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Effect of Maternal Multiple Micronutrient vs Iron–Folic Acid
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IMPORTANCE Maternal micronutrient deficiencies may adversely affect fetal and infant
health, yet there is insufficient evidence of effects on these outcomes to guide antenatal
micronutrient supplementation in South Asia.

OBJECTIVE To assess effects of antenatal multiple micronutrient vs iron–folic acid
supplementation on 6-month infant mortality and adverse birth outcomes.

DESIGN, SETTING, AND PARTICIPANTS Cluster randomized, double-masked trial in Bangladesh,
with pregnancy surveillance starting December 4, 2007, and recruitment on January 11,
2008. Six-month infant follow-up ended August 30, 2012. Surveillance included 127 282
women; 44 567 became pregnant and were included in the analysis and delivered 28 516
live-born infants. Median gestation at enrollment was 9 weeks (interquartile range, 7-12).

INTERVENTIONS Women were provided supplements containing 15 micronutrients or
iron–folic acid alone, taken daily from early pregnancy to 12 weeks postpartum.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause infant mortality
through 6 months (180 days). Prespecified secondary outcomes in this analysis included
stillbirth, preterm birth (<37 weeks), and low birth weight (<2500 g). To maintain overall
significance of α = .05, a Bonferroni-corrected α = .01 was calculated to evaluate statistical
significance of primary and 4 secondary risk outcomes (.05/5).

RESULTS Among the 22 405 pregnancies in the multiple micronutrient group and the 22 162
pregnancies in the iron–folic acid group, there were 14 374 and 14 142 live-born infants,
respectively, included in the analysis. At 6 months, multiple micronutrients did not
significantly reduce infant mortality; there were 764 deaths (54.0 per 1000 live births) in the
iron–folic acid group and 741 deaths (51.6 per 1000 live births) in the multiple micronutrient
group (relative risk [RR], 0.95; 95% CI, 0.86-1.06). Multiple micronutrient supplementation
resulted in a non–statistically significant reduction in stillbirths (43.1 vs 48.2 per 1000 births;
RR, 0.89; 95% CI, 0.81-0.99; P = .02) and significant reductions in preterm births (18.6 vs
21.8 per 100 live births; RR, 0.85; 95% CI, 0.80-0.91; P < .001) and low birth weight (40.2 vs
45.7 per 100 live births; RR, 0.88; 95% CI, 0.85-0.91; P < .001).

CONCLUSIONS AND RELEVANCE In Bangladesh, antenatal multiple micronutrient compared
with iron–folic acid supplementation did not reduce all-cause infant mortality to age 6
months but resulted in a non–statistically significant reduction in stillbirths and significant
reductions in preterm births and low birth weight.
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M ultiple micronutrient deficiencies are common
among pregnant women in resource-poor regions
of the world, especially in southern Asia.1-5 Coex-

isting with poor maternal nutrition across the region
are excessive burdens of low birth weight (LBW) (8%-
55%),6,7 preterm birth (7%-28%),8 small size for gestational
age (22%-71%),7,9 stillbirth (~3%),10 infant mortality
(0.6%-6.7%),7 and maternal mortality (0.2%-0.7%).11,12 Ges-
tational micronutrient deficiencies may contribute to avert-
able adverse birth outcomes.13 For example, iron–folic acid
supplementation is a standard of care during pregnancy in
most low- and middle-income countries, as it reduces risks
of anemia and LBW13,14 and thus represents a suitable inter-
vention against which to evaluate multiple vitamin and min-
eral supplement use. A number of trials have compared
effects of daily, antenatal, multiple micronutrients (MMs)
with iron–folic acid supplementation, revealing modest
increments in birth weight, with consequent reductions in
LBW, but have generally lacked statistical power to discern
effects on infant mortality.13 A cluster randomized trial in
Indonesia reported a 14% reduction in LBW13,15 and 18%
reduction in mortality through age 3 months among infants
whose mothers received a daily antenatal MM vs iron–folic
acid supplement.15 However, data for effects of antenatal
MM supplementation on longer-term infant mortality are
sparse for guiding policies in southern Asia.

We report here the findings of a cluster randomized trial
to estimate effects of antenatal maternal MM vs iron–folic acid
supplementation on infant mortality to age 6 months and ad-
verse birth outcomes in rural Bangladesh.

Methods
We carried out from 2008 through 2012 a cluster randomized,
double-masked trial to compare the efficacy of daily antena-
tal use of an oral 15-micronutrient supplement with an iron–
folic acid supplement (standard of care) in reducing all-cause
infant mortality to age 6 months (180 days). Second, the trial
sought to assess effects of MM vs iron–folic acid supplemen-
tation on prespecified gestational outcomes of stillbirth, pre-
term birth, and LBW. The supplement’s effect on the relative
risk (RR) of being born small in size for gestational age was ex-
plored as a post hoc analysis. Infant mortality was followed up
through age 12 months (365 days). Additional effects of supple-
mentation on maternal and infant morbidity, micronutrient sta-
tus, and infant growth are among secondary outcomes that will
be reported elsewhere.

The study protocol and amendments were approved by the
Johns Hopkins Bloomberg School of Public Health institu-
tional review board, Baltimore, Maryland, and the Bangla-
desh Medical Research Council, Dhaka, Bangladesh (trial pro-
tocol in Supplement 1 and amended trial protocol in
Supplement 2). An international data and safety monitoring
board annually reviewed the trial, procedures, and findings on
primary and selected secondary outcomes. Oral informed con-
sent was provided by study participants. No incentives were
offered for study participation.

Participants and Population Site
The trial was conducted in a contiguous area of 18 of 82 unions
(smallest rural governmental administrative unit) in Gaibandha
plus 1 neighboring union (of 83) in Rangpur Districts of north-
ern Bangladesh. The general area was selected in 2000 for an ear-
lier trial,12 based on comparability with national rural topogra-
phy, infrastructure, population density, ethnicity, health,
nutrition, and services.16 Study unions were selected for their
rural character, contiguity, population size, and road access, lead-
ing us to define a study area of 450 km2 with population of ap-
proximately 650 000. The 19 unions were subdivided into 596
sectors (Figure 1) with a median of 209 households each (inter-
quartile range, 181-241), serving as units of randomization and
assigned field work. All sectors were geographic information sys-
tem (GIS)-mapped and households assigned an address. We used
a preexisting organization of 596 resident, female staff (1 per sec-
tor), organized into 56 field teams, each with 1 to 2 trained in-
terviewers/anthropometrists and a team leader, overseen by 18
coordinators and supervisors, and directed by a senior manage-
ment team. We used a 5-weekly, home-based pregnancy sur-
veillance system, capable of recruiting 5000 to 6000 newly-
wed couples and identifying 12 000 to 15 000 gravida
annually.12,16 A substudy area of 44 sectors, average in study area
characteristics and balanced by intervention group, was iden-
tified for biochemical and body composition studies.

Sample Size
We estimated a sample of 25 130 live-born infants (n = 12 565/
group) would be required to discern a 15% or greater reduction
in 6-month infant mortality based on an expectation of 60 deaths
per 1000 live births in the iron–folic acid control group,12 accept-
ing a type I (α) error of 5%, power (1-β) of 80%, a design effect of
1.15 for cluster randomization, and a 5% loss rate based on ear-
lier studies. We estimated requiring 36 000 pregnancies, assum-
inga30%lossfrominducedabortion,miscarriage,andstillbirth,12

and 2.5 years of recruitment, at 1 pregnancy per eligible woman
under surveillance. However, after the 2008 financial crisis, we
observed a decline in live births due to deferred pregnancies and
increased abortions, requiring us to extend the trial by 1 year and
amend the recruitment goal to 42 500 pregnancies, for which in-
stitutional review board approval was obtained in June 2010.

Randomization
We stratified the contiguous list of 596 sectors into 74 blocks
of 8 each (for the first 592 sectors), plus a 75th block of 4 sec-
tors. A sector-supplement code key with A or B was created
by flip of a coin, reflecting assignment to iron–folic acid or MM
supplementation, and duplicated, and each of 2 copies was
sealed into an envelope by an uninvolved colleague at Johns
Hopkins. We used an in-house program (VBScript, Microsoft)
that recognized 70 possible permutations for n = 8 sectors and
k = 2 supplement allocations and 6 for the last block of n = 4
sectors. Using this program, we randomized sectors within
blocks to 1 of 2 codes such that each permutation had an equal
probability of being chosen. The resulting 2 lists of sectors were
securely transmitted to field headquarters. One envelope with
the code key was securely transmitted to the supplement pro-
ducer and the other sealed in an envelope and secured at Johns
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Hopkins. At no time during the trial did study investigators or
field or data management staff have access to the key.

Study Supplements
The MM supplement tested in this trial was equivalent to a for-
mulation recommended by UNICEF for pregnancy,17 contain-

ing a recommended dietary allowance18 for vitamins A (770-μg
retinol activity equivalents), D (5 μg, or 200 IU), E (15 mg),
B1 (thiamine, 1.4 mg), B2 (riboflavin, 1.4 mg), B3 (niacin, 18 mg),
B6 (pyridoxine, 1.9 mg), B9 (folic acid, 600 μg), B12 (cyanoco-
balamin, 2.6 μg), and C (85 mg); iron (27 mg); zinc (12 mg);
copper (1000 μg); selenium (60 μg); and iodine (220 μg). The

Figure 1. Maternal Multiple Micronutrient vs Iron–Folic Acid Supplementation Trial Flow Diagram

19 Unions (596 sectors) selected for study area
(143 740 women; median, 238 [range,
115-392] per sector)

596 Sectors randomized

8270 Women ineligible for surveillance

8134 Pregnant women excluded
8 Moved
6 Died during pregnancy

5037 Induced abortions
2356 Miscarriage

693 Stillbirth
34 Outcome unknown

8146 Pregnant women excluded
10 Moved
10 Died during pregnancy

5089 Induced abortions
2378 Miscarriage

620 Stillbirth
39 Outcome unknown

41 235 Women excluded
1242 Permanently moved
6126 Sterilized or menopausal

208 Died
33 659 Not pregnant

40 129 Women excluded
1211 Permanently moved
6109 Sterilized or menopausal

221 Died
32 588 Not pregnant

298 Sectors included in analysis
14 142 Infants in analysis (median, 46

[range, 37-57] per sector)
3 Vital status missing

298 Sectors included in analysis
14 374 Infants in analysis (median, 47

[range, 14-96] per sector)
2 Vital status missing

14 028 Pregnancies with ≥1 live birth (median,
46 [range, 13-88] per sector)

14 259 Pregnancies with ≥1 live birth (median,
47 [range, 14-96] per sector)

652 Pregnant women excluded
453 Refused

2 Died
197 Not found

699 Pregnant women excluded
488 Refused

0 Died
211 Not found

8188 Women ineligible for surveillance

22 162 Pregnancies recruited (median, 73
[range, 27-138] per sector)

22 405 Pregnancies recruited (median, 74
[range, 28-128] per sector)

22 814 Pregnancies ascertained (median, 75
[range, 28-142] per sector)

23 104 Pregnancies ascertained (median, 77
[range, 28-130] per sector)

64 049 Women under pregnancy surveillance
(median, 212 [range, 105-322]
per sector)

63 233 Women under pregnancy surveillance
(median, 210 [range, 100-358]
per sector)

298 Sectors randomized to receive iron and
folic acid (72 319 women; median, 239
[range, 131-368] per sector)

298 Sectors randomized to receive multiple
micronutrient (71 421 women; median,
236 [range, 115-392] per sector)

165 Unions in Gaibandha and Rangpur districts

14 142 Live-born infants (13 902 single
births, 240 multiple births)

14 374 Live-born infants (14 124 single
births, 250 multiple births)

Study area comprised 596 study-defined clusters (sectors) in 19 contiguous unions
(18 in Gaibandha, 1 in Rangpur) selected for contiguity, population size, and rural
typology. Prelisted women who moved, became menopausal or sterilized, refused,

were no longer wed, or died by start-up of the trial were deemed ineligible. For
primary outcome of infant mortality to age 6 months (180 days), 5 children with
missing vital status were assumed alive and included in analysis.
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control supplement contained 27 mg of iron and 600 μg of
folic acid.

Supplements were produced in 2 batches 14 months apart.
Premixes were produced by DSM, Singapore, and air-
freighted to Dhaka, where Beximco Pharmaceuticals manu-
factured 8 million tablets of each formulation, identical in ap-
pearance. Tablets were packed into 200-count, opaque plastic
bottles, affixed with codes A or B representing supplement con-
tent, and shipped to the field where logistics staff, unin-
volved in the study, relabeled bottles with sector numbers (001-
596) according to the random allocation list. Bottles remained
under dark, temperature-controlled, and humidity-
controlled conditions until dispensed to field.

Over the course of study, tablets were sampled from field
depots 2 to 3 times annually and tested for nutrient content
10 times, blinded to code at either DSM without charge or by
Medallion Laboratories for a fee. Supplement content ranged
from 80% to 183% of declared values across all nutrients (eTable
1 in Supplement 3).

Procedures
Pregnancy surveillance began on December 4, 2007, and recruit-
ment on January 11, 2008. Using a preexisting list of resident
women, 596 female sector staff visited all households to confirm
eligibility and enlist newly married women aged 12 to 45 years
living with their husbands. Each year women were given a wall
calendar on which to mark the first day of each menstrual period.
Thereafter, every 5 weeks, staff revisited households to continue
enlisting newlyweds and ask women about menstruation in the
past 30 days. Women reporting amenorrhea were asked the date
of the first day of their last menstrual period, checked against
marked calendars, and offered a urinary human chorionic go-
nadotropintest(Orchid)toconfirmpregnancy.Womenwithposi-
tivetestresultswerevisitedwithindaysbyteamleaderswhopro-
vided information about the trial and requested participation.
After women gave oral consent, recorded before a witness, they
were enrolled and provided 14 tablets in address-labeled bottles
per sector allocation. Staff counted and replenished tablets to 14
eachweekandrecordedoutcomesoffetal loss, livebirth,andma-
ternal or infant death. Women moving their residence within the
study area were tracked and dosed by original sector allocation.
Weekly resupply and monitoring visits continued through 12
weeks postpartum.

Fifty-six female interviewers experienced in maternal and
newborn anthropometric assessment7,19 received refresher
training in recording adult weight to the nearest 100 g on Seca
880 digital scales (Seca), standing height to the nearest 0.1 cm
on portable stadiometers, and mid-upper arm circumference
(MUAC) to the nearest 0.1 cm using insertion tapes. Refresher
training was provided for taking newborn weight on Tanita
BD585 scales to the nearest 10 g; length to the nearest 0.1 cm
on local length boards; and head, chest, and arm circumfer-
ences to the nearest 0.1 cm using insertion tapes.

After providing consent, women were visited by inter-
viewers who measured height, weight, and MUAC and col-
lected baseline data on home assets; education; history of preg-
nancy and child mortality; and dietary intake, morbidity, and
tobacco, betel nut, and alcohol use in the past week. In the sub-

study, hemoglobin was assessed at home visits by HemoCue
(Model Hb301).

Gestational age at pregnancy recruitment and outcome were
calculated in the data center, based on the first day of last men-
strual period immediately before positive urine test results and
conveyed to field staff as needed. Miscarriage (spontaneous loss,
<24 weeks’ gestation) and stillbirth (born ≥24 weeks without
breathing, crying, or moving limbs) were investigated within a
month. Live-born infants were assessed for size, delivery com-
plications, and morbidity symptoms shortly after birth (median
age, 8 hours). Newborns were given a 50 000-IU oral dose of vi-
tamin A to reduce risk of infant mortality, demonstrated pre-
viously in this population.20 When the infants were aged 1, 3,
and 6 months, interviewers assessed their vital status, anthro-
pometry, breastfeeding status, and recent histories of morbid-
ity, diet, and health care received. Infant death was investi-
gated by a verbal autopsy interview with parents, data from
which were reviewed by 2 physicians who reached consensus
about primary and underlying causes. Six-month follow-up of
infant status was completed by August 30, 2012.

Statistical Analysis
Baseline maternal and household characteristics, including a liv-
ing standards index,21 were assessed for comparability across
groups and differences tested with a t test and χ2 test for con-
tinuous and dichotomous variables, respectively. Adherence to
supplementation was defined as the percentage of distributed
supplements reported consumed from date of informed con-
sent through 12 weeks after pregnancy outcome, calculated as
the sum of initial supplements given plus those replenished
weekly, based on tablet counts. Distributions (median and in-
terquartile range) of adherence were compared by group.

We estimated RRs and 95% confidence intervals of dichoto-
mous outcomes, using generalized logistic binomial regres-
sion equations (GEE), a log link function, and exchangeable
correlation,22 with the group receiving iron–folic acid supple-
ments as the reference. All outcomes were assessed on an in-
tention-to-treat basis and adjusted for the cluster-randomized
design effect. We first examined effects of maternal MM vs iron–
folic acid supplementation on infant mortality at age younger
than 6 months (180 days), the trial’s primary outcome, with post
hoc exploration of effects on neonatal (deaths at ≤28 days) and
postneonatal (deaths at 29-180 days) mortality. Infants lost to
follow-up were few (n = 5) and assumed alive at 180 days. In-
teractions for mortality at age younger than 6 months were ex-
plored by prespecified effect modifiers of infant sex, birth weight
(<2500 or ≥2500 g), preterm status at birth (<37 or ≥37 weeks’
gestation), season of birth (dry or rainy), maternal adherence
to supplementation (below or ≥median), maternal age (<20 or
≥20 years), gestational age at dosing (<12 or ≥12 weeks), parity
(0 or ≥1), height (<150 or ≥150 cm), body mass index (<18.5 or
≥18.5, calculated as weight in kilograms divided by height in me-
ters squared), maternal MUAC (<21.5 or ≥21.5 cm), betel nut use
(none or any), and household living standards index (below or
≥median). We tested for interactions on mortality to 6 months
using GEE logistic regression models, with a P < .10 (vs <.05) to
enhance power to detect potentially important interactions for
this outcome.
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We estimated RRs and 95% confidence intervals for effects
on prespecified secondary outcomes of stillbirth (fetal death at
≥24 weeks’ gestational age); preterm birth (<37 weeks), includ-
ing substrata of extremely (<28 weeks), very (28 to <32 weeks),

and moderately (32 to <37 weeks) preterm birth; LBW (<2500 g);
and small size for gestational age (weight <10th percentile,23 as
post hoc analysis) using GEE logistic binomial regression equa-
tions, a log link function, and exchangeable correlation,22 with

Table 1. Maternal Characteristics at Pregnancy Enrollment (Baseline) by Supplement Allocation

Iron–Folic Acid Group
(n = 22 162)

Multiple Micronutrient Group
(n = 22 405)

No.a No. (%) No.a No. (%)
Age, yb 22 154 22 395

<20 6159 (27.8) 6118 (27.3)

20-29 11 362 (51.3) 11 465 (51.2)

≥30 4633 (20.9) 4812 (21.5)

Gestational age at urine test, wkb 21 919 22 161

≤7 6252 (28.5) 6346 (28.6)

8-12 10 961 (50.0) 11 123 (50.2)

≥13 4706 (21.5) 4692 (21.2)

Educationb 22 105 22 357

None 6795 (30.7) 6745 (30.2)

Class 1-4 3231 (14.6) 3281 (14.7)

Class 5-9 10 454 (47.3) 10 695 (47.8)

Class ≥10 1625 (7.4) 1636 (7.3)

Reproductive historyb

Parity 22 112 22 361

0 6671 (30.2) 6647 (29.7)

1-3 13 255 (59.9) 13 520 (60.5)

≥4 2186 (9.9) 2194 (9.8)

≥1 Previous fetal loss 16 122 4974 (30.9) 16 375 5106 (31.2)

≥1 Prior infant death 15 439 3452 (22.4) 15 715 3582 (22.8)

Living standards index ≥−0.20859b,c 22 105 11 056 (50.0) 22 347 11 083 (49.6)

Dietary intake ≥3 times in past 7 dd,e

Meat or liver 18 763 2779 (14.8) 19 160 2802 (14.6)

Marine food 18 763 11 982 (63.9) 19 160 12 346 (64.4)

Egg 18 763 3318 (17.7) 19 158 3336 (17.4)

Milk products 18 763 4760 (25.4) 19 159 4999 (26.1)

Yellow vegetables and fruit 18 762 3562 (19.0) 19 158 3685 (19.2)

Dark green leafy vegetables 18 762 4194 (22.4) 19 157 4237 (22.1)

Morbidity ≥1 d in past 7 dd

Poor appetite 18 760 7897 (42.1) 19 162 7934 (41.4)

Nausea 18 760 8802 (46.9) 19 159 8956 (46.8)

Vomiting 18 757 4365 (23.3) 19 161 4377 (22.8)

Low-grade feverf 18 757 6390 (34.1) 19 156 6199 (32.4)

High fever 18 762 590 (3.1) 19 161 603 (3.2)

Productive cough 18 760 2657 (14.2) 19 160 2687 (14.0)

Dysentery 18 760 867 (4.6) 19 159 929 (4.8)

Vaginal discharge 18 760 232 (1.2) 19 159 243 (1.3)

Night blindness 18 762 212 (1.1) 19 160 246 (1.3)

Any tobacco or betel nut use in past 7 dd

Woman

Betel nut chewing 18 759 12 947 (69.0) 19 157 13 258 (69.2)

Tobacco chewingf 18 759 2266 (12.1) 19 154 2464 (12.9)

Husband

Smoking at home 18 759 12 053 (64.2) 19 157 12 462 (65.0)

Height <150 cmd 18 718 9901 (52.9) 19 120 9907 (51.8)

Body mass index <18.5d,g 18 711 7460 (39.9) 19 114 7726 (40.4)

a Number of women out of total in
the iron–folic acid and multiple
micronutrient groups assessed for
each listed variable.

b Variables assessed at baseline
household visit irrespective of
pregnancy status at time of
household visit. Missing data out of
possible n = 22 162 and 22 405
women in the iron–folic acid and
multiple micronutrient groups,
respectively, are as follows: age
(n = 8 and 10), gestational age at
urine test (n = 243 and 244),
education (n = 57 and 48), parity
(n = 50 and 44), prior fetal loss
(n = 1 and 2) and prior infant death
(n = 684 and 662) among women
who reported a previous pregnancy
(n = 16 123 and 16 377), and living
standards index (n = 57 and 58).

c Value of −0.20859 represents the
median in the iron–folic acid group
based on derived index.21

d Variable assessment restricted to
pregnancy, thus not assessed
according to protocol if pregnancy
terminated between dates of urine
test and baseline interview. Missing
data per variable out of possible
n = 18 763 and 19 162 interviews in
the iron–folic acid and multiple
micronutrient groups, respectively,
are as follows: dietary intakes
(n = 0-1 and 2-5), morbidity (n = 1-6
and 0-6), tobacco/betel nut use
(n = 4 and 5-8), height (n = 45 and
42), and body mass index (n = 52
and 58).

e Meat or liver: goat, lamb, beef,
chicken, duck, goose, any animal
liver; marine food: fish (fresh or
dried), shrimp; dairy products: milk,
yogurt; yellow vegetables and fruit:
ripe pumpkin, mango, papaya, or
jackfruit.

f P < .05.
g Calculated as weight in kilograms

divided by height in meters
squared.
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the iron–folic acid group as the reference. Differences between
groupsoncontinuoussecondaryoutcomesofgestationalageand
size measures at birth (weight; length; head, chest, and arm cir-
cumference; and ponderal index [calculated as weight in kilo-
grams divided by height in meters cubed], measured ≤72 hours)
were assessed by GEE linear regression analysis, with an iden-

tity link function and exchangeable correlation for normally dis-
tributed data.22 All secondary analyses were restricted to single-
tons, except stillbirth for which all births were included. P values
for testing differences in outcomes were derived by 2-sided test-
ing of each GEE regression coefficient (null hypothesis: β = 0),
a procedure that accounts for design effect but not for multiple
comparisons. To guide inference about statistical significance
of 2-sided tests when comparing supplement effects across mul-
tiple study outcomes at an overall significance level at α = .05,
we calculated 2 Bonferroni-corrected significance levels by di-
viding the conventional level of .05 by the number of study out-
come comparisons: (1) α = .01 (ie, .05/5), to evaluate statistical
significance of 1 primary plus 4 major secondary risk outcomes
(<6-month infant mortality and stillbirth, preterm birth, LBW,
and small size for gestational age, respectively) and (2) α < .007
(ie, .05/7) for evaluating significance of differences in continu-
ous measures of gestational age; weight; length; head, chest, and
arm circumference; and ponderal index at birth.

Effect sizes for continuous birth outcomes were calcu-
lated based on Cohen d.24 Birth weights were further exam-
ined by plotting normal probability distributions. Analyses were
performed using SAS version 9.3 (SAS Institute).

Results
Among 127 282 women ever under pregnancy surveillance,
64 049 resided in the iron–folic acid and 63 233 in the MM supple-
ment sectors, among whom 22 814 and 23 104, respectively,
became pregnant (Figure 1). Among the 22 162 and 22 405 preg-
nancies recruited into each group, 22.7% (n = 5037 and 5089,
respectively) and 10.6% (n = 2356 and 2378, respectively) ended
in induced abortion and miscarriage, respectively. We ob-
served 14 142 and 14 374 live-born infants in the iron–folic acid
and MM groups, respectively, 99% of whom were singletons and
all of whom contributed to the 6-month mortality analysis.

At baseline, about half of pregnant women in both groups
were in their 20s, and 80% were in the first trimester (Table 1).
Groups did not differ in age, gestational age (median, 9 weeks;

Figure 2. Kaplan-Meier Curves for Infants Through Age 6 Months (180 Days) by Maternal Supplement
Allocation
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Table 2. Risk of Infant Mortality to Age 6 Months (180 Days) and
Stillbirth by Maternal Supplement Allocation

Iron–Folic Acid
Group

Multiple
Micronutrient Group

Mortality at age ≤6 mo (≤180 d)

No. of live births 14 142 14 374

No. of deaths 764 741

Rate per 1000 live births 54.0 51.6

Relative risk (95% CI) 1 [Reference] 0.95 (0.86-1.06)

P valuea .36

Neonatal mortality (≤28 d)

No. of live births 14 142 14 374

No. of deaths 625 626

Rate per 1000 live births 44.2 43.6

Relative risk (95% CI) 1 [Reference] 0.98 (0.88-1.20)

P value .78

Postneonatal mortality (age 29-
180 d)

No. of live births 13 517 13 748

No. of deaths 139 115

Rate per 1000 live births 10.3 8.4

Relative risk (95% CI) 1 [Reference] 0.81 (0.63-1.04)

P value .11

Stillbirths

No. of live and stillbirths 14 858 15 022

No. of stillbirths 716 648

Rate per 1000 live and stillbirths 48.2 43.1

Relative risk (95% CI) 1 [Reference] 0.89 (0.81-0.99)

P valuea .02

a Applicable (5-comparison) Bonferroni-corrected α = .01.
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interquartile range, 7-12 weeks), education, parity, history of
fetal and infant loss, living standard index,21 diet, recent mor-
bidity, tobacco and betel nut use, height, or body mass index.
Adherence was high, with half the women in both groups es-
timated to consume a median of approximately 95% (inter-
quartile range, 84%-100%) of all distributed supplements; 80%
in both groups consumed more than 80% of their intended tab-
lets (eFigure 1 in Supplement 3). Hemoglobin distributions and
anemia prevalence, measured in substudy participants, were
the same by intervention group at baseline (22%), during the
third trimester (42%), and at 3 months postpartum (12%)
(eTable 2 in Supplement 3).

At 6 months (180 days), MM did not significantly reduce
all-cause infant mortality; there were 764 deaths (54.0 per 1000
live births) in the iron–folic acid group and 741 deaths (51.6 per
1000 live births) in the MM group (RR, 0.95; 95% CI, 0.86-
1.06; P = .36). Kaplan-Meier curves for both groups are shown
in Figure 2. Stratification yielded RRs of 0.98 (95% CI, 0.88-
1.20) and 0.81 (95% CI, 0.63-1.04) for neonatal and postneo-

natal mortality, respectively (Table 2). Mortality at less than 6
months did not differ by statistical effect modifiers except for
maternal adherence, with RRs of 1.05 (95% CI, 0.91-1.20) and
0.83 (95% CI, 0.70-0.97) for infants in the MM vs iron–folic acid
groups born to high (above the median) and lower maternal
supplement consumers, respectively (interaction P = .03), and
for sex with RRs of 1.02 (95% CI, 0.89-1.17) and 0.86 (95% CI,
0.74-1.00) for boys and for girls, respectively (interaction
P = .10) (eTable 3 in Supplement 3).

Based on follow-up through 12 months (365 days), there
was no difference in all-cause mortality, reflected by rates of
58.8 per 1000 live births (832 deaths) and 55.5 per 1000 live
births (798 deaths) in the iron–folic acid and MM groups, re-
spectively, and an RR of 0.94 (95% CI, 0.85-1.04).

Leading consensus causes of death at age younger than
6 months were sepsis (17 deaths per 1000 live births), prema-
turity/very low birth weight (14/1000), and birth asphyxia
(14/1000). Relative risks of death attributed to sepsis, diarrhea/
dysentery, and birth asphyxia among infants in the MM vs

Table 3. Risks of Preterm and Low-Weight Births Among Singletons by Maternal Supplement Allocation

Iron–Folic Acid Group
Multiple Micronutrient

Group
Preterm (gestational age <37 wk)

No. with gestational age known 13 333 13 475

No. born preterm 2912 2510

Rate per 100 live births 21.8 18.6

Relative risk (95% CI) 1 [Reference] 0.85 (0.80-0.91)

P valuea <.001

Extremely preterm (gestational age <28 wk)

No. born extremely preterm 136 106

Rate per 100 live births 1.02 0.79

Relative risk (95% CI)b 1 [Reference] 0.75 (0.57-0.97)

P value .03

Very preterm (gestational age 28 to <32 wk)

No. born very preterm 385 291

Rate per 100 live births 2.89 2.16

Relative risk (95% CI)c 1 [Reference] 0.73 (0.62-0.86)

P value <.001

Moderate-to-late preterm (gestational age 32 to <37 wk)

No. born moderate to late preterm 2391 2113

Rate per 100 live births 17.93 15.68

Relative risk (95% CI)d 1 [Reference] 0.87 (0.81-0.93)

P value <.001

Low birth weight (<2500 g)e

No. with birth weight known 10 530 10 642

No. with birth weight <2500 g 4809 4275

Rate per 100 live births 45.7 40.2

Relative risk (95% CI) 1 [Reference] 0.88 (0.85-0.91)

P valuea <.001

Small for gestational agef

No. with gestational age and size known 10 099 10 161

No. born small for gestational age 6479 6405

Rate per 100 live births 64.2 63.0

Relative risk (95% CI) 1 [Reference] 0.98 (0.96-1.01)

P valuea .13

a Applicable (5-comparison)
Bonferroni-corrected α = .01.

b Calculation of relative risk excludes
infants classified as very preterm
and moderate-to-late preterm.

c Calculation of relative risk excludes
newborns classified as extremely
preterm and moderate-to-late
preterm.

d Calculation of relative risk excludes
newborns classified as extremely
preterm and very preterm.

e Based on weight measurements
taken �72 hours after birth.

f Post hoc analysis with small for
gestational age defined as a birth
weight <10th percentile of a
standard reference.23
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iron–folic acid groups were 0.79 (95% CI, 0.66-0.96), 0.33 (95%
CI, 0.12-0.90), and 1.29 (95% CI, 1.05-1.60), respectively (eTable
4 in Supplement 3).

As reported in Table 2, among offspring of MM vs iron–
folic acid supplement mothers, there was a non–statistically
significant reduction in stillbirth (RR, 0.89; 95% CI, 0.81-
0.99; P = .02; Bonferroni-corrected α = .01). A significant re-
duction in preterm birth among newborns in the MM group
was observed (RR, 0.85; 95% CI, 0.80-0.91; P < .001) with com-
parable RRs for extremely preterm, very preterm, and mod-
erate-to-late preterm births (Table 3). A significant reduction
was also observed in LBW among newborns in the MM group
(RR, 0.88; 95% CI, 0.85-0.91; P < .001). A non–statistically sig-
nificant reduction in rates of small size for gestational age was
observed among newborns in the MM vs iron–folic acid group
(RR, 0.98; 95% CI, 0.96-1.01; P = .13).

The mean duration of gestation at birth was 0.30 weeks
(95% CI, 0.21-0.40) longer in the MM vs iron–folic acid group
(P < .001), yielding an effect size of 0.10 (Table 4). Newborns
of MM supplement mothers were larger by 54 g in weight; 0.20
cm in length; 0.10, 0.25, and 0.20 cm in arm, chest, and head
circumferences; and 0.20 in ponderal index, respectively (all
P < .001), with effect sizes ranging from 0.09 to 0.13. All con-
tinuous secondary birth outcome differences were signifi-
cant by the Bonferroni correction (P < .007). Although boys
were slightly larger, differences and effect sizes in gestational
age and birth size associated with maternal MM vs iron–folic
acid use were comparable in both sexes (eTable 5 in Supplement
3). Normalized probability distributions of newborn weight re-
vealed a distributional shift to the right among infants born to
MM vs iron–folic acid mothers (eFigure 2 in Supplement 3).

Discussion
In this typical rural Bangladesh setting, we found no overall
effect on mortality to age 6 months, the primary outcome, in-

cluding the neonatal period, among infants born to mothers
who received daily supplements of MM vs iron–folic acid from
early pregnancy through 12 weeks postpartum. Our study’s null
finding is in agreement with a small number of trials that have
provided an antenatal MM vs iron supplement, with or with-
out folic acid, and found no effect on neonatal mortality.13 How-
ever, trials have often not been designed or powered to detect
differences in later infant mortality or multiple maternal-
fetal and infant outcomes.25,26 Among those that have, our find-
ing is not consistent with an 18% reduction in 3-month infant
mortality after antenatal MM vs iron–folic acid supplementa-
tion in Indonesia15 or a significant reduction in infant mortal-
ity to a year elsewhere in Bangladesh when MM supplemen-
tation was combined with food provision early (although not
later) in pregnancy.27

We observed, however, differences in risk of adverse birth
outcomes. Infants born to MM vs iron–folic acid supplement
mothers had a non–statistically significant reduction in risk of
stillbirth, supporting findings from smaller trials in which
mothers were given MMs from the first trimester onward.13 In-
fants of MM supplement mothers had a reduction in the risk
of preterm birth, including very and moderate-to-mild pre-
term birth. These findings were consistent with slightly lon-
ger gestation, a 55-g increase in birth weight that is equiva-
lent to an average 2-day ponderal increment late in gestation,28

small proportionate increases in other body dimensions, and
reduction in LBW. This size difference is consistent with a 53-g
increment and RR of 0.86 for LBW obtained from systematic
reviews of MM supplementation trials across low-income re-
gions, including South Asia.13,15,29 However, unlike findings
from overviews,13,25,26 we found little difference in the risk of
infants born small for gestational age and thus attribute ob-
served gains in size to longer gestation.

Antenatal MM supplementation may have affected gesta-
tional and fetal nutrition through metabolic pathways other
than those regulated by iron and folate. These include poten-
tial influences on the immune system that could reduce ma-

Table 4. Gestational Age and Newborn Size in Singleton Births by Maternal Supplement Allocation

Iron–Folic Acid Group Multiple Micronutrient Group

Difference (95% CI)a
Effect
Sizeb

No. of Live
Births Mean (SD) No. of Live Births Mean (SD)

Gestational age, wkc 13 333 38.58 (3.08) 13 475 38.88 (2.95) 0.30 (0.21-0.40) 0.10

Birth sized

Weight, g 10 530 2531 (415) 10 642 2585 (407) 54 (41-66) 0.13

Length, cm 10 332 46.46 (2.26) 10 442 46.67 (2.17) 0.20 (0.13-0.27) 0.10

Arm circumference, cme 10 510 9.46 (0.85) 10 617 9.56 (0.82) 0.10 (0.07-0.13) 0.12

Chest circumference, cm 10 468 30.70 (2.08) 10 575 30.95 (2.01) 0.25 (0.18-0.31) 0.12

Head circumference, cm 10 445 32.49 (1.57) 10 563 32.69 (1.51) 0.20 (0.15-0.25) 0.13

Ponderal indexf 10 331 25.11 (2.41) 10 442 25.32 (2.41) 0.20 (0.12-0.29) 0.09

a P < .001 for all between-group comparisons. Applicable (7-comparison)
Bonferroni-corrected α = .007. 95% confidence interval adjusted for design
effect by generalized estimating equations.

b Effect size estimated by Cohen d expressed as a standard normal deviate.24

c Missing data for gestational age at birth: n = 569 in the iron–folic acid group
and n = 649 in the multiple micronutrient group.

d Singleton infants for whom any anthropometry was measured �72 hours after
birth: n = 10 532 in the iron–folic acid group and n = 10 642 in the multiple

micronutrient group. Missing data for each measurement for each group,
respectively, were weight (n = 2 and 0), length (n = 200 and 200), arm
circumference (n = 22 and 25), chest circumference (n = 64 and 67), head
circumference (n = 87 and 79), and ponderal index (n = 201 and 200).

e Left mid-upper arm circumference.
f Ponderal index is an indicator of wasting or adequacy of weight adjusted for

length, calculated as weight in kilograms divided by height in meters cubed.
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ternal, placental, and fetal inflammation from infection30,31;
oxidative metabolism that could reduce pathological stress, im-
prove maternal-placental function, and reduce risk of hyper-
tensive disease32-34; and hormonal balance and epigenetic pro-
gramming that could improve nutrient utilization and embryo-
fetal growth and development.32,35 One pathway that appeared
to be ruled out by our findings and those from Nepal36 could
be through effects of added nutrients on hemoglobin concen-
tration or risk of anemia, which remained unchanged be-
tween groups. Mechanistic studies embedded within human
trials have been few and have yet to show compelling evi-
dence of improved oxidoreductive,33,34,37 host defense,38,39 or
endocrine40 effects to explain influence on the population, re-
vealing future research priorities.

Reasons for a null effect on postnatal survival after im-
provement in some birth outcomes with antenatal MM supple-
ment use remain unknown but may reflect a complex inter-
play between maternal and newborn sizes and differential
responses to supplementation by causes of death. For ex-
ample, we38,41-43 and others27 have raised concern about cepha-
lopelvic complications leading to neonatal asphyxia when birth
size is increased among rural South Asian women of short stat-
ure, which could potentially mask longer-term survival ben-
efit. In the present study, in which more than half of women were
less than 150 cm (4 feet 9 inches) in height, birth size incre-
ments attributed to MM supplementation were comparable by
sex although boys remained larger in size (eTable 5 in
Supplement 3) and twice as likely to die from birth asphyxia
(eTable 4) than girls in the MM group, who in contrast were
smaller in size at birth, exhibited no increased birth asphyxia-
related mortality, and were more likely than girls in the iron–

folic acid group to survive through 6 months (eTable 3). A lower
risk of diarrhea and sepsis (eg, infection)–related mortality
among infants exposed to MM vs iron–folic acid (eTable 4) would
be consistent with known roles of several provided micronu-
trients (eg, vitamins A and D and zinc) in fetal ontogeny of the
immune system, which could enhance postnatal defenses.30,31

Findings from this study should be generalized within its
context and design. The study area is typical of rural
Bangladesh16 but one where, although affected by anemia, little
maternal iron deficiency was found, attributable to high iron
content of potable ground water.44,45 Second, we adopted an
iron–folic acid supplement, a standard of care, rather than a
placebo as a control. These factors suggest caution when draw-
ing inferences about effects among iron-deficient popula-
tions who do not receive supplements. All newborns re-
ceived a 50 000-IU oral dose of vitamin A to reduce risk of
mortality,20 possibly explaining the overall 10% to 15% lower
6-month mortality we observed compared with that esti-
mated from previous data.12 It is possible that this interven-
tion, not yet implemented in South Asia, could have altered
proportionate mortality ratios and thus all-cause infant mor-
tality response.

Conclusions
In Bangladesh, antenatal MM vs iron–folic acid supplementa-
tion did not reduce all-cause infant mortality to age 6 months
but did result in a non–statistically significant reduction in still-
birth and statistically significant reductions in preterm birth
and LBW.

ARTICLE INFORMATION

Author Contributions: Drs West and Christian had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: West, Shamim, Labrique,
Klemm, Christian.
Acquisition, analysis, or interpretation of data: West,
Shamim, Mehra, Labrique, Ali, Shaikh, Klemm, Wu,
Mitra, Haque, Hanif, Massie, Merrill, Schulze,
Christian.
Drafting of the manuscript: West, Christian.
Critical revision of the manuscript for important
intellectual content: West, Shamim, Mehra,
Labrique, Ali, Shaikh, Klemm, Wu, Mitra, Haque,
Hanif, Massie, Merrill, Schulze, Christian.
Statistical analysis: Wu, Christian.
Obtained funding: West.
Administrative, technical, or material support:
Mehra, Shamim, Ali, Shaikh, Mitra, Haque, Hanif,
Merrill.
Study supervision: West, Shamim, Mehra, Labrique,
Ali, Shaikh, Klemm, Merrill, Christian.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Dr West
reported a grant from DSM awarded to the Program
in Human Nutrition at Johns Hopkins Bloomberg
School of Public Health and having given 2 scientific
presentations in 2 consecutive years at DSM in
Basel, Switzerland, with accommodations provided.

Dr Christian reported giving a presentation at DSM
in Basel with accommodations provided. No other
disclosures were reported.

Funding/Support: The JiVitA-3 Trial was funded
through grant OPP614 (Global Control of
Micronutrient Deficiency) from the Bill and Melinda
Gates Foundation (Ellen Piwoz, ScD, Senior
Program Officer). Additional assistance was
received from the Sight and Life Global Nutrition
Research Institute. DSM formulated, prepared, and
delivered in-country micronutrient premixes for
supplement production gratis and tested
supplement potency throughout the trial gratis.
Beximco Pharmaceuticals produced, bottled,
labeled, and delivered to the field site 16 million
study tablets during the trial gratis and delivered an
additional 1 million multiple micronutrient
supplements gratis to support posttrial antenatal
supplement delivery services in the community.

Role of the Funder/Sponsor: The Bill and Melinda
Gates Foundation, DSM, Sight and Life, and
Beximco Pharmaceuticals had no role in the design
of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: Oversight with respect
to data and safety monitoring was provided by an
international board: Nancy Sloan, DrPH, Columbia
University, United States (chair); James Tonascia,
PhD, Johns Hopkins University, United States;

Anthony de Costello, FRCP, University College
London, United Kingdom; Shamsun Nahar, PhD,
King Khalid University, Saudi Arabia; Md.
Khalequzaman, Bangladesh; and Tahmeed Ahmed,
PhD, International Centre for Diarrheal Disease
Research, Bangladesh. Joanne Katz, ScD, Johns
Hopkins University, assisted in analyses for data and
safety monitoring board reports. Alfred Sommer,
MD, Johns Hopkins University, and Mahbubur
Rashid, PhD, Partners in Population and
Development, provided technical guidance. Field
management was overseen by Azaduzzaman.
Rhonda Skinner, Johns Hopkins University, assisted
with the formatting of the manuscript. No one
received compensation besides salary.

REFERENCES

1. Torheim LE, Ferguson EL, Penrose K, Arimond M.
Women in resource-poor settings are at risk of
inadequate intakes of multiple micronutrients. J Nutr.
2010;140(11):2051S-2058S.

2. Arsenault JE, Yakes EA, Islam MM, et al. Very low
adequacy of micronutrient intakes by young
children and women in rural Bangladesh is primarily
explained by low food intake and limited diversity.
J Nutr. 2013;143(2):197-203.

3. Lee SE, Talegawkar SA, Merialdi M, Caulfield LE.
Dietary intakes of women during pregnancy in
low-and middle-income countries. Public Health Nutr.
2013;16(8):1340-1353.

Antenatal Micronutrients, Fetal Health, and Infant Survival Original Investigation Research

jama.com JAMA December 24/31, 2014 Volume 312, Number 24 2657

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

4. Pathak P, Kapil U, Kapoor SK, et al. Prevalence of
multiple micronutrient deficiencies amongst
pregnant women in a rural area of Haryana. Indian J
Pediatr. 2004;71(11):1007-1014.

5. Jiang T, Christian P, Khatry SK, Wu L, West KP Jr.
Micronutrient deficiencies in early pregnancy are
common, concurrent, and vary by season among
rural Nepali pregnant women. J Nutr. 2005;135(5):
1106-1112.

6. Katz J, Lee ACC, Kozuki N, et al; CHERG
Small-for-Gestational-Age-Preterm Birth Working
Group. Mortality risk in preterm and
small-for-gestational-age infants in low-income and
middle-income countries: a pooled country
analysis. Lancet. 2013;382(9890):417-425.

7. Klemm RDW, Merrill RD, Wu L, et al.
Low-birthweight rates higher among Bangladeshi
neonates measured during active birth surveillance
compared to national survey data [published online
May 6, 2013]. Matern Child Nutr. doi:10.1111/mcn
.12041.

8. Blencowe H, Cousens S, Oestergaard MZ, et al.
National, regional, and worldwide estimates of
preterm birth rates in the year 2010 with time
trends since 1990 for selected countries:
a systematic analysis and implications. Lancet.
2012;379(9832):2162-2172.

9. Lee ACC, Katz J, Blencowe H, et al; CHERG
SGA-Preterm Birth Working Group. National and
regional estimates of term and preterm babies born
small for gestational age in 138 low-income and
middle-income countries in 2010. Lancet Glob Health.
2013;1(1):e26-e36.

10. Cousens S, Blencowe H, Stanton C, et al.
National, regional, and worldwide estimates of
stillbirth rates in 2009 with trends since 1995:
a systematic analysis. Lancet. 2011;377(9774):1319-
1330.

11. West KP Jr, Katz J, Khatry SK, et al. Double blind,
cluster randomised trial of low dose
supplementation with vitamin A or beta carotene
on mortality related to pregnancy in Nepal: the
NNIPS-2 Study Group. BMJ. 1999;318(7183):570-575.

12. West KP Jr Christian P, Labrique AB, et al.
Effects of vitamin A or beta carotene
supplementation on pregnancy-related mortality
and infant mortality in rural Bangladesh: a cluster
randomized trial. JAMA. 2011;305(19):1986-1995.

13. Ramakrishnan U, Grant FK, Goldenberg T, Bui V,
Imdad A, Bhutta ZA. Effect of multiple
micronutrient supplementation on pregnancy and
infant outcomes: a systematic review. Paediatr
Perinat Epidemiol. 2012;26(suppl 1):153-167.

14. Christian P, Khatry SK, Katz J, et al. Effects of
alternative maternal micronutrient supplements on
low birth weight in rural Nepal: double blind
randomised community trial. BMJ. 2003;326
(7389):571-576.

15. Shankar AH, Jahari AB, Sebayang SK, et al;
Supplementation with Multiple Micronutrients
Intervention Trial (SUMMIT) Study Group. 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.

16. Labrique AB, Christian P, Klemm RDW, et al. A
cluster-randomized, placebo-controlled, maternal
vitamin A or beta-carotene supplementation trial in
Bangladesh: design and methods. Trials. 2011;12:102.

17. Composition of a multi-micronutrient
supplement to be used in pilot programmes among
pregnant women in developing countries: report of
a United Nations Children's Fund (UNICEF), World
Health Organization (WHO) and United Nations
University workshop. http://www.who.int/iris
/handle/10665/75358. Accessed December 1, 2014.

18. Dietary reference intakes. In: Otten JJ, Hellwig
JP, Meyers LD, eds. The Essential Guide to Nutrient
Requirements. Washington, DC: Institute of Medicine
of the National Academies Press; 2008.

19. Christian P, Klemm R, Shamim AA, et al. Effects
of vitamin A and β-carotene supplementation on
birth size and length of gestation in rural
Bangladesh: a cluster-randomized trial. Am J Clin Nutr.
2013;97(1):188-194.

20. Klemm R, Labrique AB, Christian P, et al.
Impact of newborn vitamin A supplementation on
infant mortality to six months of age:
a double-blind, cluster-randomized,
placebo-controlled trial in rural Bangladesh.
Pediatrics. 2008;120:e240-e250.

21. Gunnsteinsson S, Labrique AB, West KP Jr, et al.
Constructing indices of rural living standards in
northwestern Bangladesh. J Health Popul Nutr.
2010;28(5):509-519.

22. Liang KY, Zeger SL. Longitudinal data analysis
using generalized linear models. Biometrika. 1986;
73:13-22.

23. Alexander GR, Himes JH, Kaufman RB, Mor J,
Kogan M. A United States national reference for
fetal growth. Obstet Gynecol. 1996;87(2):163-168.

24. Cohen J. Statistical Power Analysis for the
Behavioral Sciences. Hillsdale, NJ: Lawrence Erlbaum
Associates; 1988:1-567.

25. Bhutta ZA, Das JK, Rizvi A, et al; Lancet
Nutrition Interventions Review Group; Maternal
and Child Nutrition Study Group. Evidence-based
interventions for improvement of maternal and
child nutrition: what can be done and at what cost?
Lancet. 2013;382(9890):452-477.

26. Haider BA, Bhutta ZA. Multiple-micronutrient
supplementation for women during pregnancy.
Cochrane Database Syst Rev. 2012;11:CD004905.

27. Persson LA, Arifeen S, Ekström E-C, Rasmussen
KM, Frongillo EA, Yunus M; MINIMat Study Team.
Effects of prenatal micronutrient and early food
supplementation on maternal hemoglobin, birth
weight, and infant mortality among children in
Bangladesh: the MINIMat randomized trial. JAMA.
2012;307(19):2050-2059.

28. Villar J, Cheikh Ismail L, Victora CG, et al;
International Fetal and Newborn Growth
Consortium for the 21st Century (INTERGROWTH-
21st). International standards for newborn weight,
length, and head circumference by gestational age
and sex: the Newborn Cross-Sectional Study of the
INTERGROWTH-21st Project. Lancet. 2014;384
(9946):857-868.

29. Osrin D, Vaidya A, Shrestha Y, et al. Effects of
antenatal multiple micronutrient supplementation
on birthweight and gestational duration in Nepal:
double-blind, randomised controlled trial. Lancet.
2005;365(9463):955-962.

30. Palmer AC. Nutritionally mediated
programming of the developing immune system.
Adv Nutr. 2011;2(5):377-395.

31. Romero R, Chaiworapongsa T, Espinoza J.
Micronutrients and intrauterine infection, preterm
birth and the fetal inflammatory response
syndrome. J Nutr. 2003;133(5)(suppl 2):1668S-1673S.

32. Berti C, Biesalski HK, Gärtner R, et al.
Micronutrients in pregnancy: current knowledge
and unresolved questions. Clin Nutr. 2011;30(6):
689-701.

33. Poston L, Igosheva N, Mistry HD, et al. Role of
oxidative stress and antioxidant supplementation in
pregnancy disorders. Am J Clin Nutr. 2011;94(6)
(suppl):1980S-1985S.

34. Mistry HD, Williams PJ. The importance of
antioxidant micronutrients in pregnancy. Oxid Med
Cell Longev. 2011;2011:841749. doi:10.1155/2011
/841749.

35. Christian P. Micronutrients, birth weight, and
survival. Annu Rev Nutr. 2010;30:83-104.

36. Christian P, Shrestha J, LeClerq SC, et al.
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.

37. Hovdenak N, Haram K. Influence of mineral and
vitamin supplements on pregnancy outcome. Eur J
Obstet Gynecol Reprod Biol. 2012;164(2):127-132.

38. Christian P, Darmstadt GL, Wu L, et al. The
effect of maternal micronutrient supplementation
on early neonatal morbidity in rural Nepal:
a randomised, controlled, community trial. Arch Dis
Child. 2008;93(8):660-664.

39. Hindle LJ, Gitau R, Filteau SM, et al. Effect of
multiple micronutrient supplementation during
pregnancy on inflammatory markers in Nepalese
women. Am J Clin Nutr. 2006;84(5):1086-1092.

40. Roberfroid D, Huybregts L, Lanou H, Henry
MC, Meda N, Kolsteren F P; Micronutriments et
Santé de la Mère et de l’Enfant Study (MISAME)
Group. Effect of maternal multiple micronutrient
supplements on cord blood hormones:
a randomized controlled trial. Am J Clin Nutr. 2010;
91(6):1649-1658.

41. 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.

42. Christian P, West KP Jr, Khatry SK, et al. 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.

43. Katz J, Christian P, Dominici F, Zeger SL.
Treatment effects of maternal micronutrient
supplementation vary by percentiles of the birth
weight distribution in rural Nepal. J Nutr. 2006;136
(5):1389-1394.

44. Merrill RD, Shamim AA, Ali H, et al. Iron status
of women is associated with the iron concentration
of potable groundwater in rural Bangladesh. J Nutr.
2011;141(5):944-949.

45. Merrill RD, Shamim AA, Ali H, et al. High
prevalence of anemia with lack of iron deficiency
among women in rural Bangladesh: a role for
thalassemia and iron in groundwater. Asia Pac J Clin
Nutr. 2012;21(3):416-424.

Research Original Investigation Antenatal Micronutrients, Fetal Health, and Infant Survival

2658 JAMA December 24/31, 2014 Volume 312, Number 24 jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


