Haider et al. BVIC Public Health 2011, 11(Suppl 3):519

http://www.biomedcentral.com/1471-2458/11/S3/S19 BMC

Public Health

REVIEW Open Access

Effect of multiple micronutrient supplementation
during pregnancy on maternal and birth outcomes

Batool Azra Haider, Mohammad Yawar Yakoob, Zulfigar A Bhutta

Abstract

Objectives/background: Given the widespread prevalence of micronutrient deficiencies in developing countries,
supplementation with multiple micronutrients rather than iron-folate alone, could be of potential benefit to the
mother and the fetus. These benefits could relate to prevention of maternal complications and reduction in other
adverse pregnancy outcomes such as small-for-gestational age (SGA) births, low birth weight, stillbirths, perinatal
and neonatal mortality. This review evaluates the evidence of the impact of multiple micronutrient supplements
during pregnancy, in comparison with standard iron-folate supplements, on specific maternal and pregnancy
outcomes of relevance to the Lives Saved Tool (LiST).

Data sources/review methods: A systematic review of randomized controlled trials was conducted. Search
engines used were PubMed, the Cochrane Library, the WHO regional databases and hand search of bibliographies.
A standardized data abstraction and Child Health Epidemiology Reference (CHERG) adaptation of the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) technique were used for data abstraction
and overall quality of evidence. Meta-analyses were performed to calculate summary estimates of utility to the LiST
model for the specified outcome of incidence of SGA births. We also evaluated the potential impact of multiple
micronutrients on neonatal mortality according to the proportion of deliveries occurring in facilities (using a
threshold of 60% to indicate functionality of health systems for skilled births).

Results: We included 17 studies for detailed data abstraction. There was no significant benefit of multiple
micronutrients as compared to iron folate on maternal anemia in third trimester [Relative risk (RR) = 1.03; 95%
confidence interval (Cl): 0.87 — 1.22 (random model)]. Our analysis, however, showed a significant reduction in SGA
by 9% [RR = 0.91; 95% Cl: 0.86 — 0.96 (fixed model)]. In the fixed model, the SGA outcome remained significant
only in women with mean body mass index (BMI) = 22 kg/m?”. There was an increased risk of neonatal mortality in
studies with majority of births at home [RR = 1.47, 95% ClI: 1.13-1.92]; such an effect was not evident where > 60%
of births occurred in facility settings [RR = 0.94, 95% Cl: 0.81-1.09]. Overall there was no increase in the risk of
neonatal mortality [RR = 1.05, 95% Cl: 0.92 — 1.19 (fixed model)].

Conclusion: This review provides evidence of a significant benefit of MMN supplementation during pregnancy on
reducing SGA births as compared to iron-folate, with no significant increase in the risk of neonatal mortality in
populations where skilled birth care is available and majority of births take place in facilities. Given comparability of
impacts on maternal anemia, the decision to replace iron-folate with multiple micronutrients during pregnancy
may be taken in the context of available services in health systems and birth outcomes monitored.
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Introduction

Low birth weight, small-for-gestational age (SGA), pre-
term birth, stillbirths, perinatal and neonatal mortality
are important adverse outcomes of pregnancy [1]. The
incidence of low birth weight in developing countries
varies from 6 - 30%, and at least one-third of these are
small for gestational age, especially in settings with high
rates of maternal undernutrition. Small for gestational
age (SGA) babies are those whose birth weight lies below
the 10" percentile for a particular gestational age [2].
Vast majority of these are due to fetal growth problems
that occur during pregnancy, including intrauterine
growth restriction (IUGR) [3]. Full term SGA infants may
not have complications related to organ immaturity like
those of pre-term infants of similar size, but are at an
increased risk of stillbirth and perinatal/neonatal mortal-
ity due to perinatal asphyxia, meconium aspiration and
hypoglycaemia [4,5]. Women of reproductive age, espe-
cially pregnant women, in developing countries are
recognized to be at risk of multiple micronutrient defi-
ciencies, such as iron, folic acid, iodine, zinc, vitamins A
and D, riboflavin, B6 and B12, with the likelihood of
adverse effects on the mother and pregnancy outcomes
[1,6]. Pregnancy represents a state of increased metabolic
requirements, and intake of key micronutrients by preg-
nant women especially in developing countries is usually
inadequate. This inadequate intake and increased
requirement further exacerbates the pre-existing mater-
nal deficiency [7].

Iron deficiency contributes to one of the largest preva-
lence of micronutrient deficiencies among pregnant
women. For example, anaemia affects approximately
41.8% of all pregnancies globally [8], with iron deficiency
accounting for half of the cases [9]. Retrospective and
observational studies have demonstrated a higher risk of
maternal mortality in severely anaemic pregnant
women, predisposing to death from haemorrhage and
infections. Maternal iron deficiency anaemia also has
adverse effects on birth outcomes including a greater
risk of birth asphyxia, low birth weight, preterm delivery
and lower Apgar scores [10,11]. The association of
maternal anemia with adverse outcomes is largely based
on observational studies and risk assessment [12] and
objective evidence that iron-folate supplementation in
pregnancy improves outcomes other than anemia is not
well established.

Given the significant impact of deficiencies of key
micronutrients during pregnancy [6], supplementation
with multiple micronutrients during pregnancy may be a
feasible public health strategy. One potential advantage
of multiple micronutrients could be that they might have
comparable benefits to iron-folate in reducing anemia,
and could also have additional benefits on intrauterine

Page 2 of 9

growth and outcomes in the neonatal period and infancy
[7]. Many workers had attempted augmentation of iron-
folate supplementation in pregnancy with additional
micronutrients, but the first systematic efforts to under-
take this were almost a decade ago [7]. In 1999 the
UNICEF/WHO/UN University proposed a prenatal sup-
plement UNIMAPP containing fifteen micronutrients,
including iron and folic acid which could provide one
recommended daily allowance of each and potentially
replace standard iron-folate supplements for pregnant
women in low and middle income countries [13]. It was
speculated that a combination of more than one micro-
nutrient may have additive and/or synergistic benefit on
maternal and child outcomes. Systematic information on
the benefits if any, of such supplements in improving
maternal and pregnancy outcomes is, however, limited.
A Cochrane review on the subject in 2006 [14] indicated
that compared to iron-folate, multiple micronutrient sup-
plementation (defined as administration of three or more
micronutrients), did not have any significant benefits on
maternal anemia (data from one study) and prevalence of
SGA births (data included from 2 studies). Another sys-
tematic review was undertaken by a team commissioned
by UNICEF/WHO/SCN which analysed data from 12
trials using the UNIMAPP formulation and evaluated
effects on maternal and pregnancy outcomes [15] There
have been concerns regarding increased risk of perinatal
and neonatal mortality with multiple micronutrient sup-
plementation through increased birth asphyxia in heavier
babies [9] In this paper, we included additional studies
since the Cochrane review in 2006 and have evaluated
the evidence of the potential impact of multiple micronu-
trient supplementation in pregnancy on the maternal and
pregnancy outcomes using Child Health Epidemiology
Reference Group (CHERG) rules [16]. Given that the
Lives Saved Tool (LiST) largely models SGA outcomes
for potential maternal nutrition interventions, we specifi-
cally focused our analysis to evaluate the impact of
maternal multiple micronutrient interventions on risk of
delivering SGA infants and also evaluated the impact on
neonatal mortality.

Methods

Searching

We evaluated all relevant literature on maternal multiple
micronutrient supplementation during pregnancy for
assessment of effects on pregnancy outcomes, up to
December 2009. The databases searched included
PubMed, the Cochrane Systematic Reviews, the World
Health Organization Regional Databases and hand
search of bibliographies of relevant reviews. Experts
were also contacted in the field for unpublished data.
The basic search strategy used was:
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(“Mothers”[Mesh] OR “Pregnancy”’[Mesh] OR mother*
OR maternal OR pregnancy) AND (“Micronutrients”[-
Mesh] OR “multiple micronutrient*” OR multivitamin
OR micronutrient*) AND (supplement*)

Selection (inclusion/exclusion criteria)

All prospective randomized controlled trials (RCTs) eval-
uating multiple micronutrient supplementation in
women during pregnancy, irrespective of language or
publication status, were included. Multiple micronutri-
ents were defined as supplementation with at least 5
micronutrients including the UNIMMARP formulation
[13] or those with comparable composition. These sup-
plements were compared to maternal iron-folate supple-
mentation. There were no limits on gestational age at the
time of enrolment in the study and the duration of sup-
plementation. Quasi-randomized trials were excluded as
there was an adequate number of good quality RCTs
available. We did not conduct sub-group analyses with
respect to different dosages of iron in the multiple micro-
nutrient supplements. Other than the assessment of SGA
and neonatal mortality, we did not specifically evaluate
minor adverse effects of the supplements such as nausea
and vomiting among the mothers and newborns.

Validity assessment

The overall quality of evidence of an outcome, however,
was assessed and graded according to the CHERG adap-
tation of the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) technique [16,17]
based on three components: 1) the volume and consis-
tency of the evidence; 2) the size of the effect, or risk
ratio; and 3) the strength of the statistical evidence for an
association between the intervention and outcome, as
reflected by the p-value [16]. The individual studies were
also graded. Three categories of criteria were used to
judge quality of individual study evidence in the meta-
analysis: 1) study design; 2) study quality; 3) relevance to
the objectives of the review [16]. The following four
grades were given to individual studies: high, moderate,
low or very low. Study received an initial score of high if
it was a randomized or cluster randomized trial. The
grade was decreased by 0.5 to 1 for each study design
limitation. In addition, studies reporting an intent-to-
treat analysis or with statistically significant strong levels
of association (>80% reduction) received 0.5-1 grade
increases. Any study with a final grade of very low was
excluded on the basis of inadequate study quality. This
review is shaped in large part by the needs of the LiST
model. In that model, increases in coverage of an inter-
vention result in a reduction of one or more cause-speci-
fic deaths or in reduction of a risk factor. Therefore, this
review and the grade process used are designed to
develop estimates of the effect of an intervention in
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reducing either a risk factor or a death due to specific
cause. For more details of the review methods, the
adapted grade approach or the LiST model, see the
CHERG method’s paper [16]. For the LiST tool, we have
defined SGA as an outcome rather than low birth weight
as the model utilizes the former for the cohort effect.
The SGA babies, belonging to the least 10™ centile of the
birth weight, would be at a higher risk of mortality and
thus a greater effect of any intervention. Besides, in
several populations used in the studies, the two terms
have been used synonymously.

Data abstraction and study characteristics

Each study that satisfied the eligibility criteria was
included in the review. Data were double abstracted into
a standardized rectangular database [16] that was acces-
sible through Excel (Additional File 1). Key variables
like participants’ characteristics, sample size, location,
setting, blinding, allocation concealment, description of
intervention and control groups (in terms of dosage and
time of enrolment) and all the other outcomes of inter-
est were recorded.

Quantitative data synthesis

The assessment of statistical heterogeneity among trials
was done by visual inspection i.e. the overlap of the con-
fidence intervals among the studies, and by the Chi
square (P-value) of heterogeneity in the meta-analyses.
A low P value (less than 0.10) or a large chi-squared sta-
tistic relative to its degree of freedom was considered as
providing evidence of heterogeneity. The I* values were
also looked into, and roughly an I? greater than 50%
was taken to represent substantial and high heterogene-
ity. In situations of substantial or high heterogeneity
being present, causes were explored, sub-group analyses
performed and random effects model was used and
although, this random model is not a substitute for a
thorough investigation of heterogeneity, it was primarily
to take into account heterogeneity that could not be
explained [18]. Pooled estimates were generated by gen-
eric inverse variance method of meta-analysis using
Review Manager (version 5) software. For all cluster ran-
domized trials, cluster adjusted estimates were used. For
the purpose of the analyses of the studies with factorial
designs, we have assumed that there was no interaction
between other interventions and the effect of supple-
mentation, since all interventions were randomized.
Results are presented as risk ratios (RR) and corre-
sponding 95% confidence intervals (CI). We summarized
evidence of the outcomes including qualitative grading
of the study quality and quantitative attributes according
to the reference guidelines [16]. The CHERG Rules for
Evidence Review were applied to the outcomes of SGA
and neonatal mortality. For SGA, sub-group analyses
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were performed according to the mean maternal body
mass index (BMI). In an effort to understand the con-
text of neonatal outcomes, we evaluated the effect of
multiple micronutrient supplements on neonatal mortal-
ity by sub-group analysis according to the percentage of
facility based deliveries. Not all studies provided suffi-
cient data to allow categorization of health system func-
tionality for maternal health, but information on facility
births or home births was available. We used an arbi-
trary cut off of 60%, where more than 60% facility births
represented a proxy for skilled attendance.

Results

Trial flow

A total of 4,187 hits were identified from our search
strategy (Figure 1). After screening the titles and
abstracts, 43 studies were initially considered eligible
and finally, 17 studies comprising of 14 trials were
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selected for inclusion in this review. We evaluated the
impact of the intervention on the following outcomes:
maternal anemia, SGA and neonatal and early infant
mortality.

Study characteristics

The baseline characteristics of all the studies including
the location, sample size, type of participants, interven-
tion composition and limitations are given in Additional
File 2. Six out of fourteen included studies had used
cluster randomized design [19-26]. All studies were
from low-/middle-income settings. Some of the studies
had limitations based on study design and execution
such as large losses to follow-up, insufficient power to
detect differences in SGA and mortality, and missing
compliance data. Twelve studies used multiple micronu-
trient supplement formula called UNIMMAP which
consisted of 30 mg iron, 400 pg folic acid, 15 mg zinc,

Number of studies identified
(n= 4187)
v
Records screened Records excluded
(n=4187) > (n=14144)

A 4

eligibility (n

Full-text articles assessed for

Full-text articles excluded

A 4

=43)

(n=26)
A
Studies included in the
review
n=17)
Maternal Small for gestational Neonatal
anaemia=4 age=14 mortality=9

Figure 1 Flow diagram showing identification of studies.




Haider et al. BVIC Public Health 2011, 11(Suppl 3):519
http://www.biomedcentral.com/1471-2458/11/S3/S19

2 mg copper, 65 pug selenium, 800 pug RE vitamin A, 1.4
mg vitamin B1, 1.4 mg vitamin B2, 18 mg niacin, 1.9
mg vitamin B6, 2.6 pg vitamin B12, 70 mg vitamin C,
5 pg vitamin D, 10 mg vitamin E and 150 pg iodine.
The formulas used in rest of the studies were compar-
able to UNIMMAP except in small variation in dose of
iron and folic acid used. Additional File 3 presents the
risk of bias in all studies in accordance with the latest
recommendations of the Cochrane Handbook [18].

Quantitative data synthesis

Table 1 reports the overall quality grading of the out-
comes and results of the corresponding meta-analyses.
The minimum number of micronutrients in the studies
was nine. In most studies, the comparison (control) sup-
plement was composed of 60 mg of iron and 400 ug of
folic acid. The UNIMAPP formulation containing 30 mg
iron and 0.4 mg folic acid was provided in nine trials
[19-22,24,27-30]. In study by Friis et al. [31], iron-folate
was not part of the intervention composition and iron-
folate tablets were provided separately as part of routine
antenatal care. The intervention group in the Fawzi et
al. study [32] received multiple micronutrient tablets
containing 0.8 mg of folic acid along with separate iron
and folic acid supplementation. In the study by Gupta et
al. [33], the multi-micronutrient tablet contained 10 mg
of ferrous fumarate and 0.15 mg of folic acid along with
supplemental iron-folate. The composition of interven-
tion in the study by Christian et al. study [23,25,26]
included 60 mg iron and 0.4 mg folic acid, while
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Ramakrishnan et al. [34,35] provided 62.4 mg iron and
0.215 mg folic acid in the multi-micronutrient
formulation.

Multiple micronutrient supplementation had no signifi-
cant effect on maternal anemia in the third trimester com-
pared to iron-folate based on data from 4 RCTs (RR =
1.03; 95% CI: 0.87 — 1.22; random model) [22,25,28,35]
(Additional File 4). There was a statistically significant 9%
reduction in the risk of small for gestational age infants
with multiple micronutrient supplements (RR = 0.91; 95%
CI: 0.86 — 0.96; fixed model) based on fourteen studies
[19-24,27-34] (Additional File 5A). These results also
remained significant with the random effects model (RR =
0.88; 95% CI: 0.81 — 0.95) (Additional File 5B). The sub-
group analysis used a cut-off of mean maternal BMI of
22 kg/m?. The intervention effect relative to the control
group in the fixed model was significant only for women
with mean BMI greater than or equal to 22 kg/m” (RR =
0.89, 95% CI: 0.83 — 0.95), but significant for both the sub-
groups in the random model.

Our pooled estimates did not show a statistically signifi-
cant increase in the risk of neonatal mortality based on
nine RCTs [19,21,22,24,26-30] in both the fixed (RR =
1.05; 95% CI: 0.92 — 1.19) (Additional File 6A) and ran-
dom effect models (RR = 1.17; 95% CI: 0.95 — 1.44)
(Additional File 6B). We also performed a sub-group
analysis for neonatal mortality with respect to the per-
centage of facility-based deliveries. This was determined
from the information provided in the study, or from the
general information on the study location. There was an

Table 1 Quality assessment of trials of multiple micronutrient supplementation for maternal and pregnancy outcomes

(Multiple micronutrients versus iron folate)

Quality Assessment

Summary of Findings

Directness No of events
No of Design Limitations Consistency Generalizability Generalizability Intervention Control Relative Risk
studies to population  to intervention (95% Cl)
(ref) of interest of interest
Maternal Anaemia: Highoutcome specific quality
4 cRCT/ Some - high loss to Heterogeneity in Al in developing ~ Generalizable 351 336 1.03 (0.87 - 1.22),
RCT  follow-up and inadequate the meta-analysis countries random model *
power (-0.5) = 50%. 2/4
studies showing
benefit (-0.5)
Small-for-gestational age: Highoutcome specific quality
14 cRCT/ Some - high loss to Consistent with Al in developing Generalizable 2289 2494 0.91 (0.86, 0.96),
RCT follow-up, inadequate 13/14 studies countries fixed model °
power, missing data showing benefit
(compliance), one study
with a co-intervention
(-0.5)
Neonatal mortality:Highoutcome specific quality
9 cRCT/  Some - inadequate power 7/9 studies All in developing Generalizable 558 513 1.05 (0.92, 1.19),

RCT of the studies (-0.5) giving a risk ratio

of greater than 1

countries

fixed model @

a = generic inverse variance.
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increased risk of neonatal mortality in studies with
majority of births at home [RR 1.47, 95% CI 1.13-1.92];
such an effect was not evident where > 60% of births
occurred in facility settings [RR 0.94, 95% CI 0.81-1.09].

Discussion

Our evaluation of multiple micronutrient supplements
during pregnancy did not show a significant benefit of
the supplement on maternal anaemia in third trimester
as compared to iron-folate. These findings corroborates
those from earlier reviews [14,36] which also revealed
no significant benefit of multiple micronutrients over
iron-folate. However, our review does indicate that mul-
tiple micronutrient administration is associated with a
significant reduction in SGA births in comparison with
iron-folate administration (9% and 12% reduction in the
fixed and random effects models, respectively). These
findings are comparable to the results of the systematic
review of UNIMAPP trials [37] (pooled OR = 0.90; 95%
CI: 0.82 — 0.99) based on 12 studies, which are also
included in our analysis. These findings are however,
different from our previous Cochrane review which was
based on a limited set of studies [14] and reported a
non-significant effect on SGA (RR = 1.04; 95% CI: 0.93
— 1.17). Our current data are also at variance with a
recent meta-analysis by Shah et al. [38] which analyzed
results from only 5 RCTs and reported a statistically
insignificant impact on SGA (RR = 0.89; 95% CI: 0.77 —
1.01). In our current review, 13 out of 14 studies
showed consistent results with respect to SGA babies
i.e. a risk ratio of less than 1. The study by Christian
et al. reported a risk ratio of greater than 1, but was sta-
tistically not significant (RR = 1.04; 95% CI: 0.94 — 1.15)
[23]. The overall quality of evidence for this outcome
was high, with a strong statistical association with the
P-value of 0.0002 in the fixed model. Given that the
LiST model uses the impact pathway via SGA, we are
recommending a point estimate of 9% reduction in SGA
for inclusion in the LiST tool for situations where coun-
tries may decide to replace routinely used iron-folate
supplements during pregnancy with multiple micronu-
trients. The sub-group analysis with respect to maternal
BMI showed that there was a significant reduction in
SGA only in mothers whose mean baseline BMI was =
22 kg/m?, and the result was non-significant for BMI
less than this. It is difficult to explain these findings as
it may in part be an artefact caused by the way mothers’
BMI status were determined. It should to be noted
that weight gain in pregnancy is not linear, and women
who entered early in the study would be classified as
thin compared to those who entered the study in the
later stages. Another possible explanations could be
hypothesized like decreased ability of malnourished
mother to utilize multiple nutrients [39]. However a
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trial conducted in India on malnourished women did
not support this hypothesis [33]. Certain other factors
that need to be considered are the age of the mother,
composition of multiple micronutrient supplement and
co-supplementation of macronutrient like balanced pro-
tein energy supplementation [40].

There is considerable debate on the potential adverse
effects of providing multiple micronutrient supplements
during pregnancy with a concern about an increase in
neonatal mortality in less developed health systems that
have suboptimal maternal care [41,42]. There are a few
studies that reported mortality beyond the neonatal per-
iod with maternal multiple micronutrient supplementa-
tion, the data of which has not been pooled. Christian
et al. [26] had reported infant deaths (0 — 3 months) in
the multiple micronutrient recipients versus controls
(receiving vitamin A only) with a non-significant higher
risk in the micronutrient group (RR = 1.07; 95% CI:
0.75 — 1.58). In contrast, Shankar et al. [21] in the consid-
erably larger SUMMIT trial, reported a statistically signif-
icant 18% reduction in early infant mortality (0 —
3 months) in the multiple micronutrient group compared
to iron-folate (RR = 0.82; 95% CI: 0.70 — 0.95; P = 0.010),
with comparable results for post-neonatal mortality —
from 29 days to 90 days after birth (RR = 0.70; 95% CI:
0.55 — 0.89). Our analysis of data from nine studies
showed a non-significant effect on neonatal mortality
(fixed effects: RR = 1.05; 95% CI: 0.92 — 1.19; random
effects: RR = 1.17; 95% CI: 0.95 — 1.44). There was evi-
dence that this risk might be related to the provision of
skilled deliveries and standard of care in the health sys-
tem. The 4 intervention trials conducted in populations
where the majority of births occurred at home were asso-
ciated with significant increase in the risk of neonatal
mortality. However, this effect was not seen in the other
5 settings where the majority of births were in facilities.
These results are generally consistent with a UNIMAPP
trials analysis [43] with a notable, though non-significant
increase in early neonatal mortality (OR = 1.23; 95% CI:
0.96 — 1.59), while there was a 6% non-significant reduc-
tion in late neonatal mortality (OR = 0.94; 95% CI: 0.73 —
1.23). These findings suggest that the use of multiple
micronutrient supplements in populations to address
maternal anemia and reduce the incidence of SGA, must
be accompanied by the provision of skilled care at deliv-
ery and facility births to offset any potential increase in
the risk of obstructed labour and birth asphyxia [44,45].
It must be noted that in most studies evaluated, despite
reduction in rates of SGA, there was no reduction in neo-
natal mortality. A review of the relationship between
IUGR and neonatal mortality largely based on observa-
tional studies did not distinguish if the effects on neona-
tal mortality were mediated through IUGR or other
concurrent factors [5]. Applying the CHERG Rules for
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Evidence Review, we ranked the studies with neonatal
mortality outcomes as high grade of evidence. Included
studies had some minor limitations, especially insufficient
power to detect differences in mortality between the
groups. The studies, in general, were representative of
the low-income populations. However, caution must be
exercised in adapting the findings of multiple micronutri-
ent supplements to programs without further effective-
ness trials and robust evaluation in health systems.

It is surprising to note that the participants remained
anemic in the included studies, even though they were
taking seemingly adequate amounts of supplemental
iron. There is no exact reason for this but this has been
seen in many effectiveness trials over the years [40]. An
important aspect to consider is the timing of initiation
of multiple micronutrient supplements. Starting the sup-
plementation during pregnancy may be too late for
many women, especially those with pre-existing anemia
[40]. Berger et al. from Vietnam had reported that the
pre-pregnancy use of weekly iron—folic acid is associated
with better iron status in the first and second trimesters
and with reduced prevalence of LBW compared with
pregnant women who only received daily iron—folic acid
supplementation during pregnancy [46]. Another reason
could be the amount of iron in the supplement, as
higher dosages may be associated with more side effects
of diarrhea and thus less absorption [40,47]. Similarly
one possible reason could be infections, since these
were not systematically treated across the trials. World
health organization recommends the treatment of infec-
tions (especially deworming) for control of anemia along
with supplementation of iron [48].

The observed benefit of multiple micronutrients in the
SUMMIT trial [21] on early infant and post-neonatal
mortality opens the interesting possibility that such
intrauterine supplements may benefit infants beyond the
neonatal period. This is further corroborated by the
improved growth beyond infancy noted among recipi-
ents of maternal micronutrient supplements in Nepal
[49]. Given the multiple effects of micronutrients in the
regulation of body metabolism and growth [21], these
effects are biologically plausible but need further evalua-
tion with a range of additional outcomes, including
child development indicators.

While there have also been calls for greater evaluation
of potential interactions between various micronutrients
[50], we feel that the field is ripe for well conducted
effectiveness trials in health systems. The overall results
of maternal micronutrient supplements call for further
carefully conducted demonstration projects in health
systems with adequate monitoring of pregnancy out-
comes. Such studies may also overcome several of the
limitations of size and power in the currently available
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literature. It must be underscored that intake of multivi-
tamins and micronutrients are almost universal during
pregnancy in developed countries and among the rich in
developing countries [51]. Policy makers in health sys-
tems with adequate provision of skilled care may choose
to introduce multiple micronutrient supplements in lieu
of routine iron-folate for pregnant women with adequate
monitoring and evaluation.

Additional material

Additional File 1: Excel Database of Extracted Data.
Additional File 2: Baseline characteristics of the included studies.

Additional File 3: Risk of bias for the included studies according to
the latest recommendations of the Cochrane Handbook.

Additional File 4: Effect of maternal multiple micronutrient
supplementation versus iron folate on maternal anemia in the third
trimester A) Fixed model, B) Random model.

Additional File 5: Effect of multiple micronutrients during
pregnancy versus iron-folate on SGA babies with sub-group
analysis according to maternal mean body mass index A) Fixed
model, B) Random model.

Additional File 6: Effect of multiple micronutrient supplementation
in pregnancy on neonatal mortality versus iron folate with sub-
group analysis with respect to percentage of facility based births A)
Fixed model,B) Random model.

Acknowledgment

This work was supported in part by a grant to the US Fund for UNICEF from
the Bill & Melinda Gates Foundation (grant 43386) to “Promote evidence-
based decision making in designing maternal, neonatal and child health
interventions in low- and middle-income countries”.

This article has been published as part of BMC Public Health Volume 11
Supplement 3, 2011: Technical inputs, enhancements and applications of the
Lives Saved Tool (LiST). The full contents of the supplement are available
online at http://www.biomedcentral.com/1471-2458/11%issue=S3.

Authors’ contributions

Professor Zulfigar A Bhutta developed the parameters for the review and
secured support. Dr Batool Azra Haider and Dr Mohammad Yawar Yakoob
undertook the literature search, data extraction and wrote the manuscript
under Professor Bhutta's supervision.

Competing interests
We do not have any financial or non-financial competing interests for this
review.

Published: 13 April 2011

References

1. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, Mathers C,
Rivera J: Maternal and child undernutrition: global and regional
exposures and health consequences. Lancet 2008, 371(9608):243-260.

2. Bakketeig LS: Current growth standards, definitions, diagnosis and
classification of fetal growth retardation. Eur J Clin Nutr 1998, 52(Suppl 1):51-4.

3. Steer P: Small for Gestational Age: Causes and Consequences. J Anat
2009.

4. Ho J: Mortality and morbidity of the small for gestational age (SGA) very
low birth weight (VLBW) Malaysian infant. Singapore Med J 2001,
42(8):355-359.

5. Ashworth A: Effects of intrauterine growth retardation on mortality and
morbidity in infants and young children. Eur J Clin Nutr 1998, 52(Suppl 1):
S34-41, discussion S41-32.


http://www.biomedcentral.com/content/supplementary/1471-2458-11-S3-S19-S1.xlsx
http://www.biomedcentral.com/content/supplementary/1471-2458-11-S3-S19-S2.xlsx
http://www.biomedcentral.com/content/supplementary/1471-2458-11-S3-S19-S3.xlsx
http://www.biomedcentral.com/content/supplementary/1471-2458-11-S3-S19-S4.docx
http://www.biomedcentral.com/content/supplementary/1471-2458-11-S3-S19-S5.docx
http://www.biomedcentral.com/content/supplementary/1471-2458-11-S3-S19-S6.docx
http://www.biomedcentral.com/1471-2458/11?issue=S3
http://www.ncbi.nlm.nih.gov/pubmed/18207566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18207566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9511013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9511013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11764052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11764052?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9511018?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9511018?dopt=Abstract

Haider et al. BVIC Public Health 2011, 11(Suppl 3):519
http://www.biomedcentral.com/1471-2458/11/S3/S19

20.

21.

22.

23.

24.

25.

Black RE: Micronutrients in pregnancy. Br J Nutr 2001, 85(Suppl 2):
$193-197.

Huffmann SL, Baker J, Schumann J, Zehner ER: The case for
promoting multiple vitamin/mineral supplements for women of
reproductive age in developing countries. The LINKAGES Project,
Washington; 1998.

Worldwide prevalence of anaemia 1993-2005. WHO Global Database on
Anaemia. In Geneva World Health Organization de Benoist B et al 2008,
(http://whglibdocwho.int/publications/2008/9789241596657_eng.pdf,
accessed 3 February 2009).

Christian P, Osrin D, Manandhar DS, Khatry SK, de LC AM, West KP Jr:
Antenatal micronutrient supplements in Nepal. Lancet 2005,
366(9487):711-712.

Rusia U, Madan N, Agarwal N, Sikka M, Sood SK: Effect of maternal iron
deficiency anaemia on foetal outcome. Indian J Pathol Microbiol 1995,
38(3):273-279.

Allen LH: Anemia and iron deficiency: effects on pregnancy outcome.
Am J Clin Nutr 2000, 71(5 Suppl):12805-1284S.

Stoltzfus RJ, Mullany L, Black RE: Iron deficiency anaemia. In Comparative
quantification of health risks: global and regional burden of disease
attributable to selected major risk factors. Geneva: World Health Organization;
Ezzati M, Lopez AD, Rodgers A, Murray CLJ 2004:163-209.

UNICEF, WHO, UNU: Composition of a multi-micronutrient supplement to
be used in pilot programmes among pregnant women in developing
countries. New York: UNICEF; 1999.

Haider BA, Bhutta ZA: Multiple-micronutrient supplementation for
women during pregnancy. Cochrane Database Syst Rev 2006, , 4:
CD004905.

Multiple Micronutrient Supplementation During Pregnancy in
Developing Country Settings. Nutrition Policy Paper No 22. UN Standing
Committee on Nutrition;N Dalmiya, | Darnton-Hill, W Schultink, and R
Shrimpton 2009, Available at URL: http://www.unscn.org/en/publications/
npp Accessed 09/08/2010.

Walker N, Fischer-Walker C, Bryce J, Bahl R, Cousens S: Standards for
CHERG reviews of intervention effects on child survival. Int J Epidemiol
2010, 39(Suppl 1)i21-31.

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, Guyatt GH,
Harbour RT, Haugh MC, Henry D, et al: Grading quality of evidence and
strength of recommendations. BMJ 2004, 328(7454):1490.

Cochrane Handbook for Systematic Reviews of Interventions. Higgins JPT
and Green S, Version 5.0.1; [updated September 2008].

Bhutta ZA, Rizvi A, Raza F, Hotwani S, Zaidi S, Soofi S, Bhutta S: A
comparative evaluation of multiple micronutrient and iron-folate
supplementation during pregnancy in Pakistan: impact on pregnancy
outcomes. Food Nutr Bull 2009.

Zagre NM, Desplats G, Adou P, Mamadoultaibou A, Aguayo VM: Prenatal
multiple micronutrient supplementation has greater impact on
birthweight than supplementation with iron and folic acid: a cluster-
randomized, double-blind, controlled programmatic study in rural Niger.
Food Nutr Bull 2007, 28(3):317-327.

Shankar AH, Jahari AB, Sebayang SK, Aditiawarman , Apriatni M, Harefa B,
Muadz H, Soesbandoro SD, Tjiong R, Fachry A, et al: Effect of maternal
multiple micronutrient supplementation on fetal loss and infant death
in Indonesia: a double-blind cluster-randomised trial. Lancet 2008,
371(9608):215-227.

Zeng L, Dibley MJ, Cheng Y, Dang S, Chang S, Kong L, Yan H: Impact of
micronutrient supplementation during pregnancy on birth weight,
duration of gestation, and perinatal mortality in rural western China:
double blind cluster randomised controlled trial. BMJ 2008, 337:a2001.
Christian P, Khatry SK, Katz J, Pradhan EK, LeClerg SC, Shrestha SR,

Adhikari RK, Sommer A, West KP Jr.. Effects of alternative maternal
micronutrient supplements on low birth weight in rural Nepal: double
blind randomised community trial. BMJ 2003, 326(7389):571.

Sunawang , Utomo B, Hidayat A, Kusharisupeni , Subarkah : Preventing
Low Birth Weight through Maternal Multiple Micronutrient
Supplementation: A cluster-randomized controlled trial in Indramayu,
West Java. Food Nutr Bull 2009.

Christian P, Shrestha J, LeClerq SC, Khatry SK, Jiang T, Wagner T, Katz J,
West KP Jr.: Supplementation with micronutrients in addition to iron and
folic acid does not further improve the hematologic status of pregnant
women in rural Nepal. J Nutr 2003, 133(11):3492-3498.

26.

27.

28.

29.

30.

31

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 8 of 9

Christian P, West KP, Khatry SK, Leclerq SC, Pradhan EK, Katz J, Shrestha SR,
Sommer A: Effects of maternal micronutrient supplementation on fetal
loss and infant mortality: a cluster-randomized trial in Nepal. Am J Clin
Nutr 2003, 78(6):1194-1202.

Tofail F, Persson LA, El Arifeen S, Hamadani JD, Mehrin F, Ridout D,
Ekstrom EC, Huda SN, Grantham-McGregor SM: Effects of prenatal food
and micronutrient supplementation on infant development: a
randomized trial from the Maternal and Infant Nutrition Interventions,
Matlab (MINIMat) study. Am J Clin Nutr 2008, 87(3):704-711.

Osrin D, Vaidya A, Shrestha Y, Baniya RB, Manandhar DS, Adhikari RK,
Filteau S, Tomkins A, Costello AM: Effects of antenatal multiple
micronutrient supplementation on birthweight and gestational duration
in Nepal: double-blind, randomised controlled trial. Lancet 2005,
365(9463):955-962.

Roberfroid D, Huybregts L, Lanou H, Henry MC, Meda N, Menten J,
Kolsteren P: Effects of maternal multiple micronutrient supplementation
on fetal growth: a double-blind randomized controlled trial in rural
Burkina Faso. Am J Clin Nutr 2008, 88(5):1330-1340.

Kaestel P, Michaelsen KF, Aaby P, Friis H: Effects of prenatal
multimicronutrient supplements on birth weight and perinatal mortality:
a randomised, controlled trial in Guinea-Bissau. £ur J Clin Nutr 2005,
59(9):1081-1089.

Friis H, Gomo E, Nyazema N, Ndhlovu P, Krarup H, Kaestel P, Michaelsen KF:
Effect of multimicronutrient supplementation on gestational length and
birth size: a randomized, placebo-controlled, double-blind effectiveness
trial in Zimbabwe. Am J Clin Nutr 2004, 80(1):178-184.

Fawzi WW, Msamanga Gl, Urassa W, Hertzmark E, Petraro P, Willett WC,
Spiegelman D: Vitamins and perinatal outcomes among HIV-negative
women in Tanzania. N Engl J Med 2007, 356(14):1423-1431.

Gupta P, Ray M, Dua T, Radhakrishnan G, Kumar R, Sachdev HP:
Multimicronutrient supplementation for undernourished pregnant
women and the birth size of their offspring: a double-blind,
randomized, placebo-controlled trial. Arch Pediatr Adolesc Med 2007,
161(1):58-64.

Ramakrishnan U, Gonzalez-Cossio T, Neufeld LM, Rivera J, Martorell R:
Multiple micronutrient supplementation during pregnancy does not
lead to greater infant birth size than does iron-only supplementation: a
randomized controlled trial in a semirural community in Mexico. Am J
Clin Nutr 2003, 77(3):720-725.

Ramakrishnan U, Neufeld LM, Gonzalez-Cossio T, Villalpando S, Garcia-
Guerra A, Rivera J, Martorell R: Multiple micronutrient supplements during
pregnancy do not reduce anemia or improve iron status compared to
iron-only supplements in Semirural Mexico. J Nutr 2004, 134(4):898-903.
Allen LH, Peerson JM: Impact of multiple micronutrient versus iron-folic
acid supplements on maternal anemia and micronutrient status in
pregnancy. Food Nutr Bull 2009, 30(4 Suppl):S527-532.

Fall CHD, Fisher DJ, Osmond C, Margetts BM, Maternal Micronutrient
Supplementation Study Group (MMSSG): Multiple micronutrient
supplementation during pregnancy in low-income countries: a meta-
analysis of effects on birth size and gestation length. Food Nutr Bull 2009.
Shah PS, Ohlsson A: Effects of prenatal multimicronutrient
supplementation on pregnancy outcomes: a meta-analysis. CMAJ 2009,
180(12):£99-108.

Fall CH, Fisher DJ, Osmond C, Margetts BM: Multiple micronutrient
supplementation during pregnancy in low-income countries: a meta-
analysis of effects on birth size and length of gestation. Food Nutr Bull
2009, 30(4 Suppl):S533-546.

Shrimpton R, Huffman SL, Zehner ER, Darnton-Hill |, Dalmiya N: Multiple
micronutrient supplementation during pregnancy in developing-country
settings: policy and program implications of the results of a meta-
analysis. Food Nutr Bull 2009, 30(4 Suppl):S556-573.

Bhutta ZA, Haider BA: Prenatal micronutrient supplementation: are we
there yet? CMAJ 2009, 180(12):1188-1189.

Bhutta ZA, Haider BA: Maternal micronutrient deficiencies in developing
countries. Lancet 2008, 371(9608):186-187.

Ronsmans C, Fisher DJ, Osmond C, Margetts BM, Fall CHD, Maternal
Micronutrient Supplementation Study Group: Effect of multiple
micronutrient supplementation during pregnancy on stillbirths and early
and late neonatal mortality: a meta-analysis. Food Nutr Bull 2009.
Christian P, Khatry SK, LeClerq SC, Dali SM: Effects of prenatal
micronutrient supplementation on complications of labor and delivery


http://www.ncbi.nlm.nih.gov/pubmed/11509110?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16125578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8819659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8819659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10799402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17054223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17054223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20348122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20348122?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15205295?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15205295?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17974365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17974365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17974365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17974365?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18207017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18207017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18207017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12637400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12637400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12637400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14608063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14608063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14608063?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14668283?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14668283?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18326610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18326610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18326610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18326610?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15766997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15766997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15766997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18996870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16015266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16015266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16015266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15213046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15213046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15213046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17409323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17409323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17199068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17199068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17199068?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12600867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12600867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12600867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15051844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15051844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15051844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120794?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120794?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120794?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19506270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19506270?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19506273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19506273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18207005?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18207005?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19368922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19368922?dopt=Abstract

Haider et al. BVIC Public Health 2011, 11(Suppl 3):519
http://www.biomedcentral.com/1471-2458/11/S3/S19

45.

46.

47.

48.

49.

50.

51.

and puerperal morbidity in rural Nepal. Int J Gynaecol Obstet 2009,
106(1):3-7.

Lee AC, Darmstadt GL, Khatry SK, LeClerq SC, Shrestha SR, Christian P:
Maternal-fetal disproportion and birth asphyxia in rural Sarlahi, Nepal.
Arch Pediatr Adolesc Med 2009, 163(7):616-623.

Berger J, Thanh HT, Cavalli-Sforza T, Smitasiri S, Khan NC, Milani S, Hoa PT,
Quang ND, Viteri F: Community mobilization and social marketing to
promote weekly iron-folic acid supplementation in women of
reproductive age in Vietnam: impact on anemia and iron status. Nutr Rev
2005, 63(12 Pt 2):595-108.

Ekstrom EC, Hyder SM, Chowdhury AM, Chowdhury SA, Lonnerdal B,
Habicht JP, Persson LA: Efficacy and trial effectiveness of weekly and
daily iron supplementation among pregnant women in rural
Bangladesh: disentangling the issues. Am J Clin Nutr 2002,
76(6):1392-1400.

World Health Organization, UNICEF: Focusing on anaemia: Towards an
integrated approach for effective anaemia control. [http://www.who.int/
nutrition/publications/micronutrients/WHOandUNICEF _statement_anaemia/
en/index.html].

Vaidya A, Saville N, Shrestha BP, Costello AM, Manandhar DS, Osrin D:
Effects of antenatal multiple micronutrient supplementation on
children’s weight and size at 2 years of age in Nepal: follow-up of a
double-blind randomised controlled trial. Lancet 2008, 371(9611):492-499.
Kapil U: Multiple micronutrient supplements will not reduce incidence of
low birthweight. Indian Journal of Community Medicine 2009, 34(2):85-86.
Picciano MF, McGuire MK: Use of dietary supplements by pregnant and
lactating women in North America. Am J Clin Nutr 2009, 89(2):6635-667S.

doi:10.1186/1471-2458-11-53-S19

Cite this article as: Haider et al.: Effect of multiple micronutrient
supplementation during pregnancy on maternal and birth outcomes. BMC
Public Health 2011 11(Suppl 3):S19.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/19368922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19581544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16466085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16466085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16466085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12450908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12450908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12450908?dopt=Abstract
http://www.who.int/nutrition/publications/micronutrients/WHOandUNICEF_statement_anaemia/en/index.html
http://www.who.int/nutrition/publications/micronutrients/WHOandUNICEF_statement_anaemia/en/index.html
http://www.who.int/nutrition/publications/micronutrients/WHOandUNICEF_statement_anaemia/en/index.html
http://www.ncbi.nlm.nih.gov/pubmed/18262041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18262041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18262041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19966949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19966949?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19073789?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19073789?dopt=Abstract

	Abstract
	Objectives/background
	Data sources/review methods
	Results
	Conclusion

	Introduction
	Methods
	Searching
	Selection (inclusion/exclusion criteria)
	Validity assessment
	Data abstraction and study characteristics
	Quantitative data synthesis

	Results
	Trial flow
	Study characteristics
	Quantitative data synthesis

	Discussion
	Acknowledgment
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


