C) 299 115.2 (13.2) 272 112.4 (13.4) 6.34% 2.8[0.62,4.98]

Osei 2015 (C) 99 120.3 (13) 100 122.3 (14) 3.26% -2[-5.75,1.75]

Subtotal *** 2031   1968   26.54% 2.06[0.68,3.44]

Heterogeneity: Tau2=0.96; Chi2=5.97, df=3(P=0.11); I2=49.73%  

Test for overall effect: Z=2.93(P=0)  

   

1.30.2 5 mg or more  

Adrianopoli 2014 (C) 49 110 (15) 58 105 (12) 1.93% 5[-0.21,10.21]

Adu-Afarwuah 2007 98 110 (15.2) 96 105.7 (14.7) 2.75% 4.3[0.1,8.5]

Attanasio 2014 (C) 308 120.5 (12) 318 121.2 (12) 7.23% -0.64[-2.53,1.25]

Barffour 2019 689 111.6 (0.4) 726 110.6 (0.4) 12.3% 1[0.96,1.04]

Baum 2017 (C) 246 103.4 (12.2) 236 101.4 (15.1) 5.61% 1.99[-0.47,4.45]

Clarke 2018 (C) 550 105.9 (13.8) 555 104.4 (13.6) 8.12% 1.5[-0.12,3.12]

Esamai 2014 10 120 (4) 8 128 (5) 2.69% -8[-12.26,-3.74]
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Giovannini 2006 65 107.6 (11) 60 99.7 (10.3) 3.28% 7.9[4.17,11.63]

Inayati 2012 (C) 51 124 (14) 64 124 (12) 2.19% 0[-4.84,4.84]

Jack 2012 (C) 443 105.8 (8.8) 457 100 (10) 9.47% 5.8[4.57,7.03]

Kounnavong 2011 115 119 (12.8) 57 117.4 (12.8) 2.89% 1.6[-2.46,5.66]

Lundeen 2010 (C) 283 108.1 (13.2) 274 98.6 (14.6) 5.98% 9.5[7.19,11.81]

Menon 2007 _x0028_C_x0029_ 76 104.4 (12.7) 50 100.5 (14) 2.21% 3.9[-0.91,8.71]

Sazawal 2014 _x0028_C_x0029_ 62 3.7 (11) 48 2.3 (13) 2.39% 1.4[-3.18,5.98]

Sharieff 2006a 13 103 (8) 13 99 (12) 0.94% 4[-3.84,11.84]

Soofi 2013 (C) 210 101 (14.7) 211 92 (22.1) 3.48% 9[5.42,12.58]

Subtotal *** 3268   3231   73.46% 3.05[1.31,4.79]

Heterogeneity: Tau2=9.27; Chi2=170.31, df=15(P<0.0001); I2=91.19%  

Test for overall effect: Z=3.43(P=0)  

   

Total *** 5299   5199   100% 2.73[1.94,3.52]

Heterogeneity: Tau2=1.32; Chi2=3417.92, df=19(P<0.0001); I2=99.44%  

Test for overall effect: Z=6.77(P<0.0001)  

Test for subgroup differences: Chi2=0.76, df=1 (P=0.38), I2=0%  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.31.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 31 Iron status (ferritin concentrations in μg/L).

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 4.45% 0.6[-22.6,23.8]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 16.87% 2.11[-3.76,7.98]

Barffour 2019 138 26 (2.5) 140 18.4 (1.7) 20.81% 7.6[7.1,8.1]

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 18.86% 12.5[8.58,16.42]

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 13.71% 13.1[4.38,21.82]

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 11.03% 26.2[14.8,37.6]

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 14.27% 27.5[19.29,35.71]

   

Total *** 1319   1293   100% 12.93[7.41,18.45]

Heterogeneity: Tau2=38.04; Chi2=43.63, df=6(P<0.0001); I2=86.25%  

Test for overall effect: Z=4.59(P<0.0001)  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.32.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no intervention
or placebo, Outcome 32 Iron status (ferritin concentrations in μg/L) by baseline anaemia status.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.32.1 Anaemic  

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 14.27% 27.5[19.29,35.71]

Subtotal *** 65   60   14.27% 27.5[19.29,35.71]

Heterogeneity: Not applicable  

Test for overall effect: Z=6.57(P<0.0001)  

Favours no int/placebo 2010-20 -10 0 Favours MNP
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

   

1.32.2 Non-anaemic  

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 11.03% 26.2[14.8,37.6]

Subtotal *** 8   9   11.03% 26.2[14.8,37.6]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.5(P<0.0001)  

   

1.32.3 Mixed/unknown  

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 13.71% 13.1[4.38,21.82]

Barffour 2019 138 26 (2.5) 140 18.4 (1.7) 20.81% 7.6[7.1,8.1]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 16.87% 2.11[-3.76,7.98]

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 4.45% 0.6[-22.6,23.8]

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 18.86% 12.5[8.58,16.42]

Subtotal *** 1246   1224   74.7% 8.36[4.72,12]

Heterogeneity: Tau2=8.75; Chi2=11.19, df=4(P=0.02); I2=64.24%  

Test for overall effect: Z=4.5(P<0.0001)  

   

Total *** 1319   1293   100% 12.93[7.41,18.45]

Heterogeneity: Tau2=38.04; Chi2=43.63, df=6(P<0.0001); I2=86.25%  

Test for overall effect: Z=4.59(P<0.0001)  

Test for subgroup differences: Chi2=23.34, df=1 (P<0.0001), I2=91.43%  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.33.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no
intervention or placebo, Outcome 33 Iron status (ferritin concentrations in μg/L) by baseline iron status.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.33.1 Iron deficiency  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.33.2 Non-iron deficiency  

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 14.26% 26.2[14.8,37.6]

Subtotal *** 8   9   14.26% 26.2[14.8,37.6]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.5(P<0.0001)  

   

1.33.3 Mixed/unknown  

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 16.38% 13.1[4.38,21.82]

Barffour 2019 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 18.5% 2.11[-3.76,7.98]

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 16.78% 27.5[19.29,35.71]

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 19.66% 12.5[8.58,16.42]

Subtotal *** 1377   1370   85.74% 11.37[3.34,19.4]

Heterogeneity: Tau2=68.06; Chi2=26.5, df=5(P<0.0001); I2=81.14%  

Test for overall effect: Z=2.77(P=0.01)  

Favours no int/placebo 4020-40 -20 0 Favours MNP
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

   

Total *** 1385   1379   100% 13.43[5.71,21.15]

Heterogeneity: Tau2=74.85; Chi2=32.45, df=6(P<0.0001); I2=81.51%  

Test for overall effect: Z=3.41(P=0)  

Test for subgroup differences: Chi2=4.34, df=1 (P=0.04), I2=76.97%  

Favours no int/placebo 4020-40 -20 0 Favours MNP

 
 

Analysis 1.34.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no intervention
or placebo, Outcome 34 Iron status (ferritin concentrations in μg/L) by age at the start of the intervention.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.34.1 6 to 11 months  

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 17.66% 13.1[4.38,21.82]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 19.88% 2.11[-3.76,7.98]

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 15.41% 26.2[14.8,37.6]

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 18.08% 27.5[19.29,35.71]

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 7.86% 0.6[-22.6,23.8]

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 21.1% 12.5[8.58,16.42]

Subtotal *** 1181   1153   100% 14.43[6.33,22.52]

Heterogeneity: Tau2=76.83; Chi2=31.44, df=5(P<0.0001); I2=84.1%  

Test for overall effect: Z=3.49(P=0)  

   

1.34.2 12 to 17 months  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.34.3 18 to 23 months  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 1181   1153   100% 14.43[6.33,22.52]

Heterogeneity: Tau2=76.83; Chi2=31.44, df=5(P<0.0001); I2=84.1%  

Test for overall effect: Z=3.49(P=0)  

Test for subgroup differences: Not applicable  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.35.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no
intervention or placebo, Outcome 35 Iron status (ferritin concentrations in μg/L) by refugee status.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.35.1 Yes  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for overall effect: Not applicable  

   

1.35.2 No  

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 16.38% 13.1[4.38,21.82]

Barffour 2019 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 18.5% 2.11[-3.76,7.98]

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 14.26% 26.2[14.8,37.6]

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 16.78% 27.5[19.29,35.71]

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 19.66% 12.5[8.58,16.42]

Subtotal *** 1385   1379   100% 13.43[5.71,21.15]

Heterogeneity: Tau2=74.85; Chi2=32.45, df=6(P<0.0001); I2=81.51%  

Test for overall effect: Z=3.41(P=0)  

   

Total *** 1385   1379   100% 13.43[5.71,21.15]

Heterogeneity: Tau2=74.85; Chi2=32.45, df=6(P<0.0001); I2=81.51%  

Test for overall effect: Z=3.41(P=0)  

Test for subgroup differences: Not applicable  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.36.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no intervention or
placebo, Outcome 36 Iron status (ferritin concentrations in μg/L) by malaria endemicity in the study area.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.36.1 Yes  

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 13.71% 13.1[4.38,21.82]

Barffour 2019 138 26 (2.5) 140 18.4 (1.7) 20.81% 7.6[7.1,8.1]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 16.87% 2.11[-3.76,7.98]

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 11.03% 26.2[14.8,37.6]

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 14.27% 27.5[19.29,35.71]

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 4.45% 0.6[-22.6,23.8]

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 18.86% 12.5[8.58,16.42]

Subtotal *** 1319   1293   100% 12.93[7.41,18.45]

Heterogeneity: Tau2=38.04; Chi2=43.63, df=6(P<0.0001); I2=86.25%  

Test for overall effect: Z=4.59(P<0.0001)  

   

1.36.2 No  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 1319   1293   100% 12.93[7.41,18.45]

Heterogeneity: Tau2=38.04; Chi2=43.63, df=6(P<0.0001); I2=86.25%  

Test for overall effect: Z=4.59(P<0.0001)  

Test for subgroup differences: Not applicable  

Favours no int/placebo 2010-20 -10 0 Favours MNP
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Analysis 1.37.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 37 Iron status by frequency of intake.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.37.1 Daily  

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 16.38% 13.1[4.38,21.82]

Barffour 2019 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 18.5% 2.11[-3.76,7.98]

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 14.26% 26.2[14.8,37.6]

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 16.78% 27.5[19.29,35.71]

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 19.66% 12.5[8.58,16.42]

Subtotal *** 1385   1379   100% 13.43[5.71,21.15]

Heterogeneity: Tau2=74.85; Chi2=32.45, df=6(P<0.0001); I2=81.51%  

Test for overall effect: Z=3.41(P=0)  

   

1.37.2 Flexible  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.37.3 Weekly  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 1385   1379   100% 13.43[5.71,21.15]

Heterogeneity: Tau2=74.85; Chi2=32.45, df=6(P<0.0001); I2=81.51%  

Test for overall effect: Z=3.41(P=0)  

Test for subgroup differences: Not applicable  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.38.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no intervention
or placebo, Outcome 38 Iron status (ferritin concentrations in μg/L) by duration of the intervention.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.38.1 Less than 6 months  

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 14.26% 26.2[14.8,37.6]

Subtotal *** 8   9   14.26% 26.2[14.8,37.6]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.5(P<0.0001)  

   

1.38.2 6 months or longer  

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 16.38% 13.1[4.38,21.82]

Barffour 2019 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 18.5% 2.11[-3.76,7.98]

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 16.78% 27.5[19.29,35.71]

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 19.66% 12.5[8.58,16.42]

Subtotal *** 1377   1370   85.74% 11.37[3.34,19.4]
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Heterogeneity: Tau2=68.06; Chi2=26.5, df=5(P<0.0001); I2=81.14%  

Test for overall effect: Z=2.77(P=0.01)  

   

Total *** 1385   1379   100% 13.43[5.71,21.15]

Heterogeneity: Tau2=74.85; Chi2=32.45, df=6(P<0.0001); I2=81.51%  

Test for overall effect: Z=3.41(P=0)  

Test for subgroup differences: Chi2=4.34, df=1 (P=0.04), I2=76.97%  

Favours no int/placebo 4020-40 -20 0 Favours MNP

 
 

Analysis 1.39.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no
intervention or placebo, Outcome 39 Iron status (ferritin concentrations in μg/L) by iron content.

Study or subgroup MNP no int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.39.1 Less than 12.5 mg  

Barffour 2019 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 18.5% 2.11[-3.76,7.98]

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 19.66% 12.5[8.58,16.42]

Subtotal *** 1041   1012   45.37% 6.76[-2.25,15.77]

Heterogeneity: Tau2=41.47; Chi2=8.85, df=2(P=0.01); I2=77.4%  

Test for overall effect: Z=1.47(P=0.14)  

   

1.39.2 12.5 mg or more  

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 16.38% 13.1[4.38,21.82]

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 14.26% 26.2[14.8,37.6]

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 16.78% 27.5[19.29,35.71]

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Subtotal *** 344   367   54.63% 19.43[9.5,29.36]

Heterogeneity: Tau2=64.87; Chi2=9.33, df=3(P=0.03); I2=67.85%  

Test for overall effect: Z=3.83(P=0)  

   

Total *** 1385   1379   100% 13.43[5.71,21.15]

Heterogeneity: Tau2=74.85; Chi2=32.45, df=6(P<0.0001); I2=81.51%  

Test for overall effect: Z=3.41(P=0)  

Test for subgroup differences: Chi2=3.43, df=1 (P=0.06), I2=70.82%  

Favours no int/placebo 10050-100 -50 0 Favours MNP

 
 

Analysis 1.40.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus no
intervention or placebo, Outcome 40 Iron status (ferritin concentrations in μg/L) by zinc content.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.40.1 Less than 5 mg  

Matias 2018 (C) 299 38 (28.1) 272 25.5 (19.3) 19.66% 12.5[8.58,16.42]

Subtotal *** 299   272   19.66% 12.5[8.58,16.42]

Heterogeneity: Not applicable  

Test for overall effect: Z=6.24(P<0.0001)  
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

   

1.40.2 5 mg or more  

Adu-Afarwuah 2007 67 21 (33.6) 72 7.9 (14.5) 16.38% 13.1[4.38,21.82]

Barffour 2019 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Clarke 2018 (C) 538 71.5 (69.4) 514 69.4 (2.3) 18.5% 2.11[-3.76,7.98]

Esamai 2014 8 49.9 (12.7) 9 23.7 (11.1) 14.26% 26.2[14.8,37.6]

Giovannini 2006 65 41.6 (30.7) 60 14.1 (13.5) 16.78% 27.5[19.29,35.71]

Jack 2012 (C) 204 33.7 (17.2) 226 33.1 (177) 7.21% 0.6[-22.6,23.8]

Subtotal *** 1086   1107   80.34% 13.19[2.13,24.25]

Heterogeneity: Tau2=144.61; Chi2=32.45, df=5(P<0.0001); I2=84.59%  

Test for overall effect: Z=2.34(P=0.02)  

   

Total *** 1385   1379   100% 13.43[5.71,21.15]

Heterogeneity: Tau2=74.85; Chi2=32.45, df=6(P<0.0001); I2=81.51%  

Test for overall effect: Z=3.41(P=0)  

Test for subgroup differences: Chi2=0.01, df=1 (P=0.91), I2=0%  

Favours no int/placebo 2010-20 -10 0 Favours MNP

 
 

Analysis 1.41.   Comparison 1 Home (point-of-use) fortification of foods with
MNP versus no intervention or placebo, Outcome 41 Weight-for-age (in z scores).

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Aboud 2011 (C) 100 -1.8 (1.1) 92 -1.9 (1.1) 2.45% 0.06[-0.25,0.37]

Adu-Afarwuah 2007 96 -0.5 (1.1) 81 -0.7 (1.1) 2.27% 0.21[-0.12,0.54]

Barffour 2019 701 -1.5 (0.9) 740 -1.5 (0.9) 14.38% 0.01[-0.08,0.1]

Clarke 2018 (C) 519 -0.8 (1.2) 500 -0.9 (1) 9.55% 0.1[-0.03,0.23]

Esamai 2014 10 -0.4 (0.3) 9 -0.4 (0.4) 2.17% 0.02[-0.31,0.35]

Giovannini 2006 65 -1.2 (0.7) 62 -1.1 (0.7) 3.95% -0.17[-0.41,0.07]

Larson 2018 (C) 2170 -1.3 (1) 2122 -1.4 (1) 20.43% 0.08[0.02,0.14]

Mridha 2016 (C) 894 -1.8 (0.9) 816 -1.7 (0.9) 15.29% -0.02[-0.11,0.07]

Osei 2015 (C) 99 -1.6 (0.1) 101 -1.6 (0.1) 26.4% -0.03[-0.06,-0]

Sazawal 2014 _x0028_C_x0029_ 62 0.7 (0.8) 48 0.5 (0.7) 3.11% 0.13[-0.14,0.4]

   

Total *** 4716   4571   100% 0.02[-0.03,0.07]

Heterogeneity: Tau2=0; Chi2=18.35, df=9(P=0.03); I2=50.95%  

Test for overall effect: Z=0.78(P=0.43)  

Favours no int/placebo 0.50.25-0.5 -0.25 0 Favours MNP

 
 

Analysis 1.42.   Comparison 1 Home (point-of-use) fortification of foods with
MNP versus no intervention or placebo, Outcome 42 Length-for-age (in z scores).

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Aboud 2011 (C) 100 -1.6 (1.3) 92 -1.6 (1.3) 0.45% 0.01[-0.36,0.38]

Adu-Afarwuah 2007 96 -0.4 (1) 81 -0.4 (1) 0.69% 0[-0.3,0.3]

Barffour 2019 701 -1.9 (1) 740 -1.9 (1) 5.65% -0.01[-0.11,0.09]

Favours no int/placebo 0.50.25-0.5 -0.25 0 Favours MNP
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Clarke 2018 (C) 519 -0.9 (1.7) 500 -1 (1.4) 1.71% 0.13[-0.06,0.32]

Esamai 2014 10 -1.2 (0.4) 9 -0.7 (0.9) 0.16% -0.45[-1.06,0.16]

Giovannini 2006 65 -1.6 (0.8) 62 -1.6 (0.7) 0.91% 0.07[-0.19,0.33]

Lanou 2019 (C) 1240 -1.1 (1.3) 1156 -1.1 (1.4) 5.27% 0.04[-0.07,0.15]

Larson 2018 (C) 2170 -1.4 (1.2) 2122 -1.4 (1.2) 11.7% 0.02[-0.05,0.09]

Mridha 2016 (C) 894 -1.8 (1) 816 -1.8 (0.9) 7.51% -0.05[-0.14,0.04]

Osei 2015 (C) 99 -2 (0.1) 100 -2 (0.1) 63.99% -0.02[-0.05,0.01]

Sazawal 2014 _x0028_C_x0029_ 62 -0.2 (0.5) 48 -0.2 (0.5) 1.96% -0.01[-0.19,0.17]

   

Total *** 5956   5726   100% -0.01[-0.04,0.01]

Heterogeneity: Tau2=0; Chi2=7.19, df=10(P=0.71); I2=0%  

Test for overall effect: Z=0.85(P=0.39)  

Favours no int/placebo 0.50.25-0.5 -0.25 0 Favours MNP

 
 

Analysis 1.43.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 43 Weight-for-length (in z scores).

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Adrianopoli 2014 (C) 49 0 (0.8) 58 -0.2 (0.9) 1.98% 0.2[-0.12,0.52]

Adu-Afarwuah 2007 96 -0.4 (1.1) 81 -0.7 (1.1) 1.95% 0.29[-0.04,0.62]

Barffour 2019 701 -0.7 (0.9) 740 -0.7 (0.8) 13.93% 0.02[-0.07,0.11]

Clarke 2018 (C) 550 -0.4 (1.1) 555 -0.4 (1.2) 8.36% 0.07[-0.06,0.2]

Giovannini 2006 65 -0.5 (0.8) 62 -0.3 (0.8) 2.64% -0.2[-0.48,0.08]

Lanou 2019 (C) 1240 -1 (1.2) 1156 -1 (1.2) 13.01% 0.04[-0.05,0.13]

Larson 2018 (C) 2170 -0.8 (1) 2122 -0.9 (1) 18.38% 0.08[0.02,0.14]

Mridha 2016 (C) 894 -1.1 (0.9) 816 -1.1 (0.9) 14.21% 0[-0.08,0.08]

Osei 2015 (C) 99 -0.7 (0.1) 100 -0.7 (0.1) 23.72% -0.02[-0.05,0.01]

Sazawal 2014 _x0028_C_x0029_ 62 0.9 (1) 48 0.7 (0.8) 1.83% 0.25[-0.09,0.59]

   

Total *** 5926   5738   100% 0.03[-0.01,0.08]

Heterogeneity: Tau2=0; Chi2=18.91, df=9(P=0.03); I2=52.4%  

Test for overall effect: Z=1.36(P=0.17)  

Favours no int/placebo 0.50.25-0.5 -0.25 0 Favours MNP

 
 

Analysis 1.44.   Comparison 1 Home (point-of-use) fortification of foods with
MNP versus no intervention or placebo, Outcome 44 All-cause morbidity.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Aboud 2011 (C) 35/100 39/92 38.87% 0.83[0.58,1.18]

Giovannini 2006 8/65 4/62 6.27% 1.91[0.6,6.02]

Lanou 2019 (C) 125/1024 100/927 54.86% 1.13[0.88,1.45]

   

Total (95% CI) 1189 1081 100% 1.03[0.77,1.39]

Total events: 168 (MNP), 143 (No int/placebo)  

Heterogeneity: Tau2=0.03; Chi2=3.18, df=2(P=0.2); I2=37.2%  

Favours MNP 50.2 20.5 1 Favours no int/placebo
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Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=0.22(P=0.82)  

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.45.   Comparison 1 Home (point-of-use) fortification of foods
with MNP versus no intervention or placebo, Outcome 45 Diarrhoea.

Study or subgroup MNP No int/
placebo

log[Odds
Ratio]

Odds Ratio Weight Odds Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Sharieff 2006a 24 25 -0.7 (0.706) 2.99% 0.51[0.13,2.05]

Larson 2018 (C) 241 331 -0.3 (0.702) 3.02% 0.76[0.19,3.02]

Mridha 2016 (C) 907 838 -0.1 (0.309) 12.43% 0.88[0.48,1.61]

Barffour 2019 841 847 -0 (0.087) 39.82% 0.96[0.81,1.14]

Soofi 2013 (C) 746 779 0.3 (0.075) 41.74% 1.31[1.13,1.52]

   

Total (95% CI)       100% 1.05[0.82,1.35]

Heterogeneity: Tau2=0.03; Chi2=9.59, df=4(P=0.05); I2=58.29%  

Test for overall effect: Z=0.42(P=0.68)  

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.46.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 46 Upper respiratory infections.

Study or subgroup MNP No int/placebo Odds Ratio Weight Odds Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Barffour 2019 91/841 97/847 30.5% 0.94[0.69,1.27]

Giovannini 2006 5/65 4/62 1.51% 1.21[0.31,4.72]

Mridha 2016 (C) 267/907 272/838 67.99% 0.87[0.71,1.06]

   

Total (95% CI) 1813 1747 100% 0.89[0.76,1.06]

Total events: 363 (MNP), 373 (No int/placebo)  

Heterogeneity: Tau2=0; Chi2=0.36, df=2(P=0.83); I2=0%  

Test for overall effect: Z=1.32(P=0.19)  

Favours MNP 100.1 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.47.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 47 Retinol binding protein (μmol/L).

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Barffour 2019 138 1.3 (0.4) 140 1.3 (0.4) 20.56% 0[-0.09,0.09]

Jack 2012 (C) 291 1.2 (0.3) 314 1.2 (0.3) 79.44% 0[-0.05,0.05]

   

Total *** 429   454   100% 0[-0.04,0.04]

Favours no int/placebo 0.10.05-0.1 -0.05 0 Favours MNP
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Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Not applicable  

Favours no int/placebo 0.10.05-0.1 -0.05 0 Favours MNP

 
 

Analysis 1.48.   Comparison 1 Home (point-of-use) fortification of foods
with MNP versus no intervention or placebo, Outcome 48 Retinol (μmol/L).

Study or subgroup MNP No int/placebo Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Soofi 2013 (C) 190 1 (0.6) 196 1.1 (0.6) -0.16[-0.28,-0.04]

Favours no int/placebo 0.50.25-0.5 -0.25 0 Favours MNP

 
 

Analysis 1.49.   Comparison 1 Home (point-of-use) fortification of foods with
MNP versus no intervention or placebo, Outcome 49 Serum zinc concentration.

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Adu-Afarwuah 2007 56 9.3 (1.9) 69 9.5 (2.4) 27.4% -0.2[-0.95,0.55]

Barffour 2019 138 62.2 (2.4) 140 56 (2.1) 27.51% 6.2[5.67,6.73]

Esamai 2014 10 -10.6 (4.9) 8 -8.5 (7.4) 18.67% -2.1[-8.07,3.87]

Jack 2012 (C) 290 62.7 (12.4) 313 63.4 (10.5) 26.41% -0.7[-2.54,1.14]

Soofi 2013 (C) 203 67.1 (0) 199 69.4 (0)   Not estimable

   

Total *** 697   729   100% 1.07[-3.46,5.61]

Heterogeneity: Tau2=19.36; Chi2=213.5, df=3(P<0.0001); I2=98.59%  

Test for overall effect: Z=0.46(P=0.64)  

Favours no int/placebo 42-4 -2 0 Favours MNP

 
 

Analysis 1.50.   Comparison 1 Home (point-of-use) fortification of foods
with MNP versus no intervention or placebo, Outcome 50 Malaria infection.

Study or subgroup MNP No int/placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Adu-Afarwuah 2007 2/98 8/96 4.73% 0.24[0.05,1.12]

Clarke 2018 (C) 155/534 136/513 46.89% 1.09[0.9,1.33]

Lanou 2019 (C) 98/210 167/286 48.38% 0.8[0.67,0.95]

   

Total (95% CI) 842 895 100% 0.88[0.62,1.24]

Total events: 255 (MNP), 311 (No int/placebo)  

Heterogeneity: Tau2=0.06; Chi2=8.47, df=2(P=0.01); I2=76.39%  

Test for overall effect: Z=0.75(P=0.45)  

Favours MNP 1000.01 100.1 1 Favours no int/placebo
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Analysis 1.51.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 51 Cognitive outcome: walking independently.

Study or subgroup MNP No int/placebo Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Adu-Afarwuah 2007 36/91 22/88 1.58[1.02,2.46]

Favours MNP 50.2 20.5 1 Favours no int/placebo

 
 

Analysis 1.52.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 52 Cognitive outcome: language score (Bayley).

Study or subgroup MNP No int/placebo Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Aboud 2011 (C) 100 7.1 (7.5) 92 7.8 (6.4) -0.77[-2.74,1.2]

Favours no int/placebo 42-4 -2 0 Favours MNP

 
 

Analysis 1.53.   Comparison 1 Home (point-of-use) fortification of foods with MNP
versus no intervention or placebo, Outcome 53 Cognitive outcome: HOME score.

Study or subgroup MNP No int/placebo Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Aboud 2011 (C) 100 23.8 (5.1) 92 23.5 (5.4) 0.31[-1.18,1.8]

Favours no int/placebo 42-4 -2 0 Favours MNP

 
 

Analysis 1.54.   Comparison 1 Home (point-of-use) fortification of foods with MNP versus
no intervention or placebo, Outcome 54 Cognitive outcome: language score (CDI).

Study or subgroup MNP No int/placebo Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.54.1 Receptive language z score at 24 months  

Mridha 2016 (C) 894 0 (1) 816 -0.1 (1.1) 100% 0.17[0.07,0.27]

Subtotal *** 894   816   100% 0.17[0.07,0.27]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.45(P=0)  

   

1.54.2 Expressive language z score at 24 months  

Mridha 2016 (C) 894 0 (1) 816 -0.1 (1) 100% 0.13[0.04,0.22]

Subtotal *** 894   816   100% 0.13[0.04,0.22]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.73(P=0.01)  

Favours no int/placebo 10.5-1 -0.5 0 Favours MNP
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Comparison 2.   Home (point-of-use) fortification of foods with MNP versus an iron-only supplement

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Anaemia 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

2 Haemoglobin (g/L) 2 278 Mean Difference (IV, Random,
95% CI)

-2.81 [-10.84, 5.22]

3 Stained teeth (not pre-speci-
fied)

2 395 Risk Ratio (M-H, Random, 95% CI) 0.37 [0.16, 0.82]

4 Stool discolouration (not
pre-specified)

2 395 Risk Ratio (M-H, Random, 95% CI) 0.80 [0.66, 0.98]

5 Cold (not pre-specified) 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

6 Fever (not pre-specified) 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

7 Cough (not pre-specified) 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

8 Vomiting (not pre-specified) 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

9 Diarrhoea 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

10 Recurrent diarrhoea (3 or
more episodes) (not pre-speci-
fied)

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

11 Diarrhoea episodes (not
pre-specified)

2 389 Risk Ratio (M-H, Random, 95% CI) 0.46 [0.16, 1.30]

 
 

Analysis 2.1.   Comparison 2 Home (point-of-use) fortification of foods
with MNP versus an iron-only supplement, Outcome 1 Anaemia.

Study or subgroup MNP Iron supplement Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Hirve 2007 (C) 48/115 14/30 0.89[0.58,1.39]

Favours MNP 20.5 1.50.7 1 Favours iron supplement

 
 

Analysis 2.2.   Comparison 2 Home (point-of-use) fortification of foods
with MNP versus an iron-only supplement, Outcome 2 Haemoglobin (g/L).

Study or subgroup MNP Iron supplement Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Christofides 2006 (C) 108 102.9 (15.6) 25 110 (16) 47.7% -7.1[-14.03,-0.17]

Hirve 2007 (C) 115 102.1 (14.8) 30 101 (15) 52.3% 1.1[-4.91,7.11]

   

Total *** 223   55   100% -2.81[-10.84,5.22]

Heterogeneity: Tau2=22.67; Chi2=3.07, df=1(P=0.08); I2=67.43%  

Favours iron supplement 2010-20 -10 0 Favours MNP
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Study or subgroup MNP Iron supplement Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for overall effect: Z=0.69(P=0.49)  

Favours iron supplement 2010-20 -10 0 Favours MNP

 
 

Analysis 2.3.   Comparison 2 Home (point-of-use) fortification of foods with MNP
versus an iron-only supplement, Outcome 3 Stained teeth (not pre-specified).

Study or subgroup MNP Iron sup-
plement

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Christofides 2006 (C) 5/108 3/25 35.69% 0.39[0.1,1.51]

Hirve 2007 (C) 8/207 6/55 64.31% 0.35[0.13,0.98]

   

Total (95% CI) 315 80 100% 0.37[0.16,0.82]

Total events: 13 (MNP), 9 (Iron supplement)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.92); I2=0%  

Test for overall effect: Z=2.42(P=0.02)  

Favours MNP 1000.01 100.1 1 Favours iron supplement

 
 

Analysis 2.4.   Comparison 2 Home (point-of-use) fortification of foods with MNP
versus an iron-only supplement, Outcome 4 Stool discolouration (not pre-specified).

Study or subgroup MNP Iron sup-
plement

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Christofides 2006 (C) 58/108 15/25 30.85% 0.9[0.62,1.29]

Hirve 2007 (C) 101/207 35/55 69.15% 0.77[0.6,0.98]

   

Total (95% CI) 315 80 100% 0.8[0.66,0.98]

Total events: 159 (MNP), 50 (Iron supplement)  

Heterogeneity: Tau2=0; Chi2=0.48, df=1(P=0.49); I2=0%  

Test for overall effect: Z=2.11(P=0.04)  

Favours MNP 20.5 1.50.7 1 Favours iron supplement

 
 

Analysis 2.5.   Comparison 2 Home (point-of-use) fortification of foods with
MNP versus an iron-only supplement, Outcome 5 Cold (not pre-specified).

Study or subgroup MNP Iron supplement Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Hirve 2007 (C) 149/207 47/55 0.84[0.73,0.97]

Favours MNP 20.5 1.50.7 1 Favours iron supplement
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Analysis 2.6.   Comparison 2 Home (point-of-use) fortification of foods with
MNP versus an iron-only supplement, Outcome 6 Fever (not pre-specified).

Study or subgroup MNP Iron supplement Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Hirve 2007 (C) 62/207 28/55 0.59[0.42,0.82]

Favours MNP 50.2 20.5 1 Favours iron supplement

 
 

Analysis 2.7.   Comparison 2 Home (point-of-use) fortification of foods with
MNP versus an iron-only supplement, Outcome 7 Cough (not pre-specified).

Study or subgroup MNP Iron supplement Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Hirve 2007 (C) 51/103 18/27 0.74[0.53,1.03]

Favours MNP 20.5 1.50.7 1 Favours iron supplement

 
 

Analysis 2.8.   Comparison 2 Home (point-of-use) fortification of foods with
MNP versus an iron-only supplement, Outcome 8 Vomiting (not pre-specified).

Study or subgroup MNP Iron supplement Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Hirve 2007 (C) 37/207 17/55 0.58[0.35,0.95]

Favours MNP 1000.01 100.1 1 Favours iron supplement

 
 

Analysis 2.9.   Comparison 2 Home (point-of-use) fortification of foods
with MNP versus an iron-only supplement, Outcome 9 Diarrhoea.

Study or subgroup MNP Iron supplement Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Hirve 2007 (C) 59/207 30/55 0.52[0.38,0.72]

Favours MNP 20.5 1.50.7 1 Favours iron supplement

 
 

Analysis 2.10.   Comparison 2 Home (point-of-use) fortification of foods with MNP versus an iron-
only supplement, Outcome 10 Recurrent diarrhoea (3 or more episodes) (not pre-specified).

Study or subgroup MNP Iron supplement Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Hirve 2007 (C) 7/207 7/55 0.27[0.1,0.73]

Favours MNP 1000.01 100.1 1 Favours iron supplement
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Analysis 2.11.   Comparison 2 Home (point-of-use) fortification of foods with MNP
versus an iron-only supplement, Outcome 11 Diarrhoea episodes (not pre-specified).

Study or subgroup MNP Iron sup-
plement

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Christofides 2006 (C) 11/108 3/25 42.82% 0.85[0.26,2.82]

Hirve 2007 (C) 9/203 8/53 57.18% 0.29[0.12,0.72]

   

Total (95% CI) 311 78 100% 0.46[0.16,1.3]

Total events: 20 (MNP), 11 (Iron supplement)  

Heterogeneity: Tau2=0.27; Chi2=1.93, df=1(P=0.16); I2=48.13%  

Test for overall effect: Z=1.46(P=0.14)  

Favours MNP 1000.01 100.1 1 Favours iron supplement

 

 

A D D I T I O N A L   T A B L E S
 

Section in protocol
(De-Regil 2011)

Pre-planned method proposed in protocol (De-Regil
2011)

Reason for non-use

Types of outcome mea-
sures

We will group outcome time points as follows: immediate-
ly post intervention, 1 to 5 months post intervention, and
6 to 12 months post intervention

We limited our analyses to the end of the in-
tervention, as only 1 study reported on con-
tinued follow-up post intervention, and only
for the intervention arm. We have described
this in the Characteristics of included stud-
ies tables

Measures of treatment
effect

We will use the SMD to combine trials that measure the
same outcome but use different units of measurement

Outcomes were reported in same units

Subgroup analysis and
investigation of hetero-
geneity

For comparisons related to malaria-endemic areas, we
will conduct a subgroup analysis by treatment and pre-
vention of malaria

No information was available for this review

Table 1.   Unused methods 

SMD: standardised mean di�erence.
 

 

A P P E N D I C E S

Appendix 1. Search strategies

Cochrane Central Register of Controlled Trials (CENTRAL), in the Cochrane Library

# 1 MeSH descriptor Micronutrients, this term only
# 2 MeSH descriptor Trace Elements, this term only
# 3 MeSH descriptor Zinc, this term only
# 4 MeSH descriptor Iron, this term only
# 5 MeSH descriptor Vitamin A, this term only
# 6 MeSH descriptor Iron, Dietary, this term only
# 7 MeSH descriptor Ferric Compounds, this term only
# 8 MeSH descriptor Ferrous Compounds, this term only
# 9 micronutrient* or micro-nutrient* or micro next nutrient*
#10 multinutrient* or multi next nutrient* or multi* nutrient*
#11 multimicronutrient* or multimicro next nutrient*
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#12 multivitamin* or multi* next vitamin*
#13 multimineral* or multi* next mineral*
#14 trace NEXT (element* or mineral* or nutrient*)
#15 iron or ferric* or ferrous* or Fe or zinc or Zn or (vit* next A) or retinol*
#16 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15)
#17 MeSH descriptor Food, Fortified, this term only
#18 MeSH descriptor Dietary Supplements, this term only
#19 MeSH descriptor Foods, Specialized explode all trees
#20 ((food* or meal* or drink* or beverage* or diet* or snack* or breakfast* or break-fast* or lunch* or dinner*) near/5 (fortif* or enrich*
or supplement*))
#21 "point of use"
#22 home near/5 fortif*
#23 (in NEXT home or at NEXT home) near/5 (fortif*)
#24 mix* or powder* or supplement* or sachet* or packet* or powder* or MNP or MNPs
#25 (#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24)
#26 Sprinkles Or Vita NEXT Shakti or Rahama or Anuka or Chispitas or BabyFer or Bebe NEXT Vanyan or Supplfer or Supplefem
#27 (#16 AND #25)
#28 (#26 OR #27)
#29 (baby or babies or infant* or toddler* or preschool* or pre-school* or child*)
#30 MeSH descriptor Infant explode all trees
#31 child near Mesh
#32 (#29 OR #30 OR #31)
#33 (#28 AND #32)

MEDLINE Ovid

1     micronutrients/
2     iron/ or zinc/ or vitamin A/
3     (micronutrient$ or micro-nutrient$).tw.
4     (multinutrient$ or multi-nutrient$ or multi$ nutrient$).tw.
5     (multimicro-nutrient$ or multimicronutrient$).tw.
6     (multivitamin$ or multi-vitamin$).tw.
7     (multimineral$ or multi-mineral$).tw.
8     Trace elements/
9     (trace adj (element$ or mineral$ or nutrient$)).tw.
10     iron,dietary/
11     ferric compounds/ or ferrous compounds/
12     (iron or Fe or ferric$ or ferrous$ or zinc or Zn or vit$ A or retinol$).mp.
13     or/1-12
14     food, fortified/
15     dietary supplements/
16     food,specialized/
17     ((food$ or meal$ or drink$ or beverage$ or diet$ or snack$ or breakfast$ or break-fast$ or lunch$ or dinner$) adj5 (fortif$ or enrich
$ or supplement$)).tw.
18     "point of use".tw.
19     (home adj5 fortif$).tw.
20     ((in-home or at-home) adj5 fortif$).tw.
21     (mix$ or powder$ or supplement$ or sachet$ or packet$ or powder$ or MNP or MNPs).tw.
22     or/14-21
23     13 and 22
24     (Sprinkles or Vita Shakti or Rahama or Anuka or Chispitas or BabyFer or Bebe Vanyan or Supplefer or Supplefem).tw.
25     or/23-24
26     (baby or babies or infant$ or toddler$ or preschool$ or pre-school$ or child$).tw.
27     exp child/ or infant/
28     26 or 27
29     25 and 28

MEDLINE In-Process & Other Non-Indexed Citations Ovid

1 (micronutrient$ or micro-nutrient$).tw.
2 (multinutrient$ or multi-nutrient$ or multi$ nutrient$).tw.
3 (multimicro-nutrient$ or multimicronutrient$).tw.
4 (multivitamin$ or multi-vitamin$).tw.
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5 (multimineral$ or multi-mineral$).tw.
6 (trace adj (element$ or mineral$ or nutrient$)).tw.
7 ((food$ or meal$ or drink$ or beverage$ or diet$ or snack$ or breakfast$ or break-fast$ or lunch$ or dinner$) adj5 (fortif$ or enrich$ or
supplement$)).tw.
8 "point of use".tw.
9 (home adj5 fortif$).tw.
10 ((in-home or at-home) adj5 fortif$).tw.
11 (mix$ or powder$ or supplement$ or sachet$ or packet$ or powder$ or MNP or MNPs).tw.
12 (Sprinkles or Vita Shakti or Rahama or Anuka or Chispitas or BabyFer or Bebe Vanyan or Supplefer or Supplefem).tw.
13 (baby or babies or infant$ or toddler$ or preschool$ or pre-school$ or child$).tw.
14 or/7-12
15 or/1-6
16 or/7-11
17 15 and 16
18 12 or 17
19 13 and 18

MEDLINE E-Pub Ahead of Print Ovid

1 (micronutrient$ or micro-nutrient$).tw.
2 (multinutrient$ or multi-nutrient$ or multi$ nutrient$).tw.
3 (multimicro-nutrient$ or multimicronutrient$).tw.
4 (multivitamin$ or multi-vitamin$).tw.
5 (multimineral$ or multi-mineral$).tw.
6 (trace adj (element$ or mineral$ or nutrient$)).tw.
7 ((food$ or meal$ or drink$ or beverage$ or diet$ or snack$ or breakfast$ or break-fast$ or lunch$ or dinner$) adj5 (fortif$ or enrich$ or
supplement$)).tw.
8 "point of use".tw.
9 (home adj5 fortif$).tw.
10 ((in-home or at-home) adj5 fortif$).tw.
11 (mix$ or powder$ or supplement$ or sachet$ or packet$ or powder$ or MNP or MNPs).tw.
12 (Sprinkles or Vita Shakti or Rahama or Anuka or Chispitas or BabyFer or Bebe Vanyan or Supplefer or Supplefem).tw.
13 (baby or babies or infant$ or toddler$ or preschool$ or pre-school$ or child$).tw.
14 or/7-12
15 or/1-6
16 or/7-11
17 15 and 16
18 12 or 17
19 13 and 18

Embase Ovid

1     exp trace element/
2     vitamin mixture/
3     (trace adj (element$ or mineral$ or nutrient$)).tw.
4     iron/ or ZINC/ or retinol/
5     (iron or Fe or ferrous$ or ferric$ or zinc or Zn or vit$ A or retinol$).mp.
6     iron derivative/
7     iron intake/
8     ferric ion/ or ferrous ion/
9     (micronutrient$ or micro-nutrient$).tw.
10   (multinutrient or multi-nutrient or multi$ nutrient$).tw.
11   (multimicronutrient$ or multi-micronutrient$).tw.
12   (multivitamin$ or multi-vitamin$).tw.
13   (multimineral$ or multi-mineral$).tw.
14   or/1-13
15   diet supplementation/
16   ((food$ or meal$ or drink$ or beverage$ or diet$ or snack$ or breakfast$ or break-fast$ or lunch$ or dinner$) adj5 (fortif$ or enrich
$ or supplement$)).tw.
17   "point of use".tw.
18  (home$ adj5 fortif$).tw
19  ((in-home or at-home) adj5 fortif$).tw.
20  (mix$ or powder$ or packet$ or supplement$ or sachet$ or powder$ or MNP or MNPs).tw.
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21   or/15-20
22  14 and 21
23  (Sprinkles or Vita Shakti or Rahama or Anuka or Chispitas or BabyFer or Bebe Vanyan or Supplefer or Supplefem).tw.
24  22 or 23
25  exp child/
26  infant/
27 (baby or babies or infant$ or toddler$ or preschool or pre-school$ or child$).tw.
28 25 or 26 or 27
29 24 and 28

CINAHL EBSCOhost (Cumulative Index to Nursing and Allied Health Literature)

S28 S24 and S27
S27 S25 or S26
S26 baby or babies or infant* or toddler* or pre-school* or preschool* or child*
S25 AG Infant, Newborn: birth-1 month OR Infant: 1-23 months or Child,Preschool: 2-5 years
S24 S22 or S23
S23 (Sprinkles or Vita Shakti or Rahama or Anuka or Chispitas or BabyFer or Bebe Vanyan or Supplefer or Supplefem)
S22 S13 and S21
S21 S14 or S15 or S16 or S17 or S18 or S19 or S20
S20 (mix* or powder* or supplement* or sachet* or packet* or powder* or MNP  or MNPs)
S19 at-home N5 fortif*
S18 in-home N5 fortif*
S17 home N5 fortif*
S16 "point of use"
S15 (food* or meal* or drink* or beverage* or diet* or snack* or breakfast* or break-fast* or lunch* or dinner*) AND (fortif* or enrich* or
supplement*)
S14 (MH "Food, Fortified") OR (MH "Dietary Supplements")
S13 S1 or S2 or S3 or S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12
S12 iron or "Fe" or ferric* or ferrous* or zinc or "Zn" or "vit* A" or retinol*
S11 trace element* or trace mineral* or trace nutrient*
S10 (MH "Trace Elements")
S9 (MH "Ferric Compounds") OR (MH "Ferrous Compounds")
S8 multimineral* or multi-mineral*
S7 multivitamin* or multi-vitamin*
S6 (MH "Vitamin A")
S5 multimicro-nutrient* or multimicronutrient*
S4 multinutrient* or multi-nutrient* or multi* nutrient*
S3 micronutrient* or micro-nutrient*
S2 (MH "Iron") OR (MH "Iron Compounds") OR (MH "Zinc")
S1 (MH "Micronutrients")

Science Citation Index Web of Science

# 13 #12 AND #11
Indexes=SCI-EXPANDED Timespan=All years
# 12 TS=(baby or babies or infant* or toddler* or preschool* or pre-school* or child* )
Indexes=SCI-EXPANDED Timespan=All years
# 11 #10 OR #1
Indexes=SCI-EXPANDED Timespan=All years
# 10 #9 AND #8
Indexes=SCI-EXPANDED Timespan=All years
# 9 #7 OR #6 OR #5 OR #4
Indexes=SCI-EXPANDED Timespan=All years
# 8 #2 OR #3
Indexes=SCI-EXPANDED Timespan=All years
# 7 TS=( supplement or supplements or sachet* or packet or packets or powder or powders or MNP or MNPs)
Indexes=SCI-EXPANDED Timespan=All years
# 6 TS=( "home fortif*" or "at-home fortif*" or "in-home fortif*")
Indexes=SCI-EXPANDED Timespan=All years
# 5 TS= ("point of use")
Indexes=SCI-EXPANDED Timespan=All years
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# 4 TS=((food* or meal* or drink* or beverage* or diet* or snack* or breakfast* or break-fast* or lunch* or dinner*) NEAR/5 (fortif* or enrich*
or supplement*))
Indexes=SCI-EXPANDED Timespan=All years
# 3 TS=(iron or Fe or ferric* or ferrous* or zinc or Zn or "vitamin A" or retinol*)
Indexes=SCI-EXPANDED Timespan=All years
# 2 TS= (micronutrient* or micro-nutrient* or multinutrient* or multi-nutrient* or multi* nutrient* or multimicro-nutrient* or
multimicronutrient* or multivitamin* or multi-vitamin* or MNP or MNPs)
Indexes=SCI-EXPANDED Timespan=All years
# 1 TS= ("Sprinkles" or "Vita Shakti" or Rahama or Anuka or Chispitas or BabyFer or "Bebe Vanyan" or Supplefer or Supplefem)
Indexes=SCI-EXPANDED Timespan=All years

Conference Proceedings Citation Index - Science Web of Science

# 13 #12 AND #11
Indexes=CPCI-S Timespan=All years
# 12 TS=(baby or babies or infant* or toddler* or preschool* or pre-school* or child* )
Indexes=CPCI-S Timespan=All years
# 11 #10 OR #1
Indexes=CPCI-S Timespan=All years
# 10 #9 AND #8
Indexes=CPCI-S Timespan=All years
# 9 #7 OR #6 OR #5 OR #4
Indexes=CPCI-S Timespan=All years
# 8 #2 OR #3
Indexes=CPCI-S Timespan=All years
# 7 TS=( supplement or supplements or sachet* or packet or packets or powder or powders or MNP or MNPs)
Indexes=CPCI-S Timespan=All years
# 6 TS=( "home fortif*" or "at-home fortif*" or "in-home fortif*")
Indexes=CPCI-S Timespan=All years
# 5 TS= ("point of use")
Indexes=CPCI-S Timespan=All years
# 4 TS=((food* or meal* or drink* or beverage* or diet* or snack* or breakfast* or break-fast* or lunch* or dinner*) NEAR/5 (fortif* or enrich*
or supplement*))
Indexes=CPCI-S Timespan=All years
# 3 TS=(iron or Fe or ferric* or ferrous* or zinc or Zn or "vitamin A" or retinol*)
Indexes=CPCI-S Timespan=All years
# 2 TS= (micronutrient* or micro-nutrient* or multinutrient* or multi-nutrient* or multi* nutrient* or multimicro-nutrient* or
multimicronutrient* or multivitamin* or multi-vitamin* or MNP or MNPs)
Indexes=CPCI-S Timespan=All years
# 1 TS= ("Sprinkles" or "Vita Shakti" or Rahama or Anuka or Chispitas or BabyFer or "Bebe Vanyan" or Supplefer or Supplefem)
Indexes=CPCI-S Timespan=All years

African Index Medicus (indexmedicus.afro.who.int)

sprinkles OR micronutrients OR multimicronutrients OR mnp OR bebe vanyan or supplefer or vita shakti or babyfer or chispitas or anuka
or rahama [Key Word]

LILACS (Latin American and Caribbean Health Science Information database; lilacs.bvsalud.org/en)

micronutrient$ or multinutrien$ or micro-nutrient$ or multi-nutrient$ [Words] and home$ or fortif$ or point-of-use [Words] or sprinkles
or MNP or MNPs [Words]

POPLINE (www.popline.org)

((micronutrient* /micro-nutrient*/multinutrient/ multi-nutrient*/ multi* nutrient*) & (home fortif*/ point of use) ) /sprinkles  

ClinicalTrials.gov (clinicaltrials.gov)

sprinkles OR "multinutrient powder" OR multimicronutrients OR mnp OR mnps | Child

ISRCTN Registry (www.isrctn.com)

First searched in 2016 to replace the metaRegister of Clinical Trials. Search terms entered in Advanced Search and limited to Categories
"Nutritional Metabolic Endocrine" and "Children" include the following.

Sprinkles.
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Multi micronutrients.
Micronutrient powder.
Multi-micronutrients.
Home fortification.
MNP.
MNPs.

metaRegister of Clinical Trials (www.isrctn.com/page/mrct)

Last searched Februiary 2014, aOer which the service was unavailable.

sprinkles or multinutrients or multimicronutrients or MNP or MNPs

WHO ICTRP (apps.who.int/trialsearch)

Intervention: sprinkles or multinutrients or multimicronutrients or MNP or MNPs AND Clinical trials in children

Appendix 2. 'Risk of bias' assessment criteria

Random sequence generation (checking for selection bias)

We described the method used to generate the allocation sequence in su�icient detail to allow an assessment of whether it produced
comparable groups.

1. Low risk of bias: any truly random process; for example, random numbers table, computer random number generator.

2. High risk of bias: any non-random process; for example, odd or even date of birth, hospital or clinic record number.

3. Unclear risk of bias: insu�icient information to permit judgement of low or high risk of bias.

Allocation concealment (checking for possible selection bias)

We described the method used to conceal the allocation sequence in su�icient detail to determine whether intervention allocations could
have been foreseen in advance of, or during, enrolment.

1. Low risk of bias: for example, telephone or central randomisation; consecutively numbered, sealed, opaque envelopes.

2. High risk of bias: open random allocation, unsealed or non-opaque envelopes.

3. Unclear risk of bias: insu�icient information to permit judgement of low or high risk of bias.

Blinding of participants and personnel (checking for possible performance bias)

We described all measures used, if any, to blind study participants and personnel from knowledge of which intervention a participant
received.

1. Low risk of bias: neither participants nor personnel giving the intervention were aware of the intervention.

2. High risk of bias: either participants or personnel were aware of the intervention.

3. Unclear risk of bias: insu�icient information to permit judgement of low or high risk of bias.

Blinding of outcome assessment (checking for possible detection bias)

We described all measures used, if any, to blind outcome assessors from knowledge as to which intervention a participant received.

1. Low risk of bias: blinding of outcomes, which is unlikely to have been broken.

2. High risk of bias: for example, no blinding of outcome assessment where measurement is likely to be influenced by lack of blinding, or
where blinding could have been broken.

3. Unclear risk of bias: insu�icient information to permit judgement of low or high risk of bias.

Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations)

We assessed outcomes in each included study as follows.

1. Low risk of bias: either there were no missing outcome data or the missing outcome data were unlikely to bias the results based on the
following considerations: study authors provided transparent documentation of participant flow throughout the study, the proportion
of missing data was similar in the intervention and control groups, the reasons for missing data were provided and balanced across
intervention and control groups, the reasons for missing data were not likely to bias the results (e.g. moving house).

2. High risk of bias: missing outcome data were likely to bias the results. Trials also received this rating if an 'as-treated (per protocol)'
analysis was performed with substantial di�erences between the intervention received and that assigned at randomisation, or if
potentially inappropriate methods for imputation had been used.
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3. Unclear risk of bias: insu�icient information to permit judgement of low or high risk of bias.

Selective reporting (checking for possible reporting bias)

We stated how the possibility of selective outcome reporting was examined and what was found.

1. Low risk of bias: when it was clear that all the study's pre-specified outcomes and all expected outcomes of interest to the review were
reported.

2. High risk of bias: when not all of the study's pre-specified outcomes were reported, one or more reported primary outcomes were not
pre-specified, outcomes of interest were reported incompletely and so could not be used, or the study failed to include results of a key
outcome that would have been expected to have been reported.

3. Unclear risk of bias: insu�icient information to permit judgement of low or high risk of bias.

Other bias (checking for other potential sources of bias not covered by the domains above)

We assessed if the study was free of other potential bias as follows.

1. Low risk of bias: when there was similarity between the outcome measures at baseline, similarity between potential confounding
variables at baseline, or adequate protection of study arms against contamination.

2. High risk of bias: when there was no similarity between outcome measures at baseline, similarity between potential confounding
variables at baseline, or adequate protection of study arms against contamination.

3. Unclear risk of bias: insu�icient information to permit judgement of low or high risk of bias.

Overall risk of bias

We summarised the overall risk of bias at two levels: within trials (across domains) and across trials.

Overall risk of bias within trials

For the assessment within trials, we assessed the likely magnitude and direction of the bias in each of the 'Risk of bias' domains, and
whether we considered they were likely to impact the findings. We considered trials at high risk of bias if they had poor or unclear allocation
concealment and either inadequate blinding of both participants and personnel or high/imbalanced losses to follow-up. We explored the
impact of the level of bias through a Sensitivity analysis.

F E E D B A C K

Three queries concerning the "Home fortification with micronutrients" review, 14 October 2013

Summary

Comment

1. It was not clear to me why the numbers cited in the analysis seemed di�erent from those given in the Hirve 2007 article [1]. For example,
in analysis 2.1, N = 30 in the iron supplement control group was cited, yet the article flow chart described that n = 83 was assigned to the
iron supplement (oral drop) group and 10 were lost to follow-up. In analysis 2.1, 30 events of diarrhoea in 55 children were cited. In Table
III of Hirve 2007, the mean episode per child was 1.05, which amounted to 77 events for all 73 children who completed iron supplement.

2. This review also cited unpublished data from the Suchdev 2011 study. Because it was unpublished, it was not available to me to evaluate.
An article by Suchdev [2] published in 2012 seemed to report on this study as Suchdev 2011 cited in this review. The actual intervention
was subtly di�erent from this review. This trial did not give MNP to every family. The MNP was marketed and sold in the selected villages,
so the family could buy if they wanted to. Although study authors said 93% of the intervention group received MNP at least once during
the one-year trial period, ˜ 40% of the control group also purchased MNP. These facts might help to explain the modest e�ect size of
the trial.

3. The main results section of the Abstract said, "No deaths were reported in the trials ....", then qualified the statement as "In one of the
trials, two deaths were reported aOer the intervention was finalized but were judged not to be related to the study (Hirve 2007 (C))."
These statements were misleading. The second death occurred during the trial (in the seventh week of iron supplementation), not
aOer the intervention was finalised. Deaths in clinical trials should be unambiguously and publicly reported but oOen were not [3]. In
the Suchdev 2012 report, there were 12 deaths during the 12-month follow-up period of the trial. Regardless of the causes of death,
discrepancy like this might cast doubt on the completeness of unpublished data.
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I agree with the conflict of interest statement below:
I certify that I have no a�iliations with or involvement in any organisation or entity with a financial interest in the subject matter of my
feedback.

Name: Jih-I Yeh
Email Address: jihiyeh@gms.tcu.edu.tw
A<iliation: Department of Family Medicine, Buddhist Tzu-Chi hospital & Tzu-Chi University, Hualien, Taiwan

Reply

Response of review author team: this feedback is valid and helpful, and also timely. The review author team has recently been in
discussions regarding an update to this review so that it reflects the current state of the art of this intervention. The last search was
conducted almost three years ago, and since then a number of trials that potentially meet the inclusion criteria of this review have been
published, including that of Dr Suchdev. Also, now more sophisticated statistical analyses are available for the subgroup analyses, and we
(those authors who will contribute to the update) would also like this review be aligned with another Cochrane Review in development,
"Point-of-use fortification of foods with micronutrient powders containing iron in children of preschool and school age" (De-Regil 2017),
to better inform policy-making.

The Cochrane Developmental, Psychosocial and Learning Problems Editorial Board has accepted our plan to address the comments above,
whilst updating the review as described, and we hope to complete this work in 2014.

Contributors

Dr Jih-l Yeh (a�iliation), Dr Luz de-Regil (World Health Organization), Joanne Wilson (Managing Editor, CDPLPG), Jane Dennis (Feedback
Editor, CDPLPG).

W H A T ' S   N E W

 

Date Event Description

8 October 2019 New search has been performed Updated following a new search in January 2018 and July 2019

8 October 2019 New citation required but conclusions
have not changed

Update includes 22 new studies and excludes 1 previously in-
cluded study. Our conclusions have not changed

 

H I S T O R Y

Protocol first published: Issue 1, 2011
Review first published: Issue 9, 2011

 

Date Event Description

5 March 2014 Amended Minor edits made to references

14 October 2013 Feedback has been incorporated 3 queries related to the "Home fortification of foods with multi-
ple micronutrients" review and responses of the review author
team

 

C O N T R I B U T I O N S   O F   A U T H O R S

All review authors contributed to the development of this review. Parminder Suchdev is the guarantor for the review.
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D E C L A R A T I O N S   O F   I N T E R E S T

Parminder Suchdev (PS)a receives partial salary support from the CDC for research activities in monitoring and evaluating nutrition
interventions.

Luz Maria De-Regil (LD-R)b was a full-time member of the sta� of Nutrition International between December 2013 and December 2018.
Some of the updates of this review took place during that period. Nutrition International is a non-profit organization that receives
and provides funds from or to di�erent institutions to undertake research and implement nutrition programmes in which multiple
micronutrient powders may be provided to di�erent age groups. Some of those studies were eligible for inclusion in this review. LD-R was
not directly involved in any such studies and did not assess their eligibility for inclusion in this review. The time that LD-R devoted to this
review during her tenure at NI was partially covered with a grant from Global A�airs Canada to Nutrition International.

Maria Je�erds (MJ)a,b provides technical assistance to multiple countries for the design, implementation, monitoring, and evaluation of
MNP programs. Multiple peer review and report publications have been disseminated or are under development based on that work. MJ
has participated in UNICEF/CDC regional workshops on scaling up MNP interventions for young children aged 6 to 23 months. MJ is a co-
author for two publications included in a September 2013 Sight and Life supplement on MNP and was an Editor of that supplement. MJ
was the co-ordinator and writer of a monitoring manual for home fortification interventions, including micronutrient powders, for the
Home Fortification Technical Advisory Group (HF-TAG). With colleagues from CDC and UNICEF, MJ was an investigator on the first global
assessment of home fortification interventions in 2011, which was published as an HF-TAG report in 2013, and she wrote a summary
journal article published in 2013. As part of UNICEF’s Nutridash System, MJ provided technical assistance in the development of an annual
surveillance system of global MNP interventions. Collaborators with UNICEF and CDC also developed a home fortification toolkit and
webinar series, which focused heavily on MNP. MJ has participated in executive committee meetings and strategic planning of the HF-TAG
historically and is a member of the Executive Committee.

Erika Ota - none known.

Katharina da Silva Lopes - none known.

aBoth PS and MJ were involved in Suchdev 2012 - an study excluded from this update. They were not involved in assessing the eligibility
of this study. LD-R and EO assessed the study.
bMJ and LD-R are co-authors on a Cochrane Review of MNP in children 2 to 12 years old (De-Regil 2017).

S O U R C E S   O F   S U P P O R T

Internal sources

• Emory University, USA.

Parminder Suchdev works as Professor of Pediatrics and Global Health for Emory University and is partially funded by the US Centers
for Disease Control and Prevention (CDC), Atlanta (GA).

• Nutrition International, Canada.

Luz Maria De-Regil was a full-time employee of Nutrition International between 2013 and 2018. Part of the update took place during
this period.

External sources

• Evidence and Programme Guidance Unit, Department of Nutrition for Health and Development, World Health Organization (WHO),
Switzerland.

Erika Ota received financial support from the WHO to participate in this review.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Several di�erences (listed below) between the original protocol and the review are notable (De-Regil 2011), as are di�erences between the
original review - De-Regil 2013 - and this update. We list these below.

Protocol and review

1. Types of outcome measures
a. In our protocol, we stated that comparison groups would include no intervention, placebo, or usual supplementation. In the review,

we listed the specific comparisons to make them explicit for the reader.

b. For clarity, we specified the types of interventions that are outside the scope of this review.

2. Primary outcomes
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a. We added 'iron deficiency', as we had previously included iron status as a continuous variable but not a variable to diagnose the
actual deficiency.

b. We moved 'all-cause mortality' from the list of secondary outcomes to the list of primary outcomes, to be consistent with our
objective, and so we could evaluate the safety of this intervention.

c. We replaced 'growth', which may refer to several indicators, with 'weight-for-age (z score)' (a variable used to evaluate growth).

3. Secondary outcomes
a. We changed 'adverse e�ects (any)' to 'side e�ects' and complemented the definition with some examples such as staining of teeth,

vomiting, stool discolouration, and coughing.

b. We included 'constipation' as a side e�ect; thus it is no longer specified as an independent secondary outcome.

c. We changed the order of the secondary outcomes proposed in the protocol, to improve the legibility of the text.

4. Electronic searches
a. We added the International Clinical Trials Registry Platform (ICTRP) as a source of data and information about ongoing trials.

5. Measures of treatment e�ect
a. We added use of the odds ratio (OR) for reporting rare morbidity outcomes.

6. Unit of analysis issues
a. In the protocol, we said that we were not going to combine cluster-randomised and individually randomised trial results. However,

as the direction and magnitude of the e�ect were consistent among trials at either level of randomisation, we deemed it convenient
to combine the results.

7. Assessment of heterogeneity
a. We added Tau2 to quantify the level of statistical heterogeneity, and we specified that the P value for the Chi2 test was set at < 0.10

for added clarity.

8. Subgroup analysis and investigation of heterogeneity
a. Given the small number of trials, we changed the definition of malaria setting from four categories to two categories.

Review and update

1. Authorship
a. The first author of the review was changed from De-Regil to Suchdev. The latter also became corresponding author.

b. Juan Pablo Pena-Rosas, Gunn Vist, and Silke Walleser withdrew themselves from the list of review authors and did not participate
in any stage of preparation of the update.

c. Maria Elena Je�erds, Erika Ota, and Katharina da Silva Lopes are new review authors.

2. Electronic searches
a. For this updated review, we searched two additional segments of MEDLINE: MEDLINE In-Process and Other Non-Indexed Citations

and MEDLlNE EPub Ahead of Print.

b. The metaRegister of Clinical Trials service was not available, so we replaced it with the ISRCTN Registry.

3. Summary of findings
a. We included a new paragraph on Summary of findings, beneath Data synthesis in the Methods section, to summarise use of the

GRADE approach to generate the 'Summary of findings' tables.

4. Sensitivity analysis
a. We included additional sensitivity analyses and examined the e�ects of removing from the analysis studies at high risk of bias (studies

with poor or unclear allocation concealment and either lack of blinding or loss to follow-up of more than 20% in each arm).

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Food, Fortified;  Avitaminosis  [prevention & control];  Deficiency Diseases;  Dietary Supplements;  Infant Nutritional Physiological
Phenomena  [*physiology];  Micronutrients  [*administration & dosage]  [deficiency];  Nutritional Status;  Randomized Controlled Trials
as Topic;  Trace Elements  [administration & dosage];  Vitamins  [*administration & dosage]

MeSH check words

Child, Preschool; Humans; Infant
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