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Abstract

Background: The beneficial effect of antenatal multiple micronutrients supplementation on infant birth outcomes has been
proposed by previous meta-analyses. However, their benefits on postnatal health of children have not been summarized. A
meta-analysis of randomized controlled trials was conducted to evaluate the effect of maternal multimicronutrient
supplementation on postnatal growth of children under 5 years of age.

Methods: We searched both published and ongoing trials through the PubMed, EMBASE, CENTRAL (OVID platform), Web of
Science, BIOSIS Previews, Chinese Science Citation Database, Scopus, ProQuest, ClinicalTrials.gov, Chinese Biomedical
Database, and WANFANG database for randomized controlled trials. Reference lists of included studies and relevant reviews
were also reviewed for eligible studies. Standard mean difference (SMD) was employed as the index for continuous variables
by using fixed effects models. Trend analysis by visual inspection was applied to evaluate the change of mean difference of
weight and height between the groups over time.

Results: Nine trials (12 titles) from nine different countries were retrieved for analysis. Pooled results showed that antenatal
multimicronutrient supplementation increased child head circumference (SMD=0.08, 95% Cl: 0.00-0.15) compared with
supplementation with two micronutrient or less. No evidence was found for the benefits of antenatal multimicronutrient
supplementation on weight (P=0.11), height (P=0.66), weight-for-age z scores (WAZ) (P=0.34), height-for-age z scores
(HAZ) (P=0.81) and weight-for-height z scores (WHZ) (P=0.22). A positive effect was found on chest circumference based
on two included studies.

Conclusions: Antenatal multimicronutrient supplementation has a significant positive effect on head circumference of
children under 5 years. No impact of the supplementation was found on weight, height, WAZ, HAZ and WHZ.
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Introduction Maternal micronutrients insufficiency correlates significantly
with the adverse outcomes of their offspring. Iron deficiency
anemia of pregnant women were associated with low birth weight
(LBW), preterm birth and intrauterine growth restriction (IUGR)
[4,5]. Micronutrients deficiency during pregnancy not only leads
to inferior pregnant outcomes, but also has long term and even
intergenerational impact on offspring. Preterm, IUGR and small
for gestational age infants are inclined to experience growth
retardation in their later life [6,7].

Micronutrients supplementation was considered to be a
potential cost-effective and practical strategy to combat the global
nutritional challenge of children and women [8,9]. However, the
beneficial effect of antenatal micronutrients supplementation on
postnatal growth of children is still unclear. It was reported that

Maternal micronutrients deficiency during pregnancy is an
outstanding public health issue worldwide. Due to the increased
nutritional requirement, pregnant women are vulnerable to
micronutrients deficiency. It was estimated that 41.8% of women
during pregnancy suffer from anemia globally [1]. Vitamin A
deficiency is another important issue, especially in middle and low-
income countries. According to the estimation by WHO, 122
countries were affected by Vitamin A deficiency during the period
between 1995 and 2005 [2]. Compared with Vitamin A, Vitamin
D deficiency is more universal. The issue is not restricted to
developing countries, but also, it is quite common in the
industrialized world. In Belgian, it was reported that 74.1% of
pregnant women were vitamin D deficiency [3].
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children of mothers with higher levels of vitamin C during
pregnancy may be taller and heavier at the age of 6 and 12 months
[10]. In another study carried out in Indonesia, vitamin A
supplementation among pregnant women improves child growth
at certain periods in the first two years compared with the
combined supplementation of zinc and vitamin A [11]. In one
study in Bangladesh, no effect of prenatal zinc supplementation
exists on child growth at 6 months [12]. While in another study
conducted in Bangladesh, maternal zinc supplementation during
pregnancy impedes the growth of their children at the age of 6 and
13 months [13].

Combining multiple micronutrients in a single delivery mech-
anism has been suggested as a cost-effective way to achieve
multiple benefits [14]. The average birth weight of children in the
multimicronutrient supplementation group was heavier than that
of the children in the iron+folic group in the trial from Iran, the
difference did not persist postnatally [15]. However, Schmidt et al.
[16] failed to observe any differences of height gain between
multimicronutrient and control groups during the first year of
infancy. By contrast, children in the multimicronutrient group
seemed to grow faster than their counterpart in the control group
in the study by Zekavat e al, though the net height did not differ
significantly [15]. A recent meta-analysis concluded that multiple
micronutrients supplementation during pregnancy contributes to
lower risk for LBW and small-for-gestational age (SGA) [17]. This
result was consistent with a meta-analysis reported by Haider et al.
[18]. However, the supplementation of multimicronutrients failed
to generate other maternal and infant benefits like preterm birth,
stillbirth, maternal or neonatal mortality [17,18].

To our knowledge, findings of the effect of antenatal micronu-
trients supplementation on child growth were still unclear, and
these data have not been systematically evaluated. Therefore, we
conducted a meta-analysis of randomized controlled trials (RCTs)
to quantitatively evaluate the beneficial effects of multiple
micronutrient supplements during pregnancy on postnatal child
growth.

Materials and Methods

This meta-analysis was performed according to the recently
published recommendations and checklist of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.

Search Strategy

We searched for all published articles indexed in PubMed,
EMBASE, CENTRAL (OVID platform), Web of Science,
BIOSIS Previews, Chinese Science Citation Database, Scopus,
ProQuest, ClinicalTrials.gov, Chinese Biomedical Database and
WANFANG database. The time frame was limited to between
January 1990 and May 18, 2013 and the language was limited to
English and Chinese. The search strategies used the following key
words: (1) micro-nutrient* OR micronutrient* OR multimicronu-
trien* OR multi-micronutrien* OR multi-nutrient* OR multi-
nutrient* OR vitamin* OR multi-vitamin* OR multivitamin* OR
“trace element*” OR iron OR ferrous OR ferric OR “folic acid”
OR folate* OR folvite OR folacin* OR pteroylglutamic OR zinc
OR calcium OR selenium OR mineral* OR multimineral* OR
multi-mineral* OR iodine OR thiamine OR riboflavin* OR
magnesium OR carotene®* OR copper OR niacin*; (2) pregnan*
OR maternal OR mother OR antennal OR ante-natal OR
prenatal OR pre-natal OR female*; (3) child* OR infan* OR baby
OR babies OR pre-school* OR preschool* OR postnatal OR
post-natal; (4) grow* OR anthropometr* OR weigh* OR height
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OR length; (5) (1) AND (2) AND (3) AND (3) AND (4). We also
manually searched the reference lists of every primary study for
additional publications. Further searches were done by reviewing
review articles.

Inclusion and Exclusion Criteria

Only randomized controlled trials (RCT) that address effects of
maternal multiple micronutrients supplementation during preg-
nancy on the growth of children under 5 years were eligible for
inclusion. Studies comparing the outcomes of supplementing
pregnant women with multiple micronutrient supplements of three
or more micronutrients compared with placebo, or no supple-
mentation, or supplementation with two or less micronutrients.

The exclusion criteria were as follows: (1) HIV positive pregnant
women, (2) studies that focused on the growth of children over 5
years, (3) pregnant women in the intervention group were
supplemented with only two or less micronutrients, (4) pregnant
women were supplemented with more than two micronutrients in
control group, and (5) no full text or eligible information was
available.

Data Extraction and Quality Assessment

Data extraction form from the Cochrane group [19] was
adapted for data and information abstraction. The main contents
extracted from the original study included general information of
the studies, participants and their settings, intervention and
methodology descriptions, bias assessments, baseline characteris-
tics of the pregnant women, results of the studies and key
conclusions from the author of the original studies.

The bias of the included studies was assessed against the criteria
provided by Cochrane group in the Cochrane Handbook for Systematic
Reviews of Interventions [20]. Briefly, seven items were evaluated, z.e.
random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective outcome reporting, and other
biases. Accordingly, each item was classified into high, low or
unclear risk.

Statistical Analysis

Primary outcomes were weight and height of children under five
years. The secondary outcomes comprised head circumference
(HC), chest circumference (CC), weight-for-age z score (WAZ),
height-for-age z score (HAZ) and weight-for-age z score (WHZ).
Standard mean difference (SMD) was employed as the effect size
of continuous variables. It was calculated by dividing mean
difference between intervention group and control group by the
pooled standard deviation (SD). On occasions that only the
standard error (SE) was given, SD was calculated by multiplying
the SE with the square root of the sample size. During the follow-
up period, the anthropometric measures of the children might be
assessed more than once; the result of the last measurement was
utilized to assess the outcome of interest [21]. When more than
one intervention or control groups coexist in a single study, we first
choose the pregnant women who were supplemented with the
largest combinations of micronutrients and did not receive any
other treatment as the intervention group; pregnant women
supplemented with two or less micronutrient or none were taken
as the control group. Then, we used the pooled means of the
intervention or control groups defined by the original study design
for sensitivity analysis. In the Maternal and Infant Nutrition
Interventions in Matlab (MINIMat study) [22,23], the participants
were divided into two different groups who received early food and
usual food supplementation, respectively. In each of the group,
pregnant women were further divided into three subgroups.
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Child outcome after 5 years (n =1)

Figure 1. Selection of studies included in meta-analysis on antenatal multi-micronutrient supplementations on postnatal child

growth under 5 years.
doi:10.1371/journal.pone.0088496.g001

Participants in the three subgroups were supplemented with
multiple micronutrients or 60 mg iron+folic acid or 30 mg iron+
folic acid. The two groups were treated as two different studies for
analysis.

We also attempted to investigate the trend of the mean
difference of the outcomes between the intervention and control
groups over time by visual inspection. For dichotomous variables,
the pooled Mantel-Haenszel risk ratio and its 95% confidence
interval (95% CI) were reported. We did a post ioc model selection
for data synthesis. Heterogeneity was assessed by using 7%, /* and
Chi® statistics, significant heterogeneity was confirmed when /*>
50% or P<<0.1. We presented the results on the basis of a random-
effect model when the test for heterogeneity was significant.
Otherwise, the results of a fixed-effect model were presented. We
also used funnel plot asymmetry to detect any potential publication
bias and Egger’s regression test to measure funnel plot asymmetry.
The between-study data synthesis and heterogeneity assessment
were performed with RevMan software (version 5.1; The
Cochrane Collaboration, Oxford, United kingdom) [19]. Com-
prehensive meta-analysis (Comprehensive Meta-analysis Version
2, Biostat, Englewood NJ) was employed to pool within-study data
(when there are multiple intervention or control groups) and to
perform the trend analysis. STATA (Version 12.0, Stata Corp,
College Station, Texas) was used to perform Egger’s regression
test.

To explore the possible influence of those covariates on child
growth change, we further conducted a series of pre-specified
subgroup analyses stratified by duration of the intervention (<
=25 weeks vs. >25 weeks), supplemental differences [United
Nations International Multiple Micronutrient Preparation (UN-
IMMAP) vs. Non-UNIMMAP] and age of children (<=12
months vs. >12 months). For studies of high risk, sensitivity
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analysis were undertaken to explore risk factors that have an
impact on the outcomes and to assess the robustness of the results.

Results

Study Identification

The detailed processes of the study selection are shown in
Figure 1. We identified seven titles in Chinese [24-30] and thirty
titles in English [11-13,15,16,22,23,31-54] that were potentially
eligible. Of the seven Chinese studies, five were about effects of
one or two micronutrients supplementation during pregnancy on
posterity growth and were excluded [25-29]. Two studies explored
the effect of maternal multiple micronutrients supplementation on
postnatal growth of the children [24,30]. However, we failed to
obtain full text or useable information of the two eligible studies
and hence they were excluded. Of the thirty titles in English, one
mnvestigated vitamin supplementation of HIV positive pregnant
women and the effect on child growth [47], fourteen investigated
antenatal supplementation with one or two micronutrients
supplementation and were excluded [11-13,39,41,42,44,45,48—
50,52-54]. The remaining fifteen articles examined the effect of
maternal supplementation of multiple micronutrients, of which
two have no prespecified control groups [40,43] and the one
evaluated the outcomes of children over 5 years old [51]. The
remaining twelve articles [15,16,22,23,31-38] were derived from
nine different trials and were included for final analysis. We also
identified two ongoing trials registered in ClinicalTrial.gov
[55,56]. No data was available from these two studies for analysis.

Characteristics and Quality of the Included Studies

Table 1 summarizes the characteristics of the included studies.
Of the twelve included titles from nine trials, eleven are full reports
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1. Weight (kg) Intervention

—Study or Subgroup  Mean SD Total Mean SD Total Weight

lannotti et al., 2007 96 096 115 937
Khan etal., 2012 1389 16 366 13.83
Khanetal.,2012-early 13.83 155 395 13.88
Neufeld et al., 2002 6 071 222 597
Schmidt et al., 2001 6108 72 62
Vaidya et al., 2008 109 154 462 10.697
Total (95% Cl) 1632

Heterogeneity: Chiz=6.21, df =5 (P = 0.29); I = 19%
Test for overall effect: Z = 1.62 (P =0.11)

2. Height (cm)

lannotti et al., 2007 7413 245 115 7395
Khan et al., 2012 99.8 4.15 366 99.81
Khanetal., 2012-earlly ~ 99.9 4.18 395 100.3
Neufeld et al., 2002 597 19 222 598
Schmidt et al., 2001 60.7 255 72 612
Vaidya et al., 2008 84.07 483 462 83.76
Total (95% Cl) 1632

Heterogeneity: Chi? = 4.61, df = 5 (P = 0.47); I?= 0%
Test for overall effect: Z = 0.44 (P = 0.66)

3. Head circumference (cm)

lannotti et al., 2007 4555 123 115 4565
Khan et al., 2012 4799 159 366 47.97
Khanetal., 2012-early  48.07 145 395 47.95
Vaidya et al., 2008 4664 149 462 464
Total (95% Cl) 1338

Heterogeneity: Chi? =
Test for overall effect: Z = 1.97 (P = 0.05)

3.87,df =3 (P =0.28); I*=22%

4. WAZ
Dijkhuizen et al., 2004

-0.06 0.74 32 -0.06
Khan etal., 2011 -1.79 085 260 -1.79
Khanetal, 2011-early -1.78 0.82 290 -1.74
Vaidya et al., 2008 -1.63 1.08 462 -1.76
Total (95% Cl) 1044

Heterogeneity: Chiz = 3.07, df = 3 (P = 0.38); I=2%
Test for overall effect: Z = 0.95 (P = 0.34)

5. HAZ
Dijkhuizen et al., 2004

08 071 32 -081
Khan et al., 2011 -162 091 260 -161
Khanetal,2011-early -1.55 0.92 290 -1.49
Vaidya et al., 2008 22 112 462 -2.28
Total (95% Cl) 1044

Heterogeneity: Chi? = 1.86, df = 3 (P = 0.60); I? = 0%
Test for overall effect: Z=0.25 (P = 0.81)

6. WHZ
Dijkhuizen et al., 2004

066 083 32 068
Khan et al., 2011 424 081 260 -1.25
Khanetal,2011-early -1.27 0.81 290 -1.28
Vaidya et al,, 2008 028 112 462 -04
Total (95% CI) 1044

Heterogeneity: Chi? = 1.31, df = 3 (P = 0.73); I?= 0%
Test for overall effect: Z=1.24 (P =0.22)
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Figure 2. Effect of antenatal multimicronutrient supplementation on child growth under 5 years in randomized controlled trials.

doi:10.1371/journal.pone.0088496.9002
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Time Points Mean and 95% CI

f

at birth (N=7)

1st month (N=1)
2nd month (N=1)
3rd month (N=2)
4th month (N=2)

5th month (N=1) —_—
RN W—

6th month (N=1)

7th month (N=1) =
8th month (N=1)
9th month (N=1)
10th month (N=1)
11th month (N=1) —
12th month (N=1) o

24th month (N=1)
30th month (N=1)
54th month (N=1)

-1.00 -0.50 0.00

Favours control

1.00

Favours intervention

Figure 3. Mean difference of weight over time.
doi:10.1371/journal.pone.0088496.9003

[15,16,22,23,31,33—-38], one is a conference abstract [32] that
provided eligible data. Nine trials were from eight different
countries. Two were from Indonesia [16,31,33], the other seven
studies were from Mexico [32], Peru [34,35], Nepal [36],
Bangladesh [22,23], Burkina Faso [37], China [38] and Iran
[15], respectively. Five studies [22,23,36-38] used UNIMMAP
package which contains 15 different micronutrients for the
intervention group. In most of the studies, the control group
received supplement with iron and folic acid or iron alone except
one study took placebo as control [15]. Almost all of the included
studies initiated the interventions in the second trimester (1327

gestational weeks) until delivery. Only one study offered the
supplements to the enrolled women at 8-10 weeks of gestation
[32]. The duration of the interventions ranged from 16 to 32
weeks. After delivery, the minimum follow-up period of newborn
infants was three month [32] and the maximum was fifty-four
months [22,23].

The included trials were of variable methodological quality.
Participants were adequately randomized to the treatment groups
in five trials [22,23,36-38] whereas the method used for
generating the randomization sequence was not described in
sufficient detail in the remaining studies [15,16,31-35] to permit

il i Mean and 95%d1

at birth (N=7) ——
1st month (N=1)
2nd month (N=1)
3rd month (N=2)
4th month (N=2)
5th month (N=1)
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7th month (N=1)
8th month (N=1)
9th month (N=1)
10th month (N=1)
11th month (N=1)
12th month (N=1)
24th month (N=1)
30th month (N=1)
54th month (N=1)

I

|

¥1_|l||||

-1.00 -0.50 0.00

Favours control

Rk

0.50 1.00

Favours intervention

Figure 4. Mean difference of height over time.
doi:10.1371/journal.pone.0088496.9g004
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judgment. Allocation of participants into the intervention and
control groups was concealed in nine trials [16,22,23,33-38],
whereas allocation was unclear in the remaining three trials
[15,31,32]. In nine trials [15,22,23,33-38], the participants,
caregivers and the outcome assessors were blinded to the
treatment allocation. In other three trials, one [31] showed
blinding of participants and caregivers; one [16] showed blinding
of outcome assessors only; and the remaining study [32] was a
double blind trial but it was not clear as to who was blinded. Loss
to follow up was less than 10% in nine trials [16,22,23,31,34-38].
It was more than 10% in one trial [33]; and no reported in two
trials [15,32]. Intention-to-treat analysis was used in all of the
trials. As a whole, the risk of the bias of the included studies was
relative low except two trials [32,33].

Effect on Anthropometry of Children

We noted that there were no significant between-study
heterogeneity in the effects of antenatal multimicronutrient
supplementation on child growth at weight, height, head
circumference, chest circumference, WAZ, HAZ and WHZ.
Coefficients of inconsistency ([2) were 19%, 0%, 22%, 0%, 2%,
0% and 0%, respectively. Using the fixed-effects model, antenatal
multimicronutrient supplementation increases child head circum-
ference (SMD =0.08, 95% CI: 0.00-0.15, p = 0.05) compared with
supplementation with two micronutrient or less. However,
antenatal multimicronutrient supplementation did not significantly
affect weight (SMD =0.06, 95% CI: —0.01-0.12, P=0.11), height

(SMD=-0.02, 95% CI: —0.08-0.05, P=0.66), WAZ
(SMD=0.04, 95% CI. —0.04-0.13, P=0.34), HAZ
(SMD=0.01, 95% CI: —0.07-0.10, P=0.81) and WHZ

(SMD =0.05, 95% CI. —0.03-0.14, P=0.22) (Figure 2). In
terms of the effect of multimicronutrient supplementation on chest
circumference, a positive effect (SMD =0.34, 95% CI: 0.08-0.16,
P=0.01) was found based on two included studies (data not shown
in figures).

Effect on Growth Trend of Children

Since the growth trajectory of children may change over time, it
is possible that the difference of growth measures were not stable
in childhood. The trend of the mean difference of the outcomes
was explored by visual evaluation. For studies [15,16,22,23,31-38]
providing data of weight and height for analysis, we choose weight
and height as the measurement for the trend analysis. The pooled
mean difference of weight and height at different time points were
plotted (Figure 3 & Figure 4). As illustrated in Figure 3 (V
stands for the number of studies from which the data was pooled),
the mean difference of weight between children in MMN group
and control group seemed to increase over time during the first
year of infancy gradually and then reach the plateau after that. By
contrast, no obvious trend of growth or decrease was observed in
Figure 4. The height of children did not differ between different
groups at any of the observational periods. The trend analysis
enhanced the reliability of our findings that MMN supplementa-
tion of pregnant women benefit the growth of weight rather than
height of children.

Subgroup and Sensitivity Analyses

In general, there were no statistically significant differences in
the pooled effects of antenatal multimicronutrient supplementa-
tion on weight, height, WAZ, HAZ and WHZ between varied
subgroups stratified by duration of the intervention (< =25 weeks
vs. >25 weeks), supplemental differences (UNIMMAP vs. Non-
UNIMMAP), and age of children (<=12 months vs. >12
months). SMD (95% CI) of weight were 0.13 (0.02—0.24) (p = 0.02)
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and 0.01 (—0.08-0.10) (p=0.82) in the <=25 and >25 weeks of
the intervention groups, respectively. Also SMD (95% CI) of head
circumference were 0.12 (0.00-0.23) (p=0.05) and 0.05 (—0.05—
0.15) (p=10.36) in the < =25 and >25 weeks of the intervention
groups, respectively. Sensitivity analysis showed that the pooled
effects were largely similar when analyses limited to high quality

studies (Table 2).

Publication Bias

Publication bias was examined by analyzing funnel plots and
Egger’s regression tests for all pooled effects. These plots were
symmetrical (data not shown), and Egger’s regression also
suggested no significant asymmetry of the funnel plot for the
overall effects of antenatal multimicronutrient supplementation on
weight, height, head circumference, WAZ, HAZ and WHZ
(»p=0.901, 0.543, 0.276, 0.636, 0.751 and 0.452, respectively) in all
eligible studies.

Discussion

This meta-analysis summarized the effect of multimicronutrient
supplementation during pregnancy on postnatal child growth
under 5 years old. The results indicated that antenatal multi-
micronutrient supplementation had a significant positive effect on
head circumference of children under 5 years of age. No impact of
the supplementation during pregnancy was found on weight,
height, WAZ, HAZ and WHZ of children.

Benefits of multiple micronutrients supplementation of pregnant
women on birth and pregnant outcomes has been reported by
several meta-analyses. Haider ef al reported that incidence of
small-for-gestational age was significant lower in mothers who
received multiple micronutrients during pregnancy compared with
mothers who were supplemented with iron+folic acid antenatally
(Relative Risk =0.87; 95% CI: 0.81-0.95 (fixed model)) [18]. This
was consistent with the meta-analysis by Ramakrishnan et a/ [17].
Additionally, multimicronutrient supplementation during preg-
nancy also reduced the incidence of low birth weight [17,18].
However, no evidence was available to indicate whether the
benefits on birth outcome will last to postnatal period.

The present meta-analysis focused on the growth of offspring
under 5 years of HIV-negative mothers. We found that maternal
multimicronutrient supplementation during pregnancy generated
positive effects on head circumference of children. Two main sets
of explanations could be proposed for such postnatal effects. First,
multimicronutrient improves fetal growth, and that gain would be
sustained as such during early life. For instance, zinc, contained in
the multimicronutrient, is a necessary component for placental
alkaline phosphatase and a regulator of insulin-like growth factor I
activity in osteoblast formation [57]. Zn supplementation was
associated with significantly higher head circumference in a 1995
randomized study of 580 African-American pregnant women [58].
Second, a hypothesis implied that prenatal micronutrients might
be required for enzymatic, hormonal, or immunologic pathways
that are important for later growth. Prenatal zinc was illustrative of
this mechanistic polymorphism. Prenatal zinc may protect the
infants from growth faltering episodes of infectious origin [59].
Prenatal zinc might also be important to ensure hyperplasia in
muscle cells that will later grow in size [60]. Moreover, greater
stores at birth could also trigger the production of more growth
hormones, such as insulin-like growth factor I, in early life [61].
Prenatal selenium [62] and vitamin A [63] could also play a role in
postnatal growth. However, the statistical significance in the
overall estimation may thus be overestimated since the conclusion
was drawn from only small number of studies in our analysis.
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Table 2. Subgroup analysis of the effects of antenatal multimicronutrient supplementation on postnatal child growth.
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No. of 12 for between-study P for between-study
Subgroup studies SMD (95% ClI) p value Heterogeneity (%) heterogeneity
All studies
Weight 6 0.06 (—0.01,0.49) 0.11 19 0.29
Height 6 —0.02 (—0.08,0.05) 0.66 0 0.47
Head circumference 4 0.08 (0.00,0.15) 0.05 22 0.28
WAZ 4 0.04 (—0.04,0.13) 0.34 2 0.38
HAZ 4 0.01 (—0.07,0.10) 0.81 0 0.60
WHZ 4 0.05 (—0.03,0.14) 0.22 0 0.73
Duration of the intervention: < =25 weeks
Weight 3 0.13 (0.02,0.24) 0.02 32 0.23
Height 3 0.04 (—0.07,0.15) 0.49 10 0.33
Head circumference 2 0.12 (0.00,0.23) 0.05 62 0.10
WAZ 2 0.12 (—0.01,0.24) 0.07 0 0.62
HAZ 2 0.07 (—0.06,0.19) 0.28 0 0.82
WHZ 2 0.10 (—0.02,0.23) 0.1 0 0.60
Duration of the intervention: >25 weeks
Weight 3 0.01 (—0.08,0.10) 0.82 0 0.75
Height 3 —0.05 (—0.14,0.04) 0.27 0 0.64
Head circumference 2 0.05 (—0.05,0.15) 0.36 0 0.50
WAZ 2 —0.03 (—0.14,0.09) 0.67 0 0.68
HAZ 2 —0.04 (—0.16,0.08) 0.50 0 0.63
WHZ 2 0.01 (=0.10,0.13) 0.84 0 0.99
Supplements: UNIMMAP
Weight 3 0.05 (—0.03,0.13) 0.19 37 0.21
Height 3 —0.01 (—0.09,0.07) 0.86 29 0.25
Head circumference 3 0.09 (0.01,0.17) 0.03 17 0.30
WAZ 3 0.04 (—0.04,0.13) 0.34 34 0.22
HAZ 3 0.01 (—0.08,0.10) 0.81 0 0.39
WHZ 3 0.05 (—0.03,0.14) 0.20 0 0.55
Supplements: Non-UNIMMAP
Weight 3 0.07 (—0.07,0.20) 0.33 34 0.21
Height 3 —0.04 (—0.17,0.10) 0.55 0 0.43
Head circumference 1 —0.07 (—0.33,0.18) 0.57 - -
WAZ 1 0.00 (—0.49,0.49) 1.00 - =
HAZ 1 0.01 (—0.47,0.50) 0.96 - -
WHZ 1 —0.03 (—0.51,0.46) 0.92 - =
Age of children: < =12 months
Weight 2 0.00 (—0.16,0.16) 0.98 20 0.28
Height 2 —0.08 (—0.24,0.08) 0.31 0 0.44
Head circumference 0 - - - -
WAZ 1 0.00 (—0.49,0.49) 1.00 - -
HAZ 1 0.01 (—0.47,0.50) 0.96 - -
WHZ 1 —0.03 (—0.51,0.46) 0.92 - -
Age of children: >12 months
Weight 4 0.07 (—0.01,0.14) 0.08 40 0.17
Height 4 —0.00 (—0.08,0.08) 1.00 6 0.36
Head circumference 4 0.08 (0.00,0.15) 0.05 22 0.28
WAZ 3 0.04 (—0.04,0.13) 0.34 34 0.22
HAZ 3 0.01 (—0.08,0.10) 0.81 0 0.39
WHZ 3 0.05 (—0.03,0.14) 0.20 0 0.55
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Therefore, more studies are needed to further confirm this
conclusion.

Although a positive effect of multiple micronutrients supple-
mentation on chest circumference was also found, only two studies
measuring chest circumferences were included in the current
analysis [34,36]. The sum of sample sizes in these two studies may
not be sufficiently large to have enough statistical power [64].
Therefore, it was not reliable enough to draw the conclusion that
antenatal multimicronutrient supplementation had a significant
positive effect on chest circumference. More relevant studies are
needed to confirm this association. Meanwhile, no evidence that
supported benefits on weight, height, WAZ, HAZ and WHZ were
present. The possible explanation for the lack of effects might be
that the follow-up time was not long enough to reveal the true
effect of maternal multimicronutrient supplementation on children
[38].

Subgroup analysis showed a marginally significantly favorable
effect on weight and head circumference in the <=25 weeks of
the intervention group but not in the >25 wecks of the
intervention group. The inverse relation between weight and
head circumference changes and duration of intervention is
unclear. It may be related to diet fatigue and thus less attention
paid to the diet or lower adherence in prolonged periods of
mtervention. In terms of height, WAZ, HAZ and WHZ, no
significant positive effects were present in both subgroups.
Sensitivity analyses showed that the pooled effects were largely
similar when analyses limited to high quality studies. It suggested
that low quality studies did not overestimate the effect of antenatal
multimicronutrient supplementation on child growth.

We also plotted the SMD at different time points for qualitative
trend analysis. Since the growth trajectories of children are
normally nonlinear, the synthesis of data of earlier and later age is
questioned. The interaction of age and treatment was reported in
some of the included studies. In the study by lannotti et al [34], the
positive effect of intervention diminished over time. Similar result
was observed by Roberfroid et al [37] who reported that the
difference of HAZ of children in intervention and control group
narrowed gradually as the children grew up. One intriguing
questions arised. That is whether the superiority of weight in
childhood in MMN group is just the persistence of difference at
birth or is the postnatal accumulation. As reported by Vaidya et al
[36], the 204 g advantage of adjusted weight of children in
intervention group was made up of 77 g existing difference at birth
and 127 g postnatal accretion. However, in the study from China,
the 42 g difference birth weight of children between the
intervention and control group vanished postnatally [38]. Hence,
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Table 2. Cont.
No. of 12 for between-study P for between-study
Subgroup studies SMD (95% ClI) p value Heterogeneity (%) heterogeneity
Limited to high quality study
Weight 5 0.06 (—0.01,0.13) 0.12 36 0.19
Height 5 —0.01 (—0.08,0.06) 0.79 11 0.34
Head circumference 4 0.08 (0.00,0.15) 0.05 22 0.28
WAZ 3 0.04 (—0.04,0.13) 0.34 34 0.22
HAZ 3 0.01 (—0.08,0.10) 0.81 0 0.39
WHZ 3 0.06 (—0.03,0.14) 0.20 0 0.55
doi:10.1371/journal.pone.0088496.t002

the superiority of birth weight did not guarantee that in later life of
children.

Strengths

In this meta-analysis, only those randomized controlled trials
that address effects of maternal multiple micronutrients supple-
mentation during pregnancy on the growth of children under 5
years were included in the overall effect estimation and all sub-
analyses. The effects of these studies would represent a long-term
steady-state rather than a remodeling transient state. Moreover, all
studies, except two small studies, were high-quality trials.
Furthermore, we attempted to investigate the trend of the mean
difference of weight and height between the intervention and
control groups over time by the trend analysis. Finally, the result
was unlikely to be due to publication bias. The Egger’s regression
tests suggested no significant asymmetry of the funnel plot for all
the overall effect estimations in our study.

Limitations

This meta-analysis had some limitations. First, of 12 included
studies, only two studies [22,23] were followed for 54 months and
another for 30 months. The other studies were followed for less
than two years. Few long-time follow-up studies limited us to
evaluate the long-term effect of multiple micronutrients supple-
mentation during pregnancy on postnatal child health. Second,
although SMD has been well widely used as an effect to remove
the discrepancies of measure units, the outcome was difficult to
interpret [65]. The values of SMD cannot be explained as the
magnitude of the treatment effect directly. We did not apply mean
difference as our size effect considering that growth conditions at
different age and in different settings may vary largely. Third, we
only chose the data of the final observation for analysis. For studies
with repeated measures, four alternative methods were proposed
for analysis z.e. the initial or final time-point analysis, specific time-
point analysis, all time-points analysis and trend analysis [21]. In
this review, we chose to utilize the data of the final observation for
analysis due to the insufficiency of data for specific time-point
analysis (the pre-specified time points were 3, 6, 12 and 24
months). All time-point analysis was abandoned because this
method violates the assumption of independence for statistical
inference. Fourth, we failed to investigate the effect of several
important confounding factors such as the baseline nutritional
status of mothers, social economic status of the family, feeding
patterns during infancy because this information provided by our
included studies was so limited. Overall, however, the quality of
our included studies was methodologically high. The publication
bias was not significant of each of our outcomes.
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Conclusions

In conclusion, this meta-analysis showed that antenatal multi-

micronutrient supplementation had a significant positive effect on
head circumference of children under 5 years of age. No impact of
the supplementation was found on weight, height, WAZ, HAZ,
and WHZ of children. The conclusion needed to be further
verified by rigorously designed and implemented clinical trials.

Supporting Information

Checklist S1 PRISMA 2009 Checklist.
(DOC)

References

1.

20.

21.

22.

Benoist Bd, McLean E, Egll I, Cogswell M (2008) Worldwide prevalence of
anaemia 1993-2005: WHO global database on anaemia: World Health
Organization.

. World Health Organization (2009) Global Prevalence of Vitamin A Deficiency

in Populations at Risk 1995-2005: WHO global database on vitamin A
deficiency. WHO, Geneva 283.

. Vandevijvere S, Amsalkhir S, Van Oyen H, Moreno-Reyes R (2012) High

prevalence of vitamin d deficiency in pregnant women: a national cross-sectional

survey. PLoS One 7: 43868.

. Allen LH (2000) Anemia and iron deficiency: effects on pregnancy outcome.

The American journal of clinical nutrition 71: 1280s-1284s.

. Abu-Saad K, Fraser D (2010) Maternal nutrition and birth outcomes.

Epidemiologic Reviews 32: 5-25.

. Roberts G, Cheong J, Opie G, Carse E, Davis N, et al. (2013) Growth of

extremely preterm survivors from birth to 18 years of age compared with term
controls. Pediatrics 131: e439-445.

. Von Beckerath AK, Kollmann M, Rotky-Fast C, Karpf E, Lang U, et al. (2013)

Perinatal complications and long-term neurodevelopmental outcome of infants
with intrauterine growth restriction. Am J Obstet Gynecol 208: 130 e131-136.

. Rouse DJ (2003) Potential cost-effectiveness of nutrition interventions to prevent

adverse pregnancy outcomes in the developing world. J Nutr 133: 1640S-1644S.

. Edejer TT, Aikins M, Black R, Wolfson L, Hutubessy R, et al. (2005) Cost

effectiveness analysis of strategies for child health in developing countries. BMJ

331: 1177.

. Hong J, Park EA, Kim Y], Lee HY, Park BH, et al. (2008) Association of

antioxidant vitamins and oxidative stress levels in pregnancy with infant growth
during the first year of life. Public Health Nutrition 11: 998-1005.

. Prawirohartono EP, Nystrom L, Ivarsson A, Stenlund H, Lind T (2011) The

impact of prenatal vitamin A and zinc supplementation on growth of children up
to 2 years of age in rural Java, Indonesia. Public Health Nutr 14: 2197-2206.

. Osendarp SJ, van Raaij JM, Darmstadt GL, Baqui AH, Hautvast JG, et al.

(2001) Zinc supplementation during pregnancy and effects on growth and
morbidity in low birthweight infants: a randomised placebo controlled trial.
Lancet 357: 1080-1085.

. Hamadani JD, Fuchs GJ, Osendarp SJ, Huda SN, Grantham-McGregor SM

(2002) Zinc supplementation during pregnancy and effects on mental
development and behaviour of infants: a follow-up study. Lancet 360: 290-294.

. Alnwick DJ (1998) Combating micronutrient deficiencies: problems and

perspectives. Cambridge Univ Press. 137-147.

. Zekavat OR, Mohandes M, Imanieh MH, Rad FH, Karimi M (2012) Is zinc an

essential factor in maternal health status and fetal and neonatal growth? Trace
Elements and Electrolytes 29: 239-245.

Schmidt MK, Muslimatun S, Schultink W, West CE, Hautvast JGAJ (2002)
Randomised double-blind trial of the effect of vitamin A supplementation of
Indonesian pregnant women on morbidity and growth of their infants during the
first year of life. European Journal of Clinical Nutrition 56: 338-346.

. Ramakrishnan U, Grant FK, Goldenberg T, Bui V, Imdad A, et al. (2012) Effect

of multiple micronutrient supplementation on pregnancy and infant outcomes: a
systematic review. Paediatr Perinat Epidemiol 26 Suppl 1: 153-167.

. Haider BA, Bhutta ZA (2012) Multiple-micronutrient supplementation for

women during pregnancy. Cochrane Database Syst Rev 11: CD004905.

. Higgins JP, Green S, Collaboration C (2008) Cochrane handbook for systematic

reviews of interventions: Wiley Online Library.

Higgins J, Altman D, Gotzsche P, Jiini P, Moher D, et al. (2011) Cochrane Bias
Methods Group; Cochrane Statistical Methods Group. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials BMJ 343:
d5928.

Peters JL, Mengersen KL (2008) Meta-analysis of repeated measures study
designs. J Eval Clin Pract 14: 941-950.

Khan AI, Kabir I, Ekstrom E-C, Asling-Monemi K, Alam DS, et al. (2011)
Effects of prenatal food and micronutrient supplementation on child growth
from birth to 54 months of age: a randomized trial in Bangladesh. Nutr J 10:
134.

. Khan A, Kabir I, Hawkesworth S, Ekstrom EC, Arifeen S, et al. (2012) Early

invitation to food and/or multiple micronutrient supplementation in pregnancy

PLOS ONE | www.plosone.org

Maternal MMN Supplement and Postnatal Child Growth

Acknowledgments

We are grateful for the help of medical research librarian in Sun Yat-sen
University Medical Library involved in literature searching in this study.

Author Contributions

Conceived and designed the experiments: WL ZL CZ. Performed the
experiments: WL ZL CZ. Analyzed the data: WL ML CZ. Contributed
reagents/materials/analysis tools: WL ML ZL. Wrote the paper: WL ZL
CZ.

does not affect body composition in offspring at 54 months: Follow-up of the
MINIMat randomised trial, Bangladesh. Maternal and Child Nutrition.

24. An Haibin (2000) Effect of calcium, iron and zinc supplementation during
pregnancy on health and development of fetus and infant. Guangzhou Sun Yat-
sen University.

25. Yuzhong S, Ling Z, Baoyun S, Xuding S, Honghai 7 (2000) Effect of iron
supplementation during pregnancy and lactation on the growth and develop-
ment of infant. Shandong Medical Journal 40: 22.

26. Huang J (2001) Effect of zinc supplementation on birth outcome and
developmental indices of neonates. Occupation and Health 17: 108-109.

27. Dong H (2004) Studies on Correlation of Maternal Zinc Intervention and
Pregnancy Outcome. Guangxi: Guangxi Medical University.

28. Zhou Ming, Lei Fang, Wang Zhenlin (2004) Effect of zinc supplementation on
mental development and behavior of infant. Foreign Medical Sciences(Section of
Medgeography) 25: 19-21.

29. Hou X (2007) Effect of nutritional status of pregnant women on iron status of
infant. Chongqing: Chongqing Medical University.

30. Qiaozhen H (2008) Effect of multiple micronutrients supplementation during
third trimester on physical and mental devlopment of infant. Guangzhou: Sun
Yat-sen University.

31. Schmidt MK, Muslimatun S, West CE, Schultink W, Hautvast JGAJ (2001)
Vitamin A and iron supplementation of Indonesian pregnant women benefits
vitamin A status of their infants. British Journal of Nutrition 86: 607-615.

32. Neufeld LM, Ramakrishnan U, Gonzalez-Cossio T, Rivera JA, Martorell R
(2002) Effect of multiple micronutrient supplements during pregnancy on child
size at 3 months: A randomized double blind clinical trial in semi-rural Mexico.
FASEB Journal 16: A1028.

33. Dijkhuizen MA, Wieringa F'T, West CE, Muhilal (2004) Zinc plus beta-carotene
supplementation of pregnant women is superior to beta-carotene supplemen-
tation alone in improving vitamin A status in both mothers and infants. Am J Clin
Nutr 80: 1299-1307.

34. lannotti L (2007) Maternal zinc supplementation: Growth, body composition,
and morbidity outcomes through infancy [Ph.D.]. United States — Maryland:
The Johns Hopkins University, M1-3262438.

35. lannotti LL, Zavaleta N, Leon Z, Shankar AH, Caulficld LE (2008) Maternal
zinc supplementation and growth in Peruvian infants. American Journal of
Clinical Nutrition 88: 154-160.

36. Vaidya A, Saville N, Shrestha BP, Costello AMDL, Manandhar DS, et al. (2008)
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 371: 492-499.

37. Roberfroid D, Huybregts L, Lanou H, Ouedraogo L, Henry M-C, et al. (2012)
Impact of prenatal multiple micronutrients on survival and growth during
infancy: a randomized controlled trial. American Journal of Clinical Nutrition
95: 916-924.

38. Wang W, Yan H, Zeng L, Cheng Y, Wang D, et al. (2012) No effect of maternal
micronutrient supplementation on early childhood growth in rural western
China: 30 month follow-up evaluation of a double blind, cluster randomized
controlled trial. European Journal of Clinical Nutrition 66: 261-268.

39. Hunt IF, Murphy NJ, Cleaver AE, Faraji B, Swendseid ME, et al. (1985) Zinc
supplementation during pregnancy in low-income teenagers of Mexican descent:
effects on selected blood constituents and on progress and outcome of
pregnancy. American journal of Clinical Nutrition 42: 815-828.

40. Czeizel AE, Dobo M (1994) Postnatal somatic and mental development after
periconceptional multivitamin supplementation. Archives of Disease in Child-
hood 70: 229-233.

41. Belizan JM, Villar J, Bergel E, Del Pino A, Di Fulvio S, et al. (1997) Long-term
effect of calcium supplementation during pregnancy on the blood pressure of
offspring: Follow up of a randomised controlled trial. British Medical Journal
315: 281-285.

42. Preziosi P, Prual A, Galan P, Daouda H, Boureima H, et al. (1997) Effect of iron
supplementation on the iron status of pregnant women: Consequences for
newborns. American Journal of Clinical Nutrition 66: 1178-1182.

February 2014 | Volume 9 | Issue 2 | 88496



43.

44,

46.

47.

48.

49.

50.

51.

53.

Dobo M, Czeizel AE (1998) Long-term somatic and mental development of
children after periconceptional multivitamin supplementation. European Journal
of Pediatrics 157: 719-723.

Tamura T, Goldenberg RL, Ramey SL, Nelson KG, Chapman VR (2003)
Effect of zinc supplementation of pregnant women on the mental and
psychomotor development of their children at 5 y of age. American Journal of
Clinical Nutrition 77: 1512-1516.

. Yuan W, Geng G, Chen A, Wu S, Zhang Z, et al. (2004) Effects of Zinc

Supplementation of Rural Pregnant Women on the Growth of Offspring in
Early Childhood. Fudan University Journal of Medical Sciences 31: 496-501.
Perez EM, Hendricks MK, Beard JL, Murray-Kolb LE, Al E (2005) Mother-
Infant Interactions and Infant Development Are Altered by Maternal Iron
Deficiency Anemial. The Journal of Nutrition 135: 850-855.

Villamor E, Saathoff E, Bosch RJ, Hertzmark E, Baylin A, et al. (2005) Vitamin
supplementation of HIV-infected women improves postnatal child growth.
American Journal of Clinical Nutrition 81: 880-888.

Jarjou LMA, Prentice A, Sawo Y, Laskey MA, Bennett J, et al. (2006)
Randomized, placebo-controlled, calcium supplementation study in pregnant
Gambian women: effects on breast-milk calcium concentrations and infant birth
weight, growth, and bone mineral accretion in the first year of life. American
Journal of Clinical Nutrition 83: 657-666.

Zhou SJ, Gibson RA, Crowther CA, Baghurst P, Makrides M (2006) Effect of
iron supplementation during pregnancy on the intelligence quotient and
behavior of children at 4y of age: Long-term follow-up of a randomized
controlled trial. American Journal of Clinical Nutrition 83: 1112-1117.
Abdel-Aleem H, Merialdi M, Elsnosy ED, Elsedfy GO, Abdel-Aleem MA, et al.
(2009) The effect of calcium supplementation during pregnancy on fetal and
infant growth: A nested randomized controlled trial within WHO calcium
supplementation trial. Journal of Maternal-Fetal and Neonatal Medicine 22: 94—
100.

Stewart CP, Christian P, LeClerq SC, West KP, Jr., Khatry SK (2009) Antenatal
supplementation with folic acid+iron+zinc improves linear growth and reduces
peripheral adiposity in school-age children in rural Nepal. Am J Clin Nutr 90:
132-140.

. Checkley W, Jr. West KP, Wise RA, Baldwin MR, Wu L, et al. (2010) Maternal

Vitamin A Supplementation and Lung Function in Offspring. New England
Journal of Medicine 362: 1784-1794.

Hawkesworth S, Sawo Y, Fulford AJC, Goldberg GR, Jarjou LMA, et al. (2010)
Effect of maternal calcium supplementation on offspring blood pressure in 5-to

PLOS ONE | www.plosone.org

1

56.

57.

58.

60.

61.

62.

63.

64.

Maternal MMN Supplement and Postnatal Child Growth

10-y-old rural Gambian children. American Journal of Clinical Nutrition 92:

741-747.

. Daud NA (2012) Zinc, Igf-1, and Food Intervention in Malnourished Pregnant

Women on Children Body Height after 6 Years in Indonesia. FASEB Journal
26.

. Davis Efficacy of Lipid-Based Nutrient Supplements (LNS) for Pregnant and

Lactating Women and Their Infants. In: ClinicalTrials.gov [Internet]. Bethesda
(MD): National Library of Medicine (US).

Tampere Uo (2012) Supplementing Maternal and Infant Diet With High-
energy, Micronutrient Fortified Lipid-based Nutrient Supplements (LNS)
(iLINS-DYAD-M). In: ClinicalTrials.gov [Internet]. Bethesda (MD): National
Library of Medicine (US).

Matsui T, Yamaguchi M (1995) Zinc modulation of insulin-like growth factor’s
effect in osteoblastic MC3T3-El cells. Peptides 16: 1063-1068.

Hovdenak N, Haram K (2012) Influence of mineral and vitamin supplements on
pregnancy outcome. European Journal of Obstetrics & Gynecology and
Reproductive Biology.

. lannotti LL, Zavaleta N, Leon Z, Huasquiche C, Shankar AH, et al. (2010)

Maternal zinc supplementation reduces diarrheal morbidity in peruvian infants.
The Journal of pediatrics 156: 960-964. ¢962.

Polimeni M, Giorgi S, De Gregorio L, Dragani T, Molinaro M, et al. (1996)
Differentiation dependent expression in muscle cells of ZT3, a novel zinc finger
factor differentially expressed in embryonic and adult tissues. Mechanisms of
development 54: 107-117.

Roberfroid D, Huybregts L, Lanou H, Henry M-C, Meda N, et al. (2008) Effects
of maternal multiple micronutrient supplementation on fetal growth: a double-
blind randomized controlled trial in rural Burkina Faso. The American journal
of clinical nutrition 88: 1330-1340.

Neville T, Caton J, Hammer C, Reed J, Luther ], et al. (2010) Ovine offspring
growth and diet digestibility are influenced by maternal selenium supplemen-
tation and nutritional intake during pregnancy despite a common postnatal diet.
Journal of animal science 88: 3645-3656.

Prawirohartono EP, Nystrom L, Ivarsson A, Stenlund H, Lind T (2011) The
impact of prenatal vitamin A and zinc supplementation on growth of children up
to 2 years of age in rural Java, Indonesia. Public Health Nutr 14: 2197-2206.

Moher D, Dulberg CS, Wells GA (1994) Statistical power, sample size, and their
reporting in randomized controlled trials. JAMA-Journal of the American
Medical Association-US Edition 272: 122-124.

. Cummings P (2011) Arguments for and against standardized mean differences

(effect sizes). Arch Pediatr Adolesc Med 165: 592-596.

February 2014 | Volume 9 | Issue 2 | 88496



