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A task force was convened by the New York Academy of Sciences to evaluate new evidence that was not available at
the time of, and to help countries interpret, recentWorldHealthOrganization guidelines for nutrition interventions
in pregnancy as they relate to multiple micronutrient supplementation. The report of the task force is published in
a recent special issue of Annals of the New York Academy of Sciences. Here, we provide a short introduction to the
special issue.
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Good nutrition during pregnancy is important for
fetal development and survival and for growth
from birth through childhood. Inadequate mater-
nal nutrition can result in infants having low birth
weight (LBW, defined as birth weight of <2500 g),
which is caused by preterm birth, fetal malnu-
trition, or both together. It is estimated that in
2015, 14.6% of births globally were LBW totaling
20.5 million births, mainly in South Asia and sub-
Saharan Africa.1 Babies with LBW, both those who
are preterm or have fetal malnutrition, assessed as
being born small for gestational age (SGA), as well
as babies who are SGA and not LBW, have an ele-
vated risk of death in infancy.2 In addition, these
babies have an elevated risk of stunting of linear
growth and development in childhood and of adult-
onset chronic diseases.3
Pregnant women in low- and middle-income

countries (LMICs) commonly have nutrient-poor
diets that result in deficiencies of multiple vitamins
and minerals, collectively referred to as micronutri-
ents. A large number of trials in pregnancy in these
settings provided multiple micronutrient supple-
ments (MMS) to determine if, in comparison with
the usual supplement of iron and folic acid (IFA),

there was a reduction in LBW or other adverse
outcomes at birth or in the neonatal period. A
systematic review of 15 trials, considered in the
development of guidelines for nutrition interven-
tions in pregnancy by the World Health Organi-
zation (WHO), found that newborns of mothers
who received MMS were significantly less likely
to be LBW or SGA.4 While the WHO 2016 ante-
natal care guidelines continued to recommend
IFA supplements for routine use, they stated that
“countries with a high prevalence of nutritional
deficiencies might consider the benefits of MMS on
maternal health to outweigh the disadvantages and
may choose to give MMS that include iron and folic
acid.”5 A task force was convened by the New York
Academy of Sciences to evaluate new evidence that
was not available at the time of the development of
the guidelines and to help countries interpret the
guidelines in relation to MMS in pregnancy. The
report of the task force is published in a recent spe-
cial issue of Annals of the New York Academy of
Sciences.6

The task force found from a review of evidence
that in women of reproductive age and pregnant
women in LMIC, there is a high prevalence of
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deficiencies of multiple essential micronutrients. It
also considered an individual participant datameta-
analysis of multiple micronutrient supplement tri-
als that was published after the WHO antenatal
guidelines.7 This analysis confirmed the findings of
the previous meta-analysis, including the observa-
tion that women receiving MMS, compared with
those receiving only IFA, had a lower risk of LBW
and SGA births. Additionally, it identified a num-
ber of subgroups that had greater benefits from
MMS. Anemic women benefited more from MMS
than nonanemic women in regard to LBW, SGA,
and reduced fetal and infant deaths, and under-
weight women who received MMS had a reduction
in preterm births. MMS did not increase the risk
of stillbirth, neonatal, 6-month, or infant mortality
overall, or in the analysis of any subgroup, such as
those based on maternal stature or nutritional sta-
tus, compared with IFA. The WHO antenatal care
guideline indicated a concern regarding a possible
risk of increased neonatalmortality fromMMSwith
30mgof iron comparedwith IFAwith 60mgof iron.
However, a new analysis making this comparison
with corrected and new data from several trials did
not find a difference in the relative risk of neonatal
deaths with this comparison.8
Based on the efficacy and safety data, the task

force concluded that MMS provide greater bene-
fit than IFA for birth outcomes and infant mortal-
ity and that the UNIMMAP formulation used in
most of the controlled trials could be a basis for
going forward in programs. Populations with a high
prevalence of anemia and underweight in women
of reproductive age could be prioritized for the use
of this multiple micronutrient supplement. Addi-
tional data on the nutritional conditions, including
micronutrient deficiencies, among women in LMIC
would be useful to design and monitor supplemen-
tation programs.WHOantenatal care guidelines for
use of IFA do not specify the number of days that
supplementation should be given during pregnancy,
but indicate that it should be started as early in preg-
nancy as possible. The evidence for MMS, showing
that women who started before 20 weeks of gesta-
tion had a reduction in preterm births compared
with no effect in those who started later,7 suggests
that the same advice applies to MMS.
A second paper published in the special issue

addresses the question of whether multiple
micronutrient consumption might lead to excess

intakes of certain micronutrients.9 For many
micronutrients, there may be health risks asso-
ciated with regular intake that exceeds an upper
threshold for safety, typically called an upper level
(UL). To examine this question, the intake of each
nutrient that would result from consuming the
UNIMMAP formulation daily, on top of a diet
that already included the recommended intake of
that nutrient, was compared with the UL. For most
micronutrients, this combination was substantially
below the UL. Only three nutrients met or exceeded
the UL: folate, iron, and niacin. For folate, the total
from both sources (diet and UNIMMAP) just met
the UL. The main concern with regard to excess
folate intake is the potential to mask vitamin B12
deficiency. Because MMS include vitamin B12, this
risk is mitigated, which is not the case with IFA
supplementation. In the case of iron, IFA and MMS
both contain iron, so there is no additional risk
of consuming MMS instead of IFA with regard to
exceeding the UL for iron. The optimal dose of iron
during pregnancy and the potential adverse effects
of excess iron are still unclear, and this topic is a
high priority for additional research.10 Meanwhile,
the usual dose of iron included inMMS (30mg/day)
is less likely to lead to excess intake than doses of
60 mg or higher. For niacin, the UL is based on the
occurrence of flushing, which is a very mild and
temporary side effect. Moreover, the UL is based
only on intake from synthetic forms of niacin from
supplements and fortified foods, not from naturally
occurring niacin in the diet, and the UNIMMAP
formulation contains an amount (18 mg) that is
well below the UL of 35 mg. Thus, the risk of mul-
tiple micronutrient consumption leading to excess
intake of micronutrients appears to be low.
A third paper from the task force addresses a

question raised in the WHO antenatal care guide-
lines regarding the cost-effectiveness of MMS.11
The multiple micronutrient supplement has a small
incremental cost compared with IFA because of
the additional micronutrients. The switch from
IFA to MMS was shown to be very cost-effective
in analyses for Bangladesh and Burkina Faso. The
estimated cost of $3–15 per Disability Adjusted
Life Year (DALY) averted for these countries com-
pares favorably with other highly cost-effective
maternal and child interventions. For comparison,
other interventions include micronutrient fortifi-
cation (USD20–100 per DALY averted), balanced
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protein-energy supplementation for women in
impoverished households (USD500 per DALY
averted), and Cesarean section (USD1600–2600
per DALY averted).12 Furthermore, the switch from
IFA toMMSwas estimated to have a cost of USD125
and USD184 per death averted for Burkina Faso
and Bangladesh, respectively. This is highly cost-
effective and compares very favorably with packages
for perinatal and newborn care, including mid-
wifery and obstetric services, costing USD1000–
3000 per death averted.13 The change to MMS
has a low cost per case of LBW averted (USD37–
44 in these two countries),11 but because there
are few other effective interventions for this out-
come, comparative cost-effectiveness data are not
available.
MMS in pregnancy are commonly used in the

United States and other high-income countries.
Recognizing the nutritional needs of their popula-
tions and the benefits ofMMS in pregnancy, a num-
ber of LMICs are introducing these supplements
with support from UNICEF and other organiza-
tions. Thiswill provide the opportunity to learn how
to assure a high-quality supply of MMS, availability
during antenatal care or other channels, and adher-
ence throughout pregnancy, as well as to identify
methods to target populations at high risk of poor
birth outcomes because of nutritional deficiencies.
It is important thatMMS become part ofmore com-
prehensive and integrated health care and nutri-
tional support for women before, during, and after
pregnancy and for newborns, infants, and children
so that any benefits achieved at birth can be sus-
tained throughout the life course.

Acknowledgments

Funding for Open Access of this article was pro-
vided by the Bill & Melinda Gates Foundation.

Competing interests

The authors declare no competing interests.

References
1. Blencowe, H., J. Krasevec, M. de Onis, et al. 2019. National,

regional, and worldwide estimates of low birthweight in
2015, with trends from 2000: a systematic analysis. Lancet
Glob. Health. pii: S2214-109X(18)30565-5.

2. Katz, J., A.C. Lee, N. Kozuki, et al. 2013. Mortality risk
in preterm and small-for-gestational-age infants in low-
income and middle-income countries: a pooled country
analysis. Lancet 382: 417–425.

3. Christian, P., S.E. Lee, M. Donahue Angel, et al. 2013. Risk
of childhood undernutrition related to small-for-gestational
age and preterm birth in low-and middle-income countries.
Int. J. Epidemiol. 42: 1340–1355.

4. Haider, B.A. & Z.A. Bhutta. 2015. Multiple-micronutrient
supplementation for women during pregnancy. Cochrane
Database Syst. Rev. CD004905. https://doi.org/10.1002/
14651858.

5. World Health Organization. 2016. World Health Organiza-
tion recommendations on antenatal care for a positive preg-
nancy experience. Accessed March 27, 2019. https://apps.
who.int/iris/bitstream/handle/10665/250796/97892415499
12-eng.pdf;jsessionid=C336F6E6097399A1892D2DFD91B
691C7?sequence=1.

6. Ann. N.Y. Acad. Sci. 1444: 1–51. (2019).
7. Smith, E.R., A.H. Shankar, L.S. Wu, et al. 2017. Modifiers

of the effect of maternal multiple micronutrient supplemen-
tation on stillbirth, birth outcomes, and infant mortality: a
meta-analysis of individual patient data from17 randomised
trials in low-income and middle-income countries. Lancet
Glob. Health 5: e1090–e1100.

8. Sudfeld, C.R. & E.R. Smith. 2019. New evidence should
informWHO guidelines on multiple micronutrient supple-
mentation in pregnancy. J. Nutr. 149: 359–361.

9. Gernand, A.D. 2019. The upper level: examining the risk
of excess micronutrient intake in pregnancy from antenatal
supplements. Ann. N.Y. Acad. Sci. 1444: 22–34.

10. Oaks, B.M. & K.G. Dewey. 2017. U-shaped curve for
risk associated with maternal hemoglobin, iron status,
or iron supplementation. Am. J. Clin. Nutr. 106: 1694S–
1702S.

11. Engle-Stone, R., S.M. Kumordzie, L. Meinzen-Dick &
S.A. Vosti. 2019. Replacing iron-folic acid with multi-
ple micronutrient supplements among pregnant women in
Bangladesh and Burkina Faso: costs, impacts, and cost-
effectiveness. Ann. N.Y. Acad. Sci. 1444: 35–51.

12. Horton, S., H. Gelband, D. Jamison, et al. 2017. Ranking 93
health interventions for low-and middle-income countries
by cost-effectiveness. PLoS One 12: e0182951.

13. Black, R.E., C. Levin, N. Walker, et al. 2016. Reproductive,
maternal, newborn, and child health: key messages from
Disease Control Priorities 3rd Edition. Lancet 388: 2811–
2824.

5Ann. N.Y. Acad. Sci. 1444 (2019) 3–5 © 2019 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals, Inc. on behalf of New York Academy of Sciences.

https://doi.org/10.1002/14651858
https://doi.org/10.1002/14651858
https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-eng.pdf;jsessionid=C336F6E6097399A1892D2DFD91B691C7?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-eng.pdf;jsessionid=C336F6E6097399A1892D2DFD91B691C7?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-eng.pdf;jsessionid=C336F6E6097399A1892D2DFD91B691C7?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-eng.pdf;jsessionid=C336F6E6097399A1892D2DFD91B691C7?sequence=1

