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A B S T R A C T

Background

Approximately 600 million children of preschool and school age are anaemic worldwide. It is estimated that at least half of the cases are
due to iron deficiency. Point-of-use fortification of foods with micronutrient powders (MNP) has been proposed as a feasible intervention
to prevent and treat anaemia. It refers to the addition of iron alone or in combination with other vitamins and minerals in powder form,
to energy-containing foods (excluding beverages) at home or in any other place where meals are to be consumed. MNPs can be added to
foods either during or aOer cooking or immediately before consumption without the explicit purpose of improving the flavour or colour.

Objectives

To assess the e�ects of point-of-use fortification of foods with iron-containing MNP alone, or in combination with other vitamins and
minerals on nutrition, health and development among children at preschool (24 to 59 months) and school (five to 12 years) age, compared
with no intervention, a placebo or iron-containing supplements.

Search methods

In December 2016, we searched the following databases: CENTRAL, MEDLINE, Embase, BIOSIS, Science Citation Index, Social Science
Citation Index, CINAHL, LILACS, IBECS, Popline and SciELO. We also searched two trials registers in April 2017, and contacted relevant
organisations to identify ongoing and unpublished trials.

Selection criteria

Randomised controlled trials (RCTs) and quasi-RCTs trials with either individual or cluster randomisation. Participants were children aged
between 24 months and 12 years at the time of intervention. For trials with children outside this age range, we included studies where
we were able to disaggregate the data for children aged 24 months to 12 years, or when more than half of the participants were within
the requisite age range. We included trials with apparently healthy children; however, we included studies carried out in settings where
anaemia and iron deficiency are prevalent, and thus participants may have had these conditions at baseline.

Data collection and analysis

Two review authors independently assessed the eligibility of  trials against the inclusion criteria, extracted data from included trials,
assessed the risk of bias of the included trials and graded the quality of the evidence.
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Main results

We included 13 studies involving 5810 participants from Latin America, Africa and Asia. We excluded 38 studies and identified six ongoing/
unpublished trials. All trials compared the provision of MNP for point-of-use fortification with no intervention or placebo. No trials
compared the e�ects of MNP versus iron-containing supplements (as drops, tablets or syrup).

The sample sizes in the included trials ranged from 90 to 2193 participants. Six trials included participants younger than 59 months of age
only, four included only children aged 60 months or older, and three trials included children both younger and older than 59 months of age.

MNPs contained from two to 18 vitamins and minerals. The iron doses varied from 2.5 mg to 30 mg of elemental iron. Four trials
reported giving 10 mg of elemental iron as sodium iron ethylenediaminetetraacetic acid (NaFeEDTA), chelated ferrous sulphate or
microencapsulated ferrous fumarate. Three trials gave 12.5 mg of elemental iron as microencapsulated ferrous fumarate. Three trials gave
2.5 mg or 2.86 mg of elemental iron as NaFeEDTA. One trial gave 30 mg and one trial provided 14 mg of elemental iron as microencapsulated
ferrous fumarate, while one trial gave 28 mg of iron as ferrous glycine phosphate.

In comparison with receiving no intervention or a placebo, children receiving iron-containing MNP for point-of-use fortification of foods
had lower risk of anaemia prevalence ratio (PR) 0.66, 95% confidence interval (CI) 0.49 to 0.88, 10 trials, 2448 children; moderate-quality
evidence) and iron deficiency (PR 0.35, 95% CI 0.27 to 0.47, 5 trials, 1364 children; moderate-quality evidence) and had higher haemoglobin
(mean di�erence (MD) 3.37 g/L, 95% CI 0.94 to 5.80, 11 trials, 2746 children; low-quality evidence).

Only one trial with 115 children reported on all-cause mortality (zero cases; low-quality evidence). There was no e�ect on diarrhoea (risk
ratio (RR) 0.97, 95% CI 0.53 to 1.78, 2 trials, 366 children; low-quality evidence).

Authors' conclusions

Point-of-use fortification of foods with MNPs containing iron reduces anaemia and iron deficiency in preschool- and school-age children.
However, information on mortality, morbidity, developmental outcomes and adverse e�ects is still scarce.

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

Powdered vitamins and minerals added to foods at the point-of-use reduces anaemia and iron deficiency in preschool- and school-
age children

Background to the question

Approximately one billion people worldwide are deficient in at least one vitamin or mineral (also known of micronutrients). Iron, vitamin
A, zinc and iodine deficiencies are very frequent among children of preschool (aged 24 months to less than 5 years) and school age (5 to 12
years of age), limiting their health and daily physical performance. Anaemia, the condition in which red blood cells have limited capacity
to carry oxygen, frequently results aOer prolonged iron deficiency.

Point-of-use fortification with powdered vitamins and minerals has been proposed as a public health intervention to reduce micronutrient
deficiencies in children. In this process, a powdered premix containing iron, and possibly other vitamins and minerals, is added to foods
either during or aOer cooking, or immediately before consumption to improve their nutritious value but not their flavour or colour. In some
cases, point-of-use fortification is also known as home fortification.

Review question

What are the e�ects of point-of-use fortification of foods with iron-containing micronutrient powders (MNP) alone, or in combination with
other vitamins and minerals, on nutrition, health and development among children of preschool and school age (24 months to 12 years of
age) compared with no intervention, a placebo (dummy pill) or regular iron-containing supplements (as drops, tablets or syrup)?

Study characteristics

This review included 13 trials with 5810 participants from Latin America, Africa and Asia. All trials compared the provision of MNP for point-
of-use fortification with no intervention or placebo. Six trials included participants younger than 59 months of age only, four included
only children aged 60 months of age or older, and three trials included children both younger and older than 59 months of age. MNPs
contained from two to 18 vitamins and minerals. We searched existing clinical trials in December 2016 and ongoing trials in April 2017. We
also contacted relevant institutions for additional information upon publication of the protocol and in April 2017.

Key results

The review found that children receiving iron-containing MNP for point-of-use fortification of foods were at significantly lower risk of having
anaemia and iron deficiency and had higher haemoglobin concentrations. We did not find any positive or negative e�ect on diarrhoea or
mortality, but the data on these two outcomes were very limited.

Quality of the evidence
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We rated the overall quality of the evidence for the provision of multiple MNP versus no intervention or placebo as moderate for anaemia,
iron deficiency and adverse e�ects. We judged the evidence to be of low quality for haemoglobin, mortality and diarrhoea, and to be very
low-quality for ferritin. In general, the most common risk of bias in the studies was the lack of blinding for participants, personnel and
outcome assessors.

Authors' conclusions

Point-of-use fortification of foods with MNPs containing iron reduces anaemia and iron deficiency in preschool- and school-age children
and seems feasible for public health purposes. However, future research should aim to increase the body of evidence on mortality,
morbidity, developmental outcomes and adverse e�ects. Due to the lack of trials, we were unable to determine at this time if this
intervention has comparable e�ects to those observed with iron supplements (provided as drops, tablets or syrup).
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Point-of-use fortification of foods with micronutrients powders (MNP) compared to no intervention
or placebo in preschool and school-age children

Point-of-use fortification of foods with MNP compared to no intervention or placebo in preschool and school-age children

Patient or population: preschool and school-age children

Setting: all settings

Intervention: point-of-use fortification of foods with MNP

Comparison: no intervention or placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with no
intervention or
placebo

Risk with point-of-use
fortification of foods
with MNP

Relative effect
(95% CI)

Number of par-
ticipants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study populationAnaemia (defined as
haemoglobin < 110 g/L
for children aged 24-59
months and < 115 g/
L for children aged
5-11.9 years, adjusted
by altitude where ap-
propriate)*

375 per 1000 247 per 1000 
(184 to 330)

RR 0.66 
(0.49 to 0.88)

2448
(10 RCTs)

⊕⊕⊕⊝

Moderate a
Included studies: Inayati 2012 (C);
Kemmer 2012 (C); Kounnavong 2011
(C); Lundeen 2010 (C); Macharia-Mu-
tie 2012; Ogunlade 2011; Osei 2008 (C);
Troesch 2011b; Varma 2007 (C); Vinod-
kumar 2009 (C).

Haemoglobin The mean
haemoglobin
score in control
groups ranged
from 103.50 g/L
to 128.00 g/L

The mean haemoglo-
bin score in intervention
groups was, on average,
3.37 g/L higher (0.94 g/L
higher to 5.80 g/L higher)

- 2746
(11 RCTs)

⊕⊕⊝⊝

Low b
Included studies: Inayati 2012 (C);
Kemmer 2012 (C); Kounnavong 2011
(C); Lundeen 2010 (C); Macharia-Mu-
tie 2012; Ogunlade 2011; Osei 2008 (C);
Sharieff 2006 (C); Varma 2007 (C); Vin-
odkumar 2006 (C); Vinodkumar 2009
(C).

Study populationIron deficiency (de-
fined by using ferritin
concentrations less
than 15 µg/L)

220 per 1000 77 per 1000 
(59 to 104)

RR 0.35 
(0.27 to 0.47)

1364
(5 RCTs)

⊕⊕⊕⊝

Moderate c
Included studies: Macharia-Mutie
2012; Osei 2008 (C); Sharieff 2006 (C);
Troesch 2011b; Varma 2007 (C).

Ferritin 0 The standardised mean
ferritin score in interven-

- 1066
(3 RCTs)

⊕⊝⊝⊝

Very low d,e

Included studies: Osei 2008 (C); Shari-
eff 2006 (C); Varma 2007 (C).
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tion groups was, on av-
erage, 0.42 μg/L higher
(4.36 μg/L lower to 5.19
μg/L higher)

Study populationAll-cause mortality
(number of deaths dur-
ing trial) 0 per 1000 0 per 1000 

(0 to 0)

Not estimable 115
(1 RCT)

⊕⊕⊝⊝

Low f
Included study: Inayati 2012 (C).

Study populationDiarrhoea (≥ 3 liquid
stools per day)

96 per 1000 93 per 1000 
(51 to 170)

RR 0.97 
(0.53 to 1.78)

366
(2 RCTs)

⊕⊕⊝⊝

Low g
Included studies: Inayati 2012 (C); Osei
2008 (C).

Study populationAdverse effects (any,
as defined by trialists)

43 per 1000 46 per 1000 
(7 to 316)

RR 1.09 
(0.16 to 7.42)

90
(1 RCT)

⊕⊕⊕⊝
Moderate

Included study: Orozco 2015 (C).

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; MD: mean difference; MNP: micronutrient powder; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence 
High quality: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: 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 sub-
stantially different.
Low quality: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low quality: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aMost studies had no blinding. High heterogeneity (72%) with most studies showing a positive e�ect of MNP.
bMost studies had no blinding. High heterogeneity (93%) with most studies showing a positive e�ect of MNP.
cMost studies had no blinding. No heterogeneity with most studies showing a positive e�ect of MNP.
dAll the studies had no or unclear blinding.
e100% heterogeneity with most inconsistency in direction of e�ect.
fOnly one low-risk trial reported all-cause mortality.
gTwo low-risk trials reported diarrhoea. No heterogeneity with both studies showing no di�erence between intervention and comparison group.
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B A C K G R O U N D

Description of the condition

Vitamin and mineral deficiencies are highly prevalent among
children of preschool (usually 24 to 59 months of age) and school-
age (five to 12 years of age), limiting their health and daily
physical performance. In addition to anaemia, frequently reported
micronutrient deficiencies in these age groups are those of iron,
vitamin A, zinc and iodine.

Anaemia is a condition characterised by a reduction in the
body's oxygen-carrying capacity. It is estimated that over 1.6
billion people, or a quarter of the world's population, are
anaemic. The prevalence of anaemia globally is 43% (range
38% to 47%) in children aged six to 59 months (Stevens 2013).
Most anaemia occurs in low- and middle-income countries (WHO
2015b). Causes of anaemia include iron, folate, vitamin B12 and

vitamin A deficiencies; chronic inflammation; parasitic infestations
and inherited blood disorders (Jimenez 2010; WHO 2001). The
proportion of all anaemia amenable to iron is estimated to be
42% in children (WHO 2015b). The proportions of severe anaemia
amenable to iron is estimated to be 50% for children (Stevens 2013).
It is assumed to be higher (about 60%) in malaria-free areas (Rastogi
2002; Stoltzfus 2004; WHO 2009). Iron deficiency can be caused by
chronic poor dietary iron intake (in quantity and quality), together
with increased iron requirements resulting from growth and from
losses due to intestinal parasitic infestations and menstruation in
postmenarchal girls (WHO 2001). Anaemia in children is diagnosed
when the haemoglobin (Hb) concentration in the blood is below a
predefined cut-o� value, which varies with age and the residential
elevation (WHO 2011a). Iron deficiency anaemia is diagnosed by
the combined presence of anaemia and iron deficiency, measured
by ferritin or any other biomarker of iron status such as serum
transferrin receptors or zinc protoporphyrin (WHO 2011b).

Iron deficiency anaemia in children of preschool and school-age is
associated with considerable morbidity. This condition appears to
be associated with potentially irreversible impairment of cognitive
development in preschool-age children and with reduced learning
and educational performance in school-age children (Lozo� 2007).
Iron deficiency has been estimated to contribute to 0.2% of deaths
in children under five years of age, and every year approximately
2.2 million years are lost due to iron-induced disability worldwide
(measured in disability-adjusted life years (DALYs), a measure of
overall disease burden, expressed as the number of years lost due
to ill-health, disability or early death) (Black 2008; Stoltzfus 2004;
WHO 2009).

Vitamin A is an essential nutrient that comprises a group of
unsaturated organic compounds such as retinol, retinal and
retinoic acid. Provitamin A carotenoids, which are produced in
plants, are also a primary dietary source of vitamin A (Tanumihardjo
2016). When the intake, absorption or utilisation of vitamin A or
provitamin A carotenoids is inadequate, vitamin A deficiency can
occur. Vitamin A deficiency disorders include xerophthalmia and
increased risk of death from infectious diseases, especially among
preschool children (Tanumihardjo 2016). Vitamin A deficiency is
a risk factor for blindness and for mortality from measles and
diarrhoea in children (Stevens 2015). In 2013, the prevalence of
vitamin A deficiency was 29% in children, mostly from in low- and
middle-income countries (Stevens 2015).

Zinc deficiency a�ects overall body metabolism and can be
associated with poor growth, stunting and wasting; increased
infections and the appearance of skin lesions. In countries where
zinc intakes are inadequate, zinc deficiency may present as poor
physical growth, impaired immune competence, reproductive
dysfunction and sub optimal neurobehavioral development. This
can increase risk of child morbidity and mortality, and preterm
births (Brown 2009; King 2016). Some authors have estimated that
zinc deficiency is responsible for about 4% of child mortality (Black
2008), and that supplementing children with this nutrient may
help reduce deaths related to diarrhoea and pneumonia (Yakoob
2011). It is estimated that 29.8% (95% CI 29.4% to 30.1%) of school-
age children (approximately 241 million) have insu�icient iodine
intakes.

Iodine deficiency a�ects more than one-third of school-age
children worldwide and results in developmental delays and other
health problems (Andersson 2012). Vitamin D deficiency and folate
insu�iciency may also be a concern during childhood.

Folic acid, another form of which is known as folate, is one of
the B vitamins. Inadequate folate intake is the main cause of
folate deficiency. The use of antifolate drugs used in treatment
and prophylaxis for Pneumocystis jirovecii pneumonia, malaria
and toxoplasmosis selectively inhibit folate's actions in microbial
organisms such as bacteria, protozoa and fungi. In some low-
and middle-income countries, malabsorptive conditions, such as
tropical sprue, can also cause folate deficiency. Although essential
throughout life, folate is particularly critical during early stages of
human development. Folate deficiency may result in megaloblastic
anaemia in which low numbers of large red blood cells occur (Bailey
2015). Among other micronutrients, current micronutrient powders
(MNP) formulations generally include folic acid and there is ongoing
debate on risks and benefits of the provision of supplemental folic
acid through point-of-use fortification, especially in children living
in sub-Saharan Africa where malaria is endemic (Kupka 2015).

Vitamin D has a key role in bone metabolism (Winzenberg 2011),
while adequate folate and folic acid intake is particularly important
for pubescent girls who are capable of reproduction, as poor
maternal folate status around the time of conception increases
the risk of neural tube and other defects at birth (Mulinare 1988).
Unfortunately, to date, there are insu�icient data to estimate the
global magnitude of inadequate folate or vitamin D status among
any populations, including children.

In low-income countries, some nutritional risk factors increase the
incidence or severity of infectious diseases and contribute to a
high number of deaths and loss of healthy years. Micronutrient
deficiencies (iron, vitamin A and zinc), in combination with
childhood underweight and sub optimal breastfeeding, cause
7% of deaths and 10% of total disease burden (WHO 2009).
In 2010, globally, an estimated 27% (171 million) of children
younger than five years of age were stunted and 16% (104
million) were underweight. Africa and Asia have more severe
burdens of undernutrition, but the problem persists in some Latin
American countries (Lutter 2011). Underweight and undernutrition
particularly increase child death and disability. Due to overlapping
e�ects, these risk factors are responsible for an estimated 3.9
million deaths (35% of total deaths) and 33% of total DALYs
in children younger than five years of age. Their combined
contribution to specific causes of death is highest for diarrhoeal
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diseases (73%) and close to 50% for pneumonia, measles and
severe neonatal infections (WHO 2009).

Description of the intervention

Public health strategies to address micronutrient malnutrition
include prevention of parasitic infestations and other infections;
dietary diversification to improve the consumption of foods with
highly absorbable vitamins and minerals; industrial fortification of
staple foods; provision of supplementary foods; and provision of
supplements in the form of liquids, pills and tablets (Bhutta 2008),
with the latter being a widespread intervention.

There are few essential nutrition actions for preschool- and school-
age children (WHO 2013). The World Health Organization (WHO)
recommends a supplemental provision of 2 mg of elemental iron
per kilogram bodyweight per day for three months in children less
than six years of age born at term. Children of school-age and older
should receive 30 mg of iron and 250 μg (0.25 mg) of folic acid
daily for three months, particularly in populations where anaemia
prevalence is greater than 40% (WHO 2001). The intermittent use of
iron supplements is also recommended as a public health strategy
for these age groups in settings where anaemia prevalence is
higher than 20% (WHO 2011c). Both supplementation regimens
have proven to be e�ective in reducing the risk of having anaemia
and iron deficiency (De-Regil 2011a; Gera 2007). Though the
current recommendations only include iron alone or with folic
acid, it has been suggested that administration of additional
micronutrients may prevent or reverse anaemia derived from
other nutritional deficiencies (Bhutta 2008), and also have positive
e�ects on length or height and weight, serum zinc, serum retinol
and motor development (Allen 2009). However, the long regimen
duration, bad taste of liquid iron drops and syrups, adverse e�ects
associated with daily iron supplementation (e.g. gastrointestinal
discomfort, constipation and teeth staining with drops or syrups)
and the limited implementation of large-scale, intermittent iron
supplementation programmes have triggered the development of
new approaches to provide iron and other nutrients.

Point-of-use fortification of foods with MNP has been proposed
as an alternative to oral supplements and industrially fortified
foods to provide micronutrients to di�erent age groups (Zlotkin
2001; Zlotkin 2005) and is currently recommended by the World
Health Organization for infants, young children and children aged
2–12 years living in populations where anaemia is a public health
problem (WHO 2016). It refers to the addition of vitamins and
minerals in powder form to energy-containing foods at home or
in any other place where meals are to be consumed, such as
schools, nurseries and refugee camps. MNPs can be added to foods
either during or aOer cooking, or immediately before consumption
without the explicit purpose of improving the flavour or colour.
In some cases, point-of-use fortification is also known as home
fortification.

Point-of-use fortification with MNP can be described as a hybrid
intervention between industrial fortification of staple foods or
condiments and targeted vitamin and mineral supplementation.
The uniqueness of this intervention results from the mixture
of advantages and disadvantages inherited from both parent
interventions. Point-of-use fortification is similar to industrial
fortification of staple foods because the vitamins and minerals
are added to meals or condiments regularly consumed and
usually does not require additional changes to dietary intake

behaviours. Point-of-use fortification entails the fortification of
foods immediately before consumption at home or at another
point of use such as schools or child-care facilities, and there
is no long-term interaction between micronutrients and the
food that can diminish their shelf life. In industrial fortification,
conversely, micronutrients are added to staple foods or condiments
during industrial processing and are more prone to the potential
undesirable chemical interactions over time that a�ect the
food sensory properties as well as the bioavailability of some
micronutrients (WHO/FAO 2006).

Like micronutrient supplementation, point-of-use fortification with
MNP is targeted to specific populations so that the number and
quantity of micronutrients can be tailored to meet the target
groups' needs without increasing the risk of overload among
other population groups. Also typical of vitamin and mineral
supplementation, point-of-use fortification allows for flexibility in
the provision regimen (e.g. daily, intermittently) (Hyder 2007), and
can be adapted according to the selected delivery channel (e.g.
health or school systems or social protection programmes) or
context.

Both micronutrient supplementation and point-of-use fortification
of foods with MNP require active participation from the target
population to achieve and sustain high coverage and regular and
appropriate use, with the possible exception being the use of MNP
in institutional settings, where the powder is added to the meals
prior to serving them to the participants, and a lesser degree of
'active participation' may potentially be expected of participants
in some settings. However, in comparison to supplementation, the
addition of MNP to foods or meals may result in a higher acceptance
and use among children and care-takers as a result of the lower
number of adverse e�ects (Zlotkin 2005), and tastelessness of the
product when prepared correctly. It is still unclear whether the
absorption of MNP mimics that of supplements or that of industrial
fortification of staple foods.

Point-of-use fortification of foods with MNP containing at least iron,
vitamin A and zinc is recommended to improve iron status and
reduce anaemia among infants and children aged six to 23 months
of age (WHO 2016).

How the intervention might work

MNPs were initially conceived as a way to deliver a novel iron
compound, encapsulated ferrous fumarate, an iron salt covered by
a thin lipid layer aimed at preventing the interaction of iron with
foods. The encapsulation minimises changes caused by iron to the
taste or colour in the food to which it is added (Liyanage 2002).
Other iron compounds have also been tested. Micronised ferric
pyrophosphate has produced a similar haematological response
in children aged six to 23 months in comparison to encapsulated
ferrous fumarate (Christofides 2006; Hirve 2007). More recently,
sodium iron ethylenediaminetetraacetic acid (NaFeEDTA) has been
proposed as a more e�icacious fortificant that, given in a low
dose, could produce similar e�ects on Hb as those observed with
ferrous sulphate among school-age children, particularly when
added to cereal-based foods that are rich in inhibitors of iron
absorption (Troesch 2011a). Independently of the source, the iron
is frequently accompanied with other micronutrients such as zinc,
vitamin A, vitamin C, vitamin D or folic acid, and in some cases, MNP
formulations may include up to 15 vitamins and minerals. These
formulations are currently developed by various manufacturers (De
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Pee 2008; De Pee 2009). From the packaging perspective, MNP were
initially delivered in single-dose sachets, which are lightweight
and relatively simple to store and transport, and allow easier
dosage control (De Pee 2008; SGHI 2008); although the disposal of
non-degradable sachets has raised some environmental concerns.
Currently, the package of the MNP has been broadened to the use of
bulk, multi-serving packages from which powders are added over
the meals by using measuring spoons.

The use of MNP by infants and young children aged six to 23 months
has been reported to reduce the risk of anaemia and iron deficiency
in settings where anaemia prevalence is higher than 20%; an
e�ect apparently similar to that achieved by oral iron and folic
acid supplements (De-Regil 2011b; Dewey 2008). Although most of
the trials have examined the provision of MNP on a daily basis,
other trials suggest that providing this intervention in a flexible
or intermittent regimen, and hence a lower overall monthly dose,
produces the similar haematological response as daily use of MNP
(Hyder 2007; Ip 2009; Sharie� 2006). The intermittent provision
of iron was proposed in the 1990s as a feasible public health
strategy to supplement children's and women's diets and to reduce
anaemia, as it is supposed to maximise absorption by provision of
iron in synchrony with the turnover of the mucosal cells (Beaton
1999; Berger 1997; Viteri 1997).

An important consideration when providing supplemental iron to
children is the presence of malaria because the malaria parasite
requires iron for growth, mainly circulating-free iron (Okebe 2011).
Approximately 40% of the world population is exposed to the
parasite, and it is endemic in over 100 countries (WHO 2009;
WHO 2010a). There were an estimated 839,000 malaria deaths
worldwide in 2015 (uncertainty interval, 653,000 to 1.1 million). Of
the estimated deaths, most occur in the WHO African Region (88%),
followed by the WHO South-East Asia Region (10%) and the WHO
Eastern Mediterranean Region (2%) (WHO 2015a). Nonetheless,
large reductions in the number of malaria cases and deaths have
been documented between 2000 and 2015. Of all the complications
associated with malaria, severe anaemia is the most common and
causes the highest number of malaria-related deaths. Although the
mechanisms by which additional iron can benefit the parasite are
far from clear (Prentice 2007), it has been hypothesised that the
provision of iron along with foods or low doses of iron, either as
encapsulated ferrous fumarate or NaFeEDTA, might help to prevent
anaemia at the time of infection if it reduces the quantity of free
iron (non-transferrin-bound iron) available to the parasite (Hurrell
2010).

In addition to malaria, another safety concern related to the use
of MNPs is their possible e�ect on diarrhoea. One systematic
review reported a slight, significant increase in the incidence
of diarrhoea with MNP intake, with no significant increases in
recurrent diarrhoea or upper respiratory infection (Salam 2013).
Some trials have reported an increase in the number of diarrhoeal
episodes aOer initiating the intervention, followed by a decrease
in the frequency of liquid stools aOer few days (De-Regil 2011b).
As a preventive measure, some organisations have advocated the
widespread distribution of information on the prompt detection
and treatment of diarrhoea (WFP/DSM 2010). Despite these possible
caveats, the use of MNP has been considered by some scientists
as one of the most cost-e�ective strategies to prevent vitamin and
mineral malnutrition (Horton 2010).

Why it is important to do this review

The use of MNP for home or point-of-use fortification of
complementary foods among infants and young children aged
six to 23 months of age has been shown to be e�ective in
reducing anaemia and iron deficiency in young children (De-Regil
2011b). The initial success of this intervention has encouraged
its use in other vulnerable populations, such as children of
preschool (usually 24 months to less than 5 years of age) and
school-age (usually five to 12 years of age), as the distribution
of MNP can potentially build on and enhance existing school-
feeding programmes in addition to other existing community-
based platforms. In 2012 to 2013, the World Food Programme (WFP)
was in the process of planning or implementing MNP programmes
to reach approximately 1.5 million school-age children by adding
MNP to school lunches (Martini 2013). Overall, MNP interventions
have been pilot-tested in all regions of the world for various
population groups, but most oOen for children aged six to 23
months or six to 59 months; in 2013, 61 MNP projects were being
implemented in 43 countries, and there were 16 national-scale
MNP programmes (UNICEF 2014). Projects distributing MNP in
2013 reported that they projected to reach more than 14 million
participants in 2014 (UNICEF 2014). Likewise, it is also important to
assess any adverse e�ects and potential adverse e�ects on health
with this intervention in this age group.

To date, there is no systematic assessment of the e�ects of MNP
provision among preschool- and school-aged children to inform
policy-making.

This review will complement the findings of other systematic
reviews, which explored the e�ects of point-of-use fortification with
multiple MNP in children younger than two years of age (De-Regil
2011b) and among pregnant women (Suchdev 2015).

O B J E C T I V E S

To assess the e�ects of point-of-use fortification of foods with iron-
containing MNP alone, or in combination with other vitamins and
minerals on nutrition, health and development among children
at preschool (24 to 59 months) and school (five to 12 years)
age, compared with no intervention, a placebo or iron-containing
supplements.

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
randomisation at either individual or cluster level. Quasi-RCTs
are trials that use systematic methods to allocate participants to
treatment groups such as alternation, assignment based on date of
birth or case record number (Lefebvre 2011). We found no RCTs that
met our inclusion criteria (Criteria for considering studies for this
review). We included no other types of evidence (e.g. cohort or case-
control studies) in this review, but we considered such evidence in
the Discussion, where relevant.

Types of participants

We included trials aimed at children aged 24 months (two years)
to 59 months (less than five years of age) and five to 12 years of
age at the time of receiving the intervention with the MNP. We
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did not include trials specifically targeting hospitalised children
with clinical conditions, HIV-associated infections or enterally fed
children.

We defined school age as that between five and 12 years of age.
Although many children do not attend schools, these ages are
compulsory school years in most settings, providing with it an
entry point to address the nutritional needs of this age group
(Commission on Ending Childhood Obesity 2016). We acknowledge
the overlap between this age range and the one used for adolescent
age, 10 to 19 years of age (WHO 2003), and made a pragmatic
decision based on the most suitable delivery platform.

We included trials carried out in settings where anaemia and iron
deficiency were prevalent; thus participants could be anaemic or
not. We also included trials for which the results for children aged
between 24 and less than five years of age and five to 12 years of
age could be extracted separately, or in which more than half of
the participants fulfilled this criterion (we performed a Sensitivity
analysis if marginal decisions were made).

Types of interventions

Interventions involved the provision of MNP for point-of-use
fortification given at any dose, frequency and duration. The
comparison groups included no intervention, placebo or usual
supplementation. Specifically, we assessed the evidence on the
following comparisons.

• Point-of-use fortification of foods with MNP versus no
intervention or placebo.

• Point-of-use fortification of foods with MNP versus iron-only
supplement.

• Point-of-use fortification of foods with MNP versus iron and folic
acid supplements.

• Point-of-use fortification of foods with MNP versus same
micronutrients in supplements.

We included interventions that combined MNP with co-
interventions, such as education, vitamin A supplementation
programmes, zinc for the treatment of diarrhoea or other
approaches, but only if the co-interventions were the same in
both the intervention and comparison groups. We excluded trials
examining supplementary food-based interventions (lipid-based
supplements, chewable tablets, fortified complementary foods and
other industrially fortified foods).

Types of outcome measures

Primary outcomes

• Anaemia (defined as Hb lower than 110 g/L for children aged 24
to 59 months and lower than 115 g/L for children aged five to
11.9 years, adjusted by altitude where appropriate).*

• Hb (in grams per litre).*

• Iron deficiency (defined by using ferritin concentrations less
than 15 µg/L).*

• Ferritin (in micrograms per litre).*

• All-cause mortality (number of deaths during the trial).*

• Diarrhoea (three liquid stools or more per day).*

• Adverse e�ects (any, as defined by trialists).

We considered outcomes marked by an asterisk (*) as critical for
decision making by a panel of experts and included them in the
'Summary of findings' tables (Guyatt 2011; Peña-Rosas 2012).

Secondary outcomes

• Iron deficiency anaemia (defined by the presence of anaemia
plus iron deficiency, diagnosed with an indicator of iron status
as selected by trialists).

• Cognitive development and school performance (as defined by
trialists).

• Motor development and physical capacity (as defined by
trialists).

• All-cause morbidity (number of participants with at least one
episode of any disease during the trial).

• Acute respiratory infection (as defined by trialists; e.g.
pneumonia, bronchiolitis or bronchitis).

• Growth (height-for-age Z-score (HAZ)).

• Growth (weight-for-age Z-score (WAZ)).

• Growth (weight-for-height Z-score (WHZ)).

• Adherence (percentage of children who consumed more than
70% of the expected doses over the intervention period).

• Red blood cell folate (in milligrams per decilitre).

• Serum/plasma retinol (in millimoles per litre).

• Serum/plasma zinc concentrations (in millimoles per litre).

We intended to group the outcomes by time points as follows,
if these follow-up data were reported for the above outcomes:
immediately postintervention, one to six months postintervention,
and seven to 12 months postintervention.

Search methods for identification of studies

Electronic searches

We searched the electronic databases and trial registers listed
below in December 2016 and April 2017. MNP formulations were
introduced aOer 2000, therefore, we limited the searches by
publication year from 2000 onwards. There were no language
limits.

• Cochrane Central Register of Controlled Trials CRSO (CENTRAL;
searched 7 December 2016).

• MEDLINE Ovid (2000 to 6 December 2016).

• Embase Ovid (2000 to 6 December 2016).

• BIOSIS ISI (2000 to 6 December 2016).

• Social Citation Index Web of Science (SCI; 2000 to 7 December
2016).

• Social Science Citation Index Web of Science (SSCI; 2000 to 7
December 2016).

• CINAHL Plus EBSCOhost (Cumulative Index to Nursing and Allied
Health Literature; 2000 to 7 December 2016).

• LILACS (Latin American and Caribbean Health Science
Information database; lilacs.bvsalud.org/en; 2000 to 15
December 2016).

• IBECS (ibecs.isciii.es; 2000 to 15 December 2016).

• POPLINE (www.popline.org; 2000 to 15 December 2016).

• SciELO (Scientific Library Online; www.scielo.br; 2000 to 15
December 2016).

• ClinicalTrials.gov (clinicaltrials.gov; searched 19 April 2017).
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• WHO International Clinical Trials Registry Platform (ICTRP;
www.who.int/ictrp/en; searched 13 April 2017).

Searching other resources

We contacted authors and known experts for assistance in
identifying ongoing studies or unpublished data on 21 June 2014
and again on 19 April 2017. We also contacted the regional
o�ices of WHO; the WHO Departments of Nutrition for Health
and Development, Division of Nutrition, Physical Activity, and
Obesity of the Centers for Disease Control and Prevention
(CDC); the United Nations Children's Fund (UNICEF); the WFP;
Nutrition International (formerly Micronutrient Initiative); Helen
Keller International (HKI); Home Fortification Technical Advisory
Group (HF-TAG); the Global Alliance for Improved Nutrition (GAIN);
the US Agency for International Development; and Sight and Life.

Data collection and analysis

Selection of studies

Two review authors (LD-R and MJ) independently screened all titles
and abstracts retrieved by the electronic searches for eligibility.
One review author (LD-R) searched the additional sources. Each
review author independently assessed two-thirds of the full-text
reports for inclusion according to the above criteria (Criteria for
considering studies for this review); we assessed each paper in
duplicate, resolving any disagreements through discussion.

If trials were published only as abstracts, or study reports contained
little information on methods, we attempted to contact the authors
to obtain further details of study design and results.

We recorded our decisions in a study flow diagram (Moher 2009).

Data extraction and management

For eligible trials, two review authors (MJ and JP-R) independently
extracted data using a form designed for this review. The data
collection form was adapted from a similar review in a di�erent
population group (De-Regil 2011b), and piloted by MJ and JP-R on
two included studies, before finalised for use in this review. MJ
extracted data from half of the trials and JP-R extracted data from
the other half. LD-R extracted data from all the trials. LD-R entered
data into Review Manager 5 (RevMan 2014), and the review author
who extracted the data in duplicate checked LD-R's data entry for
accuracy. We resolved any discrepancies through discussion and
documented the process.

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

Trial methods

• Study design.

• Unit and method of allocation.

• Method of sequence generation.

• Masking of participants, personnel and outcome assessors.

Participants

• Location of the study.

• Sample size.

• Age.

• Sex.

• Socioeconomic status (as defined by trialists and where such
information was available).

• Baseline prevalence of anaemia.

• Baseline prevalence of soil helminths.

• Baseline malaria prevalence.

• Inclusion and exclusion criteria.

Intervention

• Dose.

• Type of iron compound.

• Provision of MNP regimen.

• Duration of the intervention.

• Cointervention.

Comparison group

• No intervention.

• Placebo.

• Provision of iron supplements.

Outcomes

• Primary and secondary outcomes outlined under Types of
outcome measures.

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

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

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

Assessment of risk of bias in included studies

Two review authors (LD-R and MJ) independently assessed the risk
of bias of each study using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a).
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).

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.

• Low risk of bias: any truly random process; for example, random
number table, computer random number generator.

• High risk of bias: any non-random process; for example, odd or
even date of birth, hospital or clinic record number.

• Unclear risk of bias: insu�icient information to permit
judgement of low or high risk of bias.
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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.

• Low risk of bias: for example, telephone or central
randomisation; consecutively numbered, sealed, opaque
envelopes.

• High risk of bias: open random allocation, unsealed or non-
opaque envelopes.

• 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.

• Low risk of bias: neither participants nor personnel giving the
intervention were aware of the intervention.

• High risk of bias: either participants or personnel were aware of
the intervention.

• 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.

• Low risk of bias: blinding of outcomes, which is unlikely to have
been broken.

• 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.

• 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.

• 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 (for example, moving house).

• 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.

• 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.

• Low risk of bias: where it was clear that all the study's
prespecified outcomes and all expected outcomes of interest to
the review were reported.

• High risk of bias: where not all the study's prespecified outcomes
were reported, one or more reported primary outcomes
were not prespecified, outcomes of interest were reported
incompletely and so could not be used, the study failed to
include results of a key outcome that would have been expected
to have been reported.

• 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.

• Low risk of bias: where there was similarity between the
outcome measure at baseline, similarity between potential
confounding variables at baseline, or adequate protection of
study arms against contamination.

• High risk of bias: where there was no similarity between
outcome measure at baseline, similarity between potential
confounding variables at baseline or adequate protection of
study arms against contamination.

• 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 on 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.

Overall risk of bias between trials

For the assessment across trials, we set out the main findings
of the review in the 'Summary of findings' table, prepared using
GRADEpro soOware (GRADEpro GDT 2015). We listed the primary
outcomes for each comparison, with estimates of relative e�ects,
along with the number of participants and trials contributing data
for those outcomes. For each individual outcome, we assessed
the quality of the evidence using the GRADE approach (Balshem
2011), which involved consideration of within-study risk of bias
(methodological quality), directness of evidence, heterogeneity,
precision of e�ect estimates and risk of publication bias, and
resulted in one out of four levels of quality (high, moderate, low or
very low). This assessment was limited only to the trials included in
this review.
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Measures of treatment e:ect

Dichotomous data

For dichotomous data, we presented results as prevalence ratio
(PR) or risk ratio (RR) with 95% confidence intervals (95% CI).

Continuous data

For continuous data, we used the mean di�erence (MD) with 95% CI
if outcomes were measured in the same way between trials.

We used the standardised mean di�erence (SMD) with 95% CI to
combine trials that measured the same outcome but used di�erent
measurement methods.

Rates

For rates, if they represented events that could have occurred more
than once per participant, we reported the rate di�erence using the
methodologies described in Deeks 2011.

Unit of analysis issues

Cluster-randomised trials

Where we identified both cluster-randomised trials and individually
randomised trials reporting data for the same outcome, we
considered that it was reasonable to combine the results from both
if there was little heterogeneity between the study designs, and
the interaction between the e�ect of intervention and the choice of
randomisation unit was considered unlikely.

Cluster-randomised trials are labelled with a '(C)'. Inayati 2012 (C)
took into account the clustering e�ect by using a mixed-e�ects
model.

Where possible, we estimated the intra cluster correlation
coe�icient (ICC) from trials' original data sets and reported the
design e�ect. On the basis of this information, we used the
methods set out in the Cochrane Handbook for Systematic Reviews
of Interventions to calculate the adjusted sample sizes (Higgins
2011b). We estimated the ICC from original data provided by
Lundeen 2010 (C) and imputed the ICC in seven other trials
(Kemmer 2012 (C); Kounnavong 2011 (C); Osei 2008 (C); Sharie�
2006 (C); Varma 2007 (C); Vinodkumar 2006 (C); Vinodkumar 2009
(C)), and then calculated each trial's e�ective sample size.

Trials with more than two treatment groups

For trials with more than two intervention groups (multi-arm
trials), we included the directly relevant arms only. If we identified
trials with various relevant arms, we combined the groups into
a single, pair-wise comparison (Higgins 2011b), and included the
disaggregated data in the corresponding subgroup category. If the
control group was shared by two or more study arms, we divided
the control group (events and total population) equally by the
number of relevant subgroup categories to avoid double counting
the participants. We noted the details in the Characteristics of
included studies tables.

Two trials included additional arms in the comparisons as they
provided weekly and daily regimens (Kounnavong 2011 (C); Sharie�
2006 (C)).

Cross-over trials

There were no cross-over trials that met our inclusion criteria
(Criteria for considering studies for this review). See Table 1 and
our protocol (De-Regil 2012), for methods for managing cross-over
trials archived for use in future updates of this review.

Dealing with missing data

Missing participants

We noted dropout for each included study. We noted attrition on
the 'Risk of bias' form and included it in the 'Risk of bias' summary.
We conducted analysis on an available-case analysis basis: we
included data from those participants whose results were known.
We considered attrition as a potential source of heterogeneity.

We attempted to include all participants randomised to each group
in the analyses. We contacted the authors and asked them to
provide additional information and we performed an available-
case analysis and discussed the extent to which the missing data
could alter the results or conclusions (or both) of the review.
We noted in the Description of studies when authors provided
additional information.

Missing data

Where key data (e.g. standard deviations (SD)) were missing from
the report, we attempted to contact the corresponding authors (or
other authors if necessary) of the included trials to request the
unreported data. If this information was not achievable, we did not
impute it and noted that the study did not provide data for that
particular outcome.

Assessment of heterogeneity

We assessed methodological heterogeneity by examining the
methodological characteristics and risk of bias of the trials, and
clinical heterogeneity by examining the similarity between the
types of participants, interventions and outcomes.

For statistical heterogeneity, we examined the forest plots from
meta-analyses to look for heterogeneity among trials and used the

I2 statistic, Tau2 and Chi2 test to quantify the level of heterogeneity
among the trials in each analysis. If we identified moderate
or substantial heterogeneity, we explored it by prespecified
subgroup analysis (see Subgroup analysis and investigation of

heterogeneity). We considered an I2 statistic greater than 50%
to indicate substantial heterogeneity. We advise caution in the
interpretation of analyses with high degrees of heterogeneity.

Assessment of reporting biases

Where we suspected reporting bias (see 'Selective reporting bias'
under Assessment of risk of bias in included studies), we attempted
to contact study authors, asking them to provide missing outcome
data. Where this was not possible, and the missing data were
thought to introduce serious bias, we explored the impact of
including such trials in the overall assessment of results by
conducting a sensitivity analysis (see Sensitivity analysis).

If more than 10 trials contributed data to the primary outcomes,
we presented a funnel plot to evaluate asymmetry, and hence a
possible indication of publication bias for primary outcomes. Any
identified asymmetry could be due to publication bias, but could
also be attributable to a real relationship between trial size and
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e�ect size (e.g. larger trials may have poorer participant supervision
and thus compliance to supplementation, which may, in turn,
influence e�ect size). In such a case, we included, in the Discussion,
a section on the possible causes of the observed asymmetry,
including descriptions of reported compliance in the larger trials as
compared with smaller trials.

Data synthesis

We conducted a meta-analysis to obtain an overall estimate of the
e�ect of the treatment when more than one study had examined
similar interventions using similar methods, been conducted in
similar populations and measured similar (comparable) outcomes.

We accounted for heterogeneity using a random-e�ects meta-
analysis for combining data, as we anticipated that there may be
natural heterogeneity between trials attributable to the di�erent
doses, durations, populations and implementation or delivery
strategies. We carried out the meta-analysis using the inverse-
variance statistical method for continuous variables and the
Mantel-Haenszel statistical method for dichotomous variables
(RevMan 2014).

We did not combine outcomes expressed as continuous or
dichotomous measures.

Subgroup analysis and investigation of heterogeneity

Where data were available, we carried out the following subgroup
analyses:

• anaemic status of participants at the start of intervention
(anaemia defined as Hb values less than 110 g/L or less than 115
g/L, adjusted by altitude if appropriate): anaemic, non-anaemic,
mixed/unknown;

• age of children at the start of the intervention: 24 to 59 months,
five to 12 years;

• refugee status: yes, no;

• malaria status of the study site at the time of the trial: yes, no,
not reported;

• frequency: daily, weekly, flexible;

• duration of intervention: less than three months, three months
or more;

• iron content of product: 12.5 mg or less, more than 12.5 mg;

• type of iron compound: as reported by the trialists; and

• number of nutrients accompanying iron: one to four, five to nine,
10 or more.

We conducted the following, post hoc subgroup analysis:

• micronutrient composition: iron alone, at least iron plus vitamin
A plus zinc, other combinations without bundling iron plus
vitamin A plus zinc.

We used only the primary outcomes in the subgroup analysis
(Primary outcomes). We did not conduct subgroup analyses
for outcomes with three or fewer trials. We explored the
forest plots visually and identified where CI did not overlap
to identify di�erences between subgroup categories. We also
formally investigated di�erences between two or more subgroups
(Borenstein 2009).

Sensitivity analysis

We carried out a sensitivity analysis to explore:

• the e�ects of removing trials at high risk of bias (trials
with poor or unclear allocation concealment and blinding on
either domain (i.e. both participants and personnel) or high/
imbalanced loss to follow-up) from the analysis;

• the e�ects of di�erent ICC values for cluster trials (where these
were included, see Unit of analysis issues); and

• trials with mixed populations in which marginal decisions
were made (i.e. when trials included populations with an age
range broader than that of our inclusion criterion: Criteria for
considering studies for this review).

We conducted the following, post-hoc sensitivity analysis:

• the e�ects of combining studies comparing the intervention
versus no intervention or placebo.

R E S U L T S

Description of studies

Results of the search

Figure 1 depicts the process for assessing and selecting trials
for inclusion in this review. The search strategy identified
12,437 records for possible inclusion and 10,477 were available
aOer duplicate records were removed. We assessed 81 full-
text reports corresponding to 57 studies for eligibility. We
included 13 trials (17 reports) in the review, excluded 38
trials (57 reports) with reasons (Characteristics of excluded
studies table), and identified six ongoing or unpublished
trials (ACTRN12616001245482; NCT01917032; NCT02280330;
NCT02302729; NCT02422953; PACTR201607001693286).
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Figure 1.   Study flow diagram.

 
Included studies

We included 13 trials with 5810 participants. All included trials
contributed data to the review but some trials randomised
participants to intervention arms that were not relevant to the
comparisons we assessed. We have indicated in the Characteristics
of included studies tables if we did not include any randomised
arms in the analyses. Nine out of 12 trials were randomised at
cluster level (labelled with a '(C)'), and for them, we have only
included the estimated e�ective sample size in the analysis, aOer
adjusting the data to account for the clustering e�ect.

In addition to the published papers, abstracts and reports identified
by the search, one trial author provided us with the original data
sets, for us to analyse the results for children aged 24 months
and older only (Lundeen 2010 (C). Additionally, we obtained
additional information on the studies for various included studies
(Inayati 2012 (C); Lundeen 2010 (C); Ogunlade 2011; Sharie� 2006
(C); Troesch 2011b), and obtained useful information for the
description of the study or the 'Risk of bias' assessment. This is
presented in the Characteristics of included studies table.
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Settings

All 13 trials were published aOer 2005, with four taking place in India
(Osei 2008 (C); Varma 2007 (C); Vinodkumar 2006 (C); Vinodkumar
2009 (C)) and four in other parts of Asia: Indonesia (Inayati 2012 (C)),
Lao People's Democratic Republic (Kounnavong 2011 (C)), Kyrgyz
Republic (Lundeen 2010 (C)), and China (Sharie� 2006 (C)). Two
trials each were carried out in South Africa (Ogunlade 2011; Troesch
2011b) and Kenya (Macharia-Mutie 2012), while one study each was
conducted in Honduras (Kemmer 2012 (C)) and Colombia (Orozco
2015 (C)).

Nine trials took place in institutional settings with eight occurring
in schools (Ogunlade 2011; Orozco 2015 (C); Osei 2008 (C); Sharie�
2006 (C); Troesch 2011b; Varma 2007 (C); Vinodkumar 2006 (C);
Vinodkumar 2009 (C)) and one in a feeding centre (Macharia-Mutie
2012). The remaining trials took place in communities.

Three trials reported to be conducted in areas where malaria is
endemic (Kounnavong 2011 (C); Macharia-Mutie 2012; Varma 2007
(C)).

We have indicated in the Characteristics of included studies
table the reported baseline prevalence of anaemia, which varied
substantially across the trials that provided this information (range
7.3% to 92% among the nine trials reporting these data that did not
exclude participants with anaemia).

Participants

Among the 13 trials, the sample sizes ranged between 90 and
2193 participants, and included children from six months up to
15 years of age. Six trials only included children up to 59 months
of age (Inayati 2012 (C); Kemmer 2012 (C); Kounnavong 2011 (C);
Lundeen 2010 (C); Macharia-Mutie 2012; Orozco 2015 (C)), while
four trials included only children aged five years or older (Osei 2008
(C); Troesch 2011b; Vinodkumar 2006 (C); Vinodkumar 2009 (C)),
and three trials included children both younger and older than 59
months of age (Ogunlade 2011; Sharie� 2006 (C); Varma 2007 (C)).
Eleven trials included boys and girls; two trials did not report the
sex of the participants (Vinodkumar 2006 (C); Vinodkumar 2009 (C)).

Seven trials excluded children with low Hb values (cut-o�s varied
and ranged from 70 g/L to 110 g/L or lower) (Kounnavong 2011
(C); Lundeen 2010 (C); Orozco 2015 (C); Troesch 2011b; Varma 2007
(C); Vinodkumar 2006 (C); Vinodkumar 2009 (C)), while the study in
Honduras included only non-anaemic children (Kemmer 2012 (C)).
Overall, the participants in these trials came from low- and middle-
income populations, with the authors of seven trials reporting
that participants were of low socioeconomic status (Inayati 2012
(C); Lundeen 2010 (C); Ogunlade 2011; Orozco 2015 (C); Troesch
2011b; Vinodkumar 2006 (C); Vinodkumar 2009 (C)), and three
trials describing the participants as living in rural agricultural
communities (Kemmer 2012 (C); Macharia-Mutie 2012; Osei 2008
(C)). In two trials, the authors mentioned that some (Kounnavong
2011 (C)) or all (Sharie� 2006 (C)) participants were relatively
wealthy, based on household characteristics such as being able to
pay school fees or having electricity, an improved water source and
a latrine.

Comparisons

All included trials compared the provision of MNP versus no
intervention or placebo and are therefore included in comparison
1. None of the trials contributed data to any other comparison.

Micronutrient powder composition, iron dose and regimen

As described in the Characteristics of included studies tables, there
was little consistency in MNP composition across most trials. Three
trials reported a formulation of 14 vitamins and minerals (Inayati
2012 (C); Orozco 2015 (C); Osei 2008 (C)), two trials reported a
formulation with six vitamins and minerals (Kemmer 2012 (C);
Sharie� 2006 (C)), and each of the remaining trials reported a
di�erent formulation (range of two to 18 vitamin and minerals).

The iron dose and type of iron compound also varied across
trials. Four trials reported giving 10 mg of elemental iron either as
NaFeEDTA (Osei 2008 (C)), chelated ferrous sulphate (Vinodkumar
2006 (C)), or microencapsulated ferrous fumarate (Inayati 2012
(C); Kounnavong 2011 (C)). Three trials gave 12.5 mg of elemental
iron as microencapsulated ferrous fumarate (Kemmer 2012 (C);
Lundeen 2010 (C); Orozco 2015 (C)). Three trials gave 2.5 mg
of elemental iron (Macharia-Mutie 2012; Troesch 2011b) or 2.86
mg of elemental iron (Ogunlade 2011) as NaFeEDTA. Two trials
gave 30 mg of elemental iron (Sharie� 2006 (C)) or 14 mg of
elemental iron (Varma 2007 (C)) as microencapsulated ferrous
fumarate, while one trial gave 28 mg of elemental iron as ferrous
glycine phosphate (Vinodkumar 2009 (C)). Overall, seven trials used
encapsulated ferrous fumarate (Inayati 2012 (C); Kemmer 2012
(C); Kounnavong 2011 (C); Lundeen 2010 (C), Orozco 2015 (C),
Sharie� 2006 (C), Varma 2007 (C)); four trials used iron as ferric
sodium ethylenediaminetetraacetate (NaFeEDTA) (Macharia-Mutie
2012; Ogunlade 2011, Osei 2008 (C), Troesch 2011b), one trial used
chelated ferrous sulphate (Vinodkumar 2006 (C)), one trial used
ferrous glycine phosphate (Vinodkumar 2009 (C)).

All trials included daily provision of MNP in at least one arm of
the study. However, for seven trials carried out in school settings,
daily was defined variably as five or six times a week when school
was in session (Ogunlade 2011; Orozco 2015 (C); Osei 2008 (C);
Sharie� 2006 (C); Troesch 2011b; Varma 2007 (C); Vinodkumar
2009 (C)). Two trials also included arms with intermittent use,
providing MNPs either once or twice a week (Kounnavong 2011 (C);
Sharie� 2006 (C)). The study duration ranged from eight weeks to
12 months, with four trials reporting a duration of 23 or 24 weeks
(six months) (Kounnavong 2011 (C); Troesch 2011b; Varma 2007
(C); Vinodkumar 2009 (C)), and two trials reporting a duration of
four months (Kemmer 2012 (C); Macharia-Mutie 2012), with the
remaining trials each reporting a di�erent duration. For one trial,
duration varied for each participant depending on whether they
achieved a WHZ score of -1.0 or greater during the intervention
period and were discharged (Inayati 2012 (C)). The most common
co-intervention was antihelminthic treatment, reported by nine
trials (Kemmer 2012 (C); Kounnavong 2011 (C); Macharia-Mutie
2012; Ogunlade 2011; Orozco 2015 (C); Osei 2008 (C); Troesch 2011b;
Vinodkumar 2006 (C); Vinodkumar 2009 (C)). One trial also gave
vitamin A supplementation (Kounnavong 2011 (C)), and one trial
also provided a sweet or juice aOer carrying out assessments (Osei
2008 (C)).
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Excluded studies

We excluded 38 studies (57 reports and two personal
communications). The age of the participants was outside the
scope of this review in 21 trials (Aboud 2011; Ahmed 2003; Geltman
2009; Hirve 2007; Ip 2009; Jack 2012; Jaeggi 2015; Khan 2014;
Menon 2007; Neufeld 2008; Samadpour 2011; Smuts 2005; Soofi
2013; Suchdev 2007 (C); Teshome 2017; Troesch 2009; Wijaya-
Erhardt 2007; Zlotkin 2001; Zlotkin 2003a; Zlotkin 2003b; Zlotkin
2013). In 18 trials, the participants were less than 24 months
old (Aboud 2011; Geltman 2009; Hirve 2007; Ip 2009; Jack 2012;
Jaeggi 2015; Khan 2014; Menon 2007; Neufeld 2008; Samadpour
2011; Smuts 2005; Soofi 2013; Suchdev 2007 (C); Wijaya-Erhardt
2007; Zlotkin 2001; Zlotkin 2003a; Zlotkin 2003b; Zlotkin 2013). In
two trials, children were aged 12 to 59 months but 51% of the
participants were aged between 12 and 23 months (Ahmed 2003;
Teshome 2017). One trial was conducted on healthy, non-pregnant,
non-lactating young women (Troesch 2009).

In eight trials, the interventions did not evaluate MNP-containing
iron. One trial evaluated the e�ect of iron drops and not powders for
point-of-use fortification (Bagni 2009 (C)), while two trials involved
a fortified condiment or seasoning in powder form and not a MNP
for point-of-use fortification (Chen 2008; Manger 2008). Three trials
evaluated the e�ects of zinc and placebo tablets dissolved in freshly
prepared fruit juice and administered to the children every day
(Kikafunda 1998); the e�ects of four powdered fortificants added to
a base powder containing protein 8 g, sugar 12 g and maltodextrin
4 g to be dissolved in 100 mL of a soy-based fruit drink (Osendarp
2007); or the e�ects of synthetic β-carotene powder added to rice
(Vuong 2002). Two trials were of ineligible interventions (Menon
2016; Rim 2008). From these, one study assessed the e�ects of
behaviour-change interventions in Bangladesh, where half of the
sample were o�ered MNP sachets containing iron, folic acid, zinc,
and vitamins A and C for sale to mothers (Menon 2016).

Six studies had types of study design other than RCT (Angdembe
2015; Clarke 2015; De Pee 2007; Huamán-Espino 2012; Paganini
2016; Rah 2012). One trial described the post-tsunami experience
with distribution of Vitalita sprinkles in Aceh and Nias, Indonesia,
and did not have a control group (De Pee 2007), and two
involved cross-sectional surveys (Angdembe 2015; Clarke 2015).
One of these references was a literature review of the e�ects
of iron-fortified foods, including in-home iron fortification of

complementary foods using MNP in gut microbiome (Paganini
2016).

One registered study aimed to find out whether adding a small
quantity of powdered beef liver to day-care meals of Brazilian
preschool children from Salvador for 12 months could prevent
anaemia and micronutrient deficiencies, and improve their growth,
health and development in the same way (or better), than adding
a small quantity of MNP (Sprinkles) (Gibson 2010). However, the
study was not conducted because the baseline micronutrient
survey data showed no evidence of micronutrient deficiencies
among the preschool-age children.

Two studies had ineligible comparison types (Sampaio 2013; Selva
Suárez 2011).

See the Characteristics of excluded studies table for a detailed
description of the trials and the reasons for their exclusion.

Ongoing studies

We identified six ongoing studies (ACTRN12616001245482;
NCT01917032; NCT02280330; NCT02302729; NCT02422953;
PACTR201607001693286). The studies are being conducted
in Colombia (NCT01917032), Guatemala (NCT02302729),
Pakistan (NCT02422953), Philippines (NCT02280330), Tanzania
(PACTR201607001693286), and Vietnam (ACTRN12616001245482).
Most studies are being conducted in children of di�erent age
ranges: six to 12 months of age and preschool-age children (36
to 48 months of age) (NCT02302729); healthy boys and girls aged
four to six years (NCT02280330), children aged six to 59 months
with moderate anaemia (Hb concentration 70 g/L to 100 g/L)
(PACTR201607001693286), non-anaemic children aged five to 59
months (NCT01917032), and healthy primary school boys and girls
aged six to nine years (ACTRN12616001245482). One study is on
pregnant women, lactating mothers and children aged six to 59
months (NCT02422953). See Characteristics of ongoing studies
table for details.

Risk of bias in included studies

Overall, study methods were not well described in many of the
included trials. However, we contacted all study authors and
obtained a very high response rate: 83.3% of study authors
provided additional information that improved the quality of our
assessment (see Figure 2 and Figure 3). All provided clarifications
are noted in the Characteristics of included studies table.
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Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included trials.
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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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In total, we judged nine out of 13 studies at low risk of bias (Inayati
2012 (C); Kounnavong 2011 (C); Lundeen 2010 (C); Macharia-Mutie
2012; Ogunlade 2011; Orozco 2015 (C); Osei 2008 (C); Varma 2007
(C); Vinodkumar 2006 (C)).

Allocation

Sequence generation

In four trials, the method for generation of random sequence
was unclear (Kemmer 2012 (C); Sharie� 2006 (C); Troesch 2011b;
Vinodkumar 2009 (C)). We judged the remaining nine trials at
low risk of bias on this domain. Inayati 2012 (C); Varma 2007
(C); and Vinodkumar 2006 (C) used random tables for sequence
generation. Kounnavong 2011 (C) and Ogunlade 2011 used
computer-generated random numbers. Lundeen 2010 (C) and Osei
2008 (C) used shu�ling cards to generate the random sequence.
Orozco 2015 (C) reported using random blocks of variable length.
Macharia-Mutie 2012 used block randomisation by age and sex
generated with Excel (MicrosoO) by one investigator not involved in
recruitment and data collection.

Allocation concealment

In one trial, allocation concealment was unclear (Sharie� 2006 (C)),
while another did not conceal allocation and thus was rated at high
risk of bias (Kounnavong 2011 (C)). We judged the remaining 11
trials at low risk of bias (Inayati 2012 (C); Kemmer 2012 (C); Lundeen
2010 (C); Macharia-Mutie 2012; Ogunlade 2011; Orozco 2015 (C);
Osei 2008 (C); Troesch 2011b; Varma 2007 (C); Vinodkumar 2006 (C);
Vinodkumar 2009 (C))

Blinding

Blinding of participants and personnel

One trial had unclear blinding of participants (Orozco 2015 (C).
We rated eight trials at high risk of bias as they did not blind
the intervention to the participants and personnel (Inayati 2012
(C); Kemmer 2012 (C); Kounnavong 2011 (C); Lundeen 2010 (C);
Macharia-Mutie 2012; Sharie� 2006 (C); Vinodkumar 2006 (C);
Vinodkumar 2009 (C)). We judged the remaining four trials at low
risk of bias (Ogunlade 2011: Osei 2008 (C); Troesch 2011b; Varma
2007 (C)).

Blinding of outcome assessors

Five trials had unclear blinding of outcome assessment (Kemmer
2012 (C); Osei 2008 (C); Troesch 2011b; Varma 2007 (C); Vinodkumar
2009 (C)). Five trials did not blind the intervention and were at
high risk of bias (Inayati 2012 (C); Lundeen 2010 (C); Macharia-Mutie
2012; Sharie� 2006 (C); Vinodkumar 2006 (C)). We judged the three
remaining trials at low risk of detection bias (Kounnavong 2011 (C);
Ogunlade 2011; Orozco 2015 (C)).

Incomplete outcome data

We judged that trials with more than 20% loss to follow-up, or
with imbalanced loss to follow-up in di�erent arms of trials, were
inadequate in terms of completeness of outcome data. Three
trials were at high levels of attrition, or loss was not balanced
across groups and may have occurred for reasons associated
with treatment (Kemmer 2012 (C); Ogunlade 2011; Varma 2007
(C)). With Kemmer 2012 (C), 31% of participants did not have
Hb measurements. In Ogunlade 2011, attrition of the intervention
group was 17.1% while attrition in the control group was 9.3%. For

Varma 2007 (C), both intervention and control arms had 20% or
more loss to follow-up.

We judged the remaining 10 trials at low risk of attrition bias (Inayati
2012 (C); Kounnavong 2011 (C); Lundeen 2010 (C); Macharia-Mutie
2012; Orozco 2015 (C); Osei 2008 (C); Sharie� 2006 (C); Troesch
2011b; Vinodkumar 2006 (C); Vinodkumar 2009 (C)).

Selective reporting

In 11 trials, it was impossible to judge selective reporting (Kemmer
2012 (C); Kounnavong 2011 (C); Lundeen 2010 (C); Macharia-Mutie
2012; Orozco 2015 (C), Osei 2008 (C); Sharie� 2006 (C); Troesch
2011b; Varma 2007 (C); Vinodkumar 2006 (C); Vinodkumar 2009
(C)). One trial had a high risk of bias because they excluded from
analysis children with adherence lower than 60% (Ogunlade 2011).
We judged one study at low risk of reporting bias (Inayati 2012 (C)).

Other potential sources of bias

We rated three studies at high risk of other potential sources of
bias (Kounnavong 2011 (C); Orozco 2015 (C); Vinodkumar 2009 (C)).
Kounnavong 2011 (C) and Vinodkumar 2009 (C) had imbalanced
Hb levels among intervention and control arms at baseline. Orozco
2015 (C) reported that, at the start of the study, the overall mean age
of preschool-age children was 4.8 years (SD 0.3), with a minimum
age of 3.8 years and a maximum age of 5.2 years, with statistical
di�erences between the two groups. Also, 71.1% of participants
presented an adequate nutritional status, compared to 25.6% who
had malnutrition due to excess (15.6% were overweight and 10%
were obese). There were significant di�erences in the nutritional
status between the groups at the beginning of the study.

With the remainder of the trials, there was insu�icient information
to permit judgement (Inayati 2012 (C); Kemmer 2012 (C); Macharia-
Mutie 2012; Osei 2008 (C); Sharie� 2006 (C)), or other potential bias
was unlikely (Lundeen 2010 (C); Ogunlade 2011; Troesch 2011b;
Varma 2007 (C); Vinodkumar 2006 (C)).

E:ects of interventions

See: Summary of findings for the main comparison Point-of-use
fortification of foods with micronutrients powders (MNP) compared
to no intervention or placebo in preschool and school-age children

We included data from 13 trials, involving 5810 participants, in
this review; for trials that included more than two treatment arms,
we may not have included all arms in our analyses. We have
organised the summary of results by comparisons and by primary
and secondary outcomes. Most of the included trials focused on
haematological indices and few reported on any of the other
outcomes prespecified in the review protocol (De-Regil 2012). Many
of the findings showed heterogeneity that could not be explained
by standard sensitivity analyses or subgroup analysis, including
quality assessment, and so 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.

For those outcomes that included data from cluster-randomised
trials, the number included is the e�ective sample size; that is,
sample sizes and event rates have been adjusted for cluster-trials
to take account of the design e�ect.
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Comparison 1. Point-of-use fortification of foods with MNP
versus no intervention or placebo

We included 13 trials that compared point-of-use fortification of
foods with MNP versus no intervention/placebo.

Primary outcomes  

Anaemia

Ten trials involving 2448 children evaluated anaemia. Children
receiving multiple MNP for point-of-use fortification of foods were
significantly less likely to have anaemia at follow-up than children
receiving no intervention or placebo (RR 0.66, 95% CI 0.49 to 0.88,

P = 0.005; Tau2 = 0.13, Chi2 = 32.91, I2 = 73%; Analysis 1.1). We rated
the quality of this evidence as moderate; most studies showed a
positive e�ect of MNP but had no blinding and high heterogeneity.
See Summary of findings for the main comparison. Among the
trials, nine were conducted with participants with unreported or
mixed anaemia status at the start of the intervention and of these,
one excluded participants with severe anaemia (Hb less than 70 g/
L) at participant selection (Kounnavong 2011 (C)). One study was
conducted among non-anaemic children (Kemmer 2012 (C)). See
Analysis 1.2.

The subgroup analysis test showed that there were no significant
di�erences in the e�ect by age at the start of intervention (i.e.
the e�ect was no longer significant for those participants aged
60 months or older) (Analysis 1.3; test for subgroup di�erences
P = 0.67); frequency of provision (Analysis 1.5; test for subgroup
di�erences P = 0.15); duration of the intervention (Analysis 1.6; test
for subgroup di�erences P = 0.21); number of nutrients in addition
to iron (Analysis 1.9; test for subgroup di�erences P = 0.07; ); but
there were significant di�erences for malaria status of study site
(Analysis 1.4; test for subgroup di�erences P = 0.02), iron content
(Analysis 1.7; test for subgroup di�erences P = 0.002), type of iron
compound (Analysis 1.8; test for subgroup di�erences P = 0.03)

and micronutrient composition (Analysis 1.10; test for subgroup
di�erences P = 0.002). However, these results must be interpreted
with caution as heterogeneity was high.

Haemoglobin

Eleven included trials with 2746 children evaluated Hb. Compared
to children receiving no intervention or placebo, children receiving
multiple MNP had more Hb at follow-up (MD 3.37 g/L, 95% CI 0.94 to

5.80, P = 0.006; Tau2 = 14.42, Chi2 = 134.09, I2 = 93%; Analysis 1.11).
We rated the quality of this evidence as low; most studies showed a
positive e�ect of MNP but had no blinding and high heterogeneity.
See Summary of findings for the main comparison.

The analysis by subgroups by anaemia status at the start of
the intervention was not estimable as all studies contributing
data were of mixed anaemia status (Analysis 1.12). There were
di�erences for subgroups by frequency of provision (Analysis 1.15;
test for subgroup di�erences P = 0.04), type of iron compound
(Analysis 1.18; test for subgroup di�erences P < 0.00001), number
of nutrients in addition to iron (Analysis 1.19; test for subgroup
di�erences P = 0.003) and micronutrient composition (Analysis
1.20; test for subgroup di�erences P = 0.02).

There were no subgroup di�erences by age of the participants
(Analysis 1.13; test for subgroup di�erences P = 0.21), malaria status
of the study site (Analysis 1.14; test for subgroup di�erences P =
0.56), duration of the intervention (Analysis 1.16; test for subgroup
di�erences P = 0.59) and iron content of the product (Analysis 1.17;
test for subgroup di�erences P = 0.54).

There was no indication of publication bias through assessment of
the funnel plot (Figure 4). When we analysed the results only with
studies that compared provision of MNP versus placebo (i.e. we
excluded those providing no intervention), the estimate changed
to MD 1.29 g/L (95% CI -0.69 to 3.28, 4 studies, 1086 participants;
analyses not shown).
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Figure 4.   Funnel plot of comparison: 1 Point-of-use fortification of foods with micronutrients powders versus no
intervention/placebo, outcome: 1.11 Haemoglobin (g/L).

 
Iron deficiency

Five trials with 1364 children evaluated iron deficiency (Macharia-
Mutie 2012; Osei 2008 (C); Sharie� 2006 (C); Troesch 2011b;
Varma 2007 (C)). Children receiving multiple MNP for point-of-
use fortification of foods were significantly less likely to have
iron deficiency at follow-up than those children receiving no

intervention or placebo (RR 0.35, 95% CI 0.27 to 0.47, P = 0.001; Tau2

= 0.00, Chi2 = 0.65, I2 = 0%; Analysis 1.21). We rated the quality of
this evidence as moderate; there was no heterogeneity and most
studies showed a positive e�ect of MNP but they lacked blinding.
See Summary of findings for the main comparison.

All five trials were conducted with participants with unreported or
mixed anaemia status at start of the intervention. The subgroups
analysis tests were either not significant or not estimable for the
characteristics evaluated (see Analysis 1.22; Analysis 1.23; Analysis
1.24; Analysis 1.25; Analysis 1.26; Analysis 1.27; Analysis 1.28;
Analysis 1.29; Analysis 1.30).

Ferritin

Three trials, involving 1066 children, provided information on
ferritin concentrations (reported as arithmetic means) (Osei 2008
(C); Sharie� 2006 (C); Varma 2007 (C)). On average, it was uncertain
whether children receiving multiple MNP had any di�erence in
ferritin at follow-up compared to children receiving no intervention

or placebo (SMD 0.42 μg/L, 95% CI -4.36 to 5.19, Tau2 = 17.76,

Chi2 = 1139.30, I2 = 100%; Analysis 1.31), as the quality of the

evidence has been assessed as very low. Most studies had no or
unclear blinding, and there was 100% heterogeneity with most
inconsistency in the direction of the e�ect. See Summary of findings
for the main comparison.

All-cause mortality: single study results

One trial with 115 participants reported on all-cause mortality
(Inayati 2012 (C)). There were no deaths reported during this trial
(Analysis 1.32). We rated the quality of this evidence as low as only
one low-risk trial reported all-cause mortality. See Summary of
findings for the main comparison.

Diarrhoea

Two trials with 366 participants reported data on diarrhoea (Inayati
2012 (C); Osei 2008 (C). Children receiving multiple MNP for point-
of-use fortification of foods were as likely to have diarrhoea at
follow-up than those children receiving no intervention or placebo

(RR 0.97, 95% CI 0.53 to 1.78, P = 0.93; Tau2 = 0.00, Chi2 = 0.42, I2 =
0%; Analysis 1.33). We rated the quality of this evidence as low; two
low-risk trials reported diarrhoea and there was no heterogeneity,
with both studies showing no di�erence between the intervention
and comparison groups. See Summary of findings for the main
comparison.

Adverse e:ects: single study results

One trial involving 90 children reported adverse e�ects (Orozco
2015 (C)). In this study, authors reported that, overall, four children
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(4.4%) reported adverse e�ects that consisted of abdominal pain
and nausea. Two preschool-age children (4.7%) in the MNP group
and two children (4.3%) in the control group presented with nausea
and abdominal pain (RR 1.09, 95% CI 0.16 to 7.42; Analysis 1.34). It
is important to note that none of the participants required medical
attention for the adverse e�ects attributed to the intervention; for
this reason, none were withdrawn from the study. We rated the
quality of this evidence as moderate. See Summary of findings for
the main comparison.

Secondary outcomes  

Iron deficiency anaemia

Three trials with 918 participants reported on iron deficiency
anaemia (Macharia-Mutie 2012; Osei 2008 (C); Varma 2007 (C).
Children receiving multiple MNP for point-of-use fortification of
foods were as likely to have iron deficiency anaemia as children
receiving no intervention or placebo (RR 0.28, 95% CI 0.07 to 1.10,

P = 0.07; Tau2 = 0.97, Chi2 = 5.90, I2 = 66%; Analysis 1.35).

Cognitive development and school performance: single study results

One trial reported on cognitive development and school
performance, but the information could not be extracted (Ogunlade
2011).

Motor development and physical capacity

No trials reported motor development and physical capacity.

All-cause morbidity

Three trials with 538 participants reported on all-cause morbidity
(Inayati 2012 (C); Kounnavong 2011 (C); Osei 2008 (C)). Children
receiving multiple MNP for point-of-use fortification of foods were
as likely to have all-cause morbidity as children receiving no

intervention or placebo (RR 0.96, 95% CI 0.74 to 1.23, P = 0.72; Tau2

= 0.00, Chi2 = 0.83, I2 = 0%; Analysis 1.36).

Acute respiratory infection: single study results

Only one trial with 115 participants reported on acute respiratory
infection (Inayati 2012 (C)). Participants who received the iron-
containing MNP for point-of-use fortification were less likely to
have an acute respiratory infection than participants receiving no
intervention or placebo (RR 0.58, 95% CI 0.37 to 0.90, P = 0.01; see
the illustrative forest plot in Analysis 1.37).

Growth (height-for-age Z-score)

Four trials with 617 participants reported on growth (HAZ) (Inayati
2012 (C); Kemmer 2012 (C); Kounnavong 2011 (C); Ogunlade 2011).
There were no significant di�erences between children receiving
MNPs and children receiving no intervention or placebo, although
children receiving MNP were slightly shorter at follow-up (MD -0.02,

95% CI -0.20 to 0.17, P = 0.86; Tau2 = 0.00, Chi2 = 0.25, I2 = 0%;
Analysis 1.38).

Growth (weight-for-age Z-score)

Three trials with 502 participants reported on growth (WAZ)
(Kemmer 2012 (C); Kounnavong 2011 (C); Ogunlade 2011). There
were no significant di�erences between children receiving MNPs
and children receiving no intervention or placebo, although
children receiving MNP were slightly thinner for their age at follow-

up (MD -0.01, 95% CI -0.09 to 0.07 P = 0.85; Tau2 = 0.00, Chi2 = 0.89,

I2 = 0%; Analysis 1.39).

Growth (weight-for-height Z-score)

Two trials with 287 participants reported on growth (WHZ) (Inayati
2012 (C); Kounnavong 2011 (C)). Children receiving multiple MNP
were heavier for their height at follow-up in comparison to children
receiving no intervention or placebo (MD 0.09, 95% CI 0.00 to 0.19,

P = 0.04; Tau2 = 0.00, Chi2 = 0.15, I2 = 0%; Analysis 1.40).

Adherence: single study results

One trial with 131 participants reported on adherence (Ogunlade
2011). Children receiving multiple MNP for point-of-use fortification
of foods were as likely to adhere to the intervention as children
receiving no intervention or placebo (RR 1.00, 95% CI 0.87 to 1.16,
P = 0.95; see the illustrative forest plot in Analysis 1.41).

Red blood cell folate

No trials reported red blood cell folate.

Serum/plasma retinol

Two trials with 547 participants reported serum/plasma retinol
(Varma 2007 (C); Vinodkumar 2006 (C)). It was uncertain whether
the intervention made any change in serum/plasma retinol
concentration at follow-up (MD 10.08 mmol/L, 95% CI -10.72 to

30.88, P = 0.34; Tau2 = 214.16, Chi2 = 19.44, I2 = 95%; Analysis 1.42).

Serum/plasma zinc concentrations: single study results

One trial with 288 participants reported serum/plasma zinc
concentrations (Osei 2008 (C)). There were no di�erences between
groups. It was uncertain whether the intervention made any
di�erence in serum/plasma zinc concentration at follow-up (MD
-0.10 mmol/L, 95% CI -0.79 to 0.59, P = 0.78; see the illustrative forest
plot in Analysis 1.43).

Non-prespecified outcomes

Studies reported several non-prespecified outcomes for indicators
of vitamin and mineral status, growth and other health outcomes.

Iron status: single study results

One study with 288 children reported total iron binding capacity
(MD 22.90 µmol/kg, 95% CI 22.55 to 23.25, P < 0.001; Analysis 1.44)
and serum transferrin receptors (MD -0.10 mg/L, 95% CI -0.44 to
0.24, P = 0.56; see the illustrative forest plot in Analysis 1.45) (Osei
2008 (C)). However, we are uncertain whether the intervention
makes any di�erence in these outcomes.

Serum vitamin E: single study results

One study with 66 children reported serum vitamin E (Vinodkumar
2006 (C)). It found no evidence of e�ect of multiple MNP in
comparison with a placebo (MD 27.45 µg/dL, 95% CI -213.28 to
268.18, P = 0.82; see the illustrative forest plot in Analysis 1.46).

Serum vitamin B12

Two studies with 329 children reported serum vitamin B12 (Osei

2008 (C); Vinodkumar 2006 (C)). There was no evidence of e�ect
among children who consumed multiple MNP in comparison with
children who received no intervention or placebo (MD 241.16 pg/
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mL, 95% CI -258.70 to 741.02, P = 0.34; Tau2 = 99511.92, Chi2 = 3.27,

I2 = 69%; Analysis 1.47).

Zinc deficiency: single study results

One study with 192 children reported zinc deficiency (Troesch
2011b). It found that multiple MNP significantly reduced zinc
deficiency (serum zinc less than 6.5 µg/L) compared to no
intervention or placebo (RR 0.64, 95% CI 0.45 to 0.93, P = 0.02; see
the illustrative forest plot in Analysis 1.48).

Vitamin A deficiency: single study results

One study with 481 children reported vitamin A deficiency (serum
retinol less than 0.70 µg/L) (Varma 2007 (C)). We were uncertain of
e�ect among children who consumed multiple MNP in comparison
with children who received no intervention or placebo (RR 1.31,
95% CI 0.69 to 2.48, P = 0.41; see the illustrative forest plot in
Analysis 1.49).

Serum folate

Two studies with 329 children reported serum folate (Osei 2008 (C);
Vinodkumar 2006 (C)). Children who consumed multiple MNP had
higher serum folate concentrations in comparison with children
who received no intervention or placebo (MD 2.16 ng/mL, 95% CI

0.76 to 3.56, P = 0.002; Tau2 = 0.36, Chi2 = 1.45, I2 = 31%; Analysis
1.50).

Height

Two studies with 182 children reported height (Inayati 2012 (C);
Vinodkumar 2006 (C)). There was no evidence of e�ect among
children who consumed multiple MNP in comparison with children
who received no intervention or placebo (MD 0.05 cm, 95% CI -3.71

to 3.82, P = 0.98; Tau2 = 3.45, Chi2 = 1.86, I2 = 46%; Analysis 1.51).

Weight

Three studies with 313 children reported weight (Inayati 2012 (C);
Ogunlade 2011; Vinodkumar 2006 (C)). There was no evidence of an
e�ect among children who consumed multiple MNP in comparison
with children who received no intervention or placebo (MD -0.02

kg, 95% CI -0.59 to 0.55, P = 0.94; Tau2 = 0.00, Chi2 = 1.85, I2 = 0%;
Analysis 1.52).

Fever: single study results

One study with 115 children reported fever (Inayati 2012 (C)).
We were uncertain of any e�ect among children who consumed
multiple MNP in comparison with children who received no
intervention or placebo (RR 0.82, 95% CI 0.45 to 1.48, P = 0.50;
Analysis 1.53).

Stunting

Two studies with 654 children reported stunting (HAZ-2 SD)
(Kemmer 2012 (C); Osei 2008 (C)). There was no evidence of an e�ect
among children who consumed multiple MNP in comparison with
children who received no intervention or placebo (RR 0.91, 95% CI

0.66 to 1.25, P = 0.56; Tau2 = 0.04, Chi2 = 3.90, I2 = 74%; Analysis 1.54).

Angular stomatitis

Two studies with 236 children reported angular stomatitis
(Vinodkumar 2006 (C); Vinodkumar 2009 (C)). Children who
received placebo had a higher risk of having angular stomatitis
compared with children who received multiple MNP (RR 0.04, 95%

CI 0.01 to 0.29, P = 0.001; Tau2 = 0.00, Chi2 = 0.39, I2 = 0%; Analysis
1.55).

Comparison 2. Point-of-use fortification of foods with MNP
versus iron-only supplement

We found no trials comparing point-of-use fortification of foods
with MNP versus iron-only supplement.

Comparison 3. Point-of-use fortification of foods with MNP
versus iron and folic acid supplements

We found no trials comparing point-of-use fortification of foods
with MNP versus iron and folic acid supplements.

Comparison 4. Point-of-use fortification of foods with MNP
versus same micronutrients in supplements

We found no trials comparing point-of-use fortification of foods
with MNP versus same micronutrients in supplements.

D I S C U S S I O N

Summary of main results

We included 13 trials, involving 5810 participants from nine
countries in Latin America, Africa and Asia, in this review. We
excluded 38 trials and six trials are ongoing or are unpublished. All
trials assessed the provision of MNP for point-of-use fortification to
no intervention or placebo. None of the trials evaluated the other
comparisons of interest.

The sample sizes in the included trials ranged from 90 to 2193
participants. The age range of the participants was six months to
15 years. Six trials included participants aged six to 59 months, four
included children aged 60 months or older and three trials included
children both younger and older than 59 months of age. Two trials
did not report the sex of the participants. The composition of
the MNP in the trials varied: three trials used a formulation with
14 vitamins and minerals, two trials used a formulation with six
vitamin and minerals, and the other eight trials provided MNP
with di�erent formulations ranging from two to 18 vitamins and
minerals.

The iron compound and dose also varied in the included trials:
one trial provided 30 mg of elemental iron, one trial provided
28 mg of elemental iron, one trial provided 14 mg of elemental
iron, three trials provided 12.5 mg of elemental iron, four trials
provided 10 mg of elemental iron, one trial provided 2.86 mg
of elemental iron and two trials provided 2.5 mg of elemental
iron. Seven trials used encapsulated ferrous fumarate (Inayati 2012
(C); Kemmer 2012 (C); Kounnavong 2011 (C); Lundeen 2010 (C),
Orozco 2015 (C), Sharie� 2006 (C), Varma 2007 (C)); four trials
used iron as NaFeEDTA (Macharia-Mutie 2012; Ogunlade 2011, Osei
2008 (C), Troesch 2011b), one trial used chelated ferrous sulphate
(Vinodkumar 2006 (C)), one trial used ferrous glycine phosphate
(Vinodkumar 2009 (C)).

In comparison with receiving no intervention or placebo, children
receiving iron-containing MNP for point-of-use fortification of foods
had a lower risk of anaemia and iron deficiency and a higher Hb
concentration. We were unable to ascertain any e�ect on all-cause
mortality, as only one study with no reported deaths contributed
data for this outcome. Two trials reported diarrhoea, with mixed
results.
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Nine of the 13 trials reported that participants had mixed anaemia
status at baseline; this limited our ability to examine risk among
non-anaemic or anaemic populations. The e�ect on anaemia did
not vary significantly by age of participants at the start of the
intervention, frequency of provision or duration of intervention.
There appears to be di�erences in the subgroups by the number
of additional nutrients added, although the e�ect di�ered by the
malaria risk in the trial setting, iron compound and iron content
in the formulation. The magnitude of e�ects on Hb concentrations
di�ered according to the frequency of the intervention, type of iron
compound and number of nutrients, although heterogeneity in the
subgroups was high.

As no included trials compared MNP to iron supplementation,
which is the standard of care, we were unable to examine whether
MNPs were as e�icacious or safer than iron supplements (as drops,
tablets or syrup).

Overall completeness and applicability of evidence

This review included 13 trials with 5810 children and all the
trials were published aOer 2005. We only included RCTs and
quasi-RCTs in this review. This may have limited the inclusion
of programme evaluation trials without control groups, which
could have potentially provided additional evidence about the
e�ectiveness of this intervention in programme settings (Hirve
2013; World Vision Mongolia 2005). The included trials only
examined MNP versus no intervention or placebo and did not
examine other comparisons of interest, including MNP versus iron-
only supplements, versus iron and folic acid supplements and
versus the same micronutrients in supplements. The current review
cannot compare the e�icacy, adherence or adverse e�ects for
these three interventions, which may be important for decision-
making by country programme managers and policy makers. The
lack of trials comparing MNP to iron-containing supplements is an
important gap, as existing WHO guidelines currently recommend
either daily or intermittent supplementation with iron for children
younger than 12 years of age (WHO 2001; WHO 2011c), and
researchers suggest that MNP consumed with food is safer than
iron supplements (Hurrell 2010). With the exception of anaemia, Hb
and iron status outcomes, there were insu�icient trials to examine
most of the primary and secondary outcomes of interest and by
subgroups.

Eight of the 13 trials took place in Asia (Inayati 2012 (C);
Kounnavong 2011 (C); Lundeen 2010 (C); Osei 2008 (C); Sharie�
2006 (C); Varma 2007 (C); Vinodkumar 2006 (C); Vinodkumar
2009 (C)), three in Africa (Macharia-Mutie 2012; Ogunlade 2011;
Troesch 2011b), and two in Latin America and the Caribbean
(Kemmer 2012 (C); Orozco 2015 (C)). A 2011 global assessment
of home fortification interventions identified 14 projects currently
distributing MNP in Latin America and the Caribbean, including five
programmes delivering MNP through early childhood development
(ECD) centres (UNICEF/CDC 2013), but no trials included in this
review were from ECD or school settings in Latin America and
the Caribbean. Furthermore, none of the 13 trials took place in
high-income countries, and it is unknown if the results of trials
would di�er in high-income countries. One trial conducted in the US
among low-income infants aged five to seven months documented
lower intake adherence with MNP compared to iron drops (Geltman
2009; excluded as age range outside the scope of this review).

Most trials included both boys and girls. Some of the trials
included children younger than 24 months of age. One trial
provided the original data sets so the information included in this
review could be limited to the participants aged 24 months or
older (Lundeen 2010 (C)), but other trials were included because
at least 50% of the sample was older than 24 months of age
(Inayati 2012 (C); Kounnavong 2011 (C); Macharia-Mutie 2012).
As the prevalence of anaemia, and iron and other micronutrient
deficiencies tend to be higher among children younger than 24
months compared to children older than 24 months, and there is
typically an inverse relationship between deficiency and response
to treatment, the inclusion of these younger children in the review
might suggest a stronger e�ect of MNP programmes than would
occur in programme settings with older children.

One trial excluded anaemic participants at baseline (Kemmer 2012
(C)) and two trials did not report anaemia prevalence at baseline
(Sharie� 2006 (C); Vinodkumar 2006 (C)). All other trials included
populations with di�erent anaemia prevalence ranging from 7.25%
to 92.1% across trials (or arms) at baseline. The predominance of
trials with mixed anaemia status at baseline makes it impossible
to examine risk among non-anaemic populations or anaemic
populations, and thus we cannot assess the e�icacy of MNP with
iron for the prevention or treatment of anaemia, exclusively.

For implementation projects or programmes, MNP are delivered to
participants using multiple distribution platforms, including health
systems through routine services and scheduled health facility
events, community-based distribution, general food distribution,
ECD centre meals, school meals and market-based approaches
(UNICEF/CDC 2013). The 13 trials in this review also used
multiple approaches to deliver MNP, including distributions
through schools, feeding centres and communities, although these
did not reflect all the delivery platforms currently in use in some
settings. Nine of the trials were delivered through institutional
settings (schools and a feeding centre), and with one exception
(Sharie� 2006 (C)), the MNP was added at a central level to the
meals prior to serving them to the children. This provides evidence
for the emerging use of MNP in settings where the caretakers or
participants do not necessarily have an active role in the point-of-
use fortification, with preparing and adding the MNP to food prior
to consumption, which could result in higher micronutrient intakes
among children who regularly attend these institutions. Increased
intake adherence and lower adverse e�ects are two of the proposed
benefits for the use of MNP instead of iron supplements, but trials
did not report adherence and adverse e�ects consistently and some
trials did not report them. Lack of information about adverse e�ects
and potential morbidities is an important gap, as some studies
have suggested a small but significant increase in the incidence of
diarrhoea with MNP intake among very young children (Soofi 2013),
and documented changes in the gut microbiome among Kenyan
children aged six months consuming MNP with iron (Jaeggi 2015).

Most of the 13 trials distributed MNP for daily intake (or daily
when school was in session). The exceptions involved two trials
with arms recommending intake twice a week (Kounnavong 2011
(C)) or weekly (Sharie� 2006 (C)). Other micronutrient intake
schedules reported in projects include every other day, five days a
week and flexible intake (with no suggested intake schedule other
than no more than one dose a day and consuming all the MNP
within a specific time frame) (UNICEF/CDC 2013). The micronutrient
formulation, quantity of iron and iron compound varied across the
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13 trials. The number of nutrients included in MNP formulations
across the trials ranged from two to 18. One trial also included
amylase-rich, light malted barley flour with the micronutrient mix
(Ogunlade 2011), and one trial included phytase (Troesch 2011b).
Most existing programmes use a standard formulation of five or
15 micronutrients (UNICEF/CDC 2013). The trials included iron in
the form of encapsulated ferrous fumarate, NaFeEDTA, chelated
ferrous sulphate and ferrous glycine phosphate, and the iron doses
ranged from 10 mg to 30 mg for ferrous fumarate, 2.5 mg to 10 mg
for NaFeEDTA, 10 mg for chelated ferrous sulphate and 28 mg for
ferrous glycine phosphate.

Some additional information about organoleptic properties of
MNP mixed into foods (such as the food changed colour or
consistency) came from direct communications with the authors
(Macharia-Mutie 2012; Ogunlade 2011). It is unknown if other trials
experienced organoleptic issues not included in the final published
documents. These changes could potentially influence the blinding
of trials, or acceptability of the intervention to participants.

While the trials routinely reported Hb, anaemia and iron status
indicators, most did not assess the status of other micronutrients
in MNP or functional outcomes. The lack of information about
functional outcomes is an especially important gap as these are
the expected longer-term health benefits that justify investment
in this intervention. Similarly, there appears to be paucity of data
on potential adverse health e�ects, which is important considering
ongoing debates.

Quality of the evidence

We considered nine of the 13 trials at low risk of bias (Inayati 2012
(C); Kounnavong 2011 (C); Lundeen 2010 (C); Macharia-Mutie 2012;
Ogunlade 2011; Orozco 2015 (C); Osei 2008 (C); Varma 2007 (C);
Vinodkumar 2006 (C)). In most studies, the main limitation was the
lack of blinding at all levels: participants, personnel and outcome
assessors. In one study, authors attempted to blind the intervention
to the participants and the personnel, but the powders changed
the consistency of the porridge and made it slightly darker and
lighter compared to the original maize porridge, unmasking the
intervention (Macharia-Mutie 2012).

We judged the overall quality of the evidence for the provision
of multiple MNP versus no intervention or placebo as moderate
for anaemia, iron deficiency and adverse e�ects. We judged the
evidence as low quality for Hb, all-cause mortality and diarrhoea,
and very low-quality for ferritin (See Summary of findings for the
main comparison).

Potential biases in the review process

We were aware of the possibility of introducing bias at every stage
of the reviewing process. In this review, we tried to minimise bias
in a number of ways; two review authors assessed eligibility for
inclusion, carried out data extraction and assessed risk of bias. Each
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
trials is known to be a�ected by prior beliefs and attitudes. It is
di�icult to control for this type of bias in the reviewing process.

While we designed our search strategies to be as inclusive
as possible (Appendix 1), the literature that we identified was
predominantly written in English and published in North American

and European journals. Although we did attempt to assess
reporting bias, constraints of time meant that this assessment
largely relied on information available in the published trial reports
and thus, reporting bias was not usually apparent.

We included a 'Summary of findings' table in this review (Summary
of findings for the main comparison). Assessing the quality of the
evidence relating to specific outcomes is a di�icult process, but we
attempted to produce the table using a transparent process. Two
review authors (LD-R, MJ) independently assessed the evidence
for each outcome for each quality domain and discussed any
disagreements.

Agreements and disagreements with other studies or
reviews

One non-Cochrane review assessed the e�ects of MNP in women
and children (Salam 2013). Two reviews examined the e�ects and
safety of MNP among younger children (aged six to 23 months) in
the complementary feeding period (De-Regil 2011b; Dewey 2009).

Salam 2013 carried out a systematic review of 16 MNP trials that
took place in Asia, Africa and Haiti. Trials were included if they
had MNP formulations with a minimum of two micronutrients,
and otherwise could be consumed in the home or other settings,
at any dosage and duration. While they aimed to examine the
impact of MNP on women and children, they did not identify
any studies among women that met their inclusion criteria. The
final trials included in the review were all from low- and middle-
income countries and compared to no intervention or control.
All the trial formulations included iron and the children were
aged between six months and 11 years. Salam 2013 found MNP
reduced the prevalence of anaemia, iron deficiency anaemia and
vitamin A deficiency, and improved Hb concentrations. There were
no significant e�ects on ferritin concentrations, zinc deficiency or
anthropometric indicators. Four studies with morbidity outcome
data showed a small but significant increase in the incidence of
diarrhoea, and no significant e�ects on recurrent diarrhoea or
upper respiratory illness.

De-Regil 2011b included eight RCTs and quasi-RCTs of apparently
healthy children (aged six to 23 months) from Asia, Africa and the
Caribbean. The review only included trials using MNP formulations
with at least iron, zinc and vitamin A. The results of six trials
compared MNP to no intervention or placebo, and two trials
compared MNP to iron supplements. MNPs were found to reduce
anaemia and iron deficiency when compared to no intervention
or placebo, but had no e�ects on growth. These findings were
consistent across the trials regardless of intervention duration
or the prevalences of anaemia and malaria at baseline. The two
trials that compared MNP to iron supplementation drops suggested
there were no di�erences for anaemia or Hb concentrations, but
the authors advised caution due to the limited number of trials
included in this comparison. There was insu�icient information to
assess adverse e�ects or other functional outcomes.

Dewey 2009 carried out a systematic review and meta-analysis of
16 trials of home fortification of complementary foods using MNP,
crushable tablets, and lipid-based or soy-based products. Of the
16 included trials, five were defined as treatment and all involved
MNP. Of the remaining 11 trials defined as prevention, eight
included arms with MNP. Dewey 2009 did not specify any minimum
formulation criteria for the MNP (or other home fortification
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products), but all trials with MNP contained iron. Dewey 2009 also
included a trial not eligible for inclusion in the current review,
which only compared MNP with iron to MNP with iron and zinc.
The treatment trials showed no di�erences in the e�ects on Hb
and ferritin between MNP and iron supplementation drops, which
we were unable to assess in the current review due to a lack of
trials examining this comparison. For the prevention trials, the
overall e�ect size for ferritin and Hb concentrations include trials
involving all the home fortification products and were not limited
to MNP; they showed that home fortification improved ferritin and
Hb concentrations reducing iron deficiency and anaemia.

There were several di�erences between our review and the above-
mentioned reviews. Compared to De-Regil 2011b; Dewey 2009;
and Salam 2013, our review only required the MNP formulation
to include at least iron, whereas Salam 2013 required a minimum
of two micronutrients, De-Regil 2011b required iron, zinc and
vitamin A, and Dewey 2009 had no minimum formulation criteria.
Compared to this review, which focused on children aged 24
months to 12 years and included trials with children up to 15
years of age, De-Regil 2011b and Dewey 2009 focused on children
younger than 24 months of age. Salam 2013 included children up
to 11 years of age, but 10 trials included only children younger than
36 months of age and four included children older than five years
of age; in this review, seven trials included children aged five years
or older. None of the trials included in De-Regil 2011b or Dewey
2009 involved distribution and use of MNP through schools or
other institutional settings. Salam 2013 included trials distributing
outside the home but did not report which studies did so, and, in
the current review eight of the 13 trials distributed through school
or other institutional settings. Our review also had little information
on intake adherence, which is a primary rationale for the use of MNP
over iron supplementation.

Similar to Salam 2013 and De-Regil 2011b, the current review found
MNP reduced anaemia and iron deficiency, and increased mean Hb
values when compared to no intervention or placebo. Salam 2013
reported three morbidity outcomes related to diarrhoea and upper
respiratory infection, but, similar to De-Regil 2011b and Dewey
2009, data in the current review were limited for adverse e�ects
and functional outcomes, and variable outcome definitions limited
some analyses.

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

Implications for practice

The findings of this review show that point-of-use fortification
of foods with iron-containing micronutrient powder (MNP)
reduce anaemia and iron deficiency and improve haemoglobin
concentrations among children aged 24 months to 12 years with
mixed anaemia status (ranging from mild to severe public health
problems) and primarily from low-income populations. These
findings are consistent across duration of supplementation.

No trials compared point-of-use fortification of foods with iron-
containing MNP to iron supplementation, to iron and folic acid
supplements or multiple micronutrient supplements. Thus, it is
impossible to compare the relative e�icacy, health e�ects or safety
compared to these interventions.

The trials included in this review provided MNP with diverse
formulations ranging from two to 18 vitamins and minerals, iron

doses, additional micronutrients composition and compounds.
One expressed benefit of point-of-use fortification of foods with
multiple MNP is that the formulation can be tailored to the
target population's micronutrient intake gaps. While in theory
this appears as a sensible approach, in many settings there is
no current dietary intake or micronutrient status information in
the population to tailor the formulation to a given country or
community. In disadvantaged populations in low- and middle-
income countries, plant-based diets with little access to animal
source foods or fortified staple foods may be common. In addition
to a limited dietary diversity, low bioavailability of vitamins and
minerals in available staple foods due to dietary iron inhibitors
(fibre, phytates, tannins), and poor vitamin and mineral content
of the foods may contribute to the increased vulnerability to
micronutrient malnutrition (HFTAG 2011). This has resulted in
the pragmatic selection of formulations with about 15 vitamins
and minerals to address multiple micronutrient deficiencies in
addition to anaemia and iron deficiency in many projects being
implemented. However, there are not enough studies to evaluate
whether 15 vitamins and minerals (or any other grouping) is a more
e�ective combination for health and functional outcomes for point-
of-use fortification of foods with iron-containing MNP.

Some of the included trials reported the addition of the iron-
containing MNP before, during or aOer cooking, which might
facilitate the incorporation of this intervention as part of school
feeding programmes. For the trials conducted through institutional
settings (schools, feeding centre), most trials added the product
in the kitchen prior to serving the meals to the participants.
Kitchen and other food service sta� require training to add the
product safely to the foods during meal preparation. The needed
training, support and behaviour change interventions can vary
considerably by context, particularly in settings where school
feeding programmes are carried out by volunteers or parents as
opposed to more skilled, professional, food service sta�. The use
of multi-serv MNP packaging in institutional settings may lower
the cost per dose compared to individual packaged doses, due to
reduced packaging costs (HFTAG 2011), an important benefit for
the implementation of point-of-use fortification of foods with iron-
containing MNP in larger scale.

Integration of point-of-use fortification of foods with iron-
containing MNP into other programmes or sectors might improve
the sustainability or feasibility to scale up when building on
established or growing programme platforms, and could be
an entry point for established co-interventions in other public
health initiatives. The opportunities for synergistically enhanced
health and functional outcomes with integrated programmes are
appealing but need to be documented as little evidence of these
e�ects currently exists. It is important to monitor and understand
e�ects, challenges and lessons learned when integrating point-
of-use fortification of foods with iron-containing MNP into multi-
sectorial programmes.

All the trials included at least one arm with daily MNP intake
(or daily while school was in session, typically five or six days a
week for about 10 months of the year), and Kounnavong 2011
(C) and Sharie� 2006 (C) each included intervention arms with
either once or twice a week intake. There is also some interest in
flexible regimens, where the MNP sachets are to be consumed at the
preference of the individual or caretaker within a given period, with
the caveat of not consuming more than one sachet a day. Based
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on programmatic experiences, some interest groups suggest that a
reasonable and logistically feasible intake schedule is to consume
one individual serving sachet two or three times a week (or every
other day) (HFTAG 2011). Intermittent use can also be applied to
institutional feeding programmes where the MNP is added a few
days a week to the meals instead of daily. When recommending any
intake schedule (daily, intermittent or flexible), it is important to
suggest to participants that they develop a routine to help support
the intake of all the individual MNP sachets. Further evaluation of
these di�erent intake regimens is needed.

Implications for research

• It is necessary to generate evidence of the benefits that nutrients
other than iron have on children's health and nutritional status,
to justify the added value of powder formulations containing
multiple micronutrients.

• Information on adverse e�ects is limited and frequently
reported in an uneven manner. More data are needed to
understand safety better and inform policy makers. It is
hypothesised that MNP are safer than iron supplements, thus
this is an important gap.

• Intake adherence data are also similarly limited and reported
inconsistently; as one of the main rationales for this intervention
is that it will result in higher intake adherence compared to iron
supplementation, this is also a significant gap.

• In programmes that include point-of-use fortification of foods
with MNP, a behaviour change intervention and communication
strategy is a required intervention component when distributing
individual MNP sachets directly to the participants, their families
and caretakers (HFTAG 2011; Timmer 2013). Further research
may be warranted to assess the relevance of behaviour change
strategies targeted to either the children or families/caretakers
in institutional feeding programmes where the involvement of
children and families or caretakers on the use of MNP to the
meal is not an individual decision (similar to what can occur
with industrial fortification of staple foods in some contexts).
The identification of potential implementation barriers may be
required.

• Examining the integration of MNP into existing programme
platforms to deliver MNP through daycares, ECD centres, school
feeding and other feeding centre programmes, which might be
lower cost, result in increased vitamin and mineral intake, and

improved health and functional outcomes among children who
regularly attend these institutions is an important research gap.

• Continued research to improve the bioavailability and
absorption of iron and other micronutrients is needed, including
the work already started with adding amylase and phytase
reported in this review. Resolving sensory changes and
organoleptic issues associated with amylase and phytase (e.g.
food changed colour or consistency) are priorities.

• Additional important research gaps include understanding the
e�icacy and interactions of MNP in the context of high burdens
of malaria, HIV and other diseases.

• Understanding the cost e�ectiveness of MNP interventions
taking into consideration the entire intervention package,
including the cost of the product, behaviour change intervention
and communication and support, transportation, monitoring,
training and refresher training, and how these costs vary across
di�erent delivery platforms and at increasing scale will provide
useful guidance to the programmatic community, donors and
other stakeholders when making investment decisions with
scarce resources.
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Characteristics of included studies [ordered by study ID]

 

Methods Study design: randomised cluster trial; 4-arm design. Only groups 1 and 2 were randomised.

Unit of allocation: villages (n = 29).

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

Selection of participants: in project area from all children who attended the monthly growth monitor-
ing activities implemented by the Church World Service or the Government of Indonesia, or both.

Selection criteria: mildly wasted children (< -1.0 to ≥ -1.5 SD, according to NCHS reference data). Chil-
dren were individually discharged when they reached WHZ ≥ -1.0 or when intervention period ended if
they did not achieve WHZ ≥ -1.0 during study.

Sample size: 215 children.

Age: ≥ 6 to < 60 months (mean age about 35 months).

Sex: both (approximately 43% girls).

SES: 90% of children belonged to families with low SES.

Baseline prevalence of anaemia: 61%.

Baseline prevalence of soil helminths: not reported.

Refugee status: no.

Malaria endemicity: yes: malaria control programme was implemented in project area, and therefore
provision of impregnated bed-nets and artemisinin-based combination therapy for the treatment of
malaria was provided. At time of the study, endemic malaria situation on Nias Island was stable. Sev-
eral activities performed to minimise risks of iron supplementation. Continuous collection of classic
symptoms of malaria (cyclical occurrence of sudden coldness and then fever occurring every 2 or 3
days) via morbidity record. Conducted culturally appropriate information, education and communica-
tion programme with regard to malaria prevention, its signs and symptoms, and its appropriate treat-
ment. However, there were no index children with malaria during study period (information provided
by author).

Interventions Villages were assigned to 1 of the following groups (only groups 1 and 2 were randomly allocated).

• Group 1 (n = 51): mothers/caretaker received 7 sachets of MNP per week to feed their children + in-
tensive educational programmes on weekly basis. Referred to as intensive educational programmes
+ MNP.

• Group 2 (n = 64): mothers/caretakers attended weekly intensive educational programmes. Partici-
pants received information once a week on importance of healthy family meals, food safety, feeding
infants and young children, feeding sick children and prevention/treatment of malnutrition in a par-
ticipatory manner by specially trained Church World Service health and nutrition officers and commu-
nity workers. Included practical cooking classes showing how to use locally and seasonally available
foods to create balanced meals for families.

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

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

Iron dose: 10 mg of elemental iron.

Inayati 2012 (C) 
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Type of iron compound: microencapsulated ferrous fumarate (information provided by author).

Other nutrients: vitamin A 375 µg RE (1250 IU), zinc 5 mg, folic acid 150 μg (0.15 mg), iodine 50 µg, vit-
amin C (ascorbic acid) 35 mg, thiamine 0.5 mg, riboflavin 0.5 mg, niacin 6 mg, vitamin B12 0.9 mg, vita-

min B6 0.5 mg, vitamin D 5 µg (200 IU), vitamin E 4 mg, copper 0.6 mg.

Provision of MNP regimen: daily (7 sachets provided weekly).

Duration of intervention: varied as children were individually discharged when they reached WHZ ≥
-1.0 or failed to achieve WHZ ≥ -1.0 at the end of intervention period. Length of stay of eligible children
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. Fi-
nal values adjusted by duration of stay in programme.

Co-intervention: intensive nutrition education.

For the purposes of this review, only groups 1 and 2 were compared. Groups 3 and 4 were not randomly
allocated (information provided by author).

Outcomes Weight, weight gain, height/length, WHZ, HAZ, MUAC, Hb, anaemia, reached discharge criterion, did not
reach discharge criterion and adherence. Information on adverse effects (mortality, diarrhoea, acute
respiratory infections, fever and all-cause morbidity) were provided by author.

Notes Analysis took into account the clustering effect. Used mixed model to analyse data; villages were fitted
as random effect.

Following variables that were not normally distributed were log-transformed: age of mother, number
of children, income per capita, HAZ, weight gain per kg bodyweight per day, height gain per day, MUAC
gain per day, weight gain per day. Mixed model included fixed and random effects. Type of programme
(groups 1-4) used as fixed effect and village as random factor.

Source of funding: Neys-van Hoogstraten Foundation (Netherlands), Eiselen Foundation (Germany),
DSM Nutritional Products, and CWS (Church World Service) Indonesia.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Manually by random tables, only groups 1 and 2 were randomised (informa-
tion provided by author). For groups 3 and 4, the agency co-ordinating study
opened new project sites which 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 Villages in existing project areas randomly allocated to groups 1 and 2. Since
intervention was allocated at village level, it was unlikely there was a selection
bias at the individual level.

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

High risk Participants and personnel aware of intervention and no placebo used.

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

High risk Outcome assessors aware of intervention (information provided by author).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Since Hb was measured at discharge, 16.3% of participants had no data, bal-
anced across groups.

Inayati 2012 (C)  (Continued)
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Selective reporting (re-
porting bias)

Low risk Data for adverse effects not reported in publication but were provided by au-
thor.

Other bias Unclear risk Data not adjusted by length of intervention (information confirmed by author).

Inayati 2012 (C)  (Continued)

 
 

Methods Study design: randomised controlled trial; 2-arm design.

Unit of allocation: households.

Participants Location of the study: rural Honduras.

Selection of participants: using immunisation records at local health clinics, at least 10% of the chil-
dren 6-60 months of age in each health clinic were identified and randomised at household level. Im-
munisation records at health clinic used because 98% of 1-year-old children were immunised in Hon-
duras against hepatitis B; measles; diphtheria, pertussis and tetanus; and tuberculosis.

Selection criteria: children were excluded if anaemic (Hb < 110 g/L).

Sample size: 199 children.

Age: 6-60 months of age (mean (SD) age 34.66 ± 15.31 months).

Sex: both (45% girls).

SES: not reported, rural Honduras.

Baseline prevalence of anaemia: 0%.

Baseline prevalence of soil helminths: not reported.

Refugee status: no.

Malaria endemicity: not reported.

Interventions Participants were randomly assigned to 1 of 2 groups.

• Group 1 (n = 14): multiple MNP (Sprinkles®).

• Group 2 (n = 85): no intervention.

Iron dose: 12.5 mg of elemental iron.

Type of iron compound: microencapsulated ferrous fumarate.

Other nutrients: zinc 5 mg, folic acid 150 µg (0.15 mg), vitamin A 480 µg RE (1600 IU) , vitamin C 50 mg,
vitamin D 7.5 µg (300 IU).

Provision of MNP regimen: daily (120 sachets).

Duration of intervention: 4 months with follow-up assessment at 4 and 8 months after initiating inter-
vention.

Co-intervention: albendazole for helminths infestation every 4 months at each visit.

Outcomes Anaemia, Hb, iron deficiency, serum TfRs, iron deficiency anaemia, HAZ, WHZ, WAZ, adherence and ac-
ceptability.

Notes Cost per sachet: USD 0.025.

Kemmer 2012 (C) 
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4-month supply of 120 MNP sachets and pictorial and verbal instructions for use provided for each
child assigned to group 1.

Children withdrawn from study if anaemic after 4 months of follow-up.

Based on parental responses and counting of returned empty MNP packets, children who received MNP
used a mean 108/120 (90%) packets. Number of packets consumed ranged from 24 to 120. Of children
who received MNP, 55% used all 120 packets, and 86% used > 100 packets. Parents reported that only
3 children (2.75%) disliked food with MNP added, 1 child had diarrhoea, and 1 had difficulty in admin-
istering the MNP. Rice, beans and soup were the foods most commonly mixed with the MNP. 54.1% of
children did not notice MNP in food, 32.1% liked food better with MNP and 13.8% did not like food with
them.

Impossible to account for the clustering because cluster size was not available.

Source of funding: Wilford Hall Medical Center, San Antonio (USA); South Dakota State University Agri-
cultural Experiment Station, Brookings (USA); and the Center for Disaster and Humanitarian Assistance
Medicine, Uniformed Services University of the Health Sciences, Bethesda (USA). Micronutrient sprin-
kles were provided by Heinz Company, Canada.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Households of non-anaemic children randomly assigned to group 1 or 2.
Method of sequence generation not described.

Allocation concealment
(selection bias)

Low risk Households randomly selected at health clinic level. Although a selection bias
at individual level was unlikely, number of children allocated to each group
randomised differed for group 1 (n = 114) and group 2 (n = 85). Minimum of
10% of children within each health centre were randomly selected for partici-
pation.

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

High risk Participants and personnel aware of intervention as there was no placebo.

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

Unclear risk Insufficient information to permit judgement.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk At 4-month assessment, only 3.5% (n = 7) loss to follow-up or refused Hb mea-
surement. 35.5% were anaemic at either the 4-month assessment (20.3%) or
the 8-month assessment (15.2%); those who were anaemic were removed
from study and given iron treatment. Reported that 31% of participants do
not have Hb measurements. Unclear whether losses were balanced between
groups.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to permit judgement.

Other bias Unclear risk Study did not adjust for household clustering (unclear whether there was only
1 eligible child per house). Children in group 1 were at a higher mean altitude
(5134 feet) than children in group 2 (4876 feet).

Kemmer 2012 (C)  (Continued)
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Methods Study design: randomised controlled trial; 3-arm design.

Unit of allocation: households.

Participants Location of the study: Lahanam zone, Songkhone District, Savannakheth Province, 600 km south of
the capital city, Vientiane, Lao People's Democratic Republic.

Selection of participants: in 2004, entire population in study area was registered in HDSS of the Na-
tional Institute of Public Health. From the HDSS database, 367 eligible preschool-age children were
identified and invited to participate if they fitted all inclusion criteria. All eligible children in each
household were enrolled and followed same intervention randomly assigned to household.

Selection criteria: apparently healthy infants and children 6-53 months of age at time of recruitment;
willing to participate and receive complementary food in addition to breast milk.

Exclusion criteria: fever or any illnesses on the day of enrolment; baseline Hb < 70 g/L; currently tak-
ing iron supplements. Of the 367 children who met criteria, 17 were absent day of enrolment and 14 ex-
cluded for fever/illness.

Sample size: 336 children.

Age: 6-52 months (mean 32 months).

Sex: both (58% girls).

SES: each household was categorised into 1 of 2 SES groups: high (with electricity, improved water
source and latrine) and low (lacking 1 or all these).

Baseline prevalence of anaemia: 48.9%.

Baseline prevalence of soil helminths: not reported.

Refugee status: no.

Malaria endemicity: not reported but a malaria control programme was successfully executed in all
villages in 10 years prior.

Interventions Participants randomly assigned to 1 of 3 groups.

• Group 1 (n = 111): daily MNP sachet (MixMe®) 7 days a week.

• Group 2 (n = 115): twice weekly multiple MNP sachets (MixMe) per week (Monday and Friday).

• Group 3 (n = 110): no intervention.

Iron dose: 10 mg of elemental iron.

Type of iron compound: microencapsulated ferrous fumarate (information provided by manufactur-
er).

Other nutrients: vitamin A 400 μg RE (1330 IU), zinc 4.1 mg, vitamin D3 5 μg (200 IU), TE vitamin E 5 mg,

vitamin B1 0.5 mg, vitamin B2 0.5 mg, vitamin B6 0.5 mg, folic acid 150 μg (0.15 mg), niacin 6 mg, vita-

min B12 0.9 μg, vitamin C 30 mg, selenium 17 μg, copper 0.56 mg, iodine 90 μg.

Provision of MNP regimen: daily (total 168 MNP sachets) and twice weekly (total 48 MNP sachets).

Duration of intervention: 24 weeks.

Co-intervention: single high-dose vitamin A every 6 months, and children aged ≥ 24 months received
single dose of mebendazole for deworming in 2 months prior to study. Children who had not received
mebendazole received it during baseline survey.

For the purposes of this review, the results from groups 1 and 2 were combined and only reported sep-
arately in the subgroup assessing the scheme.

Kounnavong 2011 (C) 
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Outcomes Hb, anaemia (measured at baseline, week 12 and week 24). HAZ, WAZ, WHZ (taken every 4 weeks).

Notes Analyses in this review included the estimated effective sample size only, after adjusting data to ac-
count for clustering effect. Authors provided mean cluster size and intra cluster correlation coefficient
for anaemia.

All children in group 2 consumed 2 sachets of MNP per week, giving 100% compliance for this group.
In group 1, 72.7% of children consumed ≥ 5 sachets of MNP per week and 43.6% of the children con-
sumed all 7 sachets per week for all 24 weeks. Most common reason for not taking powder in group 1
was illness, such as diarrhoea (n = 20), cough (n = 10) and forgetting to take supplements (n = 32). About
42% (93/221) of mothers reported that MNP changed colour of food and 97/221 reported an unpleas-
ant smell or taste. Some mothers mixed MNP in liquids such as juice or milk. Many mothers felt the MNP
had increased their child's appetite (31.7%) and playfulness (48.4%).

Source of funding: Eco-Health Project of the Research Institute for Humanity and Nature, Kyoto
(Japan), in collaboration with the National Institute of Public Health, Ministry of Health (MOH) (Lao
People’s Democratic Republic (PDR)). MNP supplements were provided by UNICEF through Hygiene
and Prevention Department of Ministry of Health, Lao PDR. One author received funding from the Asian
Health & Education Fund, Tokyo (Japan), and partial funding through the Institute of Tropical Medicine,
Nagasaki University (NEKKEN) Fellowship (Japan).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random number.

Allocation concealment
(selection bias)

High risk No method to conceal allocation (confirmed by author).

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

High risk Participants and personnel aware of intervention and there was no placebo.

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

Low risk Anthropometrists and trained technicians who collected Hb data unaware of
participant group allocation.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 98.5% of participants completed study without imbalance between groups.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to permit judgement.

Other bias High risk Although it was unintended, Hb concentrations were significantly different
at baseline between control compared with the 2 intervention groups. Chil-
dren in control group had, on average, a higher mean Hb concentration and
thus a lower incidence of anaemia compared with the children in the 2 supple-
mentation groups. Baseline anaemia prevalence varied by group: daily MNP
(53.6%), twice weekly MNP (58.6%) and control (34.5%). Village health volun-
teers monitored adherence and were aware of allocation of participants. They
visited households every week and recorded the number of sachets consumed
by children in the 2 intervention groups, any adverse effects and any illnesses
that occurred during the study period.

Kounnavong 2011 (C)  (Continued)
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Methods Study design: cluster-randomised, community-based effectiveness trial; 2 arm design.

Unit of allocation: villages (24).

Participants Location of the study: Kyrgyz Republic.

Selection of participants: study took place in 2 rural areas of the Kyrgyz Republic, the Ak-Talaa Dis-
trict (rayon) of the Naryn Region (oblast) and the Karabura District of the Talas Region, and in Ak-Boso-
go, on the outskirts of Bishkek, the nation’s capital. In all 3 areas, there was an intervention and a con-
trol group. In each of 3 study areas, local primary healthcare clinics provided lists of all children 6-36
months of age.

Selection criteria: residents from 1 of the above areas. Age-eligible children required parental consent,
to be consuming semi-solid food, not currently taking iron supplements, baseline Hb ≥ 70 g/L and no
severe illnesses.

Sample size: 2193 children (695 children aged ≥ 24 months).

Age: 6-36 months (only data for children aged ≥ 24 months used in this review, mean 30 months).

Sex: both.

SES: low.

Baseline prevalence of anaemia: 73%.

Baseline prevalence of soil helminths: hookworm infestations were not prevalent.

Refugee status: no.

Malaria endemicity: no.

Interventions Villages with children aged ≥ 24 months randomly assigned to 1 of 2 groups.

• Group 1 (12 villages): daily MNP (Sprinkles) for 2 months. Village health committee volunteers visited
each participant once per week to remind and encourage mothers to use MNP as instructed.

• Group 2 (12 villages): no intervention.

Iron dose: 12.5 mg of elemental iron.

Type of iron compound: microencapsulated ferrous fumarate.

Other nutrients: vitamin A (retinol acetate) 300 μg RE, zinc (zinc gluconate) 5 mg, vitamin C (ascorbic
acid) 30 mg, folic acid 160 μg (0.16 mg).

Provision of MNP regimen: daily.

Duration of intervention: 2 months.

Co-intervention: not reported.

Outcomes Hb, anaemia morbidity, adherence and adverse effects.

Notes Results included in this review corresponded only to children aged ≥ 24 months. Data set provided by
author. Analysis adjusted by clustering effect.

Source of funding: Kyrgyz-Swiss-Swedish Health Project, which is financed by the Swiss Agency for De-
velopment and Cooperation (SDC) and the Swedish International Development Cooperation Agency
(Sida) and implemented by the Swiss Red Cross. The study was conducted through an academic collab-
oration between the Sprinkles Group at Sick Kids, the Research Institute of the Hospital for Sick Chil-
dren in Toronto, and the Kyrgyz-Swiss-Swedish Health Project in Kyrgyzstan. One author, Dr. Stanley

Lundeen 2010 (C) 
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Zlotkin owns the intellectual property rights to micronutrient Sprinkles. Any profit from the licensing of
Sprinkles production, after expenses, is donated to the Hospital for Sick Children Foundation.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Villages and district centre parts randomly allocated to intervention and con-
trol groups using stratified randomisation to balance size of clusters. Se-
quence generated by shuffling cards (in envelopes) (information provided by
author).

Allocation concealment
(selection bias)

Low risk Not described. Since intervention was allocated at village level, unlikely there
was selection bias at individual level.

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

High risk Participants and personnel aware of intervention and there was no placebo.

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

High risk Outcome assessors aware of intervention.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 156/1103 (14%) children lost to follow-up in MNP group and 168/1090 (14.4%)
children in control group, mainly because they could not be located or con-
tacted to participate in follow-up.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to permit judgement.

Other bias Low risk Study appeared free of other sources of bias.

Lundeen 2010 (C)  (Continued)

 
 

Methods Study design: randomised, partially blinded, controlled trial; 2-arm design.

Unit of allocation: individual.

Participants Location of the study: Migwani and Nzauni administrative locations within the Migwani Division,
Mwingi District, Kenya. Migwani and Nzauni were 2 of 6 possible administrative locations in Migwani Di-
vision that were randomly selected.

Selection of participants: random walk method.

Selection criteria: aged 12-59 months, apparently healthy, and lived in village for ≥ 6 months prior to
intervention and continuing to live there for next year.

Sample size: 279 children.

Age: 12-59 months (mean 37 months).

Sex: both (52% girls).

SES: not reported but study location was in agro-ecological zone in a semi-arid area that experienced
food shortage for most of year.

Baseline prevalence of anaemia: 35.5%.

Macharia-Mutie 2012 
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Baseline prevalence of soil helminths: not reported.

Refugee status: no.

Malaria endemicity: yes.

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

• Group 1 (n = 93): unrefined maize porridge enriched with amaranth grain flour (30% maize flour: 70%
amaranth).

• Group 2 (n = 93): unrefined maize porridge fortified with MNP.

• Group 3 (n = 93): unrefined plain maize porridge (control).

Iron dose: 2.5 mg of elemental iron.

Type of iron compound: NaFeEDTA.

Other nutrients: vitamin A (retinyl palmitate) 100 µg RE, zinc 2.5 mg, folic acid 90 µg (0.09 mg), vitamin
C 60 mg, vitamin D3 (cholecalciferol) 5 µg, TE vitamin E (1-a tocopheryl acetate) 5 mg, niacin 6 mg, cop-

per 0.34 mg, iodine 30 µg, thiamine 0.5 mg, riboflavin 0.5 mg, vitamin B6 0.5 mg, vitamin B12 0.9 µg, cal-

cium 200 µg; pantothenic 2 mg, vitamin K (phylloquinone) 30 mg, selenium 17 µg.

Provision of MNP regimen: daily.

Duration of intervention: 16 weeks.

Co-intervention: children who had not been dewormed in 3 months prior to start of study were de-
wormed. Children aged ≥ 2 years received albendazole 400 mg, whereas children aged < 2 years re-
ceived albendazole 200 mg.

For the purpose of this review, only groups 2 and 3 were compared.

Outcomes Stunting, underweight or wasting (defined by Z-score < 2 SD for anthropometric indices WHO growth
standards as reference), Hb, malaria parasitaemia, ferritin, serum TfR, CRP.

Notes Target daily intake 350 mL of porridge for all children, considered an amount that they could comfort-
ably consume in 1 session. Food prepared and MNP added prior to serving. Porridge served between
8.00 a.m. and 11.00 a.m. No malaria at baseline, whereas at endpoint, microscopy showed that 3.8% of
children had malaria, which did not differ across groups. Attendance and leftovers recorded daily. Ele-
vated acute phase protein defined as CRP > 5 mg/L and a correction factor of 0.67 for children with ele-
vated CRP used to adjust plasma ferritin concentration.

Source of funding: Nevin Scrimshaw International Nutrition Foundation/Ellison Medical Foundation
(USA), the Nutricia Research Foundation (Netherlands), and the Foundation Van Dam Nutrition Plan
(Netherlands). One author received support for this research from the Nestle Foundation. DSM Nutri-
tional Products (Switzerland) provided the multiple micronutrient powders. One author also received a
study fellowship from Wageningen University (Netherlands).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Block randomisation by age and sex generated with Excel (Microsoft) by 1 in-
vestigator not involved in recruitment and data collection.

Allocation concealment
(selection bias)

Low risk All serving bowls labelled with child's name and identification number. Similar
serving cups equivalent to 350 mL of porridge used to serve in all centres.

Blinding of participants
and personnel (perfor-
mance bias) 

High risk Participants fed at feeding centres and participants were unaware of interven-
tion. The 2 types of porridge were cooked at 3 different cooking centres from
where they were distributed in thermo flasks to 7 additional centres for feed-

Macharia-Mutie 2012  (Continued)
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All outcomes ing. All serving bowls were labelled with child's name and identification num-
ber at cooking centres before distribution to feeding centres. Feeding person-
nel aware of intervention because amaranth porridge was slightly darker in
colour and thinner in consistency compared to the maize porridge (informa-
tion provided by author).

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

High risk Outcome assessors aware of intervention (information provided by author).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 239 children completed study, equivalent to 86% of children randomised at
baseline. Endpoint measurement for biochemical indicators not done for 19
children, because either their veins could not be detected (n = 5) or their care-
takers declined (n = 14). 9 children were absent for end measurement.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to permit judgement.

Other bias Unclear risk Missing data values of Hb, ferritin, and TfR imputed before primary analysis us-
ing multiple imputations. Data imputed 5 times using fully conditional spec-
ification method with default PASW Statistics initialisation value. Treatment
group, number of days attended, sex, age, baseline, and postintervention
weight, height, Hb, plasma ferritin and TfR concentrations used as predictors
in imputation model. Pooled estimates from imputed data reported.

Macharia-Mutie 2012  (Continued)

 
 

Methods Study design: randomised, parallel-controlled single-blind intervention; 2-arm design.

Unit of allocation: children.

Participants Location of the study: North West Province, South Africa.

Selection of participants: attending 1 of 8 privately owned preschools serving a low SES community.

Selection criteria: age eligible participants attended 1 of 8 schools; parental consent, Hb ≥ 125 g/L; no
major chronic illnesses; no recent consumption of micronutrient supplements.

Sample size: 151 children.

Age: 36-79 months (mean 58 months).

Sex: both (50% girls).

SES: low.

Baseline prevalence of anaemia: 29%.

Baseline prevalence of soil helminths: not reported.

Refugee status: no.

Malaria endemicity: no.

Interventions Participants randomly assigned to 1 of 2 groups.

• Group 1 (n = 76): sti� maize-meal porridge + MNP (about 8 g) containing amylase-rich light malted
barley flour 1 g + a micronutrient mix.

• Group 2 (n = 75): soO maize-meal porridge + added placebo powder (about 8 g) containing only maize
maltodextrins.

Ogunlade 2011 
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Iron dose: 2.86 mg of elemental iron.

Type of iron compound: NaFeEDTA.

Other nutrients: zinc 2.86 mg, vitamin A 457 μg RE, iodine 34.3 μg, calcium 457 mg, vitamin C 68.6 mg,
vitamin E 5.71 mg, vitamin B12 1.03 μg, thiamine 0.57 mg, niacin 6.86 mg, riboflavin 0.57 mg, folic acid

103 μg (0.10 mg), vitamin B6 0.57 mg.

Provision of MNP regimen: daily (5 days per week).

Duration of intervention: 52 school days (11 weeks).

Co-intervention: mebendazole 500 mg (antihelminthic) before start of intervention.

Outcomes Hb, height, weight, MUAC, triceps-skinfold thickness, cognitive function, dietary intake. recruitment,
dose delivered, dose received, context and fidelity, early childhood development, adherence.

Notes Authors provided data set. Pilot study assessing feasibility of implementing a point-of-use micronu-
trient fortification. 6-21 kg (depending on the school population) of raw maize-meal flour provided to
preschools per week to ensure that all children received standard portion sizes of porridge. Porridge for
intervention group had to be sti� before addition of amylase-rich MNP.

Study assistants prepared separate breakfast meals containing 2 types of porridge daily.

Source of funding: National Research Foundation (South Africa). DSM Nutritional Products South
Africa (Pty) Ltd provided the micronutrient powders.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random numbers (information provided by author).

Allocation concealment
(selection bias)

Low risk Authors paired groups of 2 children per school based on Hb level and ran-
domly allocated 1 in each pair to treatment or placebo. Code was only broken
when data analysis was completed (information provided by author).

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

Low risk Participants and schools were blinded to intervention. Maize porridge break-
fast meals served in colour-coded plastic plates. Supplement caused the por-
ridge to become more fluid so it was not possible to conceal it to the children
or caretakers; they were able to observe a difference but did not know which
was treatment and which placebo (information provided by author). Quote:
'The intervention group (n = 76) received sti� maize meal porridge with added
micronutrient powder (<8 g) (containing amylase-rich light malted barley
flour), while those in the control group (n = 75) received soO maize-meal por-
ridge with added placebo powder (<8 g) containing only maize maltodextrin.

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

Low risk Cognitive assessors and research team did not know which child was allocated
to which treatment and code was only broken once analysis of data was com-
pleted (information provided by author).

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Overall attrition of 13.2%. Attrition of 17.1% in intervention group and 9.3%
in control group. 12 children who completed follow-up were excluded from fi-
nal analyses because of recurrent absenteeism (< 60% adherence to study reg-
imen).

Selective reporting (re-
porting bias)

High risk 12 children excluded from analysis due to low adherence to study regimen (<
60%).

Ogunlade 2011  (Continued)
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Other bias Low risk Study appeared free of other sources of bias.

Ogunlade 2011  (Continued)

 
 

Methods Study design: cluster-randomised, triple-blind, placebo-controlled trial; 2 arms.

Unit and method of allocation: children's centres (cluster) using random blocks of variable length.

Participants Location of the study: Fundación de Atención a la Niñez in Medellín, Colombia during 2013.

Selection of participants: children with full attendance (8 hours).

Selection criteria: no anaemia or severe acute malnutrition, registered in 2 children's centres of a non-
governmental organisation.

Sample size: 90 children.

Age: 2-5 years (inclusive), mean (SD) age: 4.8 ± 0.3 years.

Sex: both (47.8% girls).

SES: most resided in houses classified as stratum 1, 2 and 3; mainly extended or joint families who lived
with people of different generations in same residence and with a majority proportion of parents with
high-school studies.

Baseline prevalence of anaemia: non-anaemic.

Baseline prevalence of soil helminths: not encountered. However, 51.1% of participants presented
intestinal parasitic infestations such as Blastocystis Hominis, cysts of Endolimax Nana, Giardia Duode-
nalis, Entamoeba Coli, Entamoeba Histolytica and Iodamoeba Büstschlii.

Refugee status: no.

Malaria endemicity: not reported.

Interventions Participants from the 2 different centres randomly assigned to 1 of 2 groups.

• Group 1: MNP (n = 43) in daily soup provided as part of lunch.

• Group 2: placebo (n = 47) in daily soup provided as part of lunch.

Iron dose: 12.5 mg of elemental iron.

Type of iron compound: microencapsulated ferrous fumarate.

Other nutrients: vitamin A (retinyl acetate) 400 µg RE, zinc (zinc gluconate) 4.1 mg, folic acid 150 μg,
iodine (potassium iodide) 90 µg, vitamin C (ascorbic acid) 30 mg, thiamine 0.5 mg, riboflavin 0.5 mg,
niacin (as nicotinamide) 6 mg, vitamin B12 0.9 µg, vitamin B6 0.5 mg, vitamin D (ergocalciferol) 5 µg, vit-

amin E (all-rac-α-tocopherol) 5 mg, copper 0.56 mg.

Provision of MNP regimen: daily (5 days per week).

Duration of intervention: 9 weeks.

Co-intervention: children in placebo group received powder matrix with maltodextrins, corresponding
to vehicle used in children of intervention group. All children received 10 mL of albendazole in syrup at
beginning of study.

Outcomes Anaemia, Hb, serum ferritin, serum transferrin, serum folate, weight, height, body mass index, adverse
effects (nausea, abdominal pain, other).

Orozco 2015 (C) 
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Notes Source of funding: Universidad CES, Medellín, Colombia and Nutreo SAS (private food company).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Reported as randomly allocated using random blocks of variable length.

Allocation concealment
(selection bias)

Low risk As children were assigned by centres with placebo and blinded, it was unlikely
that intervention allocations could have been foreseen.

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

Unclear risk Participants and personnel blinded to intervention and placebo.

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

Low risk Assessor blinded to intervention and placebo.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 4 participants lost to follow-up, 2 in each group. Authors indicated that losses
were not related to variables of interest of study, but to social and economic
situation of preschool-age children's families.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to assess as there was no report of registration of a
protocol.

Other bias High risk At start of study, mean (SD) age of preschool children was 4.8 ± 0.3 years, with
a minimum age of 3.8 years and a maximum of 5.2 years, with statistical differ-
ences between the 2 groups. In addition, 71.1% of participants presented an
adequate nutritional status, compared to 25.6% who had malnutrition due to
excess (15.6% were overweight and 10% were obese). Significant differences
in nutritional status between groups at beginning of study.

Orozco 2015 (C)  (Continued)

 
 

Methods Study design: single-blind, placebo-controlled, cluster-randomised; 2-arm design.

Unit of allocation: public primary schools (20).

Participants Location of the study: Tehri Garhwal, a hilly agrarian community located in mid-Himalayan ranges of
Uttarakhand State, 250 km from New Delhi, India.

Selection of participants: children in grades 1-4 in public primary schools. 20 schools selected for
study from across 9 blocks (sub districts) in Tehri Garhwal district using a stratified random sampling
procedure. 2 schools picked randomly from each stratum to participate and 1 school was randomly
assigned to intervention and other to control arm. Within each selected school, names of all children
were obtained and 25 were randomly selected for anthropometric, biochemical, and parasitological as-
sessments.

Selection criteria: parental consent; not severely anaemic (Hb < 70 g/L); no sickle cell disease, HIV or
tuberculosis.

Sample size: 499 children.

Age: 6-10 years (mean (SD) age 7.0 ± 1.0 years).

Osei 2008 (C) 
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Sex: both (52.1% girls).

SES: not reported, but local population engaged primarily in subsistence agriculture.

Baseline prevalence of anaemia: 36.7%.

Baseline prevalence of soil helminths: 7.6%.

Refugee status: no.

Malaria endemicity: malaria is not endemic in the Tehri Garhwal district.

Interventions 2 schools from each strata randomly assigned to 1 of 2 groups.

• Group 1 (n = 249): MNP (micronutrient premix dextrose anhydrous powder) 0.25 g added to lunch
school meals.

• Group 2 (n = 250): dextrose anhydrous powder 0.25 g added to lunch school meals.

Iron dose: 10 mg of elemental iron.

Type of iron compound: NaFeEDTA.

Other nutrients: vitamin A (retinyl acetate) 375 µg RE, zinc (zinc gluconate) 4.2 mg, folic acid 225 μg,
iodine (potassium iodide) 90 µg, vitamin C (ascorbic acid) 26.25 mg, thiamine (thiamine mononitrate)
0.68 mg, riboflavin (as riboflavin 5-phosphate sodium) 0.68 mg, niacin (as nicotinamide) 9 mg, vitamin
B12 (1% on mannitol, as carrier) 1.35 µg, vitamin B6 (pyridoxine hydrochloride) 0.75 mg, vitamin D (er-

gocalciferol) 3.75 µg, vitamin E (all-rac-α-tocopherol) 5.25 mg, copper 0.45 mg.

Provision of MNP regimen: daily (6 days per week).

Duration of intervention: 8 months (1 school year).

Co-intervention: all children involved in anthropometric, biochemical and parasitological assess-
ments (n = 25/school) given sweets or fruit juice (or both) after assessments and administered albenda-
zole 500 mg orally before beginning fortification.

Outcomes Anaemia, Hb, serum ferritin, serum retinol, zinc, folate, vitamin B12, serum TfR, total body iron, preva-

lence of anaemia, iron deficiency anaemia, adherence, HAZ, WAZ, WHZ, weight, height, diarrhoea,
fever, cough, runny nose, vomiting, intestinal helminth infections.

Notes Analyses in this review included the estimated effective sample size only, after adjusting data to ac-
count for clustering effect. Premix provided as 500-g packs accompanied by 2 sets of standardised plas-
tic spoons that measured 0.5 g (for 2 children) and 2.5 g (for 10 children) of premix. Schools provided
with 1 monthly supply of premix and dark brown plastic containers for storage after opening packet to
prevent breakdown of light-sensitive micronutrients. After meal preparation, school cook measured
appropriate number of spoons of premix (based on number of children present), which was mixed thor-
oughly with small quantity of water and then added to food at room temperature. At baseline, children
in the 2 groups did not differ in age; gender; anthropometric indices; intestinal parasite infection; re-
cent morbidities; and circulating concentrations of Hb, ferritin, retinol, zinc, folate and vitamin B12.

Study enumerators visited twice weekly to study schools to assess registers to ensure correct proce-
dures were followed. On such visits, enumerators observed premix addition to meals, provided schools
with additional premix if needed and collected packaging material for used premix.

Blood spots made on filter paper cards for laboratory determination of serum retinol.

Source of funding: Micronutrient Initiative (Canada), World Food Programme (Italy), TuOs University
(USA), and International Nutrition Foundation (USA).

Risk of bias

Bias Authors' judgement Support for judgement

Osei 2008 (C)  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk Names of schools were written on identical pieces of paper that were folded
and shuffled and used to allocate intervention.

Allocation concealment
(selection bias)

Low risk Only study co-ordinator and senior World Food Program officials in Delhi had
access to codes to premix assignment. In addition, as this was a cluster trial, it
was unlikely that there was selection bias at individual level.

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

Low risk Participants and personnel were unaware of intervention. Micronutrient and
placebo premix were in identical packets, which had no information easily
identifying the contents. Only study co-ordinator and senior World Food Pro-
gram officials in Delhi had access to codes to premix assignment.

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

Unclear risk Study co-ordinator had access to codes to premix assignment; unclear
whether they assessed outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk After intervention, 9% (n = 44) of participants were lost to follow-up (11.6% in
intervention group and 6% in control group).

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to allow judgement.

Other bias Unclear risk 2 selected schools were replaced using the same sampling procedure because
the paths to these schools considered dangerous due to risk of wild animal at-
tack. Data not adjusted for clustering.

Osei 2008 (C)  (Continued)

 
 

Methods Study design: cluster randomised clinical trial; 3-arm design.

Unit of allocation: classrooms (16).

Participants Location of the study: Baotou City, Neimenggu Autonomous Region, Northern China.

Selection of participants: children attending Xin-shi-dai kindergarten (16 classroom clusters) in Bao-
tou City. 4 classrooms for each group of 3-year olds, 4-year olds, 5-year olds and 6-year olds. Total 16
classrooms to select from, 6 assigned to daily MNP, 5 assigned to weekly MNP and 5 assigned to control.

Selection criteria: enrolled in the school. Written parental consent.

Sample size: 415 children.

Age: 36-60 months old (mean 57 months).

Sex: both (approximately 45% girls).

SES: parents had to pay a fee to admit their children to school; thus this was a relatively wealthy sub-
group of the regional population.

Baseline prevalence of anaemia: not reported.

Baseline prevalence of soil helminths: not reported.

Refugee status: not reported.

Malaria endemicity: not reported.

Interventions 1 classroom (cluster) in each age group randomly assigned to 1 of 3 groups.

Sharie: 2006 (C) 
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• Group 1 (n = 138): daily (5 times/week) dose of MNP added to rice porridge (congee) consumed at
school.

• Group 2 (n = 147): weekly dose of MNP (identical composition as the daily dose) added to rice porridge
(congee) consumed at school.

• Group 3 (n = 130): rice porridge (congee) at school without MNP (control group).

Iron dose: 30 mg of elemental iron.

Type of iron compound: microencapsulated ferrous fumarate.

Other nutrients: zinc (gluconate) 5 mg, vitamin A 300 μg RE, vitamin C 50 mg, vitamin D3 7.5 μg, folic

acid 150 μg.

Provision of MNP regimen: daily (65 sachets) (group 1) and weekly (13 sachets) (group 2).

Duration of intervention: 13 weeks.

Co-intervention: not described.

For the purposes of this review groups 1 and 2 were combined and compared with group 3. They were
only split for the subgroup analysis by scheme.

Outcomes Number of MNP sachets consumed per child over the 13-week period, serum ferritin concentration,
free erythrocyte protoporphyrin and Hb concentration at end of study, HAZ, WAZ (data not reported),
WHZ (data not reported), staining of teeth, metallic taste, stomach upset or any other adverse effects,
compliance.

Notes Analyses in this review included the estimated effective sample size only, after adjusting data to ac-
count for clustering effect. Supplement mixed with standardised semi-solid meal of rice porridge or
congee. Control group received same meal but without MNP. Children added MNP sachet to their food
under supervision by school teachers. Mean MNP consumption rate per child was 86% (daily group; SD
12%) and 87% (weekly group; SD 16%) adherence. On measures of anthropometric indices, we did not
observe any significant differences among groups (data not shown). There were no reported adverse
effects such as staining of teeth, metallic taste or stomach upset. Direct observations by research sta�
suggested that children did not comment on any change in taste of MNP-served congee and accepted it
well.

Source of funding: Canadian Institutes of Health Research (Canada) and the HJ Heinz Foundation
(USA). One of the authors owns the intellectual property rights to micronutrient Sprinkles®.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method used for generation of random sequence not described. For each of
the 4 age groups (3, 4, 5 and 6 year olds), 1 classroom randomly assigned to
each of 3 arms (total 12 classrooms/clusters); no description of how remaining
4 of original 16 classrooms assigned to the 3 arms.

Allocation concealment
(selection bias)

Unclear risk Not mentioned. Since interventions were allocated at classroom level selec-
tion bias at individual level was unlikely.

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

High risk Participants and students aware of intervention. After some acclimatisation
period, children added MNP sachet contents to their congee (under supervi-
sion of the teachers).

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

High risk Outcome assessors aware of intervention.

Sharie: 2006 (C)  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Participants enrolled in each group completed study but venous blood sam-
ples were available for 86% of participants in group 1 (daily), 84% in group 2
(weekly) and 85% in control group.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to permit judgement.

Other bias Unclear risk Analyses in this review included the estimated effective sample size only, after
adjusting data to account for clustering effect. No Hb samples taken at base-
line for control group (group 3) for ethical reasons. At baseline, except for sex,
the demographic characteristics were similar across groups (daily 39% boys,
weekly 63% boys and control 62% boys).

Sharie: 2006 (C)  (Continued)

 
 

Methods Study design: randomised double-blind placebo-control trial; 2-arm design.

Unit of allocation: individual.

Participants Location of the study: Kimberley, Northern Cape, South Africa.

Selection of participants: children attending preschool through grade 5 in either of 2 participating
schools.

Selection criteria: serum ferritin < 20 μg/L or serum TfR > 8.2 pg/L; Hb > 90 g/L; age 5-11 years; no seri-
ous chronic medical problems; not taking nutritional supplements containing iron; parental consent.

Sample size: 200 children.

Age: 5-11 years.

Sex: both (45% girls).

SES: low.

Baseline prevalence of anaemia: 7.25% (6.3% intervention and 8.2% control).

Baseline prevalence of soil helminths: not reported.

Refugee status: no.

Malaria endemicity: region free of malaria.

Interventions Participants randomly assigned to 1 of 2 groups.

• Group 1 (n = 100): MNP added to school lunch.

• Group 2 (n = 100): unfortified carrier added to school lunch.

Iron dose: 2.5 mg of elemental iron.

Type of iron compound: NaFeEDTA.

Other nutrients: zinc (as zinc oxide) 2.5 mg, ascorbic acid 60 mg, vitamin A (retinyl palmitate) 400 µg
RE, folic acid 90 µg (0.09 mg), vitamin D3 5 µg, vitamin E 5 mg, niacin 6 mg, copper 340 µg, iodine 30 µg,

thiamine 0.5 mg, riboflavin 0.5 mg, vitamin B6 (pyridoxine) 0.5 mg, vitamin B12 0.9 µg, calcium 200 µg;

vitamin B5 (pantothenic acid) 2 mg, selenium 17 µg, phytase.

Provision of MNP regimen: daily (5 days per week) (total 113 days).

Duration of intervention: 23 weeks.

Troesch 2011b 
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Co-intervention: all participating children received antihelminthic treatment at baseline with meben-
dazole 500 mg orally.

Outcomes Primary outcomes: iron and zinc status.

Other outcomes: height, weight, HAZ, WAZ, WHZ, triceps skin fold, subscapular skin fold, MUAC and
adherence.

Notes All participants consumed a bowl of 250 g of sweetened high-phytate maize porridge prepared by
trained field workers each morning with partially degermed, unfortified maize flour, water and a small
quantity of sucrose. Porridge provided in addition to lunch meal of existing lunch feeding programme.
No differences in the prevalence of elevated CRP (inflammation) between groups at baseline or 6
months, so because of low prevalence, children with elevated values were included in analysis, which
had no substantial effect on results.

Source of funding: Foundation Nutrition Industry (Switzerland), established by DSM Nutritional Prod-
ucts Ltd, ETH (Eidgenössische Technische Hochschule) Zurich (Switzerland); Medical Research Council,
(South Africa); and North-West University, Potchefstroom, (South Africa).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method used to generate random sequence unclear.

Allocation concealment
(selection bias)

Low risk Cooked porridge was served in colour-coded bowls.

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

Low risk Participants and caretakers blinded to interventions. Control group received
an identical-appearing powder consisting of unfortified carrier.

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

Unclear risk Insufficient information to permit judgement.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 4% did not complete study (5 participants in intervention group and 3 partici-
pants in control group).

Selective reporting (re-
porting bias)

Unclear risk Data on adverse effects not reported.

Other bias Low risk Sex ratio varied at baseline between groups but was not different statistical-
ly P > 0.05 (boy:girl ratio: intervention 61:39; control 50:50). Analyses were ad-
justed for sex.

Troesch 2011b  (Continued)

 
 

Methods Study design: cluster randomised double-blind trial; 2-arm design.

Unit of allocation: Anganwandi (daycare) centres (30).

Participants Location of the study: Mahestala block in South 24 Parganas, West Bengal, India.

Varma 2007 (C) 
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Selection of participants: 1 Anganwadi centre per 1000 people in general population and a mean of
20-30 children per centre. To be eligible, a centre had to have 20 regularly attending children and a reg-
ular supply of rice and lentils from Integrated Child Development Service, and Anganwadi personnel
needed to be willing to participate.

Selection criteria: attending village-based Integrated Child Development Service Anganwadi (daycare
centres). Excluded if they had severe anaemia (Hb 80 g/L) and history of not attending the Anganwadi
centre 5 times/week during the past 6 months.

Sample size: 684 children.

Age: 36-66 months (mean 3.9 years).

Sex: both.

SES: not explicitly reported but likely low as children participating in the Integrated Child Development
Service and attending the Anganwadi (daycare) centres received food supplements to improve health
and nutritional status and relieve short-term hunger.

Baseline prevalence of anaemia: 25%.

Baseline prevalence of soil helminths: prevalence of hookworm and other intestinal parasites low in
this section of West Bengal.

Refugee status: no.

Malaria endemicity: low.

Interventions Participating centres randomly assigned to 1 of 2 groups.

• Group 1: fortified khichdi (rice and dal mixture) plus MNP.

• Group 2: placebo for non-fortified khichdi (containing only dextrose anhydrous).

Iron dose: 14 mg of elemental iron.

Type of iron compound: microencapsulated ferrous fumarate.

Other nutrients: vitamin A (retinyl acetate) 150 µg RE (500 IU), folic acid 50 μg (0.05 mg).

Provision of MNP regimen: daily (6 times/week).

Duration of intervention: 24 weeks.

Co-intervention: none.

Outcomes Hb, serum ferritin, serum retinol, prevalence rates of anaemia, iron deficiency, vitamin A deficiency, low
vitamin A status, fever, abdominal pain, blood in stools, coughing.

Notes Analyses in this review included the estimated effective sample size only, after adjusting data to ac-
count for clustering effect. All attending children received a single 200 g portion of the khichdi treat-
ment assigned to their Anganwadi centre. Anganwadi workers were taught proper storage procedures
for the fortified premix to ensure that the premix was not exposed to excessive light or high humidity.
Anganwadi workers were also taught proper preparation techniques (i.e. they were instructed to thor-
oughly mix the premix with the khichdi after the khichdi had cooled for 10 minutes to ensure a homo-
geneous mixture).

Both premixes packed in resealable polyethylene bags in 500-g increments. Each selected Anganwadi
centre received 500-g premix at baseline and after 3 months of intervention.

Source of funding: Molecular Diagnostics (India) and the Child in Need Institute (India), Micronutrient
Initiative (Canada) and TuOs University Friedman School of Nutrition Science and Policy (USA).

Risk of bias

Varma 2007 (C)  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random sequence generated with a random number table.

Allocation concealment
(selection bias)

Low risk Since interventions were allocated at Agarwandi level, selection bias at indi-
vidual level unlikely.

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

Low risk Participants and personnel blinded to interventions.

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

Unclear risk Unclear.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Of the children enrolled, 168 (24.5%) were lost to follow-up before the 24-week
assessment, with some imbalance between groups. 98/342 (28.6%) partici-
pants withdrew or were lost to follow-up in the fortified khichdi, while 73/342
(21.3%) participants withdrew or were lost to follow-up in the non-fortified
khichdi.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to allow judgement.

Other bias Low risk None apparent.

Varma 2007 (C)  (Continued)

 
 

Methods Study design: pre- and post-test with intervention and control schools randomly selected.

Unit of allocation: school (5).

Participants Location of study: Chennai, Tamilnadu, South India.

Selection of participants: from a survey of residential schools, study schools were selected prior to
randomisation because these children had the lowest intake of outside (unfortified) cooked foods and
schools had fewest holidays where children were allowed to go home, which would cause less disrup-
tion in study.

Selection criteria: children in control group (might also be intervention children but not written clear-
ly) with severe anaemia and vitamin A deficiency were treated and excluded. Intervention and control
group children were selected after establishing their homogeneity in terms of age and SES.

Sample size: 413 children.

Age: 5-15 years.

Sex: both (57% girls, information provided by author).

SES: low, families of all children had a monthly income < INR 1500 (USD 30).

Baseline prevalence of anaemia: not reported.

Baseline prevalence of soil helminths: likely high prevalence as all children were dewormed at base-
line, after 4 months and after 9 months.

Refugee status: no.

Vinodkumar 2006 (C) 
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Malaria endemicity: not reported.

Interventions In intervention schools, there was a dosage of 1 g per child per day so that every month the required
quantity for all children was pre measured, packed, sealed and delivered to the central kitchen at the
schools so that 1 packet could be cut open every day and added to food during cooking. Supplement
was dissolved in water and added to liquid food in the final stages of cooking, and it was sprinkles onto
solid foods. All children ate in a central dining room.

• Group 1 (n = 211): school sta� add MNP to a meal daily.

• Group 2 (n = 202): no intervention.

Iron dose: 10 mg of elemental iron.

Type of iron compound: chelated ferrous sulphate (along with malic acid as a biopromoter).

Other nutrients: (per 1 g) vitamin A 900 µg RE (3000 IU), vitamin B2 1 mg, calcium pantothenate 1 mg,

niacin 15 mg, vitamin B6 1 mg, vitamin E 30 IU, vitamin C 30 mg, lysine 250 mg, 13.75% of weight calci-

um.

Provision of MNP regimen: daily.

Duration of intervention: 9 months.

Co-intervention: deworming at baseline, after 4 months, and at endpoint (9 months).

Outcomes Hb, anaemia, serum vitamin A, vitamin E, vitamin B12, folate, clinical signs of vitamin A deficiency

(Bitot's spots, xerosis), angular stomatitis, height, weight.

Notes Analyses in this review included the estimated effective sample size only, after adjusting data to ac-
count for clustering effect. Vitamin A, folic acid, vitamin B12 and vitamin E were only analysed in certain

participants, such as those with clinical signs of vitamin A deficiency or low Hb values. Generally ob-
served that no waste of food prepared in schools and all prepared food was consumed. Children served
themselves desired quantities and usually no food was leO over on plate. No adverse effects reported
(information provided by author).

Source of funding: Sundar Serendipity Foundation (India) and MS Swaminathan Research Foundation
(India).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Study schools chosen prior to randomisation, which was done by comput-
er-generated random table (latter information provided by author).

Allocation concealment
(selection bias)

Low risk Since interventions were allocated at school level, selection bias at individual
level unlikely.

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

High risk Participants and personnel aware of treatment and used no placebo.

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

High risk School aware of intervention (information provided by author).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All children completed study.

Vinodkumar 2006 (C)  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk Insufficient information to allow judgement.

Other bias Low risk None apparent.

Vinodkumar 2006 (C)  (Continued)

 
 

Methods Study design: pre- and post-test design with randomly selected intervention and control groups.

Unit of allocation: schools (2).

Participants Location of the study: Chennai, Tamilnadu, India.

Selection of participants: randomly selected an intervention and control school from a list of schools
in Chennai that provide a noon meal. All parents gave informed consent.

Selection criteria: children with severe anaemia (Hb < 8 g/dL) treated and excluded from both inter-
vention and control schools.

Sample size: 136 children.

Age: 5-9 years of age.

Sex: both.

SES: low. Families had monthly income < INR 2000 (USD 50).

Baseline prevalence of anaemia: 60% intervention and 92.1% control groups.

Baseline prevalence of soil helminths: not reported.

Refugee status: no.

Malaria endemicity: not reported.

Interventions Intervention school provided with powder to add to school lunches. Participants randomly assigned to
1 of 2 groups.

• Group 1 (n = 65): central kitchen of intervention school added 1 package of MNP to food during cooking
every day.

• Group 2 (n = 71): no changes to food prepared and served at the control school.

Iron dose: 28 mg of elemental iron.

Type of iron compound: ferrous glycine phosphate.

Other nutrients: riboflavin 1 mg.

Provision of MNP regimen: daily (5 times/week) (total 144 days).

Duration of intervention: 6 months (July to December).

Co-intervention: children in both groups were de wormed with albendazole (400 mg) at baseline and
end of study.

Outcomes Hb, anaemia, clinical assessment of angular stomatitis.

Notes Analyses in this review include the estimated effective sample size only, after adjusting data to account
for clustering effect. Children were homogenous in terms of age and SES. Mean attendance during the 6
months of study was > 90%.

Vinodkumar 2009 (C) 
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Source of funding: Sundar Serendipity Foundation (India) and MS Swaminathan Research Foundation
(India).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The 2 schools were randomly selected. Method used to allocate intervention
not described.

Allocation concealment
(selection bias)

Low risk Since interventions were allocated at school level selection bias at individual
level unlikely.

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

High risk Participants and personnel aware of intervention and used no placebo.

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

Unclear risk Not described.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All children completed study.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to allow judgement.

Other bias High risk Serious imbalance between groups for baseline Hb and anaemia.

Vinodkumar 2009 (C)  (Continued)

CRP: C-reactive protein; HAZ: height-for-age Z-score; Hb: haemoglobin; HDSS: Health and Demographic Surveillance System; MNP:
micronutrient powder; MUAC: mid-upper arm circumference; n: number of children; NaFeEDTA: sodium iron ethylenediaminetetraacetic
acid; NCHS: National Center for Health Statistics; RE: retinol equivalent; SD: standard deviation; SES: socioeconomic status; TE: tocopherol
equivalent; TfR: transferrin receptor; UNICEF: The United Nations Children's Fund; WAZ: weight-for-age Z-score; WHO: World Health
Organization; WHZ: weight-for-height Z-score.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aboud 2011 302 mothers and children aged 8-20 months from 45 rural villages of Khansama sub district of
northern Bangladesh randomly assigned according to village (cluster) to 1 of 3 groups: group 1 (16
villages): participating mothers received 12 informational sessions on health and nutrition; group
2 (15 villages): participants received an additional 6 sessions delivered by peer educators who in-
cluded modelling and coached practice in self-feeding and verbal responsiveness with the child
during play; group 3 (14 villages): along with the sessions, 6 months of a food powder fortified with
minerals and vitamins. Sachets contained 12.5 mg of elemental iron, vitamin A 300 μg, folic acid
150 μg, vitamin C 50 mg, zinc 5 mg. Developmental outcomes included Home Observation for Mea-
surement of the Environment Inventory, mother-child responsive talk and language development.
Nutritional outcomes included weight, height, self-feeding and mouthfuls eaten.

Age of children outside scope of review.

Ahmed 2003 Consecutive 200 children aged 12-59 months with diagnosis of iron deficiency anaemia based on
history, physical examination, CBC and serum ferritin levels attending the Combined Military Hos-
pital, Multan, Punjab Province of Pakistan for any health problem and their healthy siblings ran-
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Study Reason for exclusion

domly assigned to 1 of 2 groups: group 1: iron in syrup at 6 mg/kg of elemental iron per day divided
into 3 doses; group 2: equivalent doses of iron powder sprinkled over food. Iron powder obtained
by crushing ferrous sulphate tablets. Tablet divided into 4 fractions and subsequently crushed and
dispensed in plastic sachet of 0.25 tablet. Iron powder was sprinkled over rice, potatoes and por-
ridge. Participants were followed up with Hb estimation and reticulocyte response at 2, 4 and 6
weeks. CBC and serum ferritin repeated at 6 weeks. 51% of participants were 12-24 months of age.

Type of participants did not meet the inclusion criteria for this review.

Angdembe 2015 Cross-sectional study carried out in Saturia Upazilla (sub district) of Manikganj District in rural
Bangladesh among mothers of children aged 6-59 months who received multiple MNP (Pushtikona)
containing per sachet: vitamin A 0.4 mg, vitamin C 30 mg, vitamin D 0.005 mg, vitamin E 5 mg, vita-
min B1 0.5 mg, vitamin B2 0.5 mg, niacin 6 mg, pyridoxine 0.5 mg, vitamin B12 0.0009 mg, folic acid

0.15 mg, elemental iron 10 mg, zinc 4.1 mg, copper 0.56 mg, selenium, iodine 0.09 mg sprinkled on-
to any semi-solid food supplied by BRAC South Sudan in the past 60 days to assess adherence to
MNP and associated factors.

Study design outside scope of review.

Bagni 2009 (C) 360 children aged 12-60 months attending 4 public daycare centres in Rio de Janeiro, Brazil, were
randomly assigned to 1 of 2 groups: group 1 (n = 180): daily meal prepared with iron-fortified rice
(with iron bisglicinate); group 2 (n = 174): non-fortified placebo rice. Rice fortified once a week for
16 weeks with iron 4.2 mg for every 100 g of food ready in supplemented group. On days of fortifica-
tion, solution added as iron drops to rice by researcher during assembly of the dishes from lunch.
If the child requested an additional portion, the fortification solution (iron drops) was also adminis-
tered to that additional portion, in a similar proportion to the amount of rice offered previously.

Type of intervention is point-of-use fortification with iron drops and was outside the scope of this
review.

Chen 2008 226 apparently healthy preschool children (24-60 years old) from 15 nurseries or kindergartens
in the Banan District of Chongqing, China, were randomly assigned to 1 of 3 groups for 6 months:
group 1 (n = 61): fortified powder containing vitamin A (as acetate) 500 μg; group 2 (n = 71): fortified
powder containing vitamin A (as acetate) 500 μg + 12 mg of elemental iron (as ferric sodium eden-
tate); group 3 (n = 94): fortified powder containing vitamin A (as acetate) 500 μg + 12 mg of elemen-
tal iron (as ferric sodium edentate) + zinc (as zinc oxide) 12 mg, thiamine (as thiamine mononitrate)
0.7 mg, riboflavin 0.7 mg, folic acid 200 μg, niacinamide 7 mg, calcium (as calcium carbonate) 800
mg. Powders were sprinkled over porridge, soy milk, soup or noodles after cooking and were indis-
tinguishable in taste, colour and packaging. Foods prepared with powders were delivered to each
child at lunchtime or afternoon snack time 5 days a week.

Type of intervention involved a fortified condiment or seasoning in powder form and not an MNP
for point-of-use fortification.

Clarke 2015 Cluster-randomised controlled trial conducted in 60 rural communities with community-based
preschools in southern Mali. Children aged < 5 years living in 30 intervention communities received
2 rounds of seasonal malaria chemoprevention in October and November 2013, followed by home
fortification with MNP for 4 months from January to April 2014. Delivery of interventions at com-
munity-level organised by preschool management committees. Combined impact of interventions
evaluated in May 2014 through cross-sectional surveys to compare malaria infection, nutritional in-
dices and cognitive performance.

This was a before-and-after study without control assessing the combination of 2 interventions.
The abstract contained limited additional information.

De Pee 2007 Post-tsunami experience with distribution of Vitalita sprinkles in Aceh and Nias, Indonesia and
analysis data on knowledge, recognition of package, consumption and acceptability by mothers
and children.
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Study Reason for exclusion

Intervention did not have control group and was a descriptive article.

Geltman 2009 150 healthy 5- to 7-month-old infants randomly assigned to 1 of 2 groups: group 1 (n = 74): daily
packet of MNP (Supplefer®) sprinkles (Sprinkles Global Health Initiative, Toronto, Ontario) contain-
ing 12.5 mg of elemental iron (as encapsulated iron) + vitamin A 480 µg RE (1600 IU), vitamin C 30
mg, folic acid 160 μg (0.16 mg), zinc 5 mg; group 2 (n = 76): multiple micronutrient drops (Tri-Vi-Sol
with Iron®) (Mead Johnson and Company, Evansville, Indiana) containing 10 mg of elemental iron
(as sulphate heptahydrate), vitamin A 450 µg RE (1500 IU), vitamin D 400 IU, and vitamin C 35 mg.
Follow-up included alternating telephone and home visits twice weekly for 3 months. Adherence
was primary outcome and adverse effects and caretaker's attitude about supplements were sec-
ondary outcomes. Use of ferrous fumarate powder rather than traditional ferrous sulphate drops
did not improve adherence with daily iron supplementation in low-income infants. The study com-
pares provision of micronutrients in powders to be added to food versus the provision of micronu-
trient in drops.

Participants outside age range defined for inclusion in this review. Type of participants and type of
comparisons are outside scope of this review.

Gibson 2010 Trial aimed to find out whether adding a small quantity of powdered beef liver to daycare meals of
Brazilian preschool children from Salvador for 12 months could prevent anaemia and micronutri-
ent deficiencies, improve growth, health and development in the same way or better than adding a
small quantity of micronutrients in powder form (Sprinkles).

Trial not conducted because baseline micronutrient survey data showed no evidence of micronu-
trient deficiencies among the preschool children (personal communication).

Hirve 2007 432 anaemic (Hb 70-100 g/L) children aged 6-18 months, both sexes, living in Maharashtra, India,
during 2004 and 2005, taking semi-solid or solid weaning foods, not taking hematitic, likely to re-
main within study area for 2 months, with no major illness and non-severe anaemia (Hb < 70 g/L).
The 21 villages (n = 432) were randomised into 5 groups: group 1 (n = 84): daily MNP containing 12.5
mg of elemental iron (as microencapsulated ferrous fumarate), zinc (as gluconate) 5 mg, vitamin A
300 μg RE, and ascorbic acid 30 mg, folic acid 160 μg; group 2 (n = 83): daily MNP with 20 mg of el-
emental iron (as microencapsulated ferrous fumarate), zinc (as gluconate) 5 mg, vitamin A (as ac-
etate) 300 μg RE, ascorbic acid 30 mg, folic acid 160 μg (0.16 mg); group 3 (n = 101): daily MNP with
30 mg of elemental iron (as microencapsulated ferrous fumarate), zinc (as gluconate) 5 mg, vitamin
A 300 μg RE and ascorbic acid (as acetate) 30 mg, folic acid 160 μg; group 4 (n = 82): MNP daily con-
taining 20 mg of elemental iron (as micronized ferric pyrophosphate), zinc (as gluconate) 5 mg, vi-
tamin A (as acetate) 300 μg RE, ascorbic acid 30 mg, folic acid 160 μg; group 5 (n = 83): iron drops
containing 20 mg of elemental iron (as ferrous glycine sulphate drops) daily.

Type participants outside age range defined for inclusion in this review.

Huamán-Espino 2012 714 infants and young children 6-35 months of age participating in a pilot project carried out be-
tween December 2009 and August 2010 in regions of Apurimac, Ayacucho and Huancavelica, Peru.
Intervention provided to all infants and young children in these communities. Protocol indicated
that infants and children should be provided with at least 15 sachets of multiple MNP per month
during 6-month period. Multiple MNP provided contained 12.5 mg of elemental iron (as ferrous fu-
marate), zinc 5 mg, ascorbic acid 30 mg, vitamin A ˜300 µg RE (999 IU), folic acid 0.16 mg. MNP sa-
chets were distributed as part of a grant from the World Food Programme to the Government of Pe-
ru. Cross-sectional study conducted between October and November 2010 in 6 of 7 provinces in
the Apurimac region to assess implementation of the universal "Chispitas®" multiple micronutrient
supplement programme by determining the quantity and quality of sachets consumed and their
connection with anaemia.

Type of study design and comparisons outside scope defined for inclusion in this review.

Ip 2009 362 children (Hb ≥ 70 g/L) aged 6-24 months living in 16 villages in Kaliganj sub district of Gazipur
district in Bangladesh in this cluster-randomised design were assigned to 1 of 3 groups: group 1 (5
villages, n = 120): 60 sachets of MNP daily over 2 months; group 2 (6 villages, n = 120): MNP flexibly
over 3 months; group 3 (5 villages, n = 122): MNP flexibly over 4 months. Content of Sprinkles sa-
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Study Reason for exclusion

chets was identical for all groups and included 12.5 mg of elemental iron (as microencapsulated
ferrous fumarate), zinc (as zinc gluconate) 5 mg, vitamin A as retinol acetate 300 µg RE, folic acid
160 μg (0.16 mg), vitamin C 50 mg. Study conducted from May to September 2004. With a flexible
regimen, mothers/caretakers decided how frequently to use MNP without exceeding 1 sachet per
day. Outcomes postintervention included adherence, acceptability and haematological status,
which also was evaluated at 6 months postintervention. The adherence, acceptability and haema-
tological response to flexible administration over 4 months were preferable to daily.

Participants outside age range defined for inclusion in this review.

Jack 2012 3112 infants aged 6-7 months residing in Svay Rieng Operational Health District, Cambodia who
were identified through listings of infants at health centre and village levels. This district was rep-
resentative of rural Cambodia with a reasonably well-functioning government health system and
a low malaria incidence rate (< 1 case/1000 population). Cluster-randomised trial with health cen-
tre catchment area as unit of randomisation. Clusters randomly assigned to 1 of 2 interventions:
group 1 (10 centres, n = 1579): infant and young child feeding education only; group 2 (10 centres,
n = 1533): infant and young child feeding education and daily Sprinkles in single-dose sachets, de-
livered monthly to their homes by government village health workers. Sprinkles were mixed with
the infant's meal immediately before serving. MNPs contained 12.5 mg of elemental iron (as mi-
croencapsulated ferrous fumarate), zinc (as gluconate) 10 mg, vitamin A (as retinol acetate) 300 μg
RE, iodine 90 μg, vitamin B1 0.5 mg, vitamin B2 0.5 mg, vitamin B6 0.5 mg, vitamin B12 0.9 μg, niacin

6 mg, folic acid 160 μg (0.16 mg), ascorbic acid 30 mg, copper 0.3 mg, vitamin D 5 μg and vitamin E
6 IU. Adherence assessed monthly by count of unused sachets from each household. The infant and
young child feeding education provided to caretakers of both groups in verbal, written and pictor-
ial form together with cooking demonstrations, focusing on frequency, quantity, consistency and
an increased consumption of animal-source foods. Immunisations, biannual vitamin A capsules
and mebendazole tablets (for deworming) provided to all children according to Cambodia Ministry
of Health guidelines. Infants followed up to 24 months of age and outcomes measured at 6, 12, 18
and 24 months of age.

Participants outside age range defined for inclusion in this review.

Jaeggi 2015 115 Kenyan infants aged 6 months in Msambweni County, in southern coastal Kenya, a malar-
ia-endemic area, consumed home-fortified maize porridge daily for 4 months. 2 studies conduct-
ed. In study 1 (n = 80), infants randomly assigned to receive MNP containing 2.5 mg of elemen-
tal iron (as NaFeEDTA) (NaFeEDTA ± 2.5 mg of FeMNP, MixMe, DSM Nutritional Products Europe,
Basel, Switzerland) or MNP without iron. In study 2 (n=80), they received a different MNP contain-
ing 12.5 mg of elemental iron (as ferrous fumarate) (± 12.5 mg of FeMNP, Sprinkles, Hexagon Nutri-
tion, Mumbai) or MNP without iron. For 4 months, 7 MNP sachets and 2 kg of maize flour (Dola, Ki-
tui Flour Mills, Mombasa, Kenya) were provided directly to participating mothers from 6 distribu-
tion points. Primary outcome was gut microbiome composition analysed by 16S pyro-sequencing
and targeted real-time polymer chain reaction. Secondary outcomes included faecal calprotectin
(marker of intestinal inflammation) and incidence of diarrhoea.

Participants outside age range defined for inclusion in this review.

Khan 2014 100 infants aged 6-11 months living in 26 rural villages in the Kaliganj sub district of Gazipur,
Bangladesh randomised to 1 of 2 groups containing MNP with or without calcium for 2 months.
Group 1: MNP contained 12.5 mg of elemental iron (as ferrous fumarate), zinc 5 mg, folic acid 160
μg, vitamin A 300 μg RE, vitamin C 30 mg. Group 2: MNP formulation + calcium 400 mg. Primary out-
comes were Hb concentrations, adherence and adverse effects.

Type of comparisons and participants outside scope of this review.

Kikafunda 1998 153 children mean age (± SD) 55.8 ± 11.2 months from 3 randomly selected nursery schools of
medium, low and very low socioeconomic status in a suburb of Kampala, Uganda. Participants re-
ceived either Zn (as zinc sulphate) 10 mg (n = 79) or placebo (n = 76) daily in freshly prepared fruit
juice, Monday to Friday inclusive for 6 months.
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Type of intervention outside scope of this review.

Manger 2008 569 children aged 5.5-13.4 years from 10 schools in sub district of Trakan Phutphon, Ubon
Ratchathani province, in northeast Thailand, were randomly assigned to receive a seasoning pow-
der (monosodium glutamate, salt, sugar, hydrolysed vegetable protein and dried meat powder)
fortified with zinc 5 mg, 5 mg of elemental iron, vitamin A 270 μg RE and iodine 50 μg (per serving)
or an unfortified seasoning powder with no micronutrients. Seasoning incorporated into a school
lunch prepared centrally and delivered 5 days per week for 31 weeks.

Type of intervention involved a fortified condiment or seasoning in powder form and not an MNP
for home fortification.

Menon 2007 415 children of both sexes aged 9-24 months at start of 2 months' intervention, with no severe
anaemia (Hb < 70 g/L), not receiving wheat-soy-blend, living in rural Haiti and who were accompa-
nied by their mother. Prevalence of anaemia at start was 46%. Randomisation was into 2 groups at
food distribution point: group 1 (6 food distribution points, n = 254): daily MNP with 12.5 mg of ele-
mental iron (as fumarate), zinc (as gluconate) 5 mg, vitamin A 400 μg RE, folic acid 160 μg (0.16 mg),
vitamin C 30 mg; group 2 (4 food distribution points, n = 161): control group. Both groups received
8 kg of wheat-soy-blend, 2.5 kg oil (vitamin A fortified) and indirect ration of 10 kg soy-fortified bul-
gur, and 2.5 kg brown lentils. The MNP were distributed once a month with the fortified wheat-soy-
blend, each time 30 sachets with pictorial instructions were given to intervention group. Control
group received the wheat-soy-blend.

Type of participants outside age range defined for inclusion in this review.

Menon 2016 Cluster-randomised, non-blinded evaluation with uncontrolled before-and-after cross-section-
al surveys to assess the impact of providing intensified interpersonal counselling + mass media +
community mobilisation (intensive) compared with standard nutrition counselling + less intensive
mass media + community mobilisation (non-intensive) on complementary feeding practices and
anthropometric measurements. In half the sample, randomly allocated in both the intensive and
non-intensive areas, the Shasthya Sebika offered MNP sachets containing iron, folic acid, zinc, and
vitamins A and C for sale to mothers and received a small commission from the sales.

Type of intervention and study design outside scope of this review.

Neufeld 2008 927 children aged 6-12 months, beneficiaries of the Oportunidades programme, a conditional cash
transfer programme implemented in rural areas in 1997 and urban areas in 2002 with authorisation
of Oportunidades officials at the federal, state and local level, National Institute of Public Health
Ethics Commission, in Mexico from communities (18 per supplement) randomly assigned to receive
a fortified food, syrup or multiple MNP Sprinkles. Supplements delivered daily (6 months). Commu-
nities were randomly assigned (18 communities per supplement) to 1 of 3 interventions: group 1
(n = 265): 44 g of daily supplement Nutrisano (fortified food) containing 10 mg of elemental iron (as
ferrous gluconate), vitamin A 400 μg RE, zinc 10 mg, vitamin C 50 mg, folic acid 50 μg (0.05 mg), vi-
tamin E 6 mg, vitamin B2 0.8 mg and vitamin B12 0.7 μg and also provided energy, protein, lipids,

carbohydrates and sodium; group 2 (n = 323): 5 mL of syrup daily containing 10 mg of elemental
iron (as ferrous gluconate), vitamin A 400 μg RE, zinc 10 mg, vitamin C 50 mg, folic acid 50 μg (0.05
mg), vitamin E 6 mg, vitamin B2 0.8 mg, vitamin B12 0.7 μg; group 3 (n = 339): MNP 1 g (Sprinkles)

containing 10 mg of elemental iron (as ferrous fumarate), vitamin A 400 μg RE, zinc 10 mg, vita-
min C 50 mg, folic acid 50 μg (0.05 mg), vitamin E 6 mg, vitamin B2 0.8 mg, vitamin B12 0.7 μg. Child

growth, development and micronutrient status measured at baseline. Hb concentration, anaemia
after 4 and 10 months of supplementation and at 24 and 30 months of age. Preliminary results indi-
cated that after 4 months' supplementation, the prevalence of anaemia was significantly (P < 0.05)
higher in children receiving the Nutrisano (fortified food) in comparison with the multiple MNP
and syrup. At 24 months of age, anaemia had decreased in all 3 groups (P < 0.001), but remained
slightly higher in the Nutrisano (fortified food) group (fortified food: 12.3%, syrup: 8.8%, multiple
MNP: 9.2%). The large decrease and the low prevalence at 24 months suggested that all supple-
ments were similarly efficacious to prevent and cure anaemia; with the effect observed slower in
children who received fortified food. Attrition was 20%, no difference between groups, no differ-
ences in characteristics of children lost to follow-up and those who completed trial. Main reasons
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for attrition were: dislike or perceived reacted to supplements (43%) and migrated out of commu-
nity (18%); but were not different between groups.

The type of participants outside age range defined for inclusion in this review.

Osendarp 2007 396 children aged 6-10 years home-based in Adelaide, South Australia, and 384 children at 6 prima-
ry schools in Jakarta, Indonesia randomly allocated to 1 of 4 groups: group 1 (n = 106): drink con-
taining 10 mg of elemental iron (as NaFeEDTA), zinc (as zinc sulphate) 5 mg, RE vitamin A (as retinol
acetate) 400 µg, folic acid 150 µg, vitamin B6 1 mg, vitamin B12 1.5 µg, vitamin C 45 mg; group 2 (n

= 96): docosahexanoic acid 88 mg + eicosapentaenoic acid 22 mg; group 3 (n = 92): 10 mg of ele-
mental iron (as NaFeEDTA), zinc (as zinc sulphate) 5 mg, vitamin A (as retinol acetate) 400 µg RE,
folic acid 150 µg (0.15 mg), vitamin B6 1 mg, vitamin B12 1.5 µg, vitamin C 45 mg, docosahexanoic

acid 88 mg and eicosapentaenoic acid 22 mg; group 4 (n = 102): placebo. Fruit-flavoured drinks (soy
0.6%) used 6 days a week for 12 months as vehicle for all treatments, which were added as pow-
ders. Trials conducted from August 2003 to April 2005. Intervention products used consisted of 4
powdered fortificants that were added to a base powder containing protein 8 g, sugar 12 g and
maltodextrin 4 g to be dissolved in 100 mL of a soy-based fruit drink in a plastic shaker with a screw
top and then shaken for ≥ 20 seconds.

Type of intervention outside scope of this review.

Paganini 2016 Review on studies assessing the effects of iron-fortified foods on the gut microbiome, gut inflam-
mation and diarrhoea for infants and children.

Not an intervention study.

Rah 2012 Summary of the projects implemented as part of the World Food Programme and DSM partner-
ship that have been implemented with the United Nations High Commissioner for Refugees either
in context of refugee camps or emergency response. Several studies have been nested in these
projects to assess potential impact of MNP on nutrition and health status of beneficiaries. MNP
programmes in Bangladesh have been conducted as part of the Cyclone Sidr response targeting
101,000 children aged under 5 years and 59,000 pregnant and lactating women, food- and cash-
for-work activities implemented in response to high food prices (targeting 14,500 children aged
6-24 months and 6000 pregnant and lactating women, and programming in the Rohinga refugee
camps. 2 projects providing multiple MNP are being carried out in Nepal: 1 in Bhutanese refugee
camps (targeting 8500 children aged 6-59 months) and another as part of high-food price emer-
gency response (targeting > 114,000 children aged 6-59 months). In Kenya, one project at the Kaku-
ma camp targeted 55,000 refugees of all ages. Study design varied from a cohort of children fol-
lowed prospectively to pre- and postintervention population-based representative cross-sectional
surveys to assess the impact of MNP. Main outcome assessed was Hb concentration as a proxy indi-
cator of micronutrient deficiencies.

Type of study design outside scope of this review.

Rim 2008 234 infants aged 6-12 months recruited from 36 nurseries in the Democratic People's Republic of
Korea and randomly divided into 1 of 2 groups: group 1: rice porridge fortified with 10 mg of iron
(as ferrous sulphate) per day, added to the water in which rice was cooked; group 2: non-fortified
cereal for 6 months.

Types of intervention outside scope of this review.

Samadpour 2011 362 eligible children aged 6-18 months with Hb ≥ 70 g/L, with no clinical signs of acute or chron-
ic illness who were receiving at least 1 complementary food and whose mothers were permanent
residents of Hashtgerd, Iran were randomly assigned to 1 of 3 groups: group 1 (n = 120): Sprinkles,
containing iron (as ferrous fumarate) 10 mg, zinc (as gluconate) 5 mg, vitamin A 375 µg, vitamin D
5 µg, vitamin E 6 mg, vitamin C 35 mg, vitamin B1 0.5 mg, vitamin B2 0.5 mg, vitamin B6 0.5 mg, vit-

amin B12 0.9 µg, niacin 6 mg, folic acid 150 µg, copper (as gluconate) 0.6 mg, iodine 59 µg; group 2

(n = 121): FoodLETS containing iron (as ferrous fumarate) 12.5 mg, zinc (as gluconate) 5 mg, vitamin
A 300 µg, vitamin D 5 µg, vitamin E 6 mg, vitamin C 30 mg, vitamin B1 0.5 mg, vitamin B2 0.5 mg, vi-
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tamin B6 0.5 mg, vitamin B12 0.9 µg, niacin 6 mg, folic acid 160 µg, copper (as gluconate) 0.3 mg, io-

dine 590 µg; group 3 (n = 121): multiple micronutrients drops containing 9 micronutrients including
iron (as ferrous sulphate) 10 mg, vitamin A 450 µg, vitamin D 10 µg, vitamin E, vitamin C 35 mg, vita-
min B1 0.5 mg, vitamin B2 0.6 mg, vitamin B6 0.4 mg and niacin 8 mg. Intervention lasted 4 months.

Assessed Hb, serum ferritin, serum retinol, serum zinc, 25(OH) D concentration and anthropometry
at baseline and 4 months.

Participants outside age range defined for inclusion in this review.

Sampaio 2013 143 healthy institutionalised infants and children aged 6-48 months of both sexes living in Sal-
vador, Bahia, Brazil in 2009 randomly assigned to 1 of 2 groups: group 1 (n = 75): daily sachet of
sprinkles containing iron (as ferrous fumarate) 12.5 mg, zinc (as gluconate) 5 mg, vitamin A 375 µg
RE, vitamin E 6 mg, vitamin C 35 mg, vitamin B1 0.5 mg, vitamin B2 0.5 mg, vitamin B6 0.5 mg, vita-

min B12 0.9 µg, vitamin C 30 mg, vitamin D3 5 µg, niacin 6 mg, copper (as gluconate) 0.6 mg, and io-

dine (as potassium iodate) 50 µg; group 2 (n = 68): iron (as ferrous fumarate) 12.5 mg, vitamin A 375
µg RE, vitamin E 6 mg, vitamin C 35 mg, vitamin B1 0.5 mg, vitamin B2 0.5 mg, vitamin B6 0.5 mg, vi-

tamin B12 0.9 µg, vitamin C 30 mg, vitamin D3 5 µg, niacin 6 mg, copper (as gluconate) 0.6 mg, io-

dine (as potassium iodate) 50 µg with no zinc. Both groups received multiple MNP for point-of-use
fortification of foods for 90 days. MNPs were mixed with different foods by trained nutritionists who
were not blinded to intervention provided as sachets were identified as having or not having zinc.
Outcomes assessed were diarrhoea and acute respiratory infection.

Type of comparisons outside scope of this review.

Selva Suárez 2011 Paper summarises 3 projects with social marketing approach that were jointly carried out by
Cuban government and United Nations agencies, aiming to reduce anaemia in boys and girls aged
up to 5 years. Quantitative and qualitative methods and the triangulation of their results were
used. All projects included training of key actors in healthy child feeding, nutrition and preven-
tion of anaemia as well as extensive education to the families. 2 projects delivered an iron-forti-
fied foodstuff and the other 1 distributed multiple micronutrients powders for anaemia control and
prevention among young children 12-24 months of age living at "Calixto García" municipality Hol-
guín province, 2009-2011. No data available.

Type of comparisons, study design and type of participants outside scope of this review.

Smuts 2005 290 term infants aged 6-12 months recruited through health posts of Valley of a Thousand Hills,
Durban in the KwaZulu-Natal Province, South Africa and enrolled in study and randomly assigned
to 1 of 4 groups: group 1: daily supplement containing 1 daily allowance of multiple micronutri-
ents for young children; group 2: daily placebo supplement containing no micronutrients; group
3: weekly supplement containing 2 daily allowances of multiple micronutrients for young chil-
dren and a placebo supplement on the other days of the week; group 4: daily supplement contain-
ing 10 mg of elemental iron. Micronutrient supplements provided were large chewable tablets or
foodLETS.

Type of participants outside age range defined for inclusion in this review.

Soofi 2013 2746 children aged 6-18 months from urban and rural sites in Sindh, Pakistan from 256 clusters de-
termined by a baseline census (111 clusters in Bilal colony and 145 clusters in Matiari), were ran-
domly assigned to 1 of 3 groups: group 1 (n = 889): 14-day supply of MNP in individual sachets to be
given daily containing iron (as microencapsulated ferrous fumarate) 12.5 mg, vitamin C (as ascor-
bic acid) 50 mg, vitamin A (as retinol acetate) 300 μg, vitamin D (as vitamin D3) 5 μg, folic acid 150

μg, zinc (as zinc gluconate) 10 mg; group 2 (n = 910): 14-day supply of MNP in individual sachets
to be given daily containing iron (as microencapsulated ferrous fumarate) 12.5 mg, vitamin C (as
ascorbic acid) 50 mg, vitamin A (as retinol acetate) 300 μg, vitamin D (as vitamin D3) 5 μg, folic acid

150 μg, no zinc; group 3 (n = 947): no sachets. All groups received basic infant and young child feed-
ing messages based on UNICEF/WHO recommendations, namely promotion of exclusive breast-
feeding up to 6 months of age and continued breastfeeding with appropriate complementary feed-
ing with locally available foods thereafter.
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Type of participants and type of comparisons outside scope of this review.

Suchdev 2007 (C) 703 children aged 6-23 months at time of enrolment living in rural western Kenya, Nyando Division.
575 children followed for duration of intervention and follow-up period. Exclusion criteria: unavail-
able for enrolment on 3 separate household visits and parental refusal to give informed consent.
Children with Hb < 70 g/L referred for treatment, but still included in analysis.

Type of participants outside scope of this review.

Teshome 2017 Children aged 12-36 months living in Kisumu West District, Kenya expected to remain resident in
study area for duration of intervention and follow-up; no known or reported allergy to premed-
ication drugs; not severely malnourished (weight-for-height Z-score, with no fever or reported or
suspected systemic disorders (e.g. HIV infection, tuberculosis, sickle cell disease) and Hb ≥ 70 g/L
randomly assigned to receive 1 of 3 interventions: group 1 (n = 112): daily home fortification for 30
days with sachets containing 3 mg of elemental iron (as NaFeEDTA); group 2 (n = 114): daily home
fortification for 30 days with sachets containing 12.5 mg of elemental iron (as encapsulated ferrous
fumarate); group 3 (n = 112): daily home fortification for 30 days with sachets containing no iron
(placebo). All powders contained vitamin A 300 μg RE, zinc 5 mg, vitamin D 5 µg, vitamin E 5 mg, vi-
tamin C 30 mg, thiamine (vitamin B1) 0.5 mg, riboflavin (vitamin B2) 0.5 mg, niacin (vitamin B3) 6

mg, vitamin B6 (pyridoxine) 0.5 mg, vitamin B12 (cobalamin) 0.9 µg, copper 0.56 mg, selenium 17

µg and iodine 90 µg. All participants received treatment 3 days before randomisation. The medica-
tions received under supervision included: 1. dihydroartemisinin-piperaquine (SigmaTau, Rome,
Italy; tablets of dihydroartemisinin 40 mg and piperaquine 320 mg), for 3 days at daily target dose
of 4 mg/kg bodyweight; 2. albendazole (Indoco Remedies, Mumbai, India), for 3 days at daily target
dose of 200 mg for children aged 12-24 months or 400 mg for children aged > 24 to 36 months; 3.
praziquantel 600 mg tablets (Cosmos, Nairobi, Kenya), as single dose at a target dose of 40 mg/kg
bodyweight. Age of children was 12-36 months (mean 23.6 months) with 54.5% being younger than
2 years.

Type of participants outside scope of this review.

Troesch 2009 101 apparently healthy, non-pregnant, non-lactating young women studying or working at Insti-
tute of Food Science and Nutrition, Swiss Federal Institute of Technology in Zurich, Switzerland
and the University of Zurich between January and April 2008 were randomly assigned to 1 of 6
groups receiving a maize porridge fortified with an MNP-containing stable isotope-labelled elemen-
tal iron as either ferrous sulphate or iron EDTA (NaFeEDTA) and different combinations of inhibitors
and enhancers (ascorbic acid, calcium, phytase, l-alpha-glycerophosphocholine). They each con-
sumed 2 meals in a cross-over design for determination of iron absorption. Objective was to max-
imise iron absorption from a low-iron MNPs by testing combinations of iron as NaFeEDTA, ascorbic
acid and a microbial phytase active at gut pH, as well as the role of L-α-glycerophosphocholine.

Types of participants and types of interventions not within scope of this review.  

Vuong 2002 185 preschool-age children aged 31-70 months with low Hb concentrations from 2 communes in
Thanh-Mien district, Hai-Hung province of northern Vietnam were assigned to 1 of 3 groups: group
1: xoi gac (fruit) that contained β-carotene 3.5 mg per serving; group 2: rice mixed with synthet-
ic β-carotene 5.0 mg powder; group 3: rice without fortification. Each participant received about
110-120 g cooked rice per day. No other foods or beverages provided. Fruit and powder prepa-
rations designed to contain β-carotene 5.0 mg per serving on basis of recommended dietary al-
lowance for retinol of 500 retinol equivalents for children aged 3-6 years.

Type of interventions did not include provision of iron and thus outside scope of this review.

Wijaya-Erhardt 2007 284 children aged 6-12 months from 12 villages in the Salam sub district and 6 villages in Ngluwar
sub district, both located in Magelang district in centre of Java. Study took place from June to De-
cember 2000. Participants randomly assigned to 1 of 4 groups: group 1 (n = 72): daily multiple-mi-
cronutrient food-like tablets (foodLETS); group 2 (n = 70): weekly multiple-micronutrient food-like
tablets (foodLETS); group 3 (n = 70): daily iron food-like tablets (foodLETs); group 4 (n = 70): daily
placebo. FoodLETS given as daily elemental iron (as ferrous sulphate), daily multiple micronutri-
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ents (14 nutrients: vitamins A, D, E, K, C, thiamine, riboflavin, vitamin B12, niacin, folate, iron, zinc,

copper, iodine) and weekly multiple micronutrient (same 14 nutrients). Multiple micronutrient sup-
plement and placebo produced in form of foodLETS and were provided in blister packs of 7 tablets.
Results showed an increase in iron stores in daily iron and daily multiple micronutrients group, but
not in weekly multiple micronutrients group. Adverse effects observed were vomiting and diar-
rhoea, with no significant difference between intervention groups.

Type of participants outside age range defined for inclusion in this review.

Zlotkin 2001 557 anaemic children aged 6-18 months from field study area for Kintampo Health Research Cen-
tre, located in Kintampo district of rural Ghana. This is a malaria endemic area where principal
complementary food is a maize-based porridge. Participants were randomly assigned to 1 of 2
groups: group 1 (n = 246): home fortification with MNP containing 80 mg of elemental iron (as mi-
croencapsulated ferrous fumarate) and ascorbic acid 50 mg added to weaning foods (after it was
cooked); group 2 (n = 247): iron drops containing 40 mg of elemental iron given 3 times per day for
2 months. Study took place during May and August 1999. Dosage of iron in the Sprinkles sachet was
double that in the ferrous sulphate drops. Outcomes included anaemia, ferritin, serum zinc and
growth concentration. Anaemia was successfully treated in the 2 groups in 58% and 56% of chil-
dren. There were no significant differences in adverse effects between groups. Diarrhoea was re-
ported in 14.5% of participants receiving drops and 12.8% of participants receiving MNP.

Type of participants outside age range defined for inclusion in this review.

Zlotkin 2003a 437 Ghanaian non-anaemic children aged 8-20 months, who were ingesting a weaning food in addi-
tion to breast milk were randomised individually to 1 of 4 groups: group 1 (n = 110): MNP (with iron
only) containing 40 mg of elemental iron (as microencapsulated ferrous fumarate) daily; group 2
(n = 107): MNP (with iron and vitamin A) containing 40 mg of elemental iron (as microencapsulated
ferrous fumarate) + retinol equivalents (as retinyl acetate) 600 μg daily; group 3 (n = 112): 12.5 mg
of elemental iron (as ferrous sulphate iron drops) daily; group 4 (n = 108): placebo in powder form.
Primary outcome measures were change in Hb and anaemic status at baseline and end of study.
Prophylactic supplementation provided to children for 6 months (October 1999 to March 2000)
and children who maintained Hb of ≥ 100 g/L at end of intervention were reassessed at 12 months'
postintervention. Acceptability of powders was better in comparison to iron drops. No significant
changes were seen in mean Hb, ferritin or serum retinol values from baseline to end of supplemen-
tation period among groups. Study area considered a setting where intestinal parasites, malaria
and infectious diarrhoea are common. Supplementation period began at end of rainy season and
had finished by end of dry season when the burden of malaria is lower. Iron and haematological
status maintained equally well among all groups, including MNP and placebo.

Type of participants outside age range defined for inclusion in this review.

Zlotkin 2003b 304 anaemic children aged 6-18 months from rural Ghana. Research took place between February
and May 2000, at end of dry season, in field study area of the Kintampo Health Research Centre, lo-
cated in Brong Ahafo region of Ghana. This is a malaria endemic area in which principal comple-
mentary food is a maize-based porridge, low in bioavailable iron and zinc. Participants were ran-
domly assigned to 1 of 2 groups: group 1 (n = 144): home fortification with "multiple micronutrient
powders" including 80 mg of elemental iron (as microencapsulated ferrous fumarate) + ascorbic
acid 50 mg; group 2 (n = 160): home fortification with powders containing 80 mg of elemental iron
(as microencapsulated ferrous fumarate) + zinc (as gluconate) 5 mg over 2 months. Outcomes in-
cluded anaemia, ferritin, serum zinc and growth concentration. Both formulations were successful
in treating anaemia. There was no effect on zinc status and growth.

Type of participants outside age range defined for inclusion in this review.

Zlotkin 2013 Objective was to determine effect of providing an MNP with or without iron on incidence of malar-
ia among children living in a high malaria-burden area. Double-blind, cluster-randomised trial of
children aged 6-35 months (mean 19.4 ± 8.6 months) conducted over 6 months in 2010 in a rur-
al community setting in central Ghana, West Africa (n = 1958 living in 1552 clusters). Children ran-
domised by cluster to receive an MNP with iron (iron group; iron 12.5 mg/day) or without iron (no
iron group). The MNP with and without iron were added to semi-liquid home-prepared foods dai-
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ly for 5 months followed by 1 month of further monitoring. Insecticide-treated bed nets were pro-
vided at enrolment, as well as malaria treatment when indicated. Malaria incidence overall signif-
icantly lower in iron group compared with no iron group (76.1 episodes/100 child-years with iron
and 86.1 episodes/100 child-years with no iron; RR 0.87, 95% CI 0.79 to 0.97), and during interven-
tion period (79.4 episodes/100 child-years with iron and 90.7 episodes/100 child-years with no iron;
RR 0.87, 95% CI 0.78 to 0.96). In secondary analyses, these differences were no longer statistically
significant after adjusting for baseline iron deficiency and anaemia status overall (adjusted RR 0.87,
95% CI 0.75 to 1.01) and during intervention period (adjusted RR 0.86, 95% CI 0.74 to 1.00).

Type of participants outside age range defined for inclusion in this review (more than half the chil-
dren did not meet inclusion criteria).

CBC: complete blood count; CI: confidence interval; Hb: haemoglobin; MNP: micronutrient powder; n: number of children; NaFeEDTA:
sodium iron ethylenediaminetetraacetic acid; SD: standard deviation; RR: risk ratio; UNICEF: United Nations Children's Fund; WHO: World
Health Organization.
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Trial name or title Food Fortification Powder for Improving Micronutrient Status in Underweight and Over-
weight/Obese Primary School Children.

Methods Randomised controlled trial.

Participants 348 apparently healthy primary school boys and girls aged 6-9 years, with haemoglobin concentra-
tion < 110 g/L in Vietnam.

Exclusion criteria: haemoglobin concentration < 70 g/L, currently taking or planning to take vita-
min and mineral supplementation, chronic disease or infection, congenital anomalies or severe
malnutrition.

Interventions Participants will be assigned to 1 of 2 groups.

• Group 1: multiple MNP for point-of-use fortification of foods providing: elemental iron 12.5 mg,
zinc 10 mg, vitamin A 400 µg RE, vitamin B1 0.5 mg, vitamin B2 0.5 mg, vitamin B6 0.5 mg, vitamin

B12 0.9 µg, vitamin C 30 mg, vitamin D3 5 µg, vitamin E 5 mg, folic acid 150 µg (0.15 mg), vitamin

B3 6 mg, copper 0.56 mg, iodine 90 µg, selenium 17 µg.

• Group 2: placebo powder (1 dose) added to each child's individual school lunch 5 times per week
(Monday to Friday) for 6 months. Adherence will be monitored as in intervention group. School
sta� will add powder and school lunch consumption supervised; empty and unused sachets of
powder will be collected from school sta� to further assess adherence.

Outcomes Haemoglobin concentration, iron status (measured by serum ferritin), zinc status (measured by
serum zinc), body composition (by triceps skinfold thickness, mid-upper arm circumference and
waist circumference), cost-benefit analysis, dietary intake, growth (assessed by height, weight and
Z-scores), morbidity and health status.

Starting date 20 September 2016.

Contact information Dr Ewa Szymlek-Gay.

Institute for Physical Activity and Nutrition (IPAN) School of Exercise and Nutrition Sciences 221
Burwood Highway Burwood VIC 3125, Australia.

Telephone: +61 3 9244 5404.

Email: ewa.szymlekgay@deakin.edu.au.

ACTRN12616001245482 
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Dr Hoang Thi Duc Ngan.

National Institute of Nutrition 48B Tang Bat Ho Street Hai Ba Trung District Hanoi, Vietnam.

Telephone: +84 43 9713088.

Email: hoangthiducngan@dinhduong.org.vn.

Notes Source of funding: National Institute of Nutrition, Vietnam, and Deakin University, Australia.

ACTRN12616001245482  (Continued)

 
 

Trial name or title Effect of Home-Fortification with Sprinkles in Haematologic and Nutritional Status in Preschool
Children in Medellín.

Methods Randomised controlled trial, triple-blind and placebo-controlled.

Participants 100 children aged 5-59 months, not anaemic or with severe malnourished attending 2 child care
centres in Medellín, Colombia.

Interventions Participants will be randomly assigned to 1 of 2 groups.

• Group 1 (n = 50): sachets (1 g) containing a blend of micronutrients in powder form (iron, zinc, folic
acid, vitamins A and C), sprinkled onto homemade food.

• Group 2 (n = 50): placebo (1 g) sprinkled onto homemade food.

Interventions will be provided during weekdays for 11 weeks.

Outcomes Primary: haemoglobin at 10 weeks (g/dL).

Secondary: transferrin at 10 weeks (mg/dL).

Other outcomes: child growth Indicators.

Starting date September 2013.

Contact information Cristian Vargas, MD.

Lic Viviana Ramírez, Nutritionist.

Fundación de Atención a la Niñez (FAN), Medellin, Anqtioquia, Colombia.

Telephone: +57 30 06099044.

Email: crivargas24@hotmail.com and julianaorozcocano@hotmail.com.

Notes Source of funding: CES University.

NCT01917032 

 
 

Trial name or title Iodine Intake & Status of Preschoolers Given MNP for 6 Months.

Methods Randomised controlled trial.

Participants 396 apparently healthy boys and girls aged 4-6 years attending La Trinidad Benguet daycare cen-
tres, in Benguet, Philippines who are permanent residents in the barangay or municipality, with in-
formed written parental consent and whose mothers are willing to devote time for survey.

NCT02280330 
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Exclusion criteria: severely underweight, obvious clinical problem such as goitre, congenital heart
disease or plans of transferring residence outside municipality within next 6 months.

Interventions Participants will be randomly assigned to 1 of 2 groups.

• Group 1: 60 sachets of MNP over 6 months or 10 sachets per month equivalent to 3-4 sachets in
1 week.

• Group 2: 60 sachets of placebo (with same characteristics).

MNP contains 15 vitamins and minerals, including vitamin A, D, E, C, B1, B2, B6 and B12, niacin, folic

acid, iron, zinc, copper, selenium, iodine. Iodine 90 µg per sachet of 1 g of MNP.

Outcomes Urinary iodine at 6 months, weight-for-age, height-for-age, likability of a communication material
on knowledge of mothers.

Starting date November 2014.

Contact information Imelda O Degay.

University of the Philippines, Los Banos, Philippines.

Notes Source of funding: Nutrition Center of the Philippines.

NCT02280330  (Continued)

 
 

Trial name or title Early Child Development and Nutrition in Guatemala.

Methods Cluster-randomised controlled trial.

Participants 3000 infants aged 6-12 months and preschool-age children aged 36-48 months, Spanish speakers,
undernourished (length and height for age < -1 Z-score), without any obvious health or develop-
mental problems that would interfere with growth, nutrition or development, who are planning to
remain in area for subsequent year and whose parents or legal guardians of child is aged ≥ 18 years,
speak and understand Spanish and live with child in study community. Exclusion criteria: severe
stunting (length and height for age < -3 Z-scores), identified conditions that could interfere with
their development and growth, severely anaemic (haemoglobin < 70 g/L).

Interventions The children will be assigned through neighbourhood clusters randomised into 4 groups.

• Group 1: MNP added to food + responsive feeding/school readiness.

• Group 2: MNP added to food only.

• Group 3: placebo powders added to food + responsive feeding/school readiness.

• Group 4: placebo powders added to food only.

MNP contains zinc 9 mg, copper 0.3 mg, elemental iron 12.5 mg, vitamin D3 5 mg, folic acid 160 µg

(0.16 mg), vitamin E 5 mg, iodine 90 µg, calcium 200 mg, vitamin A 250 µg RE, phosphorus 150 mg,
vitamin C 40 mg, magnesium 40 mg, vitamin B12 0.9 µg, selenium 17 µg, thiamine 0.5 mg, man-

ganese 0.17 mg, niacin 0.5 mg, biotin 8 mg, riboflavin 6 mg, vitamin B5 1.8 mg, vitamin B6 0.5 mg.

Investigators will focus on preschool-age children (aged 36-48 months) to examine if micronutri-
ents + a school readiness intervention can improve children's school readiness skills.

Outcomes Cognitive, motor, social-emotional development from baseline to 12 months; weight, length/
height, micronutrient status from baseline to 12 months.

Starting date December 2014.

NCT02302729 
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Contact information Dr Maureen M Black.

University of Maryland.

Telephone: +1 410 7062136.

Email: mblack@peds.umaryland.edu.

Notes Source of funding: University of Maryland and Association for the Study and Prevention of HIV/
AIDS.

NCT02302729  (Continued)

 
 

Trial name or title Stunting Prevention Project in Thatta and Sajawal Districts, Sindh Province, Pakistan.

Methods 29 Union Councils with best performance and highly covered Lady Health Workers catchment ar-
eas will be selected as intervention clusters. Of the 29 Union Councils, 10 Union Councils will be se-
lected using simple random sampling. 5 Union Councils in each group, giving a total sample size
of 5000 participants. Participants will be recruited and followed monthly for compliance of food-
based supplements, dietary diversity, pregnancy outcomes, and maternal and child morbidity and
mortality.

Participants 5000 pregnant women, lactating mothers and children aged 6-59 months. Blood samples will be
collected twice from a subset of 200 children (100 in each group).

Interventions Interventions will focus on food-based supplementation and non-food-based interventions deliv-
ered through Lady Health Workers. A blanket approach will be used for the distribution of food-
based supplementation, consisting of locally produced lipid-based nutrient supplements for chil-
dren aged 6-23 months, MNP for children aged 24-59 months and wheat soy blend for pregnant and
lactating women. Control group will receive routine public and private health services available
within the area. Infants and children will receive an MNP sachet to obtain RDA of 15 micronutrients
on alternate days.

Outcomes Height, weight and mid upper arm circumference. For children, length/height-for-age, weight-for-
age and weight-for-length/height, anaemia, haemoglobin concentrations.

Starting date January 2014.

Contact information Dr Sajid Bashir Soofi.

Department of Paediatrics and Child Health, Aga Khan University, Karachi, Pakistan.

Email: sajid.soofi@aku.edu.

Notes Sources of funding: Aga Khan University; United Nations World Food Programme, Islamabad, Pak-
istan, and Pakistan Ministry of Health.

NCT02422953 

 
 

Trial name or title The Efficacy of Multiple MNP Supplementation in Children Under 5 Years in Arusha District.

Methods Randomised controlled trial.

Participants 436 children aged 6-59 months with moderate anaemia (Hb concentration 70-100 g/L) whose fami-
lies reside within study villages in Arusha, Tanzania.

PACTR201607001693286 
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Exclusion criteria: chronic or acute disease, sickle-cell anaemia or consuming multi-vitamin-miner-
al supplements on a regular basis.

Interventions Participants will be randomly assigned to 1 of 4 groups.

• Group 1 (n = 100): 90 sachets for consumption 3-4 days per week (providing a mean of 15 sachets
per month).

• Group 2 (n = 140): 60 sachets for consumption 2-3 days per week (providing a mean of 10 sachets
per month).

• Group 3 (n = 156): 40 sachets for consumption 1-2 days per week (providing a mean of 7 sachets
per month).

• Group 4 or control group (n = 40): 120 sachets for consumption 5 days per week (providing a mean
of 120 sachets per month).

Outcomes Haemoglobin concentration, vitamin A concentration and nutritional status.

Starting date 7 September 2015.

Contact information Dr Martin Kimanya.

Telephone: +2557596284.

Email: kejod@nm-aist.ac.tz.

Notes Source of funding: COSTECH, Dar-es-Salaam, and The Nelson Mandela African Institution of
Science and Technology, Arusha, Tanzania.

PACTR201607001693286  (Continued)

COSTECH: Commission for Science and Technology; MNP: multiple micronutrient powder; RDA: recommended dietary allowance.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Point-of-use fortification of foods with micronutrients powders (MNP) versus no intervention or
placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Anaemia 10 2448 Risk Ratio (M-H, Random, 95% CI) 0.66 [0.49, 0.88]

2 Anaemia by anaemic status
of participants at start of in-
tervention

10 2448 Risk Ratio (M-H, Random, 95% CI) 0.66 [0.49, 0.88]

2.1 Anaemic 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

2.2 Non-anaemic 1 199 Risk Ratio (M-H, Random, 95% CI) 1.49 [0.74, 3.02]

2.3 Mixed/unknown 9 2249 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.45, 0.82]

3 Anaemia by age of children
at start of intervention

9 2249 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.45, 0.82]

3.1 Aged 24-59 months 6 1706 Risk Ratio (M-H, Random, 95% CI) 0.64 [0.44, 0.93]

3.2 Aged 60 months or older 3 543 Risk Ratio (M-H, Random, 95% CI) 0.53 [0.25, 1.12]

Point-of-use fortification of foods with micronutrient powders containing iron in children of preschool and school-age (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

72



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4 Anaemia by malaria status
of study site at time of trial

9 2249 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.45, 0.82]

4.1 Yes 4 934 Risk Ratio (M-H, Random, 95% CI) 0.57 [0.29, 1.14]

4.2 No 4 1252 Risk Ratio (M-H, Random, 95% CI) 0.72 [0.62, 0.85]

4.3 Not reported 1 63 Risk Ratio (M-H, Random, 95% CI) 0.34 [0.21, 0.56]

5 Anaemia by frequency 9 2249 Risk Ratio (M-H, Random, 95% CI) 0.62 [0.46, 0.82]

5.1 Daily 9 2163 Risk Ratio (M-H, Random, 95% CI) 0.59 [0.43, 0.80]

5.2 Weekly 1 86 Risk Ratio (M-H, Random, 95% CI) 1.09 [0.50, 2.37]

5.3 Flexible 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

6 Anaemia by duration of in-
tervention

9 2249 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.45, 0.82]

6.1 Less than 3 months 3 867 Risk Ratio (M-H, Random, 95% CI) 0.71 [0.63, 0.80]

6.2 3 months or longer 6 1382 Risk Ratio (M-H, Random, 95% CI) 0.51 [0.31, 0.84]

7 Anaemia by iron content of
product

9 2249 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.45, 0.82]

7.1 12.5 mg elemental iron or
less

7 1705 Risk Ratio (M-H, Random, 95% CI) 0.72 [0.65, 0.80]

7.2 More than 12.5 mg ele-
mental iron

2 544 Risk Ratio (M-H, Random, 95% CI) 0.26 [0.14, 0.50]

8 Anaemia by type of iron
compound

9 2249 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.45, 0.82]

8.1 Iron EDTA 4 797 Risk Ratio (M-H, Random, 95% CI) 0.75 [0.56, 1.02]

8.2 Encapsulated ferrous fu-
marate

4 1389 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.35, 1.04]

8.3 Other 1 63 Risk Ratio (M-H, Random, 95% CI) 0.34 [0.21, 0.56]

9 Anaemia by number of nu-
trients accompanying iron

9 2249 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.45, 0.82]

9.1 1-4 3 1185 Risk Ratio (M-H, Random, 95% CI) 0.37 [0.16, 0.86]

9.2 5-9 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

9.3 10-15 6 1064 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.65, 1.03]

10 Anaemia by micronutrient
composition

9 2249 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.45, 0.82]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

10.1 Iron alone 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

10.2 Iron + vitamin A + zinc 7 1705 Risk Ratio (M-H, Random, 95% CI) 0.72 [0.65, 0.80]

10.3 Iron + other combina-
tions

2 544 Risk Ratio (M-H, Random, 95% CI) 0.26 [0.14, 0.50]

11 Haemoglobin (g/L) 11 2746 Mean Difference (IV, Random, 95%
CI)

3.37 [0.94, 5.80]

12 Haemoglobin by anaemic
status of participants at start
of intervention (g/L)

10 2547 Mean Difference (IV, Random, 95%
CI)

3.70 [1.08, 6.32]

12.1 Anaemic 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

12.2 Non-anaemic 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

12.3 Mixed/unknown 10 2547 Mean Difference (IV, Random, 95%
CI)

3.70 [1.08, 6.32]

13 Haemoglobin by age of
children at start of interven-
tion

10 2547 Mean Difference (IV, Random, 95%
CI)

3.70 [1.08, 6.32]

13.1 Aged 24-59 months 7 2023 Mean Difference (IV, Random, 95%
CI)

2.02 [-0.87, 4.92]

13.2 Aged 60 months or older 3 524 Mean Difference (IV, Random, 95%
CI)

7.86 [-0.76, 16.49]

14 Haemoglobin by malaria
status of study site at time of
trial

10 2547 Mean Difference (IV, Random, 95%
CI)

3.70 [1.08, 6.32]

14.1 Yes 4 954 Mean Difference (IV, Random, 95%
CI)

2.68 [1.15, 4.22]

14.2 No 3 1060 Mean Difference (IV, Random, 95%
CI)

2.31 [-2.84, 7.46]

14.3 Not reported 3 533 Mean Difference (IV, Random, 95%
CI)

7.51 [-1.22, 16.24]

15 Haemoglobin by frequen-
cy (g/L)

10 2547 Mean Difference (IV, Random, 95%
CI)

3.27 [0.84, 5.70]

15.1 Daily 10 2315 Mean Difference (IV, Random, 95%
CI)

3.84 [1.07, 6.61]

15.2 Weekly 2 232 Mean Difference (IV, Random, 95%
CI)

-0.25 [-3.07, 2.56]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

15.3 Flexible 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

16 Haemoglobin by duration
of intervention

10 2547 Mean Difference (IV, Random, 95%
CI)

3.70 [1.08, 6.32]

16.1 Less than 3 months 3 887 Mean Difference (IV, Random, 95%
CI)

2.14 [-5.04, 9.32]

16.2 3 months or longer 7 1660 Mean Difference (IV, Random, 95%
CI)

4.26 [1.23, 7.29]

17 Haemoglobin by iron con-
tent of product

10 2547 Mean Difference (IV, Random, 95%
CI)

3.70 [1.08, 6.32]

17.1 12.5 mg elemental iron
or less

7 1706 Mean Difference (IV, Random, 95%
CI)

3.05 [-0.20, 6.29]

17.2 More than 12.5 mg ele-
mental iron

3 841 Mean Difference (IV, Random, 95%
CI)

5.33 [-1.23, 11.88]

18 Haemoglobin by type of
iron compound (g/L)

10 2547 Mean Difference (IV, Random, 95%
CI)

3.70 [1.08, 6.32]

18.1 Iron EDTA 3 605 Mean Difference (IV, Random, 95%
CI)

0.51 [-0.99, 2.02]

18.2 Encapsulated ferrous fu-
marate

5 1706 Mean Difference (IV, Random, 95%
CI)

2.81 [-0.77, 6.38]

18.3 Other 2 236 Mean Difference (IV, Random, 95%
CI)

11.42 [8.81, 14.03]

19 Haemoglobin by number
of nutrients accompanying
iron (g/L)

10 2547 Mean Difference (IV, Random, 95%
CI)

3.70 [1.08, 6.32]

19.1 + 1-4 micronutrients 3 1185 Mean Difference (IV, Random, 95%
CI)

8.11 [3.70, 12.52]

19.2 + 5-9 micronutrients 2 470 Mean Difference (IV, Random, 95%
CI)

4.85 [-5.73, 15.43]

19.3 + 10-15 micronutrients 5 892 Mean Difference (IV, Random, 95%
CI)

0.69 [0.35, 1.03]

20 Haemoglobin by micronu-
trient composition (g/L)

10 2547 Mean Difference (IV, Random, 95%
CI)

3.70 [1.08, 6.32]

20.1 Iron alone 0 0 Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

20.2 Iron + vitamin A + zinc 7 1830 Mean Difference (IV, Random, 95%
CI)

1.53 [-0.88, 3.95]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

20.3 Iron + other combina-
tions

3 717 Mean Difference (IV, Random, 95%
CI)

8.95 [3.42, 14.49]

21 Iron deficiency 5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

22 Iron deficiency by
anaemia status at start of in-
tervention

5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

22.1 Anaemic 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

22.2 Non-anaemic 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

22.3 Mixed/unknown 5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

23 Iron deficiency by age of
children at start of interven-
tion

5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

23.1 Aged 24-59 months 3 884 Risk Ratio (M-H, Random, 95% CI) 0.32 [0.22, 0.48]

23.2 Aged 60 months or older 2 480 Risk Ratio (M-H, Random, 95% CI) 0.39 [0.26, 0.61]

24 Iron deficiency by malaria
status of study site at time of
trial

5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

24.1 Yes 2 667 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.22, 0.48]

24.2 No 2 480 Risk Ratio (M-H, Random, 95% CI) 0.39 [0.26, 0.61]

24.3 Not reported 1 217 Risk Ratio (M-H, Random, 95% CI) 0.25 [0.03, 2.18]

25 Iron deficiency by frequen-
cy

5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

25.1 Daily 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

25.2 Weekly 5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

25.3 Flexible 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

26 Iron deficiency by dura-
tion of intervention

5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

26.1 Less than 3 months 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

26.2 3 months or longer 5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

27 Iron deficiency by iron
content of product

5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

27.1 12.5 mg elemental iron
or less

3 666 Risk Ratio (M-H, Random, 95% CI) 0.38 [0.26, 0.56]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

27.2 More than 12.5 mg ele-
mental iron

2 698 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.21, 0.50]

28 Iron deficiency by type of
iron compound

5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

28.1 Iron EDTA 3 666 Risk Ratio (M-H, Random, 95% CI) 0.38 [0.26, 0.56]

28.2 Encapsulated ferrous fu-
marate

2 698 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.21, 0.50]

28.3 Other 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

29 Iron deficiency by number
of nutrients accompanying
iron

5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

29.1 + 1-4 micronutrients 1 481 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.21, 0.51]

29.2 + 5-9 micronutrients 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

29.3 + 10-15 micronutrients 4 883 Risk Ratio (M-H, Random, 95% CI) 0.37 [0.25, 0.55]

30 Iron deficiency by mi-
cronutrient composition

5 1364 Risk Ratio (M-H, Random, 95% CI) 0.35 [0.27, 0.47]

30.1 Iron alone 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

30.2 Iron + vitamin A + zinc 4 883 Risk Ratio (M-H, Random, 95% CI) 0.37 [0.25, 0.55]

30.3 Iron + other combina-
tions

1 481 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.21, 0.51]

31 Ferritin (μg/L) 3 1066 Std. Mean Difference (IV, Random,
95% CI)

0.42 [-4.36, 5.19]

32 All-cause mortality 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

33 Diarrhoea 2 366 Risk Ratio (M-H, Random, 95% CI) 0.97 [0.53, 1.78]

34 Adverse effects 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

35 Iron deficiency anaemia 3 918 Risk Ratio (M-H, Random, 95% CI) 0.28 [0.07, 1.10]

36 All-cause morbidity 3 538 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.74, 1.23]

37 Acute respiratory infection 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

38 Growth (height-for-age Z-
score)

4 617 Mean Difference (IV, Random, 95%
CI)

-0.02 [-0.20, 0.17]

39 Growth (weight-for-age Z-
score)

3 502 Mean Difference (IV, Random, 95%
CI)

-0.01 [-0.09, 0.07]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

40 Growth (weight-for-height
Z-score)

2 287 Mean Difference (IV, Random, 95%
CI)

0.09 [0.00, 0.19]

41 Adherence 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

42 Serum/plasma retinol
(mmol/L)

2 547 Mean Difference (IV, Random, 95%
CI)

10.08 [-10.72, 30.88]

43 Serum/plasma zinc con-
centrations (mmol/L)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

44 Iron status (iron-binding
capacity) (non-prespecified)
(µmol/kg)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

45 Iron status (serum-trans-
ferrin receptors; non-pre-
specified) (mg/L)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

46 Serum vitamin E (non-pre-
specified) (µg/dL)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

47 Serum vitamin B12 (non-

prespecified) (pg/mL)

2 329 Mean Difference (IV, Random, 95%
CI)

241.16 [-258.70,
741.02]

48 Zinc deficiency (non-pre-
specified)

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

49 Vitamin A deficiency (non-
prespecified)

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

50 Serum folate concentra-
tion (ng/mL)

2 329 Mean Difference (IV, Random, 95%
CI)

2.16 [0.76, 3.56]

51 Height (non-prespecified)
(cm)

2 182 Mean Difference (IV, Random, 95%
CI)

0.05 [-3.71, 3.82]

52 Weight (non-prespecified)
(kg)

3 313 Mean Difference (IV, Random, 95%
CI)

-0.02 [-0.59, 0.55]

53 Fever (non-prespecified) 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

54 Stunting (non-prespeci-
fied)

2 654 Risk Ratio (M-H, Random, 95% CI) 0.91 [0.66, 1.25]

55 Angular stomatitis (non-
prespecified)

2 236 Risk Ratio (M-H, Random, 95% CI) 0.04 [0.01, 0.29]
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Analysis 1.1.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 1 Anaemia.

Study or subgroup MNP Placebo/no
intervention

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 10.63% 0.95[0.56,1.61]

Kemmer 2012 (C) 20/114 10/85 8.39% 1.49[0.74,3.02]

Kounnavong 2011 (C) 26/115 14/57 10.16% 0.92[0.52,1.62]

Lundeen 2010 (C) 183/349 220/292 16.07% 0.7[0.62,0.78]

Macharia-Mutie 2012 18/93 30/93 10.98% 0.6[0.36,1]

Ogunlade 2011 6/63 7/68 5.35% 0.93[0.33,2.6]

Osei 2008 (C) 37/139 43/149 12.98% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.57% 0.43[0.16,1.16]

Varma 2007 (C) 9/229 53/252 8.65% 0.19[0.09,0.37]

Vinodkumar 2009 (C) 10/30 33/33 11.2% 0.34[0.21,0.56]

   

Total (95% CI) 1269 1179 100% 0.66[0.49,0.88]

Total events: 329 (MNP), 442 (Placebo/no intervention)  

Heterogeneity: Tau2=0.13; Chi2=32.91, df=9(P=0); I2=72.65%  

Test for overall effect: Z=2.84(P=0)  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.2.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP) versus
no intervention or placebo, Outcome 2 Anaemia by anaemic status of participants at start of intervention.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.2.1 Anaemic  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.2.2 Non-anaemic  

Kemmer 2012 (C) 20/114 10/85 8.39% 1.49[0.74,3.02]

Subtotal (95% CI) 114 85 8.39% 1.49[0.74,3.02]

Total events: 20 (MNP), 10 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.11(P=0.27)  

   

1.2.3 Mixed/unknown  

Inayati 2012 (C) 15/42 20/53 10.63% 0.95[0.56,1.61]

Kounnavong 2011 (C) 26/115 14/57 10.16% 0.92[0.52,1.62]

Lundeen 2010 (C) 183/349 220/292 16.07% 0.7[0.62,0.78]

Macharia-Mutie 2012 18/93 30/93 10.98% 0.6[0.36,1]

Ogunlade 2011 6/63 7/68 5.35% 0.93[0.33,2.6]

Osei 2008 (C) 37/139 43/149 12.98% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.57% 0.43[0.16,1.16]

Varma 2007 (C) 9/229 53/252 8.65% 0.19[0.09,0.37]

Vinodkumar 2009 (C) 10/30 33/33 11.2% 0.34[0.21,0.56]

MNP 1000.01 100.1 1 Placebo/no intervention

Point-of-use fortification of foods with micronutrient powders containing iron in children of preschool and school-age (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

79



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Subtotal (95% CI) 1155 1094 91.61% 0.61[0.45,0.82]

Total events: 309 (MNP), 432 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=28.71, df=8(P=0); I2=72.14%  

Test for overall effect: Z=3.27(P=0)  

   

Total (95% CI) 1269 1179 100% 0.66[0.49,0.88]

Total events: 329 (MNP), 442 (Placebo/no intervention)  

Heterogeneity: Tau2=0.13; Chi2=32.91, df=9(P=0); I2=72.65%  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Chi2=5.26, df=1 (P=0.02), I2=80.98%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.3.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 3 Anaemia by age of children at start of intervention.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 Aged 24-59 months  

Inayati 2012 (C) 15/42 20/53 11.58% 0.95[0.56,1.61]

Kounnavong 2011 (C) 26/115 14/57 11.04% 0.92[0.52,1.62]

Lundeen 2010 (C) 183/349 220/292 17.95% 0.7[0.62,0.78]

Macharia-Mutie 2012 18/93 30/93 11.98% 0.6[0.36,1]

Ogunlade 2011 6/63 7/68 5.69% 0.93[0.33,2.6]

Varma 2007 (C) 9/229 53/252 9.33% 0.19[0.09,0.37]

Subtotal (95% CI) 891 815 67.55% 0.64[0.44,0.93]

Total events: 257 (MNP), 344 (Placebo/no intervention)  

Heterogeneity: Tau2=0.14; Chi2=18.2, df=5(P=0); I2=72.52%  

Test for overall effect: Z=2.34(P=0.02)  

   

1.3.2 Aged 60 months or older  

Osei 2008 (C) 37/139 43/149 14.29% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.93% 0.43[0.16,1.16]

Vinodkumar 2009 (C) 10/30 33/33 12.23% 0.34[0.21,0.56]

Subtotal (95% CI) 264 279 32.45% 0.53[0.25,1.12]

Total events: 52 (MNP), 88 (Placebo/no intervention)  

Heterogeneity: Tau2=0.33; Chi2=10.39, df=2(P=0.01); I2=80.74%  

Test for overall effect: Z=1.66(P=0.1)  

   

Total (95% CI) 1155 1094 100% 0.61[0.45,0.82]

Total events: 309 (MNP), 432 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=28.71, df=8(P=0); I2=72.14%  

Test for overall effect: Z=3.27(P=0)  

Test for subgroup differences: Chi2=0.18, df=1 (P=0.67), I2=0%  

MNP 1000.01 100.1 1 Placebo/no intervention
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Analysis 1.4.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 4 Anaemia by malaria status of study site at time of trial.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.4.1 Yes  

Inayati 2012 (C) 15/42 20/53 11.58% 0.95[0.56,1.61]

Kounnavong 2011 (C) 26/115 14/57 11.04% 0.92[0.52,1.62]

Macharia-Mutie 2012 18/93 30/93 11.98% 0.6[0.36,1]

Varma 2007 (C) 9/229 53/252 9.33% 0.19[0.09,0.37]

Subtotal (95% CI) 479 455 43.92% 0.57[0.29,1.14]

Total events: 68 (MNP), 117 (Placebo/no intervention)  

Heterogeneity: Tau2=0.4; Chi2=17.49, df=3(P=0); I2=82.85%  

Test for overall effect: Z=1.6(P=0.11)  

   

1.4.2 No  

Lundeen 2010 (C) 183/349 220/292 17.95% 0.7[0.62,0.78]

Ogunlade 2011 6/63 7/68 5.69% 0.93[0.33,2.6]

Osei 2008 (C) 37/139 43/149 14.29% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.93% 0.43[0.16,1.16]

Subtotal (95% CI) 646 606 43.85% 0.72[0.62,0.85]

Total events: 231 (MNP), 282 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=3.29, df=3(P=0.35); I2=8.95%  

Test for overall effect: Z=3.96(P<0.0001)  

   

1.4.3 Not reported  

Vinodkumar 2009 (C) 10/30 33/33 12.23% 0.34[0.21,0.56]

Subtotal (95% CI) 30 33 12.23% 0.34[0.21,0.56]

Total events: 10 (MNP), 33 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Z=4.24(P<0.0001)  

   

Total (95% CI) 1155 1094 100% 0.61[0.45,0.82]

Total events: 309 (MNP), 432 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=28.71, df=8(P=0); I2=72.14%  

Test for overall effect: Z=3.27(P=0)  

Test for subgroup differences: Chi2=8.14, df=1 (P=0.02), I2=75.44%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.5.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 5 Anaemia by frequency.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.5.1 Daily  

Inayati 2012 (C) 15/42 20/53 11.09% 0.95[0.56,1.61]

Kounnavong 2011 (C) 10/57 7/29 6.92% 0.73[0.31,1.71]

Lundeen 2010 (C) 183/349 220/292 17.37% 0.7[0.62,0.78]

Macharia-Mutie 2012 18/93 30/93 11.48% 0.6[0.36,1]

Ogunlade 2011 6/63 7/68 5.39% 0.93[0.33,2.6]

MNP 1000.01 100.1 1 Placebo/no intervention
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Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Osei 2008 (C) 37/139 43/149 13.75% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.63% 0.43[0.16,1.16]

Varma 2007 (C) 9/229 53/252 8.9% 0.19[0.09,0.37]

Vinodkumar 2009 (C) 10/30 33/33 11.72% 0.34[0.21,0.56]

Subtotal (95% CI) 1097 1066 92.25% 0.59[0.43,0.8]

Total events: 293 (MNP), 425 (Placebo/no intervention)  

Heterogeneity: Tau2=0.13; Chi2=27.83, df=8(P=0); I2=71.26%  

Test for overall effect: Z=3.41(P=0)  

   

1.5.2 Weekly  

Kounnavong 2011 (C) 15/57 7/29 7.75% 1.09[0.5,2.37]

Subtotal (95% CI) 57 29 7.75% 1.09[0.5,2.37]

Total events: 15 (MNP), 7 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.22(P=0.83)  

   

1.5.3 Flexible  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 1154 1095 100% 0.62[0.46,0.82]

Total events: 308 (MNP), 432 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=29.06, df=9(P=0); I2=69.03%  

Test for overall effect: Z=3.28(P=0)  

Test for subgroup differences: Chi2=2.09, df=1 (P=0.15), I2=52.19%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.6.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 6 Anaemia by duration of intervention.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.6.1 Less than 3 months  

Inayati 2012 (C) 15/42 20/53 11.58% 0.95[0.56,1.61]

Lundeen 2010 (C) 183/349 220/292 17.95% 0.7[0.62,0.78]

Ogunlade 2011 6/63 7/68 5.69% 0.93[0.33,2.6]

Subtotal (95% CI) 454 413 35.21% 0.71[0.63,0.8]

Total events: 204 (MNP), 247 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=1.53, df=2(P=0.47); I2=0%  

Test for overall effect: Z=5.82(P<0.0001)  

   

1.6.2 3 months or longer  

Kounnavong 2011 (C) 26/115 14/57 11.04% 0.92[0.52,1.62]

Macharia-Mutie 2012 18/93 30/93 11.98% 0.6[0.36,1]

Osei 2008 (C) 37/139 43/149 14.29% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.93% 0.43[0.16,1.16]

MNP 1000.01 100.1 1 Placebo/no intervention
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Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Varma 2007 (C) 9/229 53/252 9.33% 0.19[0.09,0.37]

Vinodkumar 2009 (C) 10/30 33/33 12.23% 0.34[0.21,0.56]

Subtotal (95% CI) 701 681 64.79% 0.51[0.31,0.84]

Total events: 105 (MNP), 185 (Placebo/no intervention)  

Heterogeneity: Tau2=0.3; Chi2=24.22, df=5(P=0); I2=79.35%  

Test for overall effect: Z=2.64(P=0.01)  

   

Total (95% CI) 1155 1094 100% 0.61[0.45,0.82]

Total events: 309 (MNP), 432 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=28.71, df=8(P=0); I2=72.14%  

Test for overall effect: Z=3.27(P=0)  

Test for subgroup differences: Chi2=1.6, df=1 (P=0.21), I2=37.36%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.7.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 7 Anaemia by iron content of product.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.7.1 12.5 mg elemental iron or less  

Inayati 2012 (C) 15/42 20/53 11.58% 0.95[0.56,1.61]

Kounnavong 2011 (C) 26/115 14/57 11.04% 0.92[0.52,1.62]

Lundeen 2010 (C) 183/349 220/292 17.95% 0.7[0.62,0.78]

Macharia-Mutie 2012 18/93 30/93 11.98% 0.6[0.36,1]

Ogunlade 2011 6/63 7/68 5.69% 0.93[0.33,2.6]

Osei 2008 (C) 37/139 43/149 14.29% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.93% 0.43[0.16,1.16]

Subtotal (95% CI) 896 809 78.44% 0.72[0.65,0.8]

Total events: 290 (MNP), 346 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=5.59, df=6(P=0.47); I2=0%  

Test for overall effect: Z=6.07(P<0.0001)  

   

1.7.2 More than 12.5 mg elemental iron  

Varma 2007 (C) 9/229 53/252 9.33% 0.19[0.09,0.37]

Vinodkumar 2009 (C) 10/30 33/33 12.23% 0.34[0.21,0.56]

Subtotal (95% CI) 259 285 21.56% 0.26[0.14,0.5]

Total events: 19 (MNP), 86 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=2.35, df=1(P=0.13); I2=57.39%  

Test for overall effect: Z=4.08(P<0.0001)  

   

Total (95% CI) 1155 1094 100% 0.61[0.45,0.82]

Total events: 309 (MNP), 432 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=28.71, df=8(P=0); I2=72.14%  

Test for overall effect: Z=3.27(P=0)  

Test for subgroup differences: Chi2=9.22, df=1 (P=0), I2=89.15%  

MNP 1000.01 100.1 1 Placebo/no intervention
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Analysis 1.8.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 8 Anaemia by type of iron compound.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.8.1 Iron EDTA  

Macharia-Mutie 2012 18/93 30/93 11.98% 0.6[0.36,1]

Ogunlade 2011 6/63 7/68 5.69% 0.93[0.33,2.6]

Osei 2008 (C) 37/139 43/149 14.29% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.93% 0.43[0.16,1.16]

Subtotal (95% CI) 390 407 37.88% 0.75[0.56,1.02]

Total events: 66 (MNP), 92 (Placebo/no intervention)  

Heterogeneity: Tau2=0.01; Chi2=3.3, df=3(P=0.35); I2=9.05%  

Test for overall effect: Z=1.82(P=0.07)  

   

1.8.2 Encapsulated ferrous fumarate  

Inayati 2012 (C) 15/42 20/53 11.58% 0.95[0.56,1.61]

Kounnavong 2011 (C) 26/115 14/57 11.04% 0.92[0.52,1.62]

Lundeen 2010 (C) 183/349 220/292 17.95% 0.7[0.62,0.78]

Varma 2007 (C) 9/229 53/252 9.33% 0.19[0.09,0.37]

Subtotal (95% CI) 735 654 49.89% 0.61[0.35,1.04]

Total events: 233 (MNP), 307 (Placebo/no intervention)  

Heterogeneity: Tau2=0.24; Chi2=17.75, df=3(P=0); I2=83.1%  

Test for overall effect: Z=1.82(P=0.07)  

   

1.8.3 Other  

Vinodkumar 2009 (C) 10/30 33/33 12.23% 0.34[0.21,0.56]

Subtotal (95% CI) 30 33 12.23% 0.34[0.21,0.56]

Total events: 10 (MNP), 33 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Z=4.24(P<0.0001)  

   

Total (95% CI) 1155 1094 100% 0.61[0.45,0.82]

Total events: 309 (MNP), 432 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=28.71, df=8(P=0); I2=72.14%  

Test for overall effect: Z=3.27(P=0)  

Test for subgroup differences: Chi2=7.05, df=1 (P=0.03), I2=71.63%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.9.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 9 Anaemia by number of nutrients accompanying iron.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.9.1 1-4  

Lundeen 2010 (C) 183/349 220/292 17.95% 0.7[0.62,0.78]

Varma 2007 (C) 9/229 53/252 9.33% 0.19[0.09,0.37]

Vinodkumar 2009 (C) 10/30 33/33 12.23% 0.34[0.21,0.56]

Subtotal (95% CI) 608 577 39.51% 0.37[0.16,0.86]

Total events: 202 (MNP), 306 (Placebo/no intervention)  

MNP 1000.01 100.1 1 Placebo/no intervention
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Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0.48; Chi2=23.66, df=2(P<0.0001); I2=91.55%  

Test for overall effect: Z=2.33(P=0.02)  

   

1.9.2 5-9  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.9.3 10-15  

Inayati 2012 (C) 15/42 20/53 11.58% 0.95[0.56,1.61]

Kounnavong 2011 (C) 26/115 14/57 11.04% 0.92[0.52,1.62]

Macharia-Mutie 2012 18/93 30/93 11.98% 0.6[0.36,1]

Ogunlade 2011 6/63 7/68 5.69% 0.93[0.33,2.6]

Osei 2008 (C) 37/139 43/149 14.29% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.93% 0.43[0.16,1.16]

Subtotal (95% CI) 547 517 60.49% 0.82[0.65,1.03]

Total events: 107 (MNP), 126 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=3.99, df=5(P=0.55); I2=0%  

Test for overall effect: Z=1.74(P=0.08)  

   

Total (95% CI) 1155 1094 100% 0.61[0.45,0.82]

Total events: 309 (MNP), 432 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=28.71, df=8(P=0); I2=72.14%  

Test for overall effect: Z=3.27(P=0)  

Test for subgroup differences: Chi2=3.21, df=1 (P=0.07), I2=68.8%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.10.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 10 Anaemia by micronutrient composition.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.10.1 Iron alone  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.10.2 Iron + vitamin A + zinc  

Inayati 2012 (C) 15/42 20/53 11.58% 0.95[0.56,1.61]

Kounnavong 2011 (C) 26/115 14/57 11.04% 0.92[0.52,1.62]

Lundeen 2010 (C) 183/349 220/292 17.95% 0.7[0.62,0.78]

Macharia-Mutie 2012 18/93 30/93 11.98% 0.6[0.36,1]

Ogunlade 2011 6/63 7/68 5.69% 0.93[0.33,2.6]

Osei 2008 (C) 37/139 43/149 14.29% 0.92[0.63,1.34]

Troesch 2011b 5/95 12/97 5.93% 0.43[0.16,1.16]

Subtotal (95% CI) 896 809 78.44% 0.72[0.65,0.8]

MNP 1000.01 100.1 1 Placebo/no intervention
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Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 290 (MNP), 346 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=5.59, df=6(P=0.47); I2=0%  

Test for overall effect: Z=6.07(P<0.0001)  

   

1.10.3 Iron + other combinations  

Varma 2007 (C) 9/229 53/252 9.33% 0.19[0.09,0.37]

Vinodkumar 2009 (C) 10/30 33/33 12.23% 0.34[0.21,0.56]

Subtotal (95% CI) 259 285 21.56% 0.26[0.14,0.5]

Total events: 19 (MNP), 86 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=2.35, df=1(P=0.13); I2=57.39%  

Test for overall effect: Z=4.08(P<0.0001)  

   

Total (95% CI) 1155 1094 100% 0.61[0.45,0.82]

Total events: 309 (MNP), 432 (Placebo/no intervention)  

Heterogeneity: Tau2=0.12; Chi2=28.71, df=8(P=0); I2=72.14%  

Test for overall effect: Z=3.27(P=0)  

Test for subgroup differences: Chi2=9.22, df=1 (P=0), I2=89.15%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.11.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 11 Haemoglobin (g/L).

Study or subgroup MNP Placebo/no
intervention

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) 7.47% 0[-4.84,4.84]

Kemmer 2012 (C) 114 124.6 (13.5) 85 124.7 (11.7) 8.69% -0.1[-3.61,3.41]

Kounnavong 2011 (C) 115 119 (12.8) 57 117.4 (12.8) 8.19% 1.6[-2.46,5.66]

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 9.86% 8.01[5.94,10.08]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 9.23% 2[-0.89,4.89]

Ogunlade 2011 63 119 (9) 68 121 (10) 8.92% -2[-5.25,1.25]

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 10.6% 0.7[0.35,1.05]

Sharieff 2006 (C) 197 127.5 (10) 100 128 (9) 9.74% -0.5[-2.75,1.75]

Varma 2007 (C) 229 128 (11) 252 124 (14) 9.74% 4[1.76,6.24]

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 9.09% 10.3[7.24,13.36]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 8.47% 13[9.24,16.76]

   

Total *** 1468   1278   100% 3.37[0.94,5.8]

Heterogeneity: Tau2=14.42; Chi2=134.09, df=10(P<0.0001); I2=92.54%  

Test for overall effect: Z=2.72(P=0.01)  

Placebo/no intervention 105-10 -5 0 MNP
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Analysis 1.12.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP) versus no
intervention or placebo, Outcome 12 Haemoglobin by anaemic status of participants at start of intervention (g/L).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.12.1 Anaemic  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.12.2 Non-anaemic  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.12.3 Mixed/unknown  

Inayati 2012 (C) 51 124 (14) 64 124 (12) 8.27% 0[-4.84,4.84]

Kounnavong 2011 (C) 115 119 (12.8) 57 117.4 (12.8) 9.02% 1.6[-2.46,5.66]

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 10.75% 8.01[5.94,10.08]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 10.11% 2[-0.89,4.89]

Ogunlade 2011 63 119 (9) 68 121 (10) 9.79% -2[-5.25,1.25]

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 11.51% 0.7[0.35,1.05]

Sharieff 2006 (C) 197 127.5 (10) 100 128 (9) 10.63% -0.5[-2.75,1.75]

Varma 2007 (C) 229 128 (11) 252 124 (14) 10.63% 4[1.76,6.24]

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 9.97% 10.3[7.24,13.36]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 9.32% 13[9.24,16.76]

Subtotal *** 1354   1193   100% 3.7[1.08,6.32]

Heterogeneity: Tau2=15.47; Chi2=133.63, df=9(P<0.0001); I2=93.26%  

Test for overall effect: Z=2.77(P=0.01)  

   

Total *** 1354   1193   100% 3.7[1.08,6.32]

Heterogeneity: Tau2=15.47; Chi2=133.63, df=9(P<0.0001); I2=93.26%  

Test for overall effect: Z=2.77(P=0.01)  

Test for subgroup differences: Not applicable  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.13.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 13 Haemoglobin by age of children at start of intervention.

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.13.1 Aged 24-59 months  

Inayati 2012 (C) 51 124 (14) 64 124 (12) 8.27% 0[-4.84,4.84]

Kounnavong 2011 (C) 115 119 (12.8) 57 117.4 (12.8) 9.02% 1.6[-2.46,5.66]

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 10.75% 8.01[5.94,10.08]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 10.11% 2[-0.89,4.89]

Ogunlade 2011 63 119 (9) 68 121 (10) 9.79% -2[-5.25,1.25]

Sharieff 2006 (C) 197 127.5 (10) 100 128 (9) 10.63% -0.5[-2.75,1.75]

Varma 2007 (C) 229 128 (11) 252 124 (14) 10.63% 4[1.76,6.24]

Subtotal *** 1097   926   69.21% 2.02[-0.87,4.92]

Placebo/no intervention 10050-100 -50 0 MNP
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Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Heterogeneity: Tau2=12.7; Chi2=43.89, df=6(P<0.0001); I2=86.33%  

Test for overall effect: Z=1.37(P=0.17)  

   

1.13.2 Aged 60 months or older  

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 11.51% 0.7[0.35,1.05]

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 9.97% 10.3[7.24,13.36]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 9.32% 13[9.24,16.76]

Subtotal *** 257   267   30.79% 7.86[-0.76,16.49]

Heterogeneity: Tau2=56.09; Chi2=77.48, df=2(P<0.0001); I2=97.42%  

Test for overall effect: Z=1.79(P=0.07)  

   

Total *** 1354   1193   100% 3.7[1.08,6.32]

Heterogeneity: Tau2=15.47; Chi2=133.63, df=9(P<0.0001); I2=93.26%  

Test for overall effect: Z=2.77(P=0.01)  

Test for subgroup differences: Chi2=1.58, df=1 (P=0.21), I2=36.82%  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.14.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP) versus
no intervention or placebo, Outcome 14 Haemoglobin by malaria status of study site at time of trial.

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.14.1 Yes  

Inayati 2012 (C) 51 124 (14) 64 124 (12) 8.27% 0[-4.84,4.84]

Kounnavong 2011 (C) 115 119 (12.8) 57 117.4 (12.8) 9.02% 1.6[-2.46,5.66]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 10.11% 2[-0.89,4.89]

Varma 2007 (C) 229 128 (11) 252 124 (14) 10.63% 4[1.76,6.24]

Subtotal *** 488   466   38.04% 2.68[1.15,4.22]

Heterogeneity: Tau2=0; Chi2=3, df=3(P=0.39); I2=0%  

Test for overall effect: Z=3.42(P=0)  

   

1.14.2 No  

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 10.75% 8.01[5.94,10.08]

Ogunlade 2011 63 119 (9) 68 121 (10) 9.79% -2[-5.25,1.25]

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 11.51% 0.7[0.35,1.05]

Subtotal *** 551   509   32.05% 2.31[-2.84,7.46]

Heterogeneity: Tau2=19.48; Chi2=49.47, df=2(P<0.0001); I2=95.96%  

Test for overall effect: Z=0.88(P=0.38)  

   

1.14.3 Not reported  

Sharieff 2006 (C) 197 127.5 (10) 100 128 (9) 10.63% -0.5[-2.75,1.75]

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 9.97% 10.3[7.24,13.36]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 9.32% 13[9.24,16.76]

Subtotal *** 315   218   29.91% 7.51[-1.22,16.24]

Heterogeneity: Tau2=57.07; Chi2=51.92, df=2(P<0.0001); I2=96.15%  

Test for overall effect: Z=1.69(P=0.09)  

   

Total *** 1354   1193   100% 3.7[1.08,6.32]

Placebo/no intervention 10050-100 -50 0 MNP
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Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Heterogeneity: Tau2=15.47; Chi2=133.63, df=9(P<0.0001); I2=93.26%  

Test for overall effect: Z=2.77(P=0.01)  

Test for subgroup differences: Chi2=1.17, df=1 (P=0.56), I2=0%  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.15.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 15 Haemoglobin by frequency (g/L).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.15.1 Daily  

Inayati 2012 (C) 51 124 (14) 64 124 (12) 7.19% 0[-4.84,4.84]

Kounnavong 2011 (C) 57 120 (11.6) 29 117.4 (12.8) 6.59% 2.6[-2.95,8.15]

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 9.37% 8.01[5.94,10.08]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 8.81% 2[-0.89,4.89]

Ogunlade 2011 63 119 (9) 68 121 (10) 8.52% -2[-5.25,1.25]

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 10.04% 0.7[0.35,1.05]

Sharieff 2006 (C) 101 127.5 (10) 50 128 (9) 8.59% -0.5[-3.67,2.67]

Varma 2007 (C) 229 128 (11) 252 124 (14) 9.27% 4[1.76,6.24]

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 8.68% 10.3[7.24,13.36]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 8.11% 13[9.24,16.76]

Subtotal *** 1200   1115   85.16% 3.84[1.07,6.61]

Heterogeneity: Tau2=17.2; Chi2=132.85, df=9(P<0.0001); I2=93.23%  

Test for overall effect: Z=2.72(P=0.01)  

   

1.15.2 Weekly  

Kounnavong 2011 (C) 58 118 (13.9) 28 117.4 (12.8) 6.28% 0.6[-5.34,6.54]

Sharieff 2006 (C) 96 127.5 (10) 50 128 (9) 8.56% -0.5[-3.7,2.7]

Subtotal *** 154   78   14.84% -0.25[-3.07,2.56]

Heterogeneity: Tau2=0; Chi2=0.1, df=1(P=0.75); I2=0%  

Test for overall effect: Z=0.18(P=0.86)  

   

1.15.3 Flexible  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 1354   1193   100% 3.27[0.84,5.7]

Heterogeneity: Tau2=15.24; Chi2=133.88, df=11(P<0.0001); I2=91.78%  

Test for overall effect: Z=2.64(P=0.01)  

Test for subgroup differences: Chi2=4.13, df=1 (P=0.04), I2=75.78%  

Placebo/no intervention 10050-100 -50 0 MNP
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Analysis 1.16.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 16 Haemoglobin by duration of intervention.

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.16.1 Less than 3 months  

Inayati 2012 (C) 51 124 (14) 64 124 (12) 8.27% 0[-4.84,4.84]

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 10.75% 8.01[5.94,10.08]

Ogunlade 2011 63 119 (9) 68 121 (10) 9.79% -2[-5.25,1.25]

Subtotal *** 463   424   28.81% 2.14[-5.04,9.32]

Heterogeneity: Tau2=37.04; Chi2=29.66, df=2(P<0.0001); I2=93.26%  

Test for overall effect: Z=0.58(P=0.56)  

   

1.16.2 3 months or longer  

Kounnavong 2011 (C) 115 119 (12.8) 57 117.4 (12.8) 9.02% 1.6[-2.46,5.66]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 10.11% 2[-0.89,4.89]

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 11.51% 0.7[0.35,1.05]

Sharieff 2006 (C) 197 127.5 (10) 100 128 (9) 10.63% -0.5[-2.75,1.75]

Varma 2007 (C) 229 128 (11) 252 124 (14) 10.63% 4[1.76,6.24]

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 9.97% 10.3[7.24,13.36]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 9.32% 13[9.24,16.76]

Subtotal *** 891   769   71.19% 4.26[1.23,7.29]

Heterogeneity: Tau2=14.66; Chi2=86.79, df=6(P<0.0001); I2=93.09%  

Test for overall effect: Z=2.75(P=0.01)  

   

Total *** 1354   1193   100% 3.7[1.08,6.32]

Heterogeneity: Tau2=15.47; Chi2=133.63, df=9(P<0.0001); I2=93.26%  

Test for overall effect: Z=2.77(P=0.01)  

Test for subgroup differences: Chi2=0.28, df=1 (P=0.59), I2=0%  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.17.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 17 Haemoglobin by iron content of product.

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.17.1 12.5 mg elemental iron or less  

Inayati 2012 (C) 51 124 (14) 64 124 (12) 8.27% 0[-4.84,4.84]

Kounnavong 2011 (C) 115 119 (12.8) 57 117.4 (12.8) 9.02% 1.6[-2.46,5.66]

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 10.75% 8.01[5.94,10.08]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 10.11% 2[-0.89,4.89]

Ogunlade 2011 63 119 (9) 68 121 (10) 9.79% -2[-5.25,1.25]

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 11.51% 0.7[0.35,1.05]

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 9.97% 10.3[7.24,13.36]

Subtotal *** 898   808   69.42% 3.05[-0.2,6.29]

Heterogeneity: Tau2=16.66; Chi2=86.34, df=6(P<0.0001); I2=93.05%  

Test for overall effect: Z=1.84(P=0.07)  

   

1.17.2 More than 12.5 mg elemental iron  

Sharieff 2006 (C) 197 127.5 (10) 100 128 (9) 10.63% -0.5[-2.75,1.75]

Placebo/no intervention 10050-100 -50 0 MNP
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Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Varma 2007 (C) 229 128 (11) 252 124 (14) 10.63% 4[1.76,6.24]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 9.32% 13[9.24,16.76]

Subtotal *** 456   385   30.58% 5.33[-1.23,11.88]

Heterogeneity: Tau2=31.48; Chi2=36.9, df=2(P<0.0001); I2=94.58%  

Test for overall effect: Z=1.59(P=0.11)  

   

Total *** 1354   1193   100% 3.7[1.08,6.32]

Heterogeneity: Tau2=15.47; Chi2=133.63, df=9(P<0.0001); I2=93.26%  

Test for overall effect: Z=2.77(P=0.01)  

Test for subgroup differences: Chi2=0.37, df=1 (P=0.54), I2=0%  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.18.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 18 Haemoglobin by type of iron compound (g/L).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.18.1 Iron EDTA  

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 10.11% 2[-0.89,4.89]

Ogunlade 2011 63 119 (9) 68 121 (10) 9.79% -2[-5.25,1.25]

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 11.51% 0.7[0.35,1.05]

Subtotal *** 295   310   31.41% 0.51[-0.99,2.02]

Heterogeneity: Tau2=0.88; Chi2=3.42, df=2(P=0.18); I2=41.49%  

Test for overall effect: Z=0.67(P=0.5)  

   

1.18.2 Encapsulated ferrous fumarate  

Inayati 2012 (C) 51 124 (14) 64 124 (12) 8.27% 0[-4.84,4.84]

Kounnavong 2011 (C) 115 119 (12.8) 57 117.4 (12.8) 9.02% 1.6[-2.46,5.66]

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 10.75% 8.01[5.94,10.08]

Sharieff 2006 (C) 197 127.5 (10) 100 128 (9) 10.63% -0.5[-2.75,1.75]

Varma 2007 (C) 229 128 (11) 252 124 (14) 10.63% 4[1.76,6.24]

Subtotal *** 941   765   49.31% 2.81[-0.77,6.38]

Heterogeneity: Tau2=14.03; Chi2=33.32, df=4(P<0.0001); I2=87.99%  

Test for overall effect: Z=1.54(P=0.12)  

   

1.18.3 Other  

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 9.97% 10.3[7.24,13.36]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 9.32% 13[9.24,16.76]

Subtotal *** 118   118   19.28% 11.42[8.81,14.03]

Heterogeneity: Tau2=0.59; Chi2=1.19, df=1(P=0.27); I2=16.29%  

Test for overall effect: Z=8.58(P<0.0001)  

   

Total *** 1354   1193   100% 3.7[1.08,6.32]

Heterogeneity: Tau2=15.47; Chi2=133.63, df=9(P<0.0001); I2=93.26%  

Test for overall effect: Z=2.77(P=0.01)  

Test for subgroup differences: Chi2=50.51, df=1 (P<0.0001), I2=96.04%  

Placebo/no intervention 2010-20 -10 0 MNP
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Analysis 1.19.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP) versus
no intervention or placebo, Outcome 19 Haemoglobin by number of nutrients accompanying iron (g/L).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.19.1 + 1-4 micronutrients  

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 10.75% 8.01[5.94,10.08]

Varma 2007 (C) 229 128 (11) 252 124 (14) 10.63% 4[1.76,6.24]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 9.32% 13[9.24,16.76]

Subtotal *** 608   577   30.71% 8.11[3.7,12.52]

Heterogeneity: Tau2=13.24; Chi2=17.57, df=2(P=0); I2=88.62%  

Test for overall effect: Z=3.6(P=0)  

   

1.19.2 + 5-9 micronutrients  

Sharieff 2006 (C) 197 127.5 (10) 100 128 (9) 10.63% -0.5[-2.75,1.75]

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 9.97% 10.3[7.24,13.36]

Subtotal *** 285   185   20.59% 4.85[-5.73,15.43]

Heterogeneity: Tau2=56.45; Chi2=31.12, df=1(P<0.0001); I2=96.79%  

Test for overall effect: Z=0.9(P=0.37)  

   

1.19.3 + 10-15 micronutrients  

Inayati 2012 (C) 51 124 (14) 64 124 (12) 8.27% 0[-4.84,4.84]

Kounnavong 2011 (C) 115 119 (12.8) 57 117.4 (12.8) 9.02% 1.6[-2.46,5.66]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 10.11% 2[-0.89,4.89]

Ogunlade 2011 63 119 (9) 68 121 (10) 9.79% -2[-5.25,1.25]

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 11.51% 0.7[0.35,1.05]

Subtotal *** 461   431   48.7% 0.69[0.35,1.03]

Heterogeneity: Tau2=0; Chi2=3.69, df=4(P=0.45); I2=0%  

Test for overall effect: Z=3.97(P<0.0001)  

   

Total *** 1354   1193   100% 3.7[1.08,6.32]

Heterogeneity: Tau2=15.47; Chi2=133.63, df=9(P<0.0001); I2=93.26%  

Test for overall effect: Z=2.77(P=0.01)  

Test for subgroup differences: Chi2=11.38, df=1 (P=0), I2=82.42%  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.20.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 20 Haemoglobin by micronutrient composition (g/L).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.20.1 Iron alone  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.20.2 Iron + vitamin A + zinc  

Inayati 2012 (C) 51 124 (14) 64 124 (12) 8.27% 0[-4.84,4.84]

Kounnavong 2011 (C) 115 119 (12.8) 57 117.4 (12.8) 9.02% 1.6[-2.46,5.66]

Placebo/no intervention 10050-100 -50 0 MNP
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Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Lundeen 2010 (C) 349 111.8 (12.5) 292 103.8 (14) 10.75% 8.01[5.94,10.08]

Macharia-Mutie 2012 93 117 (9) 93 115 (11) 10.11% 2[-0.89,4.89]

Ogunlade 2011 63 119 (9) 68 121 (10) 9.79% -2[-5.25,1.25]

Osei 2008 (C) 139 123.2 (1.5) 149 122.5 (1.5) 11.51% 0.7[0.35,1.05]

Sharieff 2006 (C) 197 127.5 (10) 100 128 (9) 10.63% -0.5[-2.75,1.75]

Subtotal *** 1007   823   70.08% 1.53[-0.88,3.95]

Heterogeneity: Tau2=8.38; Chi2=51.72, df=6(P<0.0001); I2=88.4%  

Test for overall effect: Z=1.24(P=0.21)  

   

1.20.3 Iron + other combinations  

Varma 2007 (C) 229 128 (11) 252 124 (14) 10.63% 4[1.76,6.24]

Vinodkumar 2006 (C) 88 113.8 (10.6) 85 103.5 (9.9) 9.97% 10.3[7.24,13.36]

Vinodkumar 2009 (C) 30 117 (9.4) 33 104 (4.9) 9.32% 13[9.24,16.76]

Subtotal *** 347   370   29.92% 8.95[3.42,14.49]

Heterogeneity: Tau2=21.48; Chi2=20.84, df=2(P<0.0001); I2=90.4%  

Test for overall effect: Z=3.17(P=0)  

   

Total *** 1354   1193   100% 3.7[1.08,6.32]

Heterogeneity: Tau2=15.47; Chi2=133.63, df=9(P<0.0001); I2=93.26%  

Test for overall effect: Z=2.77(P=0.01)  

Test for subgroup differences: Chi2=5.8, df=1 (P=0.02), I2=82.77%  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.21.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 21 Iron deficiency.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

   

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

MNP 1000.01 100.1 1 Placebo/no intervention
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Analysis 1.22.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 22 Iron deficiency by anaemia status at start of intervention.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.22.1 Anaemic  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.22.2 Non-anaemic  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.22.3 Mixed/unknown  

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

Subtotal (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

   

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

Test for subgroup differences: Not applicable  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.23.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 23 Iron deficiency by age of children at start of intervention.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.23.1 Aged 24-59 months  

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

Subtotal (95% CI) 431 453 55.21% 0.32[0.22,0.48]

Total events: 29 (MNP), 97 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.07, df=2(P=0.97); I2=0%  

Test for overall effect: Z=5.73(P<0.0001)  

   

1.23.2 Aged 60 months or older  

MNP 1000.01 100.1 1 Placebo/no intervention
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Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Subtotal (95% CI) 234 246 44.79% 0.39[0.26,0.61]

Total events: 22 (MNP), 57 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.12, df=1(P=0.73); I2=0%  

Test for overall effect: Z=4.25(P<0.0001)  

   

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

Test for subgroup differences: Chi2=0.46, df=1 (P=0.5), I2=0%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.24.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP) versus
no intervention or placebo, Outcome 24 Iron deficiency by malaria status of study site at time of trial.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.24.1 Yes  

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

Subtotal (95% CI) 322 345 53.47% 0.33[0.22,0.48]

Total events: 28 (MNP), 93 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.93); I2=0%  

Test for overall effect: Z=5.6(P<0.0001)  

   

1.24.2 No  

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Subtotal (95% CI) 234 246 44.79% 0.39[0.26,0.61]

Total events: 22 (MNP), 57 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.12, df=1(P=0.73); I2=0%  

Test for overall effect: Z=4.25(P<0.0001)  

   

1.24.3 Not reported  

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Subtotal (95% CI) 109 108 1.74% 0.25[0.03,2.18]

Total events: 1 (MNP), 4 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.26(P=0.21)  

   

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

Test for subgroup differences: Chi2=0.52, df=1 (P=0.77), I2=0%  

MNP 1000.01 100.1 1 Placebo/no intervention
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Analysis 1.25.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 25 Iron deficiency by frequency.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.25.1 Daily  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.25.2 Weekly  

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

Subtotal (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

   

1.25.3 Flexible  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

Test for subgroup differences: Not applicable  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.26.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 26 Iron deficiency by duration of intervention.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.26.1 Less than 3 months  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.26.2 3 months or longer  

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

MNP 1000.01 100.1 1 Placebo/no intervention
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Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

Subtotal (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

   

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

Test for subgroup differences: Not applicable  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.27.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 27 Iron deficiency by iron content of product.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.27.1 12.5 mg elemental iron or less  

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Subtotal (95% CI) 327 339 53.69% 0.38[0.26,0.56]

Total events: 27 (MNP), 73 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.31, df=2(P=0.86); I2=0%  

Test for overall effect: Z=4.85(P<0.0001)  

   

1.27.2 More than 12.5 mg elemental iron  

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

Subtotal (95% CI) 338 360 46.31% 0.33[0.21,0.5]

Total events: 24 (MNP), 81 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.06, df=1(P=0.8); I2=0%  

Test for overall effect: Z=5.22(P<0.0001)  

   

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

Test for subgroup differences: Chi2=0.28, df=1 (P=0.6), I2=0%  

MNP 1000.01 100.1 1 Placebo/no intervention
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Analysis 1.28.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 28 Iron deficiency by type of iron compound.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.28.1 Iron EDTA  

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Subtotal (95% CI) 327 339 53.69% 0.38[0.26,0.56]

Total events: 27 (MNP), 73 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.31, df=2(P=0.86); I2=0%  

Test for overall effect: Z=4.85(P<0.0001)  

   

1.28.2 Encapsulated ferrous fumarate  

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

Subtotal (95% CI) 338 360 46.31% 0.33[0.21,0.5]

Total events: 24 (MNP), 81 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.06, df=1(P=0.8); I2=0%  

Test for overall effect: Z=5.22(P<0.0001)  

   

1.28.3 Other  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

Test for subgroup differences: Chi2=0.28, df=1 (P=0.6), I2=0%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.29.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 29 Iron deficiency by number of nutrients accompanying iron.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.29.1 + 1-4 micronutrients  

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

Subtotal (95% CI) 229 252 44.57% 0.33[0.21,0.51]

Total events: 23 (MNP), 77 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Z=5.07(P<0.0001)  

   

1.29.2 + 5-9 micronutrients  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

MNP 1000.01 100.1 1 Placebo/no intervention
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Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.29.3 + 10-15 micronutrients  

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Subtotal (95% CI) 436 447 55.43% 0.37[0.25,0.55]

Total events: 28 (MNP), 77 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.45, df=3(P=0.93); I2=0%  

Test for overall effect: Z=4.99(P<0.0001)  

   

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

Test for subgroup differences: Chi2=0.2, df=1 (P=0.66), I2=0%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.30.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 30 Iron deficiency by micronutrient composition.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.30.1 Iron alone  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (MNP), 0 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.30.2 Iron + vitamin A + zinc  

Macharia-Mutie 2012 5/93 16/93 8.9% 0.31[0.12,0.82]

Osei 2008 (C) 4/139 9/149 6.18% 0.48[0.15,1.51]

Sharieff 2006 (C) 1/109 4/108 1.74% 0.25[0.03,2.18]

Troesch 2011b 18/95 48/97 38.61% 0.38[0.24,0.61]

Subtotal (95% CI) 436 447 55.43% 0.37[0.25,0.55]

Total events: 28 (MNP), 77 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.45, df=3(P=0.93); I2=0%  

Test for overall effect: Z=4.99(P<0.0001)  

   

1.30.3 Iron + other combinations  

Varma 2007 (C) 23/229 77/252 44.57% 0.33[0.21,0.51]

Subtotal (95% CI) 229 252 44.57% 0.33[0.21,0.51]

Total events: 23 (MNP), 77 (Placebo/no intervention)  

Heterogeneity: Not applicable  

Test for overall effect: Z=5.07(P<0.0001)  

   

MNP 1000.01 100.1 1 Placebo/no intervention
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Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total (95% CI) 665 699 100% 0.35[0.27,0.47]

Total events: 51 (MNP), 154 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.65, df=4(P=0.96); I2=0%  

Test for overall effect: Z=7.1(P<0.0001)  

Test for subgroup differences: Chi2=0.2, df=1 (P=0.66), I2=0%  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.31.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 31 Ferritin (μg/L).

Study or subgroup MNP Placebo/no
intervention

Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Osei 2008 (C) 139 34.7 (14.8) 149 32.8 (15.3) 33.37% 0.13[-0.11,0.36]

Sharieff 2006 (C) 197 77.2 (7.1) 100 111 (8.5) 33.31% -4.44[-4.87,-4]

Varma 2007 (C) 229 35.5 (2.1) 252 22.9 (2.4) 33.32% 5.56[5.17,5.96]

   

Total *** 565   501   100% 0.42[-4.36,5.19]

Heterogeneity: Tau2=17.76; Chi2=1139.3, df=2(P<0.0001); I2=99.82%  

Test for overall effect: Z=0.17(P=0.86)  

Placebo/no intervention 5025-50 -25 0 MNP

 
 

Analysis 1.32.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 32 All-cause mortality.

Study or subgroup MNP Placebo/no intervention Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Inayati 2012 (C) 0/51 0/64 Not estimable

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.33.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 33 Diarrhoea.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Inayati 2012 (C) 15/64 11/51 76.61% 1.09[0.55,2.16]

Osei 2008 (C) 4/124 6/127 23.39% 0.68[0.2,2.36]

   

Total (95% CI) 188 178 100% 0.97[0.53,1.78]

Total events: 19 (MNP), 17 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.42, df=1(P=0.52); I2=0%  

Test for overall effect: Z=0.08(P=0.93)  

MNP 1000.01 100.1 1 Placebo/no intervention
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Analysis 1.34.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 34 Adverse e:ects.

Study or subgroup MNP Placebo/no intervention Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Orozco 2015 (C) 2/43 2/47 1.09[0.16,7.42]

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.35.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 35 Iron deficiency anaemia.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Macharia-Mutie 2012 4/93 11/93 38.7% 0.36[0.12,1.1]

Osei 2008 (C) 4/124 6/127 36.41% 0.68[0.2,2.36]

Varma 2007 (C) 1/229 23/252 24.89% 0.05[0.01,0.35]

   

Total (95% CI) 446 472 100% 0.28[0.07,1.1]

Total events: 9 (MNP), 40 (Placebo/no intervention)  

Heterogeneity: Tau2=0.97; Chi2=5.9, df=2(P=0.05); I2=66.1%  

Test for overall effect: Z=1.82(P=0.07)  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.36.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 36 All-cause morbidity.

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Inayati 2012 (C) 22/51 33/64 40.2% 0.84[0.56,1.24]

Kounnavong 2011 (C) 42/115 19/57 32.45% 1.1[0.71,1.7]

Osei 2008 (C) 26/124 27/127 27.35% 0.99[0.61,1.59]

   

Total (95% CI) 290 248 100% 0.96[0.74,1.23]

Total events: 90 (MNP), 79 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.83, df=2(P=0.66); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

MNP 1000.01 100.1 1 Placebo/no intervention
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Analysis 1.37.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 37 Acute respiratory infection.

Study or subgroup MNP Placebo/no intervention Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Inayati 2012 (C) 17/51 37/64 0.58[0.37,0.9]

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.38.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 38 Growth (height-for-age Z-score).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Inayati 2012 (C) 51 -1.7 (0.9) 64 -1.6 (1.2) 22.36% -0.1[-0.48,0.28]

Kemmer 2012 (C) 114 -2.1 (1.1) 85 -2.1 (1) 38.54% 0.02[-0.27,0.31]

Kounnavong 2011 (C) 115 -0.9 (1.5) 57 -0.9 (1.6) 13.79% -0.01[-0.5,0.48]

Ogunlade 2011 63 1 (1.1) 68 1 (1) 25.31% 0[-0.36,0.36]

   

Total *** 343   274   100% -0.02[-0.2,0.17]

Heterogeneity: Tau2=0; Chi2=0.25, df=3(P=0.97); I2=0%  

Test for overall effect: Z=0.17(P=0.86)  

Placebo/no intervention 200100-200 -100 0 MNP

 
 

Analysis 1.39.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 39 Growth (weight-for-age Z-score).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Kemmer 2012 (C) 114 -1.1 (1) 85 -1 (0.8) 10.56% -0.11[-0.36,0.14]

Kounnavong 2011 (C) 115 -1.2 (1) 57 -1.3 (1.1) 5.79% 0.07[-0.26,0.4]

Ogunlade 2011 63 -0.1 (0.3) 68 -0.1 (0.2) 83.65% 0[-0.09,0.09]

   

Total *** 292   210   100% -0.01[-0.09,0.07]

Heterogeneity: Tau2=0; Chi2=0.89, df=2(P=0.64); I2=0%  

Test for overall effect: Z=0.18(P=0.85)  

Placebo/no intervention 5025-50 -25 0 MNP

 
 

Analysis 1.40.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 40 Growth (weight-for-height Z-score).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Inayati 2012 (C) 51 -0.9 (0.3) 64 -1 (0.2) 92.63% 0.1[0,0.2]

Kounnavong 2011 (C) 115 -1.1 (1.1) 57 -1.1 (1.1) 7.37% 0.03[-0.31,0.37]

Placebo/no intervention 10050-100 -50 0 MNP
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Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

   

Total *** 166   121   100% 0.09[0,0.19]

Heterogeneity: Tau2=0; Chi2=0.15, df=1(P=0.7); I2=0%  

Test for overall effect: Z=2.02(P=0.04)  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.41.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 41 Adherence.

Study or subgroup MNP Placebo/no intervention Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Ogunlade 2011 54/63 58/68 1[0.87,1.16]

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.42.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 42 Serum/plasma retinol (mmol/L).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Varma 2007 (C) 229 4.9 (1.4) 252 4.9 (1.7) 52.57% 0[-0.28,0.28]

Vinodkumar 2006 (C) 34 53.3 (25.8) 32 32.1 (10.7) 47.43% 21.25[11.81,30.69]

   

Total *** 263   284   100% 10.08[-10.72,30.88]

Heterogeneity: Tau2=214.16; Chi2=19.44, df=1(P<0.0001); I2=94.85%  

Test for overall effect: Z=0.95(P=0.34)  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.43.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 43 Serum/plasma zinc concentrations (mmol/L).

Study or subgroup MNP Placebo/no intervention Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Osei 2008 (C) 139 10.7 (3) 149 10.8 (3.1) -0.1[-0.79,0.59]

Placebo/no intervention 10050-100 -50 0 MNP
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Analysis 1.44.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP) versus
no intervention or placebo, Outcome 44 Iron status (iron-binding capacity) (non-prespecified) (µmol/kg).

Study or subgroup MNP Placebo/no intervention Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Osei 2008 (C) 139 220.5 (1.5) 149 197.6 (1.5) 22.9[22.55,23.25]

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.45.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP) versus
no intervention or placebo, Outcome 45 Iron status (serum-transferrin receptors; non-prespecified) (mg/L).

Study or subgroup MNP Placebo/no intervention Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Osei 2008 (C) 139 1.2 (1.4) 149 1.3 (1.5) -0.1[-0.44,0.24]

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.46.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 46 Serum vitamin E (non-prespecified) (µg/dL).

Study or subgroup MNP Placebo/no intervention Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Vinodkumar 2006 (C) 34 1960 (400.8) 32 1932.6 (575.8) 27.45[-213.28,268.18]

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.47.   Comparison 1 Point-of-use fortification of foods with micronutrients powders (MNP)
versus no intervention or placebo, Outcome 47 Serum vitamin B12 (non-prespecified) (pg/mL).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Osei 2008 (C) 139 277.8
(129.4)

149 222.9
(124.1)

65.21% 54.9[25.57,84.23]

Vinodkumar 2006 (C) 18 1030.6
(1232)

23 440.2 (269) 34.79% 590.36[10.7,1170.02]

   

Total *** 157   172   100% 241.16[-258.7,741.02]

Heterogeneity: Tau2=99511.92; Chi2=3.27, df=1(P=0.07); I2=69.41%  

Test for overall effect: Z=0.95(P=0.34)  

Placebo/no intervention 1000500-1000 -500 0 MNP
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Analysis 1.48.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 48 Zinc deficiency (non-prespecified).

Study or subgroup MNP Placebo/no intervention Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Troesch 2011b 29/95 46/97 0.64[0.45,0.93]

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.49.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 49 Vitamin A deficiency (non-prespecified).

Study or subgroup MNP Placebo/no intervention Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Varma 2007 (C) 19/229 16/252 1.31[0.69,2.48]

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.50.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 50 Serum folate concentration (ng/mL).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Osei 2008 (C) 139 9.5 (9.5) 149 6.3 (9.4) 31.9% 3.2[1.02,5.38]

Vinodkumar 2006 (C) 18 6.8 (2.2) 23 5.1 (1.7) 68.1% 1.67[0.45,2.89]

   

Total *** 157   172   100% 2.16[0.76,3.56]

Heterogeneity: Tau2=0.36; Chi2=1.45, df=1(P=0.23); I2=30.85%  

Test for overall effect: Z=3.03(P=0)  

Placebo/no intervention 10050-100 -50 0 MNP

 
 

Analysis 1.51.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 51 Height (non-prespecified) (cm).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Inayati 2012 (C) 51 87.9 (10.3) 64 89.6 (8.9) 54.55% -1.7[-5.27,1.87]

Vinodkumar 2006 (C) 25 122.2 (7.2) 42 120 (10.5) 45.45% 2.16[-2.08,6.4]

   

Total *** 76   106   100% 0.05[-3.71,3.82]

Heterogeneity: Tau2=3.45; Chi2=1.86, df=1(P=0.17); I2=46.37%  

Test for overall effect: Z=0.03(P=0.98)  

Placebo/no intervention 5025-50 -25 0 MNP
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Analysis 1.52.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 52 Weight (non-prespecified) (kg).

Study or subgroup MNP Placebo/no
intervention

Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Inayati 2012 (C) 51 11.8 (2.2) 64 11.9 (1.9) 56.33% -0.1[-0.86,0.66]

Ogunlade 2011 63 16.3 (2.7) 68 16.5 (2.9) 35.6% -0.2[-1.16,0.76]

Vinodkumar 2006 (C) 25 22.5 (3.4) 42 21.2 (5) 8.07% 1.31[-0.7,3.32]

   

Total *** 139   174   100% -0.02[-0.59,0.55]

Heterogeneity: Tau2=0; Chi2=1.85, df=2(P=0.4); I2=0%  

Test for overall effect: Z=0.07(P=0.94)  

Placebo/no intervention 105-10 -5 0 MNP

 
 

Analysis 1.53.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 53 Fever (non-prespecified).

Study or subgroup MNP Placebo/no intervention Risk Ratio Risk Ratio

  n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Inayati 2012 (C) 13/51 20/64 0.82[0.45,1.48]

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.54.   Comparison 1 Point-of-use fortification of foods with micronutrients
powders (MNP) versus no intervention or placebo, Outcome 54 Stunting (non-prespecified).

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Kemmer 2012 (C) 51/114 50/85 44.57% 0.76[0.58,1]

Osei 2008 (C) 120/220 122/235 55.43% 1.05[0.88,1.25]

   

Total (95% CI) 334 320 100% 0.91[0.66,1.25]

Total events: 171 (MNP), 172 (Placebo/no intervention)  

Heterogeneity: Tau2=0.04; Chi2=3.9, df=1(P=0.05); I2=74.34%  

Test for overall effect: Z=0.59(P=0.56)  

MNP 1000.01 100.1 1 Placebo/no intervention

 
 

Analysis 1.55.   Comparison 1 Point-of-use fortification of foods with micronutrients powders
(MNP) versus no intervention or placebo, Outcome 55 Angular stomatitis (non-prespecified).

Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Vinodkumar 2006 (C) 0/88 22/85 50.61% 0.02[0,0.35]

Vinodkumar 2009 (C) 0/30 7/33 49.39% 0.07[0,1.23]

   

MNP 1000.01 100.1 1 Placebo/no intervention
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Study or subgroup MNP Placebo/no
intervention

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total (95% CI) 118 118 100% 0.04[0.01,0.29]

Total events: 0 (MNP), 29 (Placebo/no intervention)  

Heterogeneity: Tau2=0; Chi2=0.39, df=1(P=0.53); I2=0%  

Test for overall effect: Z=3.2(P=0)  

MNP 1000.01 100.1 1 Placebo/no intervention

 

 

A D D I T I O N A L   T A B L E S
 

Method Approach

Unit of analysis issues Cross-over trials

We planned to only include the first period of a randomised cross-over trial prior to the washout
period or to a change in the sequence of treatments. We planned to treat them as parallel ran-
domised controlled trials.

Table 1.   Unused methods archived for use in future updates of this review 

 

 

A P P E N D I C E S

Appendix 1. Search strategies

Cochrane Central Register of Controlled Trials CRSO (CENTRAL)

(micronutrient* or multinutrient* or micro-nutrient* or multi-nutrient* or multimineral* or multi-mineral or multimicronutrient* or
multimicro-nutrient* or trace element* or trace mineral* or trace nutrient* or iron or zinc or zn or fe or ferrous or ferric or retinol or vitamin
a or multimineral* or multi-mineral*):ti,ab,kw and (fortified food* or food fortif* or fortif* food or dietary supplement* or specialized food*
or specialised food* or food* speciali*ed or enrich* or fortif* or supplement* or point of use or mix* or powder* or sachet* or sprinkles
or packet* or shakti or rahama or anuka or chispitas or babyfer or bebe vanyan or supplefer or supplefem or mnp):ti,ab,kw and (baby or
babies or infant* or child* or toddler* or preschool* or pre-school* or school age*):ti,ab,kw,

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$).tw.
8. (trace adj (element$ or mineral$ or nutrient$)).tw.
9. iron, dietary/
10. ferric compounds/ or ferrous compounds/
11. (iron or Fe or ferric$ or ferrous$ or zinc or Zn or vit$ A or retinol$).mp.
12. or/1-11
13. food, fortified/
14. dietary supplements/
15. food, specialized/
16. ((food$ 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.
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19. ((in-home or at-home or school or child care or nursery) adj5 fortif$).tw.
20. (mix$ or powder$ or supplement$ or sachet$ or packet$ or powder$).tw.
21. (Sprinkles or Vita Shakti or Rahama or Anuka or Chispitas or BabyFer or Bebe Vanyan or Supplefer or Supplefem or MNP).tw.
22. or/13-21
23. (baby or babies or infant$ or toddler$ or preschool$ or pre-school$ or child$ or school aged).tw.
24. exp child/ or exp infant/
25. 23 or 24
26. 12 and 22 and 25
27. limit 26 to yr="1990 -Current"
28. limit 27 to (humans and "all child (0 to 18 years)")
29. exp Clinical Trial, Phase I/ or exp Controlled Clinical Trial/ or exp Clinical Trial/ or exp Clinical Trial, Phase III/ or exp Clinical Trial, Phase
II/ or Randomized Controlled Trial/
30. 28 and 29
31. (trial or trials).mp.
32. 28 and 31
33. 30 or 32

Embase 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$).tw. 
8. (trace adj (element$ or mineral$ or nutrient$)).tw.   
9. iron, dietary/   
10. ferric compounds/ or ferrous compounds/
11. (iron or Fe or ferric$ or ferrous$ or zinc or Zn or vit$ A or retinol$).mp.
12. or/1-11
13. food, fortified/
14. dietary supplements/
15. food, specialized/
16. ((food$ 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 or school or child care or nursery) adj5 fortif$).tw.
20. (mix$ or powder$ or supplement$ or sachet$ or packet$ or powder$).tw.
21. (Sprinkles or Vita Shakti or Rahama or Anuka or Chispitas or BabyFer or Bebe Vanyan or Supplefer or Supplefem or MNP).tw.
22. or/13-21   
23. (baby or babies or infant$ or toddler$ or preschool$ or pre-school$ or child$ or school aged).tw.       
24. exp child/ or exp infant/   
25. 23 or 24      
26. 12 and 22 and 25    
27. limit 26 to yr="1990 -Current"
28. limit 27 to (humans and "all child (0 to 18 years)") [Limit not valid in Embase; records were retained]
29. exp Clinical Trial, Phase I/ or exp Controlled Clinical Trial/ or exp Clinical Trial/ or exp Clinical Trial, Phase III/ or  exp Clinical Trial, Phase
II/ or Randomized Controlled Trial/ 
30. 28 and 29      
31. (trial or trials).mp.  
32. 28 and 31       
33. 30 or 32

BIOSIS ISI

1. TS=(micronutrient* or micro-nutrient* or iron or zinc or multinutrient* or multi*-nutrient* or multimicro-nutrient* or
multimicronutrient* or multivitamin* or multi-vitamin* or multimineral* or multi-mineral*)
2. TS=(vitamin-a or¬ trace-element* or trace-mineral or trace-nutrient* or ferric-compound* or ferrous-compound* or fe or ferric* or
ferrous* or zn or retinol or vit*-a)
3. TS=(dietary-iron or iron-dietary)
4. #1 OR #2 OR #3
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5. TS=(point-of-use or food*-fortified or fortified-food* or dietary-supplement* or food*-specialzed or specialized-food* or food*-
specialised or specialised-food*)
6. TS=(home near/5 fortif*) or TS=(school near/5 fortif*)¬ or TS=(nursery near/5 fortif*) or TS=(childcare near/5 fortif*) or TS=("child-care"
near/5 fortif*)
7. TS=(food* near/5 supplement*) or ts=(meal* near/5 supplement*) or ts=(drink* near/5 supplement*) or ts=(beverage* near/5
supplement*) or ts=(diet* near/5 supplement*) or ts=(snack* near/5 supplement*) or ts=(breakfast* near/5 supplement*) or ts=("break-
fast*"near/5 supplement*) or ts=(lunch* near/5 supplement*) or ts=(dinner near/5 supplement*)
8. TS=(food* near/5 enrich*) or ts=(meal* near/5 enrich*) or ts=(drink* near/5 enrich*) or ts=(beverage* near/5 enrich*) or ts=(diet* near/5
enrich*) or ts=(snack* near/5 enrich*) or ts=(breakfast* near/5 enrich*) or ts=("break-fast*"near/5 enrich*) or ts=(lunch* near/5 enrich*) or
ts=(dinner near/5 enrich*)
9. TS=(mix* or powder* or supplement* or sachet* or packet* or powder*)
10. TS=(sprinkles or vita-shakti or rahama or anuka or chispitas or babyfer or bebe-vanyan or supplefer or supplefem or mnp)
11. (#5 OR #6 OR #7 OR #8 OR #9 OR #10)
12. TS=(baby or babies or infant* or toddler* or preschool* or pre-school* or child* or school-age*)
13. (#11 AND #12 AND #4)
14. TS=(trial or trials or random* or control*)
15. #13 AND #14

Science Citation Index Web of Science (SCI) and Social Science Citation Index Web of Science (SSCI)

#1 TS=(micronutrient* or micro-nutrient* or iron or zinc or multinutrient* or multi*-nutrient* or multimicro-nutrient* or
multimicronutrient* or multivitamin* or multi-vitamin* or multimineral* or multi-mineral*)
#2 TS=(vitamin-a or trace-element* or trace-mineral or trace-nutrient* or ferric-compound* or ferrous-compound* or fe or ferric* or
ferrous* or zn or retinol or vit*-a)
#3 TS=(dietary-iron or iron-dietary)
#4 #1 OR #2 OR #3
#5 TS=(point-of-use or food*-fortified or fortified-food* or dietary-supplement* or food*-specialzed or specialized-food* or food*-
specialised or specialised-food*)
#6 TS=(home near/5 fortif*) or TS=(school near/5 fortif*) or TS=(nursery near/5 fortif*) or TS=(childcare near/5 fortif*) or TS=("child-care"
near/5 fortif*)
#7 TS=(food* near/5 supplement*) or ts=(meal* near/5 supplement*) or ts=(drink* near/5 supplement*) or ts=(beverage* near/5
supplement*) or ts=(diet* near/5 supplement*) or ts=(snack* near/5 supplement*) or ts=(breakfast* near/5 supplement*) or ts=("break-
fast*"near/5 supplement*) or ts=(lunch* near/5 supplement*) or ts=(dinner near/5 supplement*)
#8 TS=(food* near/5 enrich*) or ts=(meal* near/5 enrich*) or ts=(drink* near/5 enrich*) or ts=(beverage* near/5 enrich*) or ts=(diet* near/5
enrich*) or ts=(snack* near/5 enrich*) or ts=(breakfast* near/5 enrich*) or ts=("break-fast*"near/5 enrich*) or ts=(lunch* near/5 enrich*) or
ts=(dinner near/5 enrich*)
#9 TS=(mix* or powder* or supplement* or sachet* or packet* or powder*)
#10 TS=(sprinkles or vita-shakti or rahama or anuka or chispitas or babyfer or bebe-vanyan or supplefer or supplefem or mnp)
#11(#5 OR #6 OR #7 OR #8 OR #9 OR #10)
#12 TS=(baby or babies or infant* or toddler* or preschool* or pre-school* or child* or school-age*)
#13 (#11 AND #12 AND #4)
#14 TS=(trial or trials or random* or control*)
#15 (#13 AND #14)

CINAHL Plus EBSCOhost (Cumulative Index to Nursing and Allied Health Literature)

S1.(MH "Micronutrients")
S2. (MH "Iron")
S3. (MH "Zinc")
S4. "dietary iron"
S5. (MH Vitamin A)
S6. (MH "Ferric Compounds")
S7. (MH "Ferrous Compounds")
S8. micronutrient* OR micro-nutrient* OR multinutrient*   OR (multi* W1 nutrient*) OR multi-nutrient* OR multimicro-nutrient* OR
multimicronutrient* OR multivitamin* OR multi*-vitamin*OR multi*-mineral* OR multimineral*
S9. (S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8)
S10. “trace element*” OR  “trace mineral*” OR “trace nutrient*” OR iron OR fe OR ferric* OR ferrous* OR zinc OR zn OR “vit* a” OR retinol
S11. (MH "Food, Fortified") OR (MH "Dietary Supplements") OR "fortified food*" OR "specialized food*" OR "specialised food*"
S12. "point-of-use"
S13. (food* N5 fortif*)   OR (meal* N5 fortif*) OR (drink* N5 fortif*) OR (beverage* N5 fortif*) OR (diet* N5 fortif*) OR (snack* N5 fortif*) OR
(breakfast* N5 fortif*) OR (break-fast* N5 fortif*) OR (lunch* N5 fortif*) OR (dinner* N5 fortif*)
S14. (food* N5 enrich*)     OR (meal* N5 enrich*) OR (drink* N5 enrich*) OR (beverage* N5 enrich*) OR (diet* N5 enrich*) OR (snack* N5
enrich*) OR (breakfast*    N5 enrich*) OR (break-fast* N5 enrich*) OR (lunch* N5 enrich*) OR (dinner* N5 enrich*)
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S15. (food* N5 supplement*)     OR (meal* N5 supplement*) OR (drink* N5 supplement*) OR (beverage* N5 supplement*) OR (diet* N5
supplement*) OR (snack* N5 supplement*) OR (breakfast* N5 supplement*) OR (break-fast* N5 supplement*) OR (lunch* N5 supplement*)
OR (dinner* N5 supplement*)
S16. home N5 fortif*
S17. ("in home" N5 fortif*) OR ("at home" N5 fortif*)  OR (school N5 fortif*)  OR (childcare N5 fortif*) OR ("child care" N5 fortif*) OR (nursery
N5 fortif*)
S18. mix* or powder* or supplement* or sachet* or packet*
S19. sprinkles or "vita shakti" or rahama OR anuka OR chispitas OR babyfer OR "bene vanyan" or supplefer or supplefem or mnp
S20. (S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19)
S21. baby or babies or infant* or toddler* or preschool* or pre-school* or child* or "school age*
S22. (MH "Child+") OR (MH "Infant+")
S23.  (S21 OR S22)
S24. (S9 AND S20 AND S23) LIMIT TO 1990 - 2016

LILACS (Latin American and Caribbean Health Science Information database)

(lilacs.bvsalud.org/en)

Micronutrients and (child or children or baby or babies or infant or infants or toddler or toddlers or preschool or preschools or preschooler
or preschoolers or school age or school aged) AND (trial or trials)

(Iron or zinc or fe or zn or multinutrient or multinutrients¬ or multi-nutrients or multivitamins or mult-vitamins or multiminerals or multi-
minerals or multimicronutrients or multimicro-nutrients or vitamin a or retinol or trace elements or trace minerals or trace nutrients or
ferric or ferrous) and (child or children or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers
or school age or school aged) AND (trial or trials)

(Fortified food or fortified foods or specialized foods or specialized food or dietary supplements or dietary supplements) and (child or
children or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers or school age or school aged)
AND (trial or trials)

(sprinkles or vita shakti or rahama or anuka or chispitas or babyfer or bebe vanyan or supplefer or supplefem or mnp) and (child or children
or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers or school age or school aged) AND (trial
or trials)

(food or food or meal or meals or drink or drinks or beverage or beverages or diet or diets or dietary or snack or snacks or breakfast or
breakfasts or break-fast or break-fasts or lunch or lunches or dinner or dinners or home or school or nursery or nurseries or childcare or
child care) and (fortify or fortified or fortification or enrich or enriched or supplement or supplements or supplemental) AND (trial or trials)

(point of use or mix or mixes or mixed or powder or powders or supplement or supplements or supplemental or sachet or sachets or packet
or packets) and (child or children or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers or
school age or school aged) AND (trial or trials)

IBECS

(ibecs.isciii.es)

Micronutrients and (child or children or baby or babies or infant or infants or toddler or toddlers or preschool or preschools or preschooler
or preschoolers or school age or school aged)

(Iron or zinc or fe or zn or multinutrient or multinutrients¬ or multi-nutrients or multivitamins or mult-vitamins or multiminerals or multi-
minerals or multimicronutrients or multimicro-nutrients or vitamin a or retinol or trace elements or trace minerals or trace nutrients or
ferric or ferrous) and (child or children or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers
or school age or school aged)

(Fortified food or fortified foods or specialized foods or specialized food or dietary supplements or dietary supplements) and (child or
children or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers or school age or school aged)

(sprinkles or vita shakti or rahama or anuka or chispitas or babyfer or bebe vanyan or supplefer or supplefem or mnp) and (child or children
or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers or school age or school aged)

(food or food or meal or meals or drink or drinks or beverage or beverages or diet or diets or dietary or snack or snacks or breakfast or
breakfasts or break-fast or break-fasts or lunch or lunches or dinner or dinners or home or school or nursery or nurseries or childcare or
child care) and (fortify or fortified or fortification or enrich or enriched or supplement or supplements or supplemental)
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(point of use or mix or mixes or mixed or powder or powders or supplement or supplements or supplemental or sachet or sachets or packet
or packets) and (child or children or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers or
school age or school aged)

POPLINE

(www.popline.org)

Micronutrients and (child or children or baby or babies or infant or infants or toddler or toddlers or preschool or preschools or preschooler
or preschoolers or school age or school aged) AND (trial or trials)

(Iron or zinc or fe or zn or multinutrient or multinutrients  or multi-nutrients or multivitamins or mult-vitamins or multiminerals or multi-
minerals or multimicronutrients or multimicro-nutrients or vitamin a or retinol or trace elements or trace minerals or trace nutrients or
ferric or ferrous) and (child or children or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers
or school age or school aged) AND (trial or trials)

(Fortified food or fortified foods or specialized foods or specialized food or dietary supplements or dietary supplements) and (child or
children or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers or school age or school aged)
AND (trial or trials)

(sprinkles or vita shakti or rahama or anuka or chispitas or babyfer or bebe vanyan or supplefer or supplefem or mnp) and (child or children
or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers or school age or school aged) AND (trial
or trials)

(food or food or meal or meals or drink or drinks or beverage or beverages or diet or diets or dietary or snack or snacks or breakfast or
breakfasts or break-fast or break-fasts or lunch or lunches or dinner or dinners or home or school or nursery or nurseries or childcare or
child care) and (fortify or fortified or fortification or enrich or enriched or supplement or supplements or supplemental) AND (trial or trials)

(point of use or mix or mixes or mixed or powder or powders or supplement or supplements or supplemental or sachet or sachets or packet
or packets) and (child or children or baby or babies or toddler or toddlers or preschool or preschools or preschooler or preschoolers or
school age or school aged) AND (trial or trials)

SciELO (Scientific Library Online)

(www.scielo.br)

(micronutrients AND (child OR children OR baby OR babies OR infant OR infants OR toddler OR toddlers OR preschool OR preschools OR
preschooler OR preschoolers OR school age OR school aged) AND (trial OR trials)) OR ((iron OR zinc OR fe OR zn OR multinutrient OR
multinutrients¬ OR multi-nutrients OR multivitamins OR mult-vitamins OR multiminerals OR multi-minerals OR multimicronutrients OR
multimicro-nutrients OR vitamin a OR retinol OR trace elements OR trace minerals OR trace nutrients OR ferric OR ferrous) AND (child OR
children OR baby OR babies OR toddler OR toddlers OR preschool OR preschools OR preschooler OR preschoolers OR school age OR school
aged) AND (trial OR trials)) OR ((fortified food OR fortified foods OR specialized foods OR specialized food OR dietary supplements OR
dietary supplements) AND (child OR children OR baby OR babies OR toddler OR toddlers OR preschool OR preschools OR preschooler OR
preschoolers OR school age OR school aged) AND (trial OR trials)) OR ((sprinkles OR vita shakti OR rahama OR anuka OR chispitas OR babyfer
OR bebe vanyan OR supplefer OR supplefem OR mnp) AND (child OR children OR baby OR babies OR toddler OR toddlers OR preschool
OR preschools OR preschooler OR preschoolers OR school age OR school aged) AND (trial OR trials)) OR ((food OR food OR meal OR meals
OR drink OR drinks OR beverage OR beverages OR diet OR diets OR dietary OR snack OR snacks OR breakfast OR breakfasts OR break-fast
OR break-fasts OR lunch OR lunches OR dinner OR dinners OR home OR school OR nursery OR nurseries OR childcare OR child care) AND
(fortify OR fortified OR fortification OR enrich OR enriched OR supplement OR supplements OR supplemental) AND (trial OR trials)) OR
((point of use OR mix OR mixes OR mixed OR powder OR powders OR supplement OR supplements OR supplemental OR sachet OR sachets
OR packet OR packets) AND (child OR children OR baby OR babies OR toddler OR toddlers OR preschool OR preschools OR preschooler OR
preschoolers OR school age OR school aged) AND (trial OR trials))

ClinicalTrials.gov

(clinicaltrials.gov)

"micronutrient powder" OR "sprinkle" OR "home fortification" OR "point-of-use fortification" OR "chispitas". Duplicates were removed.

World Health Organization International Clinical Trials Registry Platform (WHO ICTRP)

(apps.who.int/trialsearch)

"micronutrient powder"; "sprinkle"; "home fortification"; "point-of-use fortification"; and "chispitas". Duplicates were removed.
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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

• We updated the Background section.

• We specified the age range for inclusion for children of preschool and school-age under Types of participants.

• We included adverse e�ects as part of the primary outcomes (Primary outcomes), instead of being reported as a secondary outcome
as stated in our protocol (De-Regil 2012).

• We planned to search metaRegister of Controlled Trials (mRCT) but this service was not available at the time of the search and we
decided to withdraw from the search strategy. Similarly, we intended to include other databases in our updated search strategy, but
these were not completed due to lack of access (Biosis Previews, WorldCat, Networked Digital Library of Theses and Dissertations, DART-
Europe E-theses Portal, Australasian Digital Theses Program, Theses Canada Portal, and ProQuest-Dissertations and Theses).

• We specified that we recorded our decisions in a study flow diagram (see Selection of studies).

• We specified that we also extracted data on baseline malaria prevalence (see Data extraction and management).

• We did not conduct analyses using the generic inverse-variance method, as specified in our protocol (De-Regil 2012), but used
the inverse-variance method for continuous variables and Mantel-Haenszel statistical method for dichotomous variables (see Data
synthesis).

• We conducted a post-hoc subgroup analysis to explore the e�ect of micronutrient composition (iron alone, at least iron plus vitamin A
plus zinc, other combinations without bundling iron plus vitamin A plus zinc) (see Subgroup analysis and investigation of heterogeneity).

• We conducted a post-hoc sensitivity analysis to explore the e�ects of combining studies comparing the intervention versus no
intervention or placebo (see Sensitivity analysis).

• We included source of funding in all included studies.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Food, Fortified  [adverse e�ects];  Anemia, Iron-Deficiency  [blood]  [prevention & control]  [*therapy];  Dietary Supplements;  Edetic
Acid  [administration & dosage];  Ferric Compounds  [administration & dosage];  Ferrous Compounds  [administration & dosage];  Iron
 [*administration & dosage];  Micronutrients  [*administration & dosage]  [adverse e�ects];  Point-of-Care Systems;  Powders;  Trace
Elements  [administration & dosage];  Vitamins  [administration & dosage]

MeSH check words

Child; Child, Preschool; Humans
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