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Abstract
Background—Multiple micronutrient deficiencies are common among women in low-income
countries and may adversely affect pregnancy outcomes.

Objective—This meta-analysis reports the effects on newborn size and duration of gestation of
multiple micronutrient supplementation mainly compared with iron plus folic acid during
pregnancy in recent randomized, controlled trials.

Methods—Original data from 12 randomized, controlled trials in Bangladesh, Burkina Faso,
China, Guinea-Bissau, Indonesia, Mexico, Nepal, Niger, Pakistan, and Zimbabwe, all providing
approximately 1 recommended dietary allowance (RDA) of multiple micronutrients to presumed
HIV-negative women, were included. Outcomes included birthweight, other birth measurements,
gestation, and incidence of low birthweight (LBW) (< 2,500 g), small-for-gestational age birth
(SGA, birthweight below the within-each-population 10th percentile), large-for-gestational age
birth (LGA, birthweight above the within-each-population 90th percentile), and preterm delivery
(< 37 weeks).

Results—Compared with control supplementation (mainly with iron–folic acid), multiple
micronutrient supplementation was associated with an increase in mean birthweight (pooled
estimate: +22.4 g [95% CI, 8.3 to 36.4 g]; p = .002), a reduction in the prevalence of LBW (pooled
OR = 0.89 [95% CI, 0.81 to 0.97]; p = .01) and SGA birth (pooled OR = 0.90 [95% CI, 0.82 to
0.99]; p = .03), and an increase in the prevalence of LGA birth (pooled OR = 1.13 [95% CI, 1.00
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to 1.28]; p = .04). In most studies, the effects on birthweight were greater in mothers with higher
body mass index (BMI). In the pooled analysis, the positive effect of multiple micronutrients on
birthweight increased by 7.6 g (95% CI, 1.9 to 13.3 g) per unit increase in maternal BMI (p for
interaction = .009). The intervention effect relative to the control group was + 39.0 g (95% CI,
+22.0 to +56.1 g) in mothers with BMI of 20 kg/m2 or higher compared with –6.0 g (95% CI, –8.8
to +16.8 g) in mothers with BMI under 20 kg/m2. There were no significant effects of multiple
micronutrient supplementation on birth length or head circumference nor on the duration of
gestation (pooled effect: +0.17 day [95% CI, –0.35 to +0.70 day]; p = .51) or the incidence of
preterm birth (pooled OR = 1.00 [95% CI, 0.93 to 1.09]; p = .92).

Conclusions—Compared with iron–folic acid supplementation alone, maternal supplementation
with multiple micronutrients during pregnancy in low-income countries resulted in a small
increase in birthweight and a reduction in the prevalence of LBW of about 10%. The effect was
greater among women with higher BMI.

Keywords
Birth outcomes; birthweight; iron–folic acid; maternal body mass index; meta-analysis; multiple
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Introduction
Low birthweight (LBW), resulting from restricted fetal growth, preterm birth, or both, is a
persistent problem in disadvantaged populations of low-income countries and is associated
with increased infant morbidity and mortality, childhood stunting and cognitive impairment,
and an increased risk of adult chronic disease [1–4]. Short maternal height (resulting from
undernutrition when the mother was herself a fetus and child) and low maternal body weight
(resulting from undernutrition before and during pregnancy) are well-established causes of
LBW [5, 6]. Randomized, controlled trials have shown that protein and energy
supplementation during pregnancy has a positive effect on birthweight, assessed at 37.62 g
(–0.21 to 75.45 g) in the latest meta-analysis [7]. The small size of this effect may be due to
limiting micronutrient deficiencies.

Mothers in low-income countries frequently have inadequate micronutrient intakes [8].
Iron–folic acid supplements for pregnant women have been routinely recommended for use
in most countries for several decades, but there is no consistent evidence of improvement in
birthweight or other birth outcomes. Given the requirement for a whole range of
micronutrients in metabolic pathways, repletion of only one or two micronutrients in a
woman who has multiple deficiencies is likely to be ineffective. Since distribution systems
are already in place to deliver iron–folic acid tablets to pregnant women, multiple
micronutrient supplements may be a relatively cost-effective way of improving pregnancy
outcomes in undernourished populations [8]. A Cochrane Collaboration systematic review
of multiple micronutrient supplementation trials in pregnancy, published in 2006, concluded
that compared with iron-folate supplementation, there were reductions in LBW and small-
for-gestational age (SGA) births, but these were not statistically significant [9]. This paper is
a review and meta-analysis of birth outcomes from 12 recently conducted randomized,
controlled trials in 10 low-income countries in Asia (Bangladesh [10], China [11], Indonesia
[12, 13], Nepal [14, 15], and Pakistan [16]), Africa (Burkina Faso [17], Guinea-Bissau [18],
Niger [19], and Zimbabwe [20]), and Central and South America (Mexico [21]).
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Methods
Details of the 12 randomized, controlled trials and the exact composition of the multiple
micronutrients and control tablets used in each study are provided in the accompanying
paper by Margetts et al. [22]. In brief, the investigators recruited mainly HIV-negative
women, started supplementation in pregnancy rather than preconceptionally, and used a
multiple micronutrient formulation that delivered approximately 1 RDA (recommended
dietary allowance) daily. Nine studies used the United Nations International Multiple
Micronutrient Preparation (UNIMMAP) of UNICEF/United Nations University/World
Health Organization, while the studies in Mexico, Nepal (Sarlahi), and Zimbabwe used
slightly different preparations. The UNIMMAP tablets contain 30 mg of iron, whereas the
control tablets in most of the studies using the UNIMMAP supplement provided 60 mg of
iron [22]. In trials with more than one control group, we compared outcomes in the group
receiving multiple micronutrients with outcomes in the control group providing iron–folic
acid in the doses closest to those in the multiple micronutrient supplement. Six trials were
cluster randomized (China, Indonesia [Indramayu], Indonesia [Lombok], Nepal [Sarlahi],
Pakistan, and Niger).

Outcomes included birthweight, other birth measurements (length, head circumference, and
mid-upper-arm circumference, where available), duration of gestation, and incidence of
LBW (< 2,500 g), small-for-gestational-age (SGA) birth (birthweight below the within-
each-study-population 10th percentile for gestational age), large-for-gestational age (LGA)
birth (birthweight above the within-each-study-population 90th percentile), and preterm
delivery (gestation < 37 weeks). We used within-population definitions of SGA and LGA
rather than using an external reference, because commonly used external references are
derived from populations in high-income countries and would have produced very high rates
of SGA and negligible rates of LGA; we were interested in the effect of the supplement on
extremes of birthweight within each population.

Statistical methods
We initially excluded mothers who were known to be HIV positive, known to be carrying
multiple pregnancies, or were assigned to intervention groups other than the selected control
group or the group receiving multiple micronutrients. Only one pregnancy per woman (the
earliest) was included. For the analyses reported in this paper on birth outcomes, the analysis
was further restricted to live births occurring after at least 28 weeks of gestation, babies
measured within 72 hours after delivery, and babies whose gestational age at delivery was
recorded as at least 28 weeks (196 days) and less than 45 weeks (315 days). For the
outcomes SGA, LGA, gestational age, and preterm delivery, the sample was further
restricted to exclude babies with implausible combinations of birthweight and gestational
age (see below). Random-effects meta-regression models were used, adjusted for cluster
design where appropriate, to derive treatment effects in each trial, pooled values, and forest
plots. Effect size estimates were also derived after adjustment for the infant’s sex and
maternal age, weight (at recruitment), parity, and education. Heterogeneity between studies
was tested with the use of the I-square statistic with a significance level set at < .10.
Interaction tests were used to explore differences in supplementation effects according to
maternal age, parity, height, and BMI and the gestational age at which supplementation
started. All were treated as continuous variables, except for parity, which was categorized in
two ways, into two groups (nulliparous versus multiparous women) and into three groups
(parity of 0, 1, or ≥ 2). Both linear and quadratic interactions were tested. Maternal BMI was
measured at recruitment, which occurred at various gestational ages and was therefore
adjusted to a gestational age of 105 days (15 weeks) using linear regression analysis, within
each study.
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Exclusion of implausible gestational age data
Gestational ages based on the date of the last menstrual period are often underestimated in
population studies [23–27]. Many combinations of birthweight and gestational age were
implausible in the data from the 12 trials (fig. 1), suggesting frequent underestimation of
gestational age. This phenomenon was particularly marked in Pakistan and Niger, leading to
an implausibly high incidence of preterm delivery (29% and 41%, respectively). To
overcome this problem, a “generic” fetal growth curve was constructed using sex-specific
10th, 50th, and 90th percentile values for birthweight at gestational ages of 27 to 45 weeks
from an external reference, based on more than 2 million births in the United States [28].
From this curve, mean (± SD) birthweight values at different gestational ages were derived.
This curve was then applied to data from each of the 12 trials, scaled down according to the
full-term birthweight (38 to 40 weeks) in each location. Mean (± SD) values for birthweight
at all gestational ages were derived for each study. Babies whose birthweight was more than
3 SD above or below the gestation-specific mean were excluded from analyses of outcomes
involving gestational age (SGA, LGA, gestational length, and preterm deliveries). Data
excluded in this way are indicated by open circles in figure 1.

Results
The numbers of mothers included in the analysis of birth outcomes ranged from 583 in
Mexico to 13,270 in Indonesia (Lombok). The mean birthweight (babies in both trial
groups) ranged from 2,649 g in Bangladesh to 3,198 g in China, and mean gestation ranged
from 263 days (37.6 weeks) in Niger to 279 days (39.9 weeks) in China. Additional details
on maternal anthropometry and other characteristics are given in table 2 of the paper by
Margetts et al. in this issue [22].

Birthweight
Results for birthweight and prevalence of LBW, SGA, and LGA births are shown in table 1
and figures 2 and 3. Compared with the control group, multiple micronutrient
supplementation was associated with an increase in mean birthweight (pooled estimate: +
22.4 g [95% CI, 8.3 to 36.4 g]; p = .002; range across studies: + 4.9 to + 75.5 g). There were
reductions in the incidence of LBW (pooled OR = 0.89 [95% CI, 0.81 to 0.97]; p = .01;
range, 0.70 to 1.24) and SGA birth (pooled OR = 0.90 [95% CI, 0.82 to 0.99]; p = .03;
range, 0.73 to 1.05). There was an increase in LGA births (pooled OR = 1.13 [95% CI, 1.00
to 1.28]; p = .04). These results were not significantly altered when adjusted for the infant’s
sex and the mother’s age, weight, parity, and education. The size of the effect on birthweight
was unrelated to the mean birthweight in each population (fig. 2) (p-value for meta-
regression slope = .75). There was no significant heterogeneity between studies.

Interactions with maternal characteristics
We examined whether the effects of multiple micronutrients on birthweight varied according
to maternal age, parity, BMI, and height. The Indonesia (Indramayu), Nepal (Sarlahi), and
Mexico studies showed significant linear interactions with maternal BMI, with a larger
effect of multiple micronutrient supplementation on birthweight as maternal BMI increased
(figs. 4 and 5). Meta-analysis (fig. 5) showed an overall difference in effect on birthweight
between the multiple micronutrient and control groups of 7.6 g (95% CI, 1.9 to 13.3 g) per
kilogram per square meter increase in maternal BMI (p for interaction = .009). There was
moderate heterogeneity among studies (I2 = 36%, p = .10) (fig. 5). In some studies, the
intervention effect relative to the control group was negative in women with low BMI (fig.
4). In a pooled analysis of all studies, the intervention effect relative to the control group
was +39.0 g (95% CI, +22.0 to +56.1 g) in mothers with BMI of 20 kg/m2 or higher,
compared with –6.0 g (95% CI, –28.8 to +16.8 g) in mothers with BMI less than 20 kg/m2, a
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difference that was highly statistically significant (p < .001) and did not change after
adjustment for maternal age and education.

The Guinea-Bissau and Niger studies showed significant interactions with maternal height,
with larger effects on birthweight in taller mothers. However, this effect was inconsistent
between studies, and there was no significant overall effect (the difference in the effect on
birthweight between multiple micronutrient supplementation and iron–folic acid
supplementation was + 1.4 g per centimeter increase in maternal height; p for interaction = .
18). The Burkina Faso study showed a positive effect of the intervention with multiple
micronutrients on birthweight in multiparous mothers, but no effect in nulliparous mothers.
The opposite was true in the Nepal (Janakpur) and Pakistan studies. In a pooled analysis,
there was no significant interaction with parity, regardless of how the data were categorized
(p for interaction = 0.7 using parity as a binary variable, nulliparous versus multiparous).
There was no significant interaction between supplement type and maternal age.

Other birth measurements
Birth length was available in all 12 studies except Indonesia (Lombok). There were no
significant effects of micronutrient supplementation on birth length in any individual study
(range, –0.2 to +0.7 cm), and there was no significant effect in the meta-analysis (pooled
estimate, +0.06 cm; p = .20). Head circumference was measured in 10 studies (not in
Bangladesh or Mexico). The mean effect of multiple micronutrient supplementation ranged
from –0.4 to +0.3 cm. The meta-analysis showed no overall effect (pooled estimate, +0.03
cm; p = .47). Mid-upper-arm circumference was measured in three studies (Pakistan,
Burkina Faso, and Guinea-Bissau). The effect of multiple micronutrient supplementation
ranged from +0.1 to +0.8 cm. The meta-analysis showed no overall effect (pooled estimate,
+0.6 cm; p = .16).

Duration of gestation and preterm births
The intervention with multiple micronutrients was not associated with an increase in
gestation (pooled effect, +0.17 days [95% CI, –0.35 to +0.70]; p = .51; range, –0.76 to +2.2
days) or a reduction in preterm births (pooled OR = 1.00 [95% CI, 0.93 to 1.09]; p = .92;
range, 0.72 to 1.13) (table 1 and fig. 3).

Duration of supplementation
There was no evidence that starting supplements earlier in pregnancy was associated with
greater effects (data not shown).

Fully adjusted analyses
The findings for all outcomes were little changed if we adjusted for maternal weight, age,
parity, and education and infant’s sex (see pooled adjusted estimates in table 1). The
findings were similar if the raw data were used and if subjects with implausible gestational
ages were retained, and there were no changes in the main findings if the Mexico trial, in
which the control group received iron alone, was excluded.

Discussion
We had the privilege of access to the raw data from 12 recent, high-quality, randomized,
controlled trials, all carried out with similar protocols in low-income countries. All used a
multiple micronutrient supplement providing approximately 1 RDA of an extensive range of
vitamins and minerals (nine used an identical multiple micronutrient supplement,
UNIMMAP [United Nations International Multiple Micronutrient Preparation]). Overall,
multiple micronutrient supplementation led to a significant, although small, increase (22.4 g)
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in birthweight, reductions in LBW and SGA births (11% and 10%, respectively), and an
increase (13%) in LGA births, compared with iron–folic acid (nine trials), iron–folic acid
and vitamin A (one trial), iron alone (one trial), or placebo (one trial). There were no
significant increases in other birth measurements (length, head circumference, and mid-
upper-arm circumference), although data on mid-upper-arm circumference were limited.
There was a consistent lack of effect on the duration of gestation or the incidence of preterm
delivery. The effect of multiple micronutrient supplementation on birthweight therefore
appears to be due mainly to an increase in size for gestational age (indicating more rapid
fetal growth) and to increased soft tissue rather than skeletal growth and to be manifested by
an upward shift in the entire birthweight distribution. The effect on birthweight of multiple
micronutrient supplementation was most strongly positive in mothers with higher BMI. In
mothers with low BMI, the effect of multiple micronutrients relative to the control group
was close to zero in most studies and was negative in some studies (fig. 4).

The increase in birthweight and reduction in LBW and SGA births was consistent with the
results of an earlier meta-analysis [9] and with other, more recent trials [29, 30]. There was
no increase in other birth measurements. The Burkina Faso trial reported a 2.9-mm increase
in birth length [17], but there was no significant effect in the subset of pregnancies included
in this meta-analysis, and none of the other original trials reported an increase in birth
length. There was no reduction in preterm births. This conclusion seems robust, because
although gestational age was clearly inaccurately estimated in some studies (fig. 1), there
was no effect of multiple micronutrient supplementation on gestation or incidence of
preterm delivery, even in the studies in which very few babies were excluded because of
implausible associations between birthweight and gestation.

An important question is whether the small overall increase in birthweight translates into
functional benefits for the children. Based on the relationship of birthweight to infant
mortality [28], an increase of 22.4 g would be expected to result in a negligible reduction in
infant mortality. Only 1 of the 12 trials (Lombok, Indonesia) [13] was powered to examine
this outcome, and this trial showed a reduction in infant mortality. However, a meta-analysis
in this issue by Ronsmans et al. of infant mortality in the 12 trials [31] showed no reduction
in stillbirths, perinatal mortality, or early and late neonatal mortality. There are now some
published studies of other functional outcomes in the children born in these trials. The Nepal
(Sarlahi) group found no benefits of multiple micronutrient supplementation on morbidity in
infancy [32]. However, the Nepal (Janakpur) study group recently reported that at 2.5 years,
children of mothers who had taken multiple micronutrient supplements were on average 200
g heavier than control children, had larger head, chest, and mid-upper-arm circumferences
and triceps skinfold thickness, and lower systolic blood pressure [33]. More such follow-up
studies are needed in order to weigh up the potential public health benefits of multiple
micronutrient supplementation. Effects on the well-being of the mother also need to be
included in the assessment of benefits; the paper by Allen and Peerson in this issue [34]
showed that multiple micronutrient supplementation improved maternal hemoglobin and
micronutrient status.

We found that multiple micronutrient supplementation was associated with an increase in
the incidence of LGA babies (defined as above the 90th within-population percentile) as
well as a reduction in the incidence of SGA babies. In debates about nutritional interventions
in malnourished women, concern has been expressed about the possibility of inducing
cephalopelvic disproportion and thus increasing the number of obstructed deliveries [35].
Against this is the argument that interventions would have their maximal effect at the lower
end of the birthweight range and would prevent LBW but not produce an increase in the
number of large babies [36]. Our analysis showed that multiple micronutrient
supplementation produced an upward shift of the whole birthweight distribution. The Nepal
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(Sarlahi) study group has carried out a detailed analysis of the birthweight distribution in the
different arms of their trial [37]. Multiple micronutrient supplementation increased
birthweight across the whole distribution, in contrast to the other interventions (folic acid,
iron–folic acid, and iron–folic acid–zinc), which specifically reduced the number of babies
in the lower tail of the distribution. The authors suggested that reporting the change in mean
birthweight is not a sufficient description of the effects of an intervention. They argued that
interventions acting mainly at the lower end of the distribution may be preferable to those
that produce a rightward shift of the whole distribution, and that the latter may even be
harmful and could explain the (nonstatistically significant) increases in birth asphyxia and
neonatal mortality in the group receiving multiple micronutrients in their study [37–39].
Head size is the neonatal measurement most likely to influence the risk of cephalopelvic
disproportion. In our analysis, there was no significant effect of multiple micronutrient
supplementation on newborn head circumference. However, the duration of labor and the
incidence of assisted or operative delivery were not included in our analysis, and it would be
important to consider these outcomes in further work. Data on these outcomes were not
included in most of the publications from these 12 trials.

The positive effect of multiple micronutrient supplementation on birthweight was greatest in
heavier women (fig. 4). The corollary of this was that the mean effect on birthweight among
women with low BMI was around zero for most studies. The trials were not designed to
examine interactions with maternal size, and these post hoc analyses must therefore be
treated with caution [40, 41]. However, it is reasonable to speculate that micronutrients are
not optimally utilized in the presence of maternal energy deficiency and may conceivably
place additional strain on energy-deficient mothers because of the need to metabolize them.

We suggest that better evidence of functional benefits for mothers and children is required
before multiple micronutrients can be recommended on a large scale in place of iron–folic
acid. The data on infant mortality presented by Ronsmans et al. in this issue [31] suggest
that further research and monitoring in studies with larger sample sizes are required. We
included in our meta-analysis only studies that provided approximately 1 RDA of multiple
micronutrients. The Guinea-Bissau trial included in this review had a 2× RDA group, and
the increase in birthweight was larger than in the 1× RDA group [18]. Another study in
Tanzania, using supplements containing twice the RDA of micronutrients, in HIV-positive
mothers, also showed a large effect on birthweight and a 44% reduction in LBW [42].
However, a 2× RDA supplement for HIV-negative women in the same setting [43] did not
suggest any greater benefit. There is evidence from animal studies that improvements in
maternal nutrition require more than one generation to produce improvements in fetal
growth [44]. In the Guatemala INCAP trial, maternal supplementation with Atole (a high-
energy, highprotein, multiple micronutrient supplement) had no significant effect on
birthweight compared with Fresco (a supplement containing the same micronutrients but
less energy and no protein), but the children grew taller [45]. This should produce improved
birth outcomes in the next generation [46]. Such long-term follow-up will be needed to
establish the full effects of nutritional interventions in mothers. It is important that the trials
included in our analysis be utilized to their full potential in this way.

There is already good evidence that micronutrient supplementation before conception has
benefits for fetal development. The best example is periconceptional folic acid
supplementation, which reduces the incidence of neural tube defects [47]. Supplementation
of women only after they know that they are pregnant is therefore clearly a less than optimal
intervention. Furthermore, there is growing evidence that maternal undernutrition in the
periconceptional period increases the risk of preterm delivery [48, 49] and reduces fetal
growth, even if nutrition improves later in pregnancy. Future research should include studies
of maternal nutrient repletion before as well as during pregnancy.
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In conclusion, supplementation of pregnant women with 1 RDA of multiple micronutrients
increases birthweight and substantially reduces the rates of LBW and SGA births. The effect
on birthweight is greater in women with higher BMI and is very small in energydeficient
mothers. There appears to be an upward shift of the whole birthweight distribution, resulting
in an increase in LGA births. Further research is needed to assess the effects of these
changes in fetal growth on future health and capacity.
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FIG. 1.
Scatterplots of birthweight according to gestational age, for each of the 12 trials, showing
(open circles) data removed because of implausible combinations of birthweight and
gestational age (all based on the “restricted sample”)
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FIG. 2.
Mean (95% CI) birthweight for multiple micronutrient (filled circles) and control (open
circles) groups in each center
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FIG. 3.
Random-effects model forest plots for effects of MMN supplementation compared with
controls on (a) birthweight, (b) low birthweight, (c) SGA births, (d) LGA births, (e)
gestation and (f) pre-term delivery
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FIG. 4.
Effect on birthweight of MMN supplementation relative to the control group according to
maternal BMI. The lines are truncated to the 5th and 95th percentiles for BMI for each
dataset
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FIG. 5.
Random effects model showing the interaction between maternal BMI and supplement
effect. The effect size indicates the change in birthweight (g) in the MMN group relative to
the control groups per unit increase in maternal BMI
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