
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Prevention of intrauterine growth retardation by multiple micronutrient
supplements during pregnancy in Burkina Faso

Roberfroid, D.A.G.

Publication date
2012

Link to publication

Citation for published version (APA):
Roberfroid, D. A. G. (2012). Prevention of intrauterine growth retardation by multiple
micronutrient supplements during pregnancy in Burkina Faso. [Thesis, fully internal,
Universiteit van Amsterdam]. Rozenberg.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:23 May 2023

https://dare.uva.nl/personal/pure/en/publications/prevention-of-intrauterine-growth-retardation-by-multiple-micronutrient-supplements-during-pregnancy-in-burkina-faso(8d785f61-8bfa-4329-b1f0-6fbf33a55da7).html


73

 

 

Chapter 6 Prenatal Micronutrient Supplements   
   Cumulatively Increase Foetal Growth 
 
   Roberfroid D, Huybregts L, Lanou H, Habicht JP  
   Henry MC, Meda N, Kolsteren P.     
   J .Nutr.2012; 142(3): 548-54. 



Prenatal Micronutrient Supplements
Cumulatively Increase Fetal Growth1–3

Dominique Roberfroid,4* Lieven Huybregts,5 Hermann Lanou,6 Jean-Pierre Habicht,7

Marie-Claire Henry,6 Nicolas Meda,6 and Patrick Kolsteren4,5

4Child Health and Nutrition Unit, Department of Public Health, Institute of Tropical Medicine, Antwerp, Belgium; 5Department of Food

Safety and Food Quality, Ghent University, Ghent, Belgium; 6Center Muraz, Ministry of Health, Bobo-Dioulasso, Burkina Faso; and
7Division of Nutrition Sciences, Cornell University, Ithaca, NY

Abstract

Prenatal multiple micronutrients (UNIMMAP) improve fetal growth only moderately compared to iron and folic acid alone

(IFA). Whether this is due to insufficient amounts of UNIMMAP or to IFA being in reality an active control is unknown. We

assessed the association between cumulative micronutrient intake (CMI) and fetal growth by secondary analysis of a

randomized controlled trial in Burkina Faso where tablet intake was directly observed. We applied 2-part residual

regression models adjusted for main confounders. Among the 1056 single pregnancies included, the mean CMI (6 SD)

was 124 6 54 tablets. The odds of delivering a small-for-gestational-age baby was reduced by 21% [(95%CI: 5, 35); P =

0.013] for each additional tertile of CMI. The association between CMI and birth weight was positively modified by

gestational age at enrollment (P-interaction = 0.001). Each unit of CMI was associated with a 1.6-g [(95%CI: 0.3, 3.1); P =

0.019] higher birth weight at a mean-centered gestational age at enrollment, with a higher gradient observed later in

pregnancy. Maternal BMI at enrollment was also a positive modifying factor (P-interaction = 0.02), with no association of

CMI with birth weight for low BMI. There was no evidence of an effect modification by group allocation; i.e., we observed

the same change in birth weight per unit of CMI with either IFA or UNIMMAP. Yet UNIMMAP increased birth weight by 69

g [(95%CI: 58, 81); P , 0.001] relative to IFA. We found similar results for thoracic and cephalic circumferences. In

conclusion, for both IFA and UNIMMAP, the effect on fetal growth is cumulative. The supplementation should therefore

begin as early as possible in pregnancy, even if the growth increment per CMI is higher in late than in early pregnancy.

Women with a low BMI should also receive extra energy. J. Nutr. 142: 548–554, 2012.

Introduction

Because pregnant women in poor populations are often deficient
in multiple micronutrients (1), UNICEF/WHO/UNU recently
recommended the use of UNIMMAP8 to replace the usual IFA
containing 60 mg iron and 400 mg folic acid (2). UNIMMAP
supplements contain 15 micronutrients at the level of 1 RDA as
specified for women in USA/Canada (Table 1). Recent meta-
analyses reported strong evidence that providing pregnant
women with UNIMMAP can improve fetal growth compared
to IFA (3–6). However, the overall effect of UNIMMAP on birth
weight in the 12 studies that were included was rather modest
[+22.4 g (95% CI: 8.3, 36.4); P = 0.002] (4). Two mechanisms
could have contributed to this observation. First, IFA, which was

used as a control in the vast majority of the UNIMMAP trials,
might have exerted its own beneficial effect on fetal growth, as
suggested by some previous studies in Nepal (7), Niger (8), and
the USA (9), but not by others (10). If IFA were truly an active
control, the observable benefit of UNIMMAP would have been
reduced proportionately. Second, higher daily doses of prenatal
micronutrient might be necessary to yield a greater effect on fetal
growth, as suggested by studies from Tanzania (11,12), India
(13), and Guinea-Bissau (14). However, to date, only two trials
were specifically designed to address the differential effect of
incremental daily doses and they reported contradictory findings
(14,15). In Guinea-Bissau, UNIMMAP was found to increase
birth weight only in women randomized to receive a double
dose; i.e., 1 RDAyielded no significant effect (14). In the second
study, organized in the same Tanzanian population group as the
above-mentioned studies, higher doses compared to 1 RDA of
multiple micronutrients yielded a similar response on birth
anthropometry (15). None of these studies considered whether
the overall quantity of micronutrients received during pregnancy
(hereafter called CMI) modifies the effect observed on fetal
growth. The modest reported effect of UNIMMAP relative to IFA
could relate to a suboptimal tablet intake, with a stronger effect
expected in women with a higher CMI.

1 Supported byNutrition ThirdWorld and the BelgianMinistry of Development, with

no role in study design, data collection, data analysis, or writing of the report.
2 Author disclosures: D. Roberfroid, L. Huybregts, H. Lanou, J. P. Habicht, M. C.

Henry, N. Meda, and P. Kolsteren, no conflicts of interest.
3 This trial was registered at clinicaltrials.gov as NCT00642408.

* To whom correspondence should be addressed. E-mail: droberfroid@itg.be.

8 Abbreviations used: CMI, cumulative micronutrient intake; Hb, hemoglobin;

IFA, iron and folic acid; MUAC, mid-upper arm circumference; RCT, randomized

controlled trial; UNIMMAP, UNICEF/WHO/UNU multiple micronutrient supple-

ment for pregnancy and lactating women.
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(13), and Guinea-Bissau (14). However, to date, only two trials
were specifically designed to address the differential effect of
incremental daily doses and they reported contradictory findings
(14,15). In Guinea-Bissau, UNIMMAP was found to increase
birth weight only in women randomized to receive a double
dose; i.e., 1 RDAyielded no significant effect (14). In the second
study, organized in the same Tanzanian population group as the
above-mentioned studies, higher doses compared to 1 RDA of
multiple micronutrients yielded a similar response on birth
anthropometry (15). None of these studies considered whether
the overall quantity of micronutrients received during pregnancy
(hereafter called CMI) modifies the effect observed on fetal
growth. The modest reported effect of UNIMMAP relative to IFA
could relate to a suboptimal tablet intake, with a stronger effect
expected in women with a higher CMI.

1 Supported byNutrition ThirdWorld and the BelgianMinistry of Development, with

no role in study design, data collection, data analysis, or writing of the report.
2 Author disclosures: D. Roberfroid, L. Huybregts, H. Lanou, J. P. Habicht, M. C.

Henry, N. Meda, and P. Kolsteren, no conflicts of interest.
3 This trial was registered at clinicaltrials.gov as NCT00642408.

* To whom correspondence should be addressed. E-mail: droberfroid@itg.be.

8 Abbreviations used: CMI, cumulative micronutrient intake; Hb, hemoglobin;

IFA, iron and folic acid; MUAC, mid-upper arm circumference; RCT, randomized

controlled trial; UNIMMAP, UNICEF/WHO/UNU multiple micronutrient supple-

ment for pregnancy and lactating women.



76

These two hypotheses, an active control and/or an average
suboptimal quantity of supplements, can be addressed through
the analysis of compliance data (16,17). In case of an active
control, a positive association between CMI and fetal growth is
also expected in the control group. On the other hand, the
existence of a threshold in the number of tablets under which no
effect is observed can be indicative of a minimum requirement.

We tested the two hypotheses by secondary analysis of one of
the UNIMMAP trials in Burkina Faso in which individual
micronutrient intake was accurately recorded (18).

Methods

Between March 2004 and February 2006, 1426 pregnant women in the
catchment area of two health centers in Houndé district, Burkina Faso

were randomly assigned to receive either daily IFA or UNIMMAP (18).

The randomization scheme was generated by a computer program in

permuted blocks of four. UNIMMAP and IFA tablets were identical in
appearance (SCANPHARM) and participants and assessors were un-

aware of the group allocations. Daily supplement intake was directly

observed by home visitors recruited by the project. A quality assessment of
each home visitor’s work was performed monthly on a random day (19).

Newborn length and weight were measured to the nearest 1 mm using a

SECA 207 scale and to the nearest 10 g using a SECA 725 scale,

respectively. Newborn occipito-frontal head circumference and MUAC
were measured to the nearest 1 mm using a SECA girth measuring tape or a

SECA 212 tape. All measurements were made in the health centers within

the first 24 h after birth. To ensure reliability, all anthropometric variables

were measured twice, once by clinic staff and a second time by an
anthropometrist hired by the project. The mean of the two measurements

was used for analysis. In case of large discrepancy between the two

measures, the file was reviewed by a supervisor to check consistency. All
weighing scales were calibrated daily. The accuracy and precision of

measures were established monthly through a standardization session (20).

The Hb concentration in the mother was measured at her enrollment in the

trial and between 30 and 34 wk of gestation by spectrophotometry, using a
HemoCue device with a daily calibration check using a HemoCue Control

Cuvette. Anemia was defined asHb concentration,110 g/L during the first

or third trimester and ,105 g/L in the second trimester to account for

plasma expansion (21). In case of maternal illness, appropriate treatments
were provided according to national guidelines.

The study was approved by the ethics committees of the Center

Muraz, Bobo-Dioulasso, Burkina Faso, and the Institute of Tropical

Medicine, Antwerp, Belgium.

Statistical analysis. The analysis included only singleton live-born

infants (96.3% of all deliveries). This was due to two separate

considerations: first, maternal under-nutrition is not the primary
determinant of fetal growth retardation in multiple pregnancies. Second,

measuring stillbirths was found unacceptable in this cultural context.

As expected, the correlation between gestational age at enrollment and

CMI was important (r = 20.79; P , 0.0001), and gestational age at
enrollment explained 61.8% of the variance observed in CMI. We

addressed this high level of correlation by running a 2-part residual model,

i.e., CMI was first regressed on gestational age at enrollment and at

delivery, and the residuals of this regression were then inserted as a
covariate in the model (22). These residuals reflected deviations from CMI

that could not be explained by knowing the individual participation time in

the study. The other predictor variables were as follows: type of prenatal
micronutrients received (UNIMMAP vs. IFA); type of malaria prevention

(sulfadoxine-pyrimethamine vs. chloroquine) and catchment area (health

center 1 vs. health center 2) to account for study design; parity (primiparity

vs. multiparity), season at randomization (lean vs. fat season), and school
education (some vs. none), as preliminary analyses showed that these were

independent factors with a small, but significant influence on CMI in our

study population; newborn sex, maternal BMI (kg/m2), and Hb concen-

tration (Hb; g/L) at enrollment, because previous reports indicated that
these predictors could modify the physiological response to prenatal

micronutrients (18,23,24); and finally, gestational age at enrollment in the

study (weeks), as the effect of prenatal micronutrients might be dependent
onwhen the supplementation is initiated (25,26). Given the high correlation

level of this latter variable with CMI, we applied the same 2-part residual

procedure as described above; i.e., we used as covariates the residuals of

gestational age at enrollment regressed over CMI.
In all the models, CMI was the independent variable of interest,

either as a continuous variable or categorized into tertiles. An interaction

term was inserted between CMI and gestational age at enrollment

(continuous), baseline Hb (continuous), baseline BMI (continuous), type
of micronutrient supplements received (IFA vs. UNIMMAP), parity

(primiparity vs. multiparity), and newborn sex (male vs. female).

Interaction terms were tested together (chunk test). In the presence of

an interaction between CMI and a continuous variable, the recentering
method was applied; i.e., the association between CMI and the outcome

was computed at three levels of the interacting covariate (mean 21 SD,

mean, and mean +1 SD) (27). A stepwise backward procedure was
applied with removal of variables when the Likelihood ratio test yielded

a P. 0.10 for interaction terms (28) or a P. 0.05 for all other variables.

Multicollinearity was assessed by examining the variance inflation

factors (command ESTAT VIF in STATA 11.0).
Birth weight, length, MUAC, and chest and head circumferences were

the independent variables tested in the corresponding regression models.

Two categorical variables were also considered: small-for-gestational-age

was defined as a birth weight ,10th percentile of a reference population
with same gestational age (29); large-for-gestational-age was defined as

a birth weight .90th percentile of the study population. Large-for-

gestational-age was computed within our cohort population, because the
left shift of the whole birth weight distribution rendered any reference

population inappropriate for analysis.

The general distribution of CMI against the main outcome variables

was visually appraised by a running-line, least-squares smoothing plot
(lowess; bandwidth = 0.8) (30). In the presence of important slope

variations, a piecewise regression was modeled (31). All analyses were

conducted using STATA 11.0 (StataCorp). Values in the text are means6
SD or mean difference (95%CI).

Results

Birth weight was measured in 1056 singleton live newborns, with
no differences in baseline characteristics of the mothers, except a
small difference in Hb concentration (P = 0.02) (Table 2). The
information on maternal micronutrient intake was complete for
98.6% (1041/1056) of the participants. Mean gestational age
at enrollment was 16.8 6 7.3 wk (IQR: 10.3, 22.1 wk). About
40% of participants were recruited during the first trimester of

TABLE 1 Composition of the IFA and UNIMMAP supplements1

Nutrient Form IFA UNIMMAP

Vitamin A, mg Retinol — 800

Vitamin B-1, mg Thiamin HCl — 1.4

Vitamin B-2, mg Riboflavin — 1.4

Vitamin B-3, mg Nicotinamide — 18

Vitamin B-6, mg Pyridoxine — 1.9

Vitamin B-9, mg Folic acid 400 400

Vitamin B-12, mg Cyanocobalamin — 2.6

Vitamin C, mg Ascorbic acid — 70

Vitamin D, mg Cholecalciferol — 5

Vitamin E, mg a-Tocopherol acetate — 10

Zinc, mg Zinc sulfate — 15

Iron, mg Ferrous fumarate 60 30

Copper, mg Copper sulfate — 2

Selenium, mg Sodium selenite — 65

Iodine, mg Potassium iodide — 150

1 IFA, iron and folic acid; UNIMMAP, UNICEF/WHO/UNU Multiple micronutrient

supplement for pregnancy and lactating women.

pregnancy. Pregnant women took 1246 54 micronutrient tablets
under direct supervision of home visitors, and this number did not
differ between study groups (P = 0.58). As expected, early
enrollment and high compliance were two strong independent
determinants of CMI (Table 3). School education, a lower
maternal BMI, and a higher Hb concentration were also factors
associated with a higher CMI, but this was mainly mediated
through an enrollment in the study occurring at a earlier
gestational age. There was no difference inmaternal age, maternal
height, or primiparity percentage among tertiles of CMI or
gestational age at enrollment.

Birth weight of all infants was 2898 6 437 g and of those
born at term, 2948 6 383 g. Birth weight ,2500 g occurred in

15% of babies overall and in 11.5% of term babies. In
multivariable models, gestational age at enrollment and at
delivery, type of micronutrients received, newborn sex, maternal
BMI at enrollment, and primiparity were all factors significantly
associated with birth weight (Table 4). Women who entered the
study in the second and third pregnancy trimester gave birth to
babies that were lighter by 84.56 26.2 g (P = 0.001) and 97.96
41.5 g (P = 0.018), respectively, compared to newborns from
participants included during the first trimester.

The association between CMI and birth weight was modified
by gestational age at enrollment (P-interaction = 0.001) (Table
5). When gestational age was maintained at the mean, the
increment in birth weight per tablet was 1.6 g [(95% CI: 0.3,
3.1); P = 0.019], whereas it was 2.4 g [(95% CI: 0.7, 4.2); P =
0.006] at (mean + 1 SD) gestational age and only 0.9 g [(95%CI:
20.3, 2.2); P = 0.15] at (mean – 1 SD) gestational age. In spite of
this greater increment in birth weight per tablet, entering the
study at a later gestational age tended to be associated with a
lower birth weight [29 g/wk (95% CI: 219, 1); P = 0.07].
Maternal BMI at enrollment (P = 0.02) and primiparity (P =
0.016) were 2 other positive modifying factors. No interaction
by newborn sex or maternal Hb concentration at enrollment was
observed. It is worth mentioning that the type of micronutrient
received (IFA vs. UNIMMAP) also did not modify the associ-
ation between CMI and birth weight (P-interaction = 0.41); the
regression curves of CMI relative to birth weight remained quite
parallel between the 2 study groups over the entire CMI
distribution (Fig. 1).

Overall, the odds of delivering a small-for-gestational-age
baby were reduced by 21% [(95%CI: 5, 35); P = 0.013] for each
additional tertile of CMI (Table 6).

The interaction with gestational age at enrollment was also
observed for birth length (P = 0.02), thoracic circumference (P =
0.07), and head circumference (P = 0.09); i.e., the association
between CMI and anthropometry indicators, except MUAC,
was consistently greater in women who had entered the study
later during pregnancy (Table 5).

TABLE 2 Baseline characteristics and participation pattern by
allocation group1, 2

Characteristics IFA n UNIMMAP n

Maternal age, y 24.2 6 6.0 523 23.9 6 6.1 525

Gestational age at enrollment, wk 16.8 6 7.5 520 16.9 6 7.4 521

No schooling, % 85.9 529 82.2 527

Primiparity, % 19.2 529 23.7 527

Height, cm 161.9 6 5.9 529 162.3 6 5.7 521

BMI at enrollment, kg/m2 20.8 6 2.1 529 21.0 6 2.2 521

MUAC, cm 25.8 6 2.1 515 26.0 6 2.2 505

Hb at enrollment, g/L 112 6 19 501 109 6 16 497

Anemia at enrollment, % 39.1 501 46.1 497

Participation time, d 152 6 54 519 151 6 54 522

CMI, tablet 124 6 54 519 125 6 55 522

Compliance,3 % 82 6 17 519 83 6 19 522

1 Data are means 6 SD or percentages. CMI, cumulative micronutrient intake; Hb,

hemoglobin; IFA, iron and folic acid; MUAC, mid-upper arm circumference;

UNIMMAP, UNICEF/WHO/UNU Multiple micronutrient supplement for pregnancy

and lactating women.
2 Only women with a single live newborn whose birth weight was measured are

presented.
3 Compliance was calculated as [(CMI)/(number of participations days)] 3 100.

TABLE 3 Comparison of participant characteristics stratified per tertile of CMI and per tertile of
gestational age at enrollment1

CMI Gestational age at enrollment2

Characteristics
Tertile 1
n = 344

Tertile 2
n = 349

Tertile 3
n = 348 P-trend3

Tertile 1
n = 343

Tertile 2
n = 343

Tertile 3
n = 341 P-trend3

Maternal age, y 23.6 6 5.9 24.3 6 6.0 24.3 6 6.3 0.17 23.5 6 6.0 24.3 6 6.0 24.4 6 6.2 0.07

GA enrollment, wk 23.3 6 6.4 17.1 6 4.9 10.2 6 3.2 ,0.001 — — — —

GA delivery, wk 38.5 6 3.7 39.4 6 2.4 39.7 6 1.6 ,0.001 39.0 6 2.2 39.1 6 2.7 39.5 6 3.2 0.012

No schooling, % 87.2 86.2 78.7 0.004 78.1 86.6 87.1 0.002

Primiparity, % 25.0 18.9 20.4 0.13 24.5 19.8 19.6 0.21

Height, cm 161.8 6 5.7 162.0 6 5.7 162.5 6 6.0 0.11 162.5 6 6.1 161.4 6 5.6 162.4 6 5.6 0.66

BMI, kg/m2 21.3 6 2.1 20.7 6 2.1 20.8 6 2.2 0.002 20.7 6 2.2 20.8 6 2.0 21.3 6 2.2 0.001

MUAC, cm 25.5 6 2.1 25.8 6 2.1 26.3 6 2.1 ,0.001 26.4 6 2.1 25.8 6 2.0 25.6 6 2.2 ,0.001

Hb enrollment, g/L 105 6 15 110 6 18 117 6 18 ,0.001 118 6 18 109 6 16 105 6 16 ,0.001

Participation time, d 98.0 6 40.5 149.9 6 30.4 205.5 6 21.2 ,0.001 202.5 6 35.7 155.5 6 30.6 97.7 6 31.8 ,0.001

CMI4, tablet 63.2 6 25.3 123.7 6 16.5 184.9 6 20.9 ,0.001 184.6 6 40.0 138.5 6 37.2 85.4 6 34.4 ,0.001

Compliance5, % 67 6 24 83 6 12 90 6 6 ,0.001 85 6 15 81 6 18 74 6 20 ,0.001

1 Data are means6 SD or percentages. CMI, cumulative micronutrient intake; GA, gestational age; Hb, hemoglobin; MUAC, mid-upper arm

circumference.
2 14 missing values.
3 P-trend across tertiles of CMI or gestational age at enrollment for each of the participant characteristic. This was derived from logistic

regression for dichotomous variables and from linear regression for continuous ones.
4 Intake was directly observed.
5 Compliance was calculated as [(CMI)/(number of participations days)] 3 100.
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These two hypotheses, an active control and/or an average
suboptimal quantity of supplements, can be addressed through
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effect is observed can be indicative of a minimum requirement.
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appearance (SCANPHARM) and participants and assessors were un-
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SECA 207 scale and to the nearest 10 g using a SECA 725 scale,

respectively. Newborn occipito-frontal head circumference and MUAC
were measured to the nearest 1 mm using a SECA girth measuring tape or a

SECA 212 tape. All measurements were made in the health centers within

the first 24 h after birth. To ensure reliability, all anthropometric variables

were measured twice, once by clinic staff and a second time by an
anthropometrist hired by the project. The mean of the two measurements

was used for analysis. In case of large discrepancy between the two

measures, the file was reviewed by a supervisor to check consistency. All
weighing scales were calibrated daily. The accuracy and precision of

measures were established monthly through a standardization session (20).

The Hb concentration in the mother was measured at her enrollment in the

trial and between 30 and 34 wk of gestation by spectrophotometry, using a
HemoCue device with a daily calibration check using a HemoCue Control

Cuvette. Anemia was defined asHb concentration,110 g/L during the first

or third trimester and ,105 g/L in the second trimester to account for

plasma expansion (21). In case of maternal illness, appropriate treatments
were provided according to national guidelines.

The study was approved by the ethics committees of the Center

Muraz, Bobo-Dioulasso, Burkina Faso, and the Institute of Tropical

Medicine, Antwerp, Belgium.

Statistical analysis. The analysis included only singleton live-born

infants (96.3% of all deliveries). This was due to two separate

considerations: first, maternal under-nutrition is not the primary
determinant of fetal growth retardation in multiple pregnancies. Second,

measuring stillbirths was found unacceptable in this cultural context.

As expected, the correlation between gestational age at enrollment and

CMI was important (r = 20.79; P , 0.0001), and gestational age at
enrollment explained 61.8% of the variance observed in CMI. We

addressed this high level of correlation by running a 2-part residual model,

i.e., CMI was first regressed on gestational age at enrollment and at

delivery, and the residuals of this regression were then inserted as a
covariate in the model (22). These residuals reflected deviations from CMI

that could not be explained by knowing the individual participation time in

the study. The other predictor variables were as follows: type of prenatal
micronutrients received (UNIMMAP vs. IFA); type of malaria prevention

(sulfadoxine-pyrimethamine vs. chloroquine) and catchment area (health

center 1 vs. health center 2) to account for study design; parity (primiparity

vs. multiparity), season at randomization (lean vs. fat season), and school
education (some vs. none), as preliminary analyses showed that these were

independent factors with a small, but significant influence on CMI in our

study population; newborn sex, maternal BMI (kg/m2), and Hb concen-

tration (Hb; g/L) at enrollment, because previous reports indicated that
these predictors could modify the physiological response to prenatal

micronutrients (18,23,24); and finally, gestational age at enrollment in the

study (weeks), as the effect of prenatal micronutrients might be dependent
onwhen the supplementation is initiated (25,26). Given the high correlation

level of this latter variable with CMI, we applied the same 2-part residual

procedure as described above; i.e., we used as covariates the residuals of

gestational age at enrollment regressed over CMI.
In all the models, CMI was the independent variable of interest,

either as a continuous variable or categorized into tertiles. An interaction

term was inserted between CMI and gestational age at enrollment

(continuous), baseline Hb (continuous), baseline BMI (continuous), type
of micronutrient supplements received (IFA vs. UNIMMAP), parity

(primiparity vs. multiparity), and newborn sex (male vs. female).

Interaction terms were tested together (chunk test). In the presence of

an interaction between CMI and a continuous variable, the recentering
method was applied; i.e., the association between CMI and the outcome

was computed at three levels of the interacting covariate (mean 21 SD,

mean, and mean +1 SD) (27). A stepwise backward procedure was
applied with removal of variables when the Likelihood ratio test yielded

a P. 0.10 for interaction terms (28) or a P. 0.05 for all other variables.

Multicollinearity was assessed by examining the variance inflation

factors (command ESTAT VIF in STATA 11.0).
Birth weight, length, MUAC, and chest and head circumferences were

the independent variables tested in the corresponding regression models.

Two categorical variables were also considered: small-for-gestational-age

was defined as a birth weight ,10th percentile of a reference population
with same gestational age (29); large-for-gestational-age was defined as

a birth weight .90th percentile of the study population. Large-for-

gestational-age was computed within our cohort population, because the
left shift of the whole birth weight distribution rendered any reference

population inappropriate for analysis.

The general distribution of CMI against the main outcome variables

was visually appraised by a running-line, least-squares smoothing plot
(lowess; bandwidth = 0.8) (30). In the presence of important slope

variations, a piecewise regression was modeled (31). All analyses were

conducted using STATA 11.0 (StataCorp). Values in the text are means6
SD or mean difference (95%CI).

Results

Birth weight was measured in 1056 singleton live newborns, with
no differences in baseline characteristics of the mothers, except a
small difference in Hb concentration (P = 0.02) (Table 2). The
information on maternal micronutrient intake was complete for
98.6% (1041/1056) of the participants. Mean gestational age
at enrollment was 16.8 6 7.3 wk (IQR: 10.3, 22.1 wk). About
40% of participants were recruited during the first trimester of

TABLE 1 Composition of the IFA and UNIMMAP supplements1

Nutrient Form IFA UNIMMAP

Vitamin A, mg Retinol — 800

Vitamin B-1, mg Thiamin HCl — 1.4

Vitamin B-2, mg Riboflavin — 1.4

Vitamin B-3, mg Nicotinamide — 18

Vitamin B-6, mg Pyridoxine — 1.9

Vitamin B-9, mg Folic acid 400 400

Vitamin B-12, mg Cyanocobalamin — 2.6

Vitamin C, mg Ascorbic acid — 70

Vitamin D, mg Cholecalciferol — 5

Vitamin E, mg a-Tocopherol acetate — 10

Zinc, mg Zinc sulfate — 15

Iron, mg Ferrous fumarate 60 30

Copper, mg Copper sulfate — 2

Selenium, mg Sodium selenite — 65

Iodine, mg Potassium iodide — 150

1 IFA, iron and folic acid; UNIMMAP, UNICEF/WHO/UNU Multiple micronutrient

supplement for pregnancy and lactating women.

pregnancy. Pregnant women took 1246 54 micronutrient tablets
under direct supervision of home visitors, and this number did not
differ between study groups (P = 0.58). As expected, early
enrollment and high compliance were two strong independent
determinants of CMI (Table 3). School education, a lower
maternal BMI, and a higher Hb concentration were also factors
associated with a higher CMI, but this was mainly mediated
through an enrollment in the study occurring at a earlier
gestational age. There was no difference inmaternal age, maternal
height, or primiparity percentage among tertiles of CMI or
gestational age at enrollment.

Birth weight of all infants was 2898 6 437 g and of those
born at term, 2948 6 383 g. Birth weight ,2500 g occurred in

15% of babies overall and in 11.5% of term babies. In
multivariable models, gestational age at enrollment and at
delivery, type of micronutrients received, newborn sex, maternal
BMI at enrollment, and primiparity were all factors significantly
associated with birth weight (Table 4). Women who entered the
study in the second and third pregnancy trimester gave birth to
babies that were lighter by 84.56 26.2 g (P = 0.001) and 97.96
41.5 g (P = 0.018), respectively, compared to newborns from
participants included during the first trimester.

The association between CMI and birth weight was modified
by gestational age at enrollment (P-interaction = 0.001) (Table
5). When gestational age was maintained at the mean, the
increment in birth weight per tablet was 1.6 g [(95% CI: 0.3,
3.1); P = 0.019], whereas it was 2.4 g [(95% CI: 0.7, 4.2); P =
0.006] at (mean + 1 SD) gestational age and only 0.9 g [(95%CI:
20.3, 2.2); P = 0.15] at (mean – 1 SD) gestational age. In spite of
this greater increment in birth weight per tablet, entering the
study at a later gestational age tended to be associated with a
lower birth weight [29 g/wk (95% CI: 219, 1); P = 0.07].
Maternal BMI at enrollment (P = 0.02) and primiparity (P =
0.016) were 2 other positive modifying factors. No interaction
by newborn sex or maternal Hb concentration at enrollment was
observed. It is worth mentioning that the type of micronutrient
received (IFA vs. UNIMMAP) also did not modify the associ-
ation between CMI and birth weight (P-interaction = 0.41); the
regression curves of CMI relative to birth weight remained quite
parallel between the 2 study groups over the entire CMI
distribution (Fig. 1).

Overall, the odds of delivering a small-for-gestational-age
baby were reduced by 21% [(95%CI: 5, 35); P = 0.013] for each
additional tertile of CMI (Table 6).

The interaction with gestational age at enrollment was also
observed for birth length (P = 0.02), thoracic circumference (P =
0.07), and head circumference (P = 0.09); i.e., the association
between CMI and anthropometry indicators, except MUAC,
was consistently greater in women who had entered the study
later during pregnancy (Table 5).

TABLE 2 Baseline characteristics and participation pattern by
allocation group1, 2

Characteristics IFA n UNIMMAP n

Maternal age, y 24.2 6 6.0 523 23.9 6 6.1 525

Gestational age at enrollment, wk 16.8 6 7.5 520 16.9 6 7.4 521

No schooling, % 85.9 529 82.2 527

Primiparity, % 19.2 529 23.7 527

Height, cm 161.9 6 5.9 529 162.3 6 5.7 521

BMI at enrollment, kg/m2 20.8 6 2.1 529 21.0 6 2.2 521

MUAC, cm 25.8 6 2.1 515 26.0 6 2.2 505

Hb at enrollment, g/L 112 6 19 501 109 6 16 497

Anemia at enrollment, % 39.1 501 46.1 497

Participation time, d 152 6 54 519 151 6 54 522

CMI, tablet 124 6 54 519 125 6 55 522

Compliance,3 % 82 6 17 519 83 6 19 522

1 Data are means 6 SD or percentages. CMI, cumulative micronutrient intake; Hb,

hemoglobin; IFA, iron and folic acid; MUAC, mid-upper arm circumference;

UNIMMAP, UNICEF/WHO/UNU Multiple micronutrient supplement for pregnancy

and lactating women.
2 Only women with a single live newborn whose birth weight was measured are

presented.
3 Compliance was calculated as [(CMI)/(number of participations days)] 3 100.

TABLE 3 Comparison of participant characteristics stratified per tertile of CMI and per tertile of
gestational age at enrollment1

CMI Gestational age at enrollment2

Characteristics
Tertile 1
n = 344

Tertile 2
n = 349

Tertile 3
n = 348 P-trend3

Tertile 1
n = 343

Tertile 2
n = 343

Tertile 3
n = 341 P-trend3

Maternal age, y 23.6 6 5.9 24.3 6 6.0 24.3 6 6.3 0.17 23.5 6 6.0 24.3 6 6.0 24.4 6 6.2 0.07

GA enrollment, wk 23.3 6 6.4 17.1 6 4.9 10.2 6 3.2 ,0.001 — — — —

GA delivery, wk 38.5 6 3.7 39.4 6 2.4 39.7 6 1.6 ,0.001 39.0 6 2.2 39.1 6 2.7 39.5 6 3.2 0.012

No schooling, % 87.2 86.2 78.7 0.004 78.1 86.6 87.1 0.002

Primiparity, % 25.0 18.9 20.4 0.13 24.5 19.8 19.6 0.21

Height, cm 161.8 6 5.7 162.0 6 5.7 162.5 6 6.0 0.11 162.5 6 6.1 161.4 6 5.6 162.4 6 5.6 0.66

BMI, kg/m2 21.3 6 2.1 20.7 6 2.1 20.8 6 2.2 0.002 20.7 6 2.2 20.8 6 2.0 21.3 6 2.2 0.001

MUAC, cm 25.5 6 2.1 25.8 6 2.1 26.3 6 2.1 ,0.001 26.4 6 2.1 25.8 6 2.0 25.6 6 2.2 ,0.001

Hb enrollment, g/L 105 6 15 110 6 18 117 6 18 ,0.001 118 6 18 109 6 16 105 6 16 ,0.001

Participation time, d 98.0 6 40.5 149.9 6 30.4 205.5 6 21.2 ,0.001 202.5 6 35.7 155.5 6 30.6 97.7 6 31.8 ,0.001

CMI4, tablet 63.2 6 25.3 123.7 6 16.5 184.9 6 20.9 ,0.001 184.6 6 40.0 138.5 6 37.2 85.4 6 34.4 ,0.001

Compliance5, % 67 6 24 83 6 12 90 6 6 ,0.001 85 6 15 81 6 18 74 6 20 ,0.001

1 Data are means6 SD or percentages. CMI, cumulative micronutrient intake; GA, gestational age; Hb, hemoglobin; MUAC, mid-upper arm

circumference.
2 14 missing values.
3 P-trend across tertiles of CMI or gestational age at enrollment for each of the participant characteristic. This was derived from logistic

regression for dichotomous variables and from linear regression for continuous ones.
4 Intake was directly observed.
5 Compliance was calculated as [(CMI)/(number of participations days)] 3 100.
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Discussion

The cumulative supplement intake of prenatal micronutrients was
independently associated with a greater fetal growth. This associ-

ation was modified by gestational age at enrollment, maternal BMI

at enrollment, and primiparity. There was no evidence of an

interaction with the type of supplements received (UNIMMAP vs.

IFA).
A greater CMI resulted in better fetal growth. Although

residual confounding cannot be ruled out, this is a plausible

finding, considering that each tablet provided 1 RDA of micro-

nutrients in a population with a diet poor in micronutrients (32).

Thus, the greatest effect of the supplementation can be expected

when it begins early during pregnancy; i.e., when the woman’s
needs for micronutrients are addressed during the longest
possible period. Indeed, we observed that women who entered
the study in the first trimester had heavier newborns than
women who were included later on. However, recommending an
early prenatal micronutrient supplementation might be wishful
thinking in many settings in poor countries, because the first
prenatal visit to health services usually occurs quite late. In our
study, for example, only 40% of women were included during
the first trimester, despite active case finding through monthly
home visits. Social communication to encourage earlier antena-
tal visits and community-based micronutrient supplementation
might be helpful strategies. Alternatively, a higher cumulative

TABLE 4 Associations between CMI and birth anthropometry1

Dependent variables

Model 1 – Weight, g
(n = 1014)

Model 2 – Length, mm
(n = 1012)

Model 3 – MUAC, mm
(n = 940)

Model 4 – TC, mm
(n = 1011)

Model 5 – HC, mm
(n = 1014)

Independent
variables b (95% CI) P b (95% CI) P b (95% CI) P b (95% CI) P b (95% CI) P

CMI2 1 (0, 2) 0.19 0.0 (20.1, 0.1) 0.82 0.0 (0.0, 0.1) 0.08 0.1 (0.0, 0.2) 0.036 0.0 (0.0, 0.1) 0.08

UNIMMAP vs. IFA 69 (23, 114) 0.003 4.3 (1.5, 7.0) 0.002 1.3 (0.2, 2.3) 0.01 3.3 (1.1, 5.5) 0.003 1.5 (20.2, 3.2) 0.09

Parity (primi vs. multi) 2290 (2348, 2233) ,0.001 28.5 (211.9, –5.0) ,0.001 24.5 (25.8, –3.2) ,0.001 211.9 (214.7, –9.2) ,0.001 28.1 (210.2, 25.9) ,0.001

GA enrollment,3 wk 29 (219, 1) 0.07 20.3 (20.9, 0.3) 0.40 20.1 (20.4, 0.1) 0.22 20.4 (20.8, 0.1) 0.14 20.3 (20.7, 0.1) 0.09

GA delivery, wk 70 (58, 81) ,0.001 3.8 (3.1, 4.5) ,0.001 1.1 (0.8, 1.3) ,0.001 3.2 (2.7, 3.8) ,0.001 2.5 (2.1, 3.0) ,0.001

Sex (male vs. female) 100 (54, 146) ,0.001 5.4 (2.7, 8.1) ,0.001 0.7 (20.3, 1.7) 0.17 3.7 (1.5, 5.9) ,0.001 3.7 (2.0, 5.4) ,0.001

Maternal BMI, kg/m2 25 (15, 36) ,0.001 0.8 (0.2, 1.4) 0.014 0.6 (0.3, 0.8) ,0.001 1.2 (0.7, 1.7) ,0.001 0.7 (0.3, 1.1) 0.001

1 Calculated by multiple linear regression models with further adjustment for maternal Hb concentration at enrollment, g/L; type of malaria prevention (sulfadoxine-pyrimethamine

vs. chloroquine); school attendance (some vs. none); season at enrollment (lean vs. fat); and catchment area (health center 1 vs. health center 2). These models included no

interaction terms. CMI, cumulative micronutrient intake; GA, gestational age; Hb, hemoglobin; HC, head circumference; IFA, iron and folic acid; MUAC, mid-upper arm

circumference; TC, thoracic circumference; UNIMMAP, UNICEF/WHO/UNU multiple micronutrient supplement for pregnancy and lactating women.
2 Residuals from the regression of CMI on gestational age at enrollment and at delivery were used to account for correlation between CMI and gestational age.
3 Residuals from the regression of gestational age at enrollment on CMI were used to account for correlation between CMI and gestational age.

TABLE 5 Associations between CMI and birth anthropometry stratified by levels of interacting factors1

Dependent variables

Model 1: weight, g
(n = 1014)

Model 2: length, mm
(n = 1012)

Model 3: MUAC, mm
(n = 940)

Model 4: TC, mm
(n = 1011)

Model 5: HC, mm
(n = 1014)

Independent variables b (95% CI) P b (95% CI) P b (95% CI) P b (95% CI) P b (95% CI) P

CMI,2 per GA enrollment3 0.0014 0.024 — 0.194 0.074 0.094

Mean GA-1 SD 0.9 (20.3, 2.2) 0.15 20.01 (20.08, 0.07) 0.88 — 0.08 (0.01, 0.15) 0.03 0.06 (0.01, 0.10) 0.014

Mean GA 1.6 (0.3, 3.1) 0.02 0.02 (–0.06, 0.10) 0.63 0.10 (0.02, 0.17) 0.01 0.07 (0.02, 0.12) 0.006

Mean GA + 1 SD 2.4 (0.7, 4.2) 0.006 0.05 (–0.05, 0.15) 0.36 0.12 (0.02, 0.21) 0.02 0.08 (0.02, 0.15) 0.009

CMI,2 per BMI enrollment 0.024 0.324 0.494 0.094 0.024

Mean BMI: 1 SD 0.1 (21.5, 1.7) 0.90 — — 0.03 (-0.06, 0.11) 0.52 0.01 (-0.04, 0.07) 0.61

Mean BMI 0.8 (20.4, 2.1) 0.19 0.08 (0.01, 0.15) 0.033 0.06 (0.01, 0.10) 0.016

Mean BMI + 1 SD 1.6 (0.1, 3.1) 0.04 0.12 (0.04, 0.21) 0.004 0.10 (0.04, 0.15) 0.001

CMI,2 per parity status 0.024 0.134 0.984 0.294 0.214

Primiparous 2.5 (20.01, 5.0) 0.05 — — — —

Multiparous 0.5 (21.0, 1.9) 0.52

1 An interaction term was inserted between CMI and gestational age at enrollment, CMI and newborn sex, CMI and maternal Hb concentration at enrollment, CMI and parity, and

CMI and maternal BMI at enrollment in the multiple linear regression models presented in Table 4. Adjustment was made for type of micronutrients received (UNIMMAP vs. IFA);

parity (primiparity vs. multiparity), gestational age at enrollment, and at delivery; newborn sex, maternal BMI at enrollment, kg/m2; maternal Hb concentration at enrollment, g/L;

type of malaria prevention (sulfadoxine-pyrimethamine vs. chloroquine); school attendance (some vs. none); season at enrollment (lean vs. fat); and catchment area (health center

1 vs. health center 2). CMI, cumulative micronutrient intake; GA, gestational age; Hb, hemoglobin; HC, head circumference; IFA, iron and folic acid; MUAC, mid-upper arm

circumference; TC, thoracic circumference; UNIMMAP, UNICEF/WHO/UNU multiple micronutrient supplement for pregnancy and lactating women.
2 Residuals from the regression of CMI on gestational age at enrollment and at delivery were used to account for correlation between CMI and gestational age.
3 Residuals from the regression of gestational age at enrollment on CMI were used to account for correlation between CMI and gestational age.
4 P-interaction. There was no interaction between CMI and newborn sex, CMI and type of micronutrient, or CMI and maternal Hb concentration at enrollment in any of the models.

When the P-interaction was ,0.10, the recentering method was applied, i.e., the association between CMI and the outcome was computed at 3 levels of the interacting covariate

(mean 2 1 SD, mean, and mean + 1 SD) (27). Mean 6 1 SD for GA at enrollment was 16.8 6 7.3 wk and 20.9 6 2.2 kg/m2 for maternal BMI at enrollment.

dose could be achieved by increasing the daily dose of micro-
nutrients. However, evidence supporting such an alternative
approach is scanty; to our knowledge, only two trials addressed
that question with an appropriate design. One RCT in Guinea-
Bissau reported that themean birthweight increased by 53 g [(95%
CI: 219, 125); P = 0.15] with UNIMMAP and by 95 g [(95% CI:
24, 166); P = 0.009] when twice the dose of UNIMMAP was
provided compared with a placebo (14). Although these results
might indicate that a daily dose of more that 1 RDA is more
efficient, in reality the birth weight did not significantly differ

between the two intervention groups. This might have been due to
a low statistical power of the study (;360 newborns/group) along
with quite a short supplementation duration (mean number of
tablets: 816 42). Another trial in Tanzania comparedmultiple and
single RDA ofmultivitamins and did not detect a difference in birth
weight and other pregnancy outcomes between the two groups
(15). This lack of difference might simply reflect that multiples of
RDA (from 3 to 15 times the RDA for some micronutrients),
instead of 1 RDA, exceeded what can be physiologically utilized
daily. Measuring urine concentrations of vitamin B metabolites
would have generated valuable insights on this question.

Whether prenatal micronutrient supplementation should be
started at a specific gestational age for getting an optimal health
effect remains uncertain. Nutrients in the first trimester may be
more important to development and differentiation of various
organs, and later in pregnancy they may be important for overall
fetal growth (25). Lee et al. (26) suggested that improvements in
iron and folate nutriture were highly dependent on when the
supplementation program was initiated. In their study, IFA
supplementation initiated during the first pregnancy trimester
had more effect on iron nutriture indexes than supplementation
initiated at 20 wk of gestation. In reality, their results were more
a reflection of iron being stored over a longer period rather than
the effect of a differential prenatal timing per se. Although our
study was not designed to assess the effect of initiating
micronutrient supplementation at various stages of pregnancy,
participants were included at very different gestational ages.
After controlling for potential confounding factors, we found a
stronger association between CMI and birth weight, but also
thoracic and cephalic circumferences, for women entering the
study at a later gestational age. Although counterintuitive at first
sight, this is a plausible observation. Women recruited late in
pregnancy had not been supplemented previously; i.e., micro-
nutrient deficiencies were likely to be more pronounced in these
individuals than in early participants and the utilization of
supplements might have been more efficient. A similar phenom-
enon has already been described for iron (33). The interaction
observed with primiparity (P = 0.016) might relate to the same
explanation, because we previously reported that primiparous
women in this study population presented a worse nutritional
status compared to multiparous ones (18). In spite of this greater
gradient of birth weight by unit of CMI, primiparous women

FIGURE 1 Distribution of birth weight over CMI by type of

micronutrient supplement. Regression lines and points were fitted

from a 2-part residual model, i.e., CMI was first regressed on

gestational age at enrollment and at delivery and the residuals of this

regression were then inserted as a covariate in the model (22). The

model was adjusted for primiparity (yes/no), maternal BMI at enroll-

ment (kg/m2), maternal Hb concentration at enrollment (g/L), type of

micronutrient supplement (IFA vs. UNIMMAP), type of malaria preven-

tion (sulfadoxine-pyrimethamine vs. chloroquine), school attendance

(some vs. none), season at enrollment (lean vs. fat), newborn sex, and

catchment area (health center 1 vs. health center 2). Birth weight was

the dependent variable of this model and the resulting fitted values

were plotted. The regression lines were obtained by locally weighted

scatterplot smoothing (lowess) of the fitted values. Hb, hemoglobin;

IFA, iron and folic acid; UNIMMAP, UNICEF/WHO/UNU multiple

micronutrient supplement for pregnancy and lactating women.

TABLE 6 Multiple logistic regression of the effect of CMI on anthropometry at birth1

Independent
variables

Dependent variables
n = 1014

Model 1: small-for-gestational age2

OR (95% CI) P
Model 2: large-for-gestational age3

OR (95% CI) P

CMI4 Continuous 0.99 (0.98, 1.00) 0.003 1.00 (0.99, 1.01) 0.85

Per tertile 0.79 (0.65, 0.95) 0.013 1.10 (0.80, 1.50) 0.55

UNIMMAP vs. IFA 0.78 (0.60, 1.02) 0.07 1.76 (1.12, 2.76) 0.014

GA enrollment5, wk 1.13 (1.08, 1.18) ,0.001 0.97 (0.88, 1.06) 0.49

GA delivery, wk — — 1.35 (1.17, 1.56) ,0.001

Sex (male vs. female) 0.91 (0.70, 1.19) 0.49 1.97 (1.25, 3.11) 0.004

Parity (primi. vs. multi.) 2.12 (1.52, 2.96) ,0.001 0.15 (0.05, 0.43) ,0.001

Maternal BMI, kg/m2 0.89 (0.83, 0.95) ,0.001 1.16 (1.06, 1.28) 0.002

1 Results are from logistic regression models with further adjustement for maternal Hb concentration at enrollment, g/L; type of malaria prevention (sulfadoxine-pyrimethamine vs.

chloroquine); school attendance (some vs. none); season at enrollment (lean vs. fat); catchment area (health center 1 vs. health center 2). No interaction terms were inserted in

these models. CMI, cumulative micronutrient intake; GA, gestational age; IFA, iron and folic acid; UNIMMAP, UNICEF/WHO/UNU multiple micronutrient supplement for

pregnancy and lactating women.
2 Small-for-gestational age was defined as a birth weight less than the 10th percentile of the reference population with same gestational age (29).
3 Large-for-gestational age was defined as a birth weight greater than the 90th percentile of the study population.
4 Residuals from the regression of CMI on gestational age at enrollment and at delivery were used.
5 Residuals from the regression of gestational age at enrollment on CMI were used.



79

Discussion

The cumulative supplement intake of prenatal micronutrients was
independently associated with a greater fetal growth. This associ-

ation was modified by gestational age at enrollment, maternal BMI

at enrollment, and primiparity. There was no evidence of an

interaction with the type of supplements received (UNIMMAP vs.

IFA).
A greater CMI resulted in better fetal growth. Although

residual confounding cannot be ruled out, this is a plausible

finding, considering that each tablet provided 1 RDA of micro-

nutrients in a population with a diet poor in micronutrients (32).

Thus, the greatest effect of the supplementation can be expected

when it begins early during pregnancy; i.e., when the woman’s
needs for micronutrients are addressed during the longest
possible period. Indeed, we observed that women who entered
the study in the first trimester had heavier newborns than
women who were included later on. However, recommending an
early prenatal micronutrient supplementation might be wishful
thinking in many settings in poor countries, because the first
prenatal visit to health services usually occurs quite late. In our
study, for example, only 40% of women were included during
the first trimester, despite active case finding through monthly
home visits. Social communication to encourage earlier antena-
tal visits and community-based micronutrient supplementation
might be helpful strategies. Alternatively, a higher cumulative

TABLE 4 Associations between CMI and birth anthropometry1

Dependent variables

Model 1 – Weight, g
(n = 1014)

Model 2 – Length, mm
(n = 1012)

Model 3 – MUAC, mm
(n = 940)

Model 4 – TC, mm
(n = 1011)

Model 5 – HC, mm
(n = 1014)

Independent
variables b (95% CI) P b (95% CI) P b (95% CI) P b (95% CI) P b (95% CI) P

CMI2 1 (0, 2) 0.19 0.0 (20.1, 0.1) 0.82 0.0 (0.0, 0.1) 0.08 0.1 (0.0, 0.2) 0.036 0.0 (0.0, 0.1) 0.08

UNIMMAP vs. IFA 69 (23, 114) 0.003 4.3 (1.5, 7.0) 0.002 1.3 (0.2, 2.3) 0.01 3.3 (1.1, 5.5) 0.003 1.5 (20.2, 3.2) 0.09

Parity (primi vs. multi) 2290 (2348, 2233) ,0.001 28.5 (211.9, –5.0) ,0.001 24.5 (25.8, –3.2) ,0.001 211.9 (214.7, –9.2) ,0.001 28.1 (210.2, 25.9) ,0.001

GA enrollment,3 wk 29 (219, 1) 0.07 20.3 (20.9, 0.3) 0.40 20.1 (20.4, 0.1) 0.22 20.4 (20.8, 0.1) 0.14 20.3 (20.7, 0.1) 0.09

GA delivery, wk 70 (58, 81) ,0.001 3.8 (3.1, 4.5) ,0.001 1.1 (0.8, 1.3) ,0.001 3.2 (2.7, 3.8) ,0.001 2.5 (2.1, 3.0) ,0.001

Sex (male vs. female) 100 (54, 146) ,0.001 5.4 (2.7, 8.1) ,0.001 0.7 (20.3, 1.7) 0.17 3.7 (1.5, 5.9) ,0.001 3.7 (2.0, 5.4) ,0.001

Maternal BMI, kg/m2 25 (15, 36) ,0.001 0.8 (0.2, 1.4) 0.014 0.6 (0.3, 0.8) ,0.001 1.2 (0.7, 1.7) ,0.001 0.7 (0.3, 1.1) 0.001

1 Calculated by multiple linear regression models with further adjustment for maternal Hb concentration at enrollment, g/L; type of malaria prevention (sulfadoxine-pyrimethamine

vs. chloroquine); school attendance (some vs. none); season at enrollment (lean vs. fat); and catchment area (health center 1 vs. health center 2). These models included no

interaction terms. CMI, cumulative micronutrient intake; GA, gestational age; Hb, hemoglobin; HC, head circumference; IFA, iron and folic acid; MUAC, mid-upper arm

circumference; TC, thoracic circumference; UNIMMAP, UNICEF/WHO/UNU multiple micronutrient supplement for pregnancy and lactating women.
2 Residuals from the regression of CMI on gestational age at enrollment and at delivery were used to account for correlation between CMI and gestational age.
3 Residuals from the regression of gestational age at enrollment on CMI were used to account for correlation between CMI and gestational age.

TABLE 5 Associations between CMI and birth anthropometry stratified by levels of interacting factors1

Dependent variables

Model 1: weight, g
(n = 1014)

Model 2: length, mm
(n = 1012)

Model 3: MUAC, mm
(n = 940)

Model 4: TC, mm
(n = 1011)

Model 5: HC, mm
(n = 1014)

Independent variables b (95% CI) P b (95% CI) P b (95% CI) P b (95% CI) P b (95% CI) P

CMI,2 per GA enrollment3 0.0014 0.024 — 0.194 0.074 0.094

Mean GA-1 SD 0.9 (20.3, 2.2) 0.15 20.01 (20.08, 0.07) 0.88 — 0.08 (0.01, 0.15) 0.03 0.06 (0.01, 0.10) 0.014

Mean GA 1.6 (0.3, 3.1) 0.02 0.02 (–0.06, 0.10) 0.63 0.10 (0.02, 0.17) 0.01 0.07 (0.02, 0.12) 0.006

Mean GA + 1 SD 2.4 (0.7, 4.2) 0.006 0.05 (–0.05, 0.15) 0.36 0.12 (0.02, 0.21) 0.02 0.08 (0.02, 0.15) 0.009

CMI,2 per BMI enrollment 0.024 0.324 0.494 0.094 0.024

Mean BMI: 1 SD 0.1 (21.5, 1.7) 0.90 — — 0.03 (-0.06, 0.11) 0.52 0.01 (-0.04, 0.07) 0.61

Mean BMI 0.8 (20.4, 2.1) 0.19 0.08 (0.01, 0.15) 0.033 0.06 (0.01, 0.10) 0.016

Mean BMI + 1 SD 1.6 (0.1, 3.1) 0.04 0.12 (0.04, 0.21) 0.004 0.10 (0.04, 0.15) 0.001

CMI,2 per parity status 0.024 0.134 0.984 0.294 0.214

Primiparous 2.5 (20.01, 5.0) 0.05 — — — —

Multiparous 0.5 (21.0, 1.9) 0.52

1 An interaction term was inserted between CMI and gestational age at enrollment, CMI and newborn sex, CMI and maternal Hb concentration at enrollment, CMI and parity, and

CMI and maternal BMI at enrollment in the multiple linear regression models presented in Table 4. Adjustment was made for type of micronutrients received (UNIMMAP vs. IFA);

parity (primiparity vs. multiparity), gestational age at enrollment, and at delivery; newborn sex, maternal BMI at enrollment, kg/m2; maternal Hb concentration at enrollment, g/L;

type of malaria prevention (sulfadoxine-pyrimethamine vs. chloroquine); school attendance (some vs. none); season at enrollment (lean vs. fat); and catchment area (health center

1 vs. health center 2). CMI, cumulative micronutrient intake; GA, gestational age; Hb, hemoglobin; HC, head circumference; IFA, iron and folic acid; MUAC, mid-upper arm

circumference; TC, thoracic circumference; UNIMMAP, UNICEF/WHO/UNU multiple micronutrient supplement for pregnancy and lactating women.
2 Residuals from the regression of CMI on gestational age at enrollment and at delivery were used to account for correlation between CMI and gestational age.
3 Residuals from the regression of gestational age at enrollment on CMI were used to account for correlation between CMI and gestational age.
4 P-interaction. There was no interaction between CMI and newborn sex, CMI and type of micronutrient, or CMI and maternal Hb concentration at enrollment in any of the models.

When the P-interaction was ,0.10, the recentering method was applied, i.e., the association between CMI and the outcome was computed at 3 levels of the interacting covariate

(mean 2 1 SD, mean, and mean + 1 SD) (27). Mean 6 1 SD for GA at enrollment was 16.8 6 7.3 wk and 20.9 6 2.2 kg/m2 for maternal BMI at enrollment.

dose could be achieved by increasing the daily dose of micro-
nutrients. However, evidence supporting such an alternative
approach is scanty; to our knowledge, only two trials addressed
that question with an appropriate design. One RCT in Guinea-
Bissau reported that themean birthweight increased by 53 g [(95%
CI: 219, 125); P = 0.15] with UNIMMAP and by 95 g [(95% CI:
24, 166); P = 0.009] when twice the dose of UNIMMAP was
provided compared with a placebo (14). Although these results
might indicate that a daily dose of more that 1 RDA is more
efficient, in reality the birth weight did not significantly differ

between the two intervention groups. This might have been due to
a low statistical power of the study (;360 newborns/group) along
with quite a short supplementation duration (mean number of
tablets: 816 42). Another trial in Tanzania comparedmultiple and
single RDA ofmultivitamins and did not detect a difference in birth
weight and other pregnancy outcomes between the two groups
(15). This lack of difference might simply reflect that multiples of
RDA (from 3 to 15 times the RDA for some micronutrients),
instead of 1 RDA, exceeded what can be physiologically utilized
daily. Measuring urine concentrations of vitamin B metabolites
would have generated valuable insights on this question.

Whether prenatal micronutrient supplementation should be
started at a specific gestational age for getting an optimal health
effect remains uncertain. Nutrients in the first trimester may be
more important to development and differentiation of various
organs, and later in pregnancy they may be important for overall
fetal growth (25). Lee et al. (26) suggested that improvements in
iron and folate nutriture were highly dependent on when the
supplementation program was initiated. In their study, IFA
supplementation initiated during the first pregnancy trimester
had more effect on iron nutriture indexes than supplementation
initiated at 20 wk of gestation. In reality, their results were more
a reflection of iron being stored over a longer period rather than
the effect of a differential prenatal timing per se. Although our
study was not designed to assess the effect of initiating
micronutrient supplementation at various stages of pregnancy,
participants were included at very different gestational ages.
After controlling for potential confounding factors, we found a
stronger association between CMI and birth weight, but also
thoracic and cephalic circumferences, for women entering the
study at a later gestational age. Although counterintuitive at first
sight, this is a plausible observation. Women recruited late in
pregnancy had not been supplemented previously; i.e., micro-
nutrient deficiencies were likely to be more pronounced in these
individuals than in early participants and the utilization of
supplements might have been more efficient. A similar phenom-
enon has already been described for iron (33). The interaction
observed with primiparity (P = 0.016) might relate to the same
explanation, because we previously reported that primiparous
women in this study population presented a worse nutritional
status compared to multiparous ones (18). In spite of this greater
gradient of birth weight by unit of CMI, primiparous women

FIGURE 1 Distribution of birth weight over CMI by type of

micronutrient supplement. Regression lines and points were fitted

from a 2-part residual model, i.e., CMI was first regressed on

gestational age at enrollment and at delivery and the residuals of this

regression were then inserted as a covariate in the model (22). The

model was adjusted for primiparity (yes/no), maternal BMI at enroll-

ment (kg/m2), maternal Hb concentration at enrollment (g/L), type of

micronutrient supplement (IFA vs. UNIMMAP), type of malaria preven-

tion (sulfadoxine-pyrimethamine vs. chloroquine), school attendance

(some vs. none), season at enrollment (lean vs. fat), newborn sex, and

catchment area (health center 1 vs. health center 2). Birth weight was

the dependent variable of this model and the resulting fitted values

were plotted. The regression lines were obtained by locally weighted

scatterplot smoothing (lowess) of the fitted values. Hb, hemoglobin;

IFA, iron and folic acid; UNIMMAP, UNICEF/WHO/UNU multiple

micronutrient supplement for pregnancy and lactating women.

TABLE 6 Multiple logistic regression of the effect of CMI on anthropometry at birth1

Independent
variables

Dependent variables
n = 1014

Model 1: small-for-gestational age2

OR (95% CI) P
Model 2: large-for-gestational age3

OR (95% CI) P

CMI4 Continuous 0.99 (0.98, 1.00) 0.003 1.00 (0.99, 1.01) 0.85

Per tertile 0.79 (0.65, 0.95) 0.013 1.10 (0.80, 1.50) 0.55

UNIMMAP vs. IFA 0.78 (0.60, 1.02) 0.07 1.76 (1.12, 2.76) 0.014

GA enrollment5, wk 1.13 (1.08, 1.18) ,0.001 0.97 (0.88, 1.06) 0.49

GA delivery, wk — — 1.35 (1.17, 1.56) ,0.001

Sex (male vs. female) 0.91 (0.70, 1.19) 0.49 1.97 (1.25, 3.11) 0.004

Parity (primi. vs. multi.) 2.12 (1.52, 2.96) ,0.001 0.15 (0.05, 0.43) ,0.001

Maternal BMI, kg/m2 0.89 (0.83, 0.95) ,0.001 1.16 (1.06, 1.28) 0.002

1 Results are from logistic regression models with further adjustement for maternal Hb concentration at enrollment, g/L; type of malaria prevention (sulfadoxine-pyrimethamine vs.

chloroquine); school attendance (some vs. none); season at enrollment (lean vs. fat); catchment area (health center 1 vs. health center 2). No interaction terms were inserted in

these models. CMI, cumulative micronutrient intake; GA, gestational age; IFA, iron and folic acid; UNIMMAP, UNICEF/WHO/UNU multiple micronutrient supplement for

pregnancy and lactating women.
2 Small-for-gestational age was defined as a birth weight less than the 10th percentile of the reference population with same gestational age (29).
3 Large-for-gestational age was defined as a birth weight greater than the 90th percentile of the study population.
4 Residuals from the regression of CMI on gestational age at enrollment and at delivery were used.
5 Residuals from the regression of gestational age at enrollment on CMI were used.



80

delivered newborns with a much lower birth weight than
multiparous ones, as has also been observed in other settings
(34). The observed effect modification on birth weight by parity
might also be a chance finding, because it was not observed for
the other indices of fetal growth.

Maternal BMI at enrollment was also a factor modifying the
association between CMI and birth weight, the amplitude of this
association increasing at greater levels of maternal BMI. In
women with a low BMI, there was no association between CMI
and birth weight. This is a finding consistent with results that we
previously published (18) and with the pooled analysis of 12
RCT on prenatal UNIMMAP, where the positive effect of the
UNIMMAP on birth weight was greatest in heavier women and
around zero among women with a low BMI (4). One plausible
explanation is that micronutrients are not optimally utilized in
the presence of maternal energy deficiency, because their
metabolism and their active transport to the fetus require
energy. Another RCT in Burkina Faso found that providing
UNIMMAP with additional macronutrients was more effective
than UNIMMAP alone in women with a BMI ,18 kg/m2 (35).
Also, this association might be indirect. It has been demon-
strated that maternal BMI, placental volume, and birth weight
are associated (36). It could be that micronutrient transfer to the
fetus is greater when the placenta is better developed, as
observed in women with a higher BMI (37).

The association between CMI and fetal growth did not differ
in women receiving IFA or UNIMMAP; i.e., a higher birth
weight was observed in newborns from mothers who used more
micronutrient tablets also in the IFA group. This is an important
finding, because IFA has mainly been considered a placebo as
regards fetal growth. A recent Cochrane review found no
evidence of increased birth weight associated with IFA (10). In
that review, however, the mean difference in birth weight
between those whose mothers had taken iron supplements and
those whose mothers had not was 36.1 g [(95% CI: 24.84,
77.0); P = 0.08], a result that was nonsignificant. Only two of the
studies in this meta-analysis of 10 studies were carried out in
developing countries (7,8). In Nepal, mothers receiving IFA gave
birth to newborns who were on average heavier by 37 g (95%
CI: 216, 90) than those in the control group. Chest circumfer-
ence and head circumference were also significantly higher (7).
In Niger, no increase in birth weight with iron supplements was
observed, although the small sample size (n = 197) and late
enrollment during pregnancy might have contributed to this
negative result (8). Since the Cochrane review was published, a
third RCT in rural China also reported no difference in birth
weight between women receiving IFA and those receiving only
folic acid [24.3 g (95% CI: 210.3, 59.0); P = 0.169] (38). In
contrast, another RCT conducted in nonanemic women in the
USA reported an important increase in mean birth weight with
prenatal iron supplements [205.0 g (95% CI: 48.8, 361.2); P =
0.010] (9). Although the evidence is not definitive, the effect of
IFA on fetal growth is physiologically plausible. IFA might affect
fetal growth through improving maternal Hb concentration and
thus oxygen content of maternal blood, which possibly influence
the development of the placenta and subsequently human
chorionic gonadotropin and human placental lactogen concen-
trations (23,39). One alternative physiological pathway may be
that IFA alleviates the stimulation of the synthesis of cortico-
trophin-releasing hormone due to iron deficiency, with a
subsequent decrease in the production of fetal cortisol (40,41).

In any case, this finding, i.e., the association between CMI and
fetal growth with both UNIMMAP and IFA, allows interpreting
the results of various meta-analyses on UNIMMAP and birth

weight in a new light (3–6). The mean 22.4-g [(95%CI: 8.3, 36.4);
P = 0.002] increase in birth weight in the UNIMMAP group
relative to the IFA group (4) is in addition to the birth weight
increment due to IFA itself. For instance, in our study, UNIMMAP
increased birth weight by amean 69.0 g relative to IFA, but for 100
tablets, UNIMMAP would increase birth weight by a mean 229 g
[69.0 + (100 3 1.6)] relative to a hypothetical group receiving no
supplements. It is also important to realize that the mean 22.4-g
increase in birth weight relates to an average intake of micro-
nutrient tablets observed in the individual studies. This intake was
not optimal in every study (42). As suggested by our results,
increasing the number of micronutrient tablets provided during
pregnancy could result in a greater effect on fetal growth.
Increasing the overall micronutrient intake, however, must be
weighed against the potential for harm in some context. Each
additional tablet of micronutrient, UNIMMAP or IFA, increased
the head circumference by 0.07 mm, a finding consistent with the
results of another trial in Nepal, where both IFA and multiple
micronutrients increased mean head circumference compared to
controls (7). These observations bear potentially important health
implications as regards delivery complications in mothers receiving
high amounts of IFA or UNIMMAP (43), particularly in settings
with suboptimal obstetrical care (6,15). Further prenatal supple-
mentation studies should include cautious safety monitoring.

The main limitation of our study was its reliance on
adherence data; i.e., women were not randomized to receive
different doses of IFA or UNIMMAP. However, our adherence
data were based on direct observation of tablet intake and the
analyses were adjusted for the effect of potential confounders.
Another difficulty was the correlation existing between micro-
nutrient dose and gestational age at enrollment, i.e., women who
received the most supplements also entered the trial earlier. This
was accounted for by an analysis based on residuals (22).

In conclusion, implementing further studies for assessing the
health benefit of higher cumulative UNIMMAP intake by
starting the supplementation very early during pregnancy or
even before conception is warranted. In settings where low
maternal BMI is prevalent, supplements of energy should also be
provided. Such studies should include cautious safety monitor-
ing, notably because an association with CMI was also demon-
strated for head circumference.

Acknowledgments
D.R. and P.K. designed research; D.R., L.H., M.C.H., H.L., and
N.M. oversaw the field work; D.R. and J.P.H. analyzed data;
D.R. and L.H. wrote the paper; and D.R. and P.K. had primary
responsibility for final content. All authors read and approved
the final manuscript.

Literature Cited

1. Allen LH, Peerson JM. Impact of multiple micronutrient versus iron-
folic acid supplements on maternal anemia and micronutrient status in
pregnancy. Food Nutr Bull. 2009;30:S527–32.

2. Shrimpton R, Huffman SL, Zehner ER, Darnton-Hill I, Dalmiya N.
Multiple micronutrient supplementation during pregnancy in develop-
ing-country settings: policy and program implications of the results of a
meta-analysis. Food Nutr Bull. 2009;30:S556–73.

3. Shah PS, Ohlsson A. Effects of prenatal multimicronutrient supplementa-
tion on pregnancy outcomes: a meta-analysis. CMAJ. 2009;180:E99–108.

4. Fall CH, Fisher DJ, Osmond C, Margetts BM. Multiple micronutrient
supplementation during pregnancy in low-income countries: a meta-
analysis of effects on birth size and length of gestation. Food Nutr Bull.
2009;30:S533–46.

5. Kawai K, Spiegelman D, Shankar AH, Fawzi WW. Maternal multiple
micronutrient supplementation and pregnancy outcomes in developing
countries: meta-analysis and meta-regression. Bull World Health Organ.
2011;89:B402–411.

6. Haider BA, Yakoob MY, Bhutta ZA. Effect of multiple micronutrient
supplementation during pregnancy on maternal and birth outcomes.
BMC Public Health. 2011;11 Suppl 3:S19.

7. Christian P, Khatry SK, Katz J, Pradhan EK, LeClerq SC, Shrestha SR,
Adhikari RK, Sommer A, West KP Jr. Effects of alternative maternal
micronutrient supplements on low birth weight in rural Nepal: double
blind randomised community trial. BMJ. 2003;326:571.

8. Preziosi P, Prual A, Galan P, Daouda H, Boureima H, Hercberg S. Effect
of iron supplementation on the iron status of pregnant women:
consequences for newborns. Am J Clin Nutr. 1997;66:1178–82.

9. Cogswell ME, Parvanta I, Ickes L, Yip R, Brittenham GM. Iron
supplementation during pregnancy, anemia, and birth weight: a
randomized controlled trial. Am J Clin Nutr. 2003;78:773–81.

10. Peña-Rosas JP, Viteri FE. Effects and safety of preventive oral iron or
iron+folic acid supplementation for women during pregnancy. Co-
chrane Database Syst Rev. 2009;CD004736.

11. Fawzi WW, Msamanga GI, Urassa W, Hertzmark E, Petraro P, Willett
WC, Spiegelman D. Vitamins and perinatal outcomes among HIV-
negative women in Tanzania. N Engl J Med. 2007;356:1423–31.

12. Fawzi WW, Msamanga G, Hunter D, Urassa E, Renjifo B, Mwakagile
D, Hertzmark E, Coley J, Garland M, Kapiga S, et al. Randomized trial
of vitamin supplements in relation to vertical transmission of HIV-1 in
Tanzania. J Acquir Immune Defic Syndr. 2000;23:246–54.

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

14. Kaestel P, Michaelsen KF, Aaby P, Friis H. Effects of prenatal
multimicronutrient supplements on birth weight and perinatal mortal-
ity: a randomised, controlled trial in Guinea-Bissau. Eur J Clin Nutr.
2005;59:1081–9.

15. Kawai K, Kupka R, Mugusi F, Aboud S, Okuma J, Villamor E,
Spiegelman D, Fawzi WW. A randomized trial to determine the optimal
dosage of multivitamin supplements to reduce adverse pregnancy
outcomes among HIV-infected women in Tanzania. Am J Clin Nutr.
2010;91:391–7.

16. Kehoe SH, Chheda PS, Sahariah SA, Baird J, Fall CH. Reporting of
participant compliance in randomized controlled trials of nutrition
supplements during pregnancy. Matern Child Nutr. 2009;5:97–103.

17. Ekström EC, Kavishe FP, Habicht JP, Frongillo EA Jr, Rasmussen KM,
Hemed L. Adherence to iron supplementation during pregnancy in
Tanzania: determinants and hematologic consequences. Am J Clin Nutr.
1996;64:368–74.

18. Roberfroid D, Huybregts L, Lanou H, Henry MC, Meda N, Menten J,
Kolsteren P. Effects of maternal multiple micronutrient supplementation
on fetal growth: a double-blind randomized controlled trial in rural
Burkina Faso. Am J Clin Nutr. 2008;88:1330–40.

19. Valadez JJ, Brown LD, Vargas WV, Morley DC. Using lot quality
assurance sampling to assess measurements for growth monitoring in a
developing country’s primary health care system. Int J Epidemiol.
1996;25:381–7.

20. WHO Multicentre Growth Reference Study Group. Reliability of
anthropometric measurements in the WHO Multicentre Growth
Reference Study. Acta Paediatr Suppl. 2006;450:38–46.

21. WHO. Iron deficiency anemia assessment, prevention and control: a
guide for program managers. Geneva: WHO; 2001.

22. Esrey SA, Casella G, Habicht JP. The use of residuals for longitudinal
data analysis: the example of child growth. Am J Epidemiol.
1990;131:365–72.

23. Roberfroid D, Huybregts L, Habicht JP, Lanou H, Henry MC, Meda N,
D’Alessandro U, Kolsteren P. Randomized controlled trial of 2 prenatal

iron supplements: is there a dose-response relation with maternal
hemoglobin? Am J Clin Nutr. 2011;93:1012–8.

24. Roberfroid D, Huybregts L, Lanou H, Henry MC, Meda N, Kolsteren
FP. Effect of maternal multiple micronutrient supplements on cord
blood hormones: a randomized controlled trial. Am J Clin Nutr.
2010;91:1649–58.

25. Rifas-Shiman SL, Rich-Edwards JW, Willett WC, Kleinman KP, Oken E,
Gillman MW. Changes in dietary intake from the first to the second
trimester of pregnancy. Paediatr Perinat Epidemiol. 2006;20:35–42.

26. Lee JI, Lee JA, Lim HS. Effect of time of initiation and dose of prenatal
iron and folic acid supplementation on iron and folate nutriture of
Korean women during pregnancy. Am J Clin Nutr. 2005;82:843–9.

27. Jaccard J, Turrisi R. Interaction effect in multiple regression. Thousand
Oaks (CA): Sage University Papers; 2003.

28. Fleiss JL. Analysis of data from multiclinic trials. Control Clin Trials.
1986;7:267–75.

29. Kramer MS, Platt RW, Wen SW, Joseph KS, Allen A, Abrahamowicz M,
Blondel B, Breart G. A new and improved population-based Canadian
reference for birth weight for gestational age. Pediatrics. 2001;108:E35.

30. Dupont WD. Statistical modeling for biomedical researchers: a simple
introduction to the analysis of complex data. Cambridge (UK):
Cambridge University Press; 2009.

31. Fox J. Applied regression analysis and generalized linear models.
Thousand Oaks (CA): Sage; 2008.

32. Huybregts LF, Roberfroid DA, Kolsteren PW, Van Camp JH. Dietary
behaviour, food and nutrient intake of pregnant women in a rural
community in Burkina Faso. Matern Child Nutr. 2009;5:211–22.

33. O’Brien KO, Zavaleta N, Abrams SA, Caulfield LE. Maternal iron
status influences iron transfer to the fetus during the third trimester of
pregnancy. Am J Clin Nutr. 2003;77:924–30.

34. Joshi NP, Kulkarni SR, Yajnik CS, Joglekar CV, Rao S, Coyaji KJ,
Lubree HG, Rege SS, Fall CH. Increasing maternal parity predicts
neonatal adiposity: Pune Maternal Nutrition Study. Am J Obstet
Gynecol. 2005;193:783–9.

35. Huybregts L, Roberfroid D, Lanou H, Menten J, Meda N, Van Camp J,
Kolsteren P. Prenatal food supplementation fortified with multiple
micronutrients increases birth length: a randomized controlled trial in
rural Burkina Faso. Am J Clin Nutr. 2009;90:1593–600.

36. Thame M, Osmond C, Bennett F, Wilks R, Forrester T. Fetal growth is
directly related to maternal anthropometry and placental volume. Eur J
Clin Nutr. 2004;58:894–900.

37. Sebayang SK, Dibley MJ, Kelly P, Shankar AV, Shankar AH. Modifying
effect of maternal nutritional status on the impact of maternal multiple
micronutrient supplementation on birthweight in Indonesia. Eur J Clin
Nutr. 2011;65:1110–7.

38. Zeng L, Dibley MJ, Cheng Y, Dang S, Chang S, Kong L, Yan H. Impact
of micronutrient supplementation during pregnancy on birth weight,
duration of gestation, and perinatal mortality in rural western China:
double blind cluster randomised controlled trial. BMJ. 2008;337:a2001.

39. Godfrey KM, Redman CW, Barker DJ, Osmond C. The effect of
maternal anaemia and iron deficiency on the ratio of fetal weight to
placental weight. Br J Obstet Gynaecol. 1991;98:886–91.

40. Allen LH. Biological mechanisms thath might underlie iron’s effects on
fetal growth and preterm birth. J Nutr. 2001;131:S581–9.

41. Murphy VE, Smith R, Giles WB, Clifton VL. Endocrine regulation of
human fetal growth: the role of the mother, placenta, and fetus. Endocr
Rev. 2006;27:141–69.

42. Margetts BM, Fall CH, Ronsmans C, Allen LH, Fisher DJ. Multiple
micronutrient supplementation during pregnancy in low-income coun-
tries: review of methods and characteristics of studies included in the
meta-analyses. Food Nutr Bull. 2009;30:S517–26.

43. Ronsmans C, Fisher DJ, Osmond C, Margetts BM, Fall CH. Multiple
micronutrient supplementation during pregnancy in low-income coun-
tries: a meta-analysis of effects on stillbirths and on early and late
neonatal mortality. Food Nutr Bull. 2009;30:S547–55.



81

delivered newborns with a much lower birth weight than
multiparous ones, as has also been observed in other settings
(34). The observed effect modification on birth weight by parity
might also be a chance finding, because it was not observed for
the other indices of fetal growth.

Maternal BMI at enrollment was also a factor modifying the
association between CMI and birth weight, the amplitude of this
association increasing at greater levels of maternal BMI. In
women with a low BMI, there was no association between CMI
and birth weight. This is a finding consistent with results that we
previously published (18) and with the pooled analysis of 12
RCT on prenatal UNIMMAP, where the positive effect of the
UNIMMAP on birth weight was greatest in heavier women and
around zero among women with a low BMI (4). One plausible
explanation is that micronutrients are not optimally utilized in
the presence of maternal energy deficiency, because their
metabolism and their active transport to the fetus require
energy. Another RCT in Burkina Faso found that providing
UNIMMAP with additional macronutrients was more effective
than UNIMMAP alone in women with a BMI ,18 kg/m2 (35).
Also, this association might be indirect. It has been demon-
strated that maternal BMI, placental volume, and birth weight
are associated (36). It could be that micronutrient transfer to the
fetus is greater when the placenta is better developed, as
observed in women with a higher BMI (37).

The association between CMI and fetal growth did not differ
in women receiving IFA or UNIMMAP; i.e., a higher birth
weight was observed in newborns from mothers who used more
micronutrient tablets also in the IFA group. This is an important
finding, because IFA has mainly been considered a placebo as
regards fetal growth. A recent Cochrane review found no
evidence of increased birth weight associated with IFA (10). In
that review, however, the mean difference in birth weight
between those whose mothers had taken iron supplements and
those whose mothers had not was 36.1 g [(95% CI: 24.84,
77.0); P = 0.08], a result that was nonsignificant. Only two of the
studies in this meta-analysis of 10 studies were carried out in
developing countries (7,8). In Nepal, mothers receiving IFA gave
birth to newborns who were on average heavier by 37 g (95%
CI: 216, 90) than those in the control group. Chest circumfer-
ence and head circumference were also significantly higher (7).
In Niger, no increase in birth weight with iron supplements was
observed, although the small sample size (n = 197) and late
enrollment during pregnancy might have contributed to this
negative result (8). Since the Cochrane review was published, a
third RCT in rural China also reported no difference in birth
weight between women receiving IFA and those receiving only
folic acid [24.3 g (95% CI: 210.3, 59.0); P = 0.169] (38). In
contrast, another RCT conducted in nonanemic women in the
USA reported an important increase in mean birth weight with
prenatal iron supplements [205.0 g (95% CI: 48.8, 361.2); P =
0.010] (9). Although the evidence is not definitive, the effect of
IFA on fetal growth is physiologically plausible. IFA might affect
fetal growth through improving maternal Hb concentration and
thus oxygen content of maternal blood, which possibly influence
the development of the placenta and subsequently human
chorionic gonadotropin and human placental lactogen concen-
trations (23,39). One alternative physiological pathway may be
that IFA alleviates the stimulation of the synthesis of cortico-
trophin-releasing hormone due to iron deficiency, with a
subsequent decrease in the production of fetal cortisol (40,41).

In any case, this finding, i.e., the association between CMI and
fetal growth with both UNIMMAP and IFA, allows interpreting
the results of various meta-analyses on UNIMMAP and birth

weight in a new light (3–6). The mean 22.4-g [(95%CI: 8.3, 36.4);
P = 0.002] increase in birth weight in the UNIMMAP group
relative to the IFA group (4) is in addition to the birth weight
increment due to IFA itself. For instance, in our study, UNIMMAP
increased birth weight by amean 69.0 g relative to IFA, but for 100
tablets, UNIMMAP would increase birth weight by a mean 229 g
[69.0 + (100 3 1.6)] relative to a hypothetical group receiving no
supplements. It is also important to realize that the mean 22.4-g
increase in birth weight relates to an average intake of micro-
nutrient tablets observed in the individual studies. This intake was
not optimal in every study (42). As suggested by our results,
increasing the number of micronutrient tablets provided during
pregnancy could result in a greater effect on fetal growth.
Increasing the overall micronutrient intake, however, must be
weighed against the potential for harm in some context. Each
additional tablet of micronutrient, UNIMMAP or IFA, increased
the head circumference by 0.07 mm, a finding consistent with the
results of another trial in Nepal, where both IFA and multiple
micronutrients increased mean head circumference compared to
controls (7). These observations bear potentially important health
implications as regards delivery complications in mothers receiving
high amounts of IFA or UNIMMAP (43), particularly in settings
with suboptimal obstetrical care (6,15). Further prenatal supple-
mentation studies should include cautious safety monitoring.

The main limitation of our study was its reliance on
adherence data; i.e., women were not randomized to receive
different doses of IFA or UNIMMAP. However, our adherence
data were based on direct observation of tablet intake and the
analyses were adjusted for the effect of potential confounders.
Another difficulty was the correlation existing between micro-
nutrient dose and gestational age at enrollment, i.e., women who
received the most supplements also entered the trial earlier. This
was accounted for by an analysis based on residuals (22).

In conclusion, implementing further studies for assessing the
health benefit of higher cumulative UNIMMAP intake by
starting the supplementation very early during pregnancy or
even before conception is warranted. In settings where low
maternal BMI is prevalent, supplements of energy should also be
provided. Such studies should include cautious safety monitor-
ing, notably because an association with CMI was also demon-
strated for head circumference.
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