
Who Benefits?
Differential effects of nutrition interventions 

for a positive pregnancy experience and 
improving infant survival

Emily R. Smith, ScD, MPH
October 7, 2019



Roadmap

PART I – The Case for MNCH
Born Too Small, Too Soon
Life Course Approach

PART II – Maternal Nutrition
Multiple Micronutrients
Nutritious Food Supplements
Calcium Supplementation

2



We need to make faster progress 
against an increasingly complex burden

Composition of U5 deaths, 2000 vs. 2015 2

2000-2015 2015-2030

Annualized rate of U5MR 
reduction observed, 2000-2015

Annualized rate of reduction 
needed to reach SDG targets

Historical & target annualized rates of U5MR reduction1

Sub-Saharan Africa South/SE Asia

1 Golding N et al. The Lancet. 2017
2 Liu L et al. The Lancet. 2016



Causes of Low Birthweight

Low Birth 
Weight

(<2500 g) 

BORN TOO SOON

Preterm Birth (PTB)

< 37 weeks gestation

BORN TOO SMALL

Small for Gestational Age (SGA)

< 10th percentile
Newborn 

Morbidity & 
Mortality 

Poor 
Postnatal 
Growth 

and 
Cognition

Low Weight Gain During 
Pregnancy

Micronutrient 
Deficiency/Anemia

Short Stature

Low Pre-Pregnancy BMI

Adolescent Pregnancy

Infections 
(e.g. Malaria, UTI, BV)

Lifestyle 
(e.g. Tobacco, others)
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Sania, Smith, et al. The Journal of pediatrics, 2018



6

Low birthweight, preterm birth, & IUGR contribute 
to poor growth throughout childhood

Sania et al. Maternal & Child Nutrition, 2015
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Sudfeld, et al. The Journal of Nutrition. 2015

Adjusted for: infant sex, infant age, maternal education, wealth quintile, 
stimulation tertile, BSID-III assessor, randomized regimen, and wasting

Low Birthweight, Malnutrition, and their Determinants Are 

Associated with Suboptimal Cognitive, Communication, and 

Motor Development among Children 18-36 months of age in 

Ifakara, Tanzania 
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Across the 

Life Course

Christian, Smith.
Ann Nutr Metab. 2018
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Maternal 
Nutrition
Building the Evidence Base



Iron and Folic Acid

Multiple Micronutrients

Balanced Energy and Protein

Calcium

WHO recommendations for supplementation in pregnancy



WHO Guidelines on Antenatal Care for a Positive Pregnancy Experience. 2016



IFA MMS



Published: 15 March 2019

“This systematic review included 21 trials 
(involving 142,496 women), but only 20 trials 
(involving 141,849 women) contributed data. 

The included trials compared pregnant women 
who supplemented their diets with multiple 
micronutrients (including iron and folic acid) 

with pregnant women who received iron (with 
or without folic acid) or a placebo.”
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35
Investigators

17 
trials

112,000 
women

14 
outcomes

10 
subgroups

Burkina Faso
Ghana
Guinea-Bissau
Malawi
Niger
Tanzania (2)
Zimbabwe

Mexico

Bangladesh (2)
China
India
Indonesia
Nepal (2)
Pakistan

Stillbirth, 
Infant Mortality, 

Birthweight, 
Gestational Age, 

Size for Gestational Age

Infant Sex, Parity, 
Maternal Age, Maternal 

Anthropometry, Maternal 
Anemia, Gestational Age 

at Supplementation, 
Adherence

Who benefits from MMS?



Overall, MMS reduces the risk of low birthweight, preterm birth, SGA.
IPD results consistent with the 2019 Cochrane Review.

14%

7%

3%

12%

5%
8%

Low Birthweight Preterm Birth SGA
N RR (95% CI) N RR (95% CI) N RR (95% CI)

Studies Studies Studies

Smith 2017 17 0.86 (0.81 to 0.92) 16 0.93 (0.87 to 0.98) 16 0.97 (0.96 to 0.99)
Keats 2019 18 0.88 (0.85 to 0.91) 18 0.95 (0.90 to 1.01) 17 0.92 (0.88 to 0.97)



Low Birthweight Preterm Birth SGA

Everyone 
Benefits
Benefit apparent in 
most subgroups

Larger gains for 
undernourished 
women

No harmful effects 
observed

Smith et al. Lancet Global 
Health. 2017



Stillbirth Neonatal Death
N N

Studies RR (95% CI) Studies RR (95% CI)

Smith 2017 16 0.92 (0.86 to 0.99) 12 0.99 (0.89 to 1.09)
Keats 2019 17 0.95 (0.86 to 1.04) 14 1.00, (0.89 to 1.12)

5% 8%

Overall, MMS probably slightly reduces the risk of stillbirth, but does 
not reduce mortality for the general population.
IPD results consistent with the 2019 Cochrane Review.

Overall Null Effect



MMS clearly & consistently 
reduces the risk of mortality 

for female infants through 
the first year of life.

Neonatal Mortality 6 Month Mortality Infant Mortality

Infant Sex

Male 1.06 (0.95-1.17) 0.007 0.98 (0.89-1.09) 0.06 1.05 (0.93-1.18) 0.04

Female 0.85 (0.75-0.96) 0.85 (0.75-0.95) 0.87 (0.77-0.99)

Regimen Adherence

<95% 1.05 (0.94-1.17) 0.05 0.98 (0.88-1.09) 0.11 1.06 (0.94-1.20) 0.02

>95% 0.88 (0.77-1.01) 0.85 (0.74-0.97) 0.85 (0.74-0.91)

Smith et al. Lancet Global Health. 2017



THE EFFECT OF MATERNAL MULTIPLE

MICRONUTRIENT SUPPLEMENTATION ON

FEMALE EARLY INFANT MORTALITY IS

FULLY MEDIATED BY INCREASED

GESTATION DURATION AND

INTRAUTERINE GROWTH

Quinn et al. Journal of Nutrition. Forthcoming 

MK Quinn
Doctoral Candidate

Maternal 
Multiple Micronutrient

Supplements

Size-for-Gestational Age

Gestational Age

Six-Week
Mortality

Other 
Covariates



Translating 
Evidence for Impact

• NYAS Task Force

• Annals of the New York Academy of 
Sciences Supplement 

• Re-Analysis of WHO Data (J Nutr)

• Gestational age & dose thresholds 

• Demonstration & Policy Change 
(UNICEF)

• Goalkeepers 2019



The upper level: examining the risk of excess 
micronutrient intake in pregnancy from antenatal 
supplements
AD Gernand

Review of the evidence regarding the use of antenatal 
multiple micronutrient supplementation in low‐ and 
middle‐income countries
MW Bourassa et al

Replacing iron‐folic acid with multiple micronutrient 
supplements among pregnant women in Bangladesh 
and Burkina Faso: costs, impacts, and 
cost‐effectiveness
R Engle‐Stone et al

https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.14103
https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.14121
https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.14132


Engle-Stone R, et al. Ann N.Y. Acad. Sci, 2019

Side Effects and 
Adherence Data

• Both side effects and adherence to supplementation can influence the
effectiveness of the intervention, but these are not consistently reported
in many trials comparing MMS and IFA

• Available data show no significant differences in side effects between IFA
and MMS in 6 trials; 1 trial showed a few percent more vomiting in the
MMS group compared to the IFA groups

• In trials there was no difference in adherence to IFA versus MMS



Switching Antenatal 
Supplementation from IFA to 
MMS is Cost-Effective

• Additional product cost assumed to be 30% (probably will be less)

• Analysis done for Bangladesh and Burkina Faso (180 tablets)

• Very cost-effective
o $3-15 per DALY averted (BEP supplementation $500 per DALY averted)
o $125-184 per death averted (midwife and obstetric services $1000-3000 per 

death averted)
o $37-44 per case of LBW prevented

Engle-Stone R, et al. Ann N.Y. Acad. Sci, 2019



0.97 (0.24,3.85)

2.10 (0.78,5.64)

1.51 (0.84,2.71)

1.25 (0.57,2.74)

1.53 (0.72,3.24)

0.87 (0.67,1.14)

1.15 (0.59,2.24)

1.44 (0.95,2.18)

0.76 (0.49,1.20)

0.68 (0.34,1.37)

0.54 (0.20,1.46)

1.05 (0.85,1.30)

0 1 2 3
Relative Risk (95% Confidence Interval)

Adu-Afarwuah 2015 [6]

Roberfroid 2008 [12]

Christian 2003 [13]

Kaestel 2005 [14]

Osrin 2005 [15]

Fawzi 2007 [8]

Zeng 2008 [16]

Bhutta 2009 [11]

Persson 2012 [5]

Ashorn 2015 [7]

Sunwang 2009 [9]

Overall Pooled Effect

Sudfeld and Smith. New 
Evidence Should Inform 

WHO Guidelines on MMS 
in Pregnancy. J Nutr. 2019



Revised WHO Subgroup Analysis Shows No 
Increase in Mortality Risk with Antenatal MMS

Risk of Neonatal Mortality

• The WHO ANC Guidelines (2016) raised concern about 
the potential risk of increased neonatal mortality in 
those receiving MMS with 30mg of iron, when 
compared to those receiving IFA containing 60 mg of 
iron (6 trials, RR: 1.22, 95% CI 0.95-1.57).

• A recent, updated analysis of these data plus five more 
studies found no increased risk of neonatal mortality 
associated with MMS (11 trials, RR: 1.05, 95% CI 0.85-
1.30) – figure on the right.

Forest plot for the effect of MMS vs. IFA (with 
60 mg of iron and any dose of folic acid) in the 
control group on neonatal mortality

Sudfeld & Smith 2018 New evidence should inform WHO 
policy on multiple micronutrient supplementation in 
pregnancy. J. Nutr. 



To inform the implementation and scale-up of 

effective multiple micronutrient supplementation 

(MMS) and maternal nutrition programs

To gain operational experience on 

effectively scaling up MMS along with 

other antenatal nutrition interventions

To strengthen global systems 

that support MMS delivery 

among pregnant women

Ongoing Multisectoral & Multinational 
Efforts to Improve Maternal Nutrition 
through Effective Scale Up of MMS



3 YEARS

10 PARTNERS

$50 MILLION COMMITTED

17.5 MILLION PREGNANT WOMEN



Nutritious Food 
Supplementation 
in Pregnancy



Types of Nutritious Food Supplements for 
Pregnant and Lactating Women

High Protein 
Supplements

Balanced 
Energy and 

Protein 
Supplements

Lipid Nutrient 
Supplements

Micronutrient 
Fortified 
Balanced 

Energy and 
Protein 

Supplements

WHO 
Recommended

Not
Recommended

x





Evidence for nutritious food supplements for 
pregnant & lactating women

Balanced
Energy & 
Protein
Supplements

Lipid 
Nutrient 

Supplements

Adu-Afarwupah 2015 (Ghana)
Ashorn 2015 (Malawi)

Mridha 2016 (Bangladesh)

Huybregts 2009 (Burkina Faso)

Blackwell 1973 (Taiwan) 
Ceesay 1997 (Gambia)
Elwood 1981 (Wales)
Girija 1984 (India)
Kardjati 1988 (Indonesia)
Mora 1978 (Columbia)
Oaks 2014 (Ghana) 
Ross 1985 (South Africa) 
Rush 1980 (USA) 
Viegas 1982a (USA) 
Viegas 1982b (USA)

118 kcal/day

372 kcal/day

300-1000 kcal/day



Evidence for futritious food supplement for Pregnant 
& Lactating women

Stillbirth Birthweight SGA Preterm Neonatal 
Death

Balanced Energy 
& Protein 
Supplementation1

12 trials, 
6705 women

RR = 0.60, 
95%CI 0.39,0.94

n = 3408, 
5 RCTs

MD 41g, 
95%CI 4.66,77.3

n=5385, 
11 trials

RR 0.79, 
95%CI 0.69,0.9

n = 4408, 
7 trials

RR 0.96, 
95%CI 0.80,1.16

n=3384, women
5 trials

RR 0.68, 
95%CI 0.43,1.07

n=3381,
5 trials

1Ota, E., Hori, H., Mori, R., Tobe-Gai, R., & Farrar, D. (2015). Antenatal dietary education and supplementation to increase energy and 
protein intake. Cochrane Database of Systematic Reviews. 



Evidence for nutritious food supplement for pregnant 
& lactating women

Stillbirth Low 
Birthweight

SGA Preterm Survival

LNS 
vs. 
IFA2

RR 1.14 
[0.52, 2.48]

N=5575
3 studies 

RR 0.87 
(0.72 to 1.05) 

N=4826 
3 studies

RR 0.94 
(0.89 to 0.99) 

N=4823 
3 studies

RR 0.94 
(0.80 to 1.11) 

N=5924 
3 studies

Early neonatal 
RR 0.70 
(0.45, 1.09)

N=5555 
3 studies

Late neonatal  
RR 0.96 
(0.14, 6.51

N=1617
2 studies

LNS 
vs. 
MMN2

Unavailable RR 0.92 
(0.74 to 1.14) 

N=2404 
3 studies

RR 0.95 (0.84 
to 1.07)

N=2393 
3 studies

RR 1.15 
(0.93 to 1.42)

N=2393 
3 studies

Unavailable Unavailable

2Das JK, Hoodbhoy Z, Salam RA, Bhutta AZ, Valenzuela-Rubio NG, Weise Prinzo Z, Bhutta ZA (2018). Lipid-based nutrient 
supplements for maternal, birth, and infant development outcomes. Cochrane Database of Systematic Reviews. 



Who Benefits? 
Use Case & Implementation Considerations for 
Nutritious Food Supplements for PLW

Monthly Weight Gain Monitoring 

Nutritious Food Supplements for Inadequate Weight Gain

Nutritious Food Supplements for All Women (where low BMI >20%)

Nutritious Food Supplements for Women with BMI <25 kg/m2

WHO 

Recommended

Limited Evidence

Ongoing 

Trials

T
re

a
tm

e
n

t
P

re
v
e
n
ti
o
n

Limited Evidence

200 Million

120 Million

30 Million

120 Million

Eligible 

Population





Ongoing Research for Calcium 
Supplementation in Pregnancy
The Problem

• Despite WHO recommendation, it 
is not standard of care

• Barriers to effective coverage: cost, 
regimen complexity

Study Design

Parallel, individually randomized, 
double-blind, non-inferiority trials in 
Bangalore, India (n=11,000) and Dar 
es Salaam, Tanzania (n=11,000)

Hypothesis

A single dose (500mg) of calcium 
is as effective as higher dose 
(1500mg)calcium in preventing 
preeclampsia and preterm birth.

Study Team

Africa Academy of Public Health; 
Harvard School of Public Health; 
Ifakara Health Institute; St. John’s 
Research Institute Bangalore



Who 
Benefits?

Sometimes it depends.

Sometimes it doesn’t.

How to translate to global policy?

How to implement?



Thank You!

Twitter: @DrEmilyRSmith
Email: EmilySmith@GWU.edu



Underweight (BMI<18.5): WOMEN AGES 15-45 Y

NCD Risk Factor Collaboration, Lancet 2016

Global Burden of Maternal Undernutrition
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Prevalence Percentage

SHORT STATURE: WOMEN AGES 15-49 Y

20

40

60

80

100

OceaniaWest

Asia

Global Burden of Maternal Undernutrition

SE

Asia
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Asia

Caucasus/

C. Asia

Africa

North

Africa

South

LAC U.S.

(NHANES)

East

Asia

150-<155cm145-<150cm<145cm

Kozuki et al; J Nutr 2015
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Weight gain during pregnancy in LMICs

Global Burden of Maternal Undernutrition

Global Data 

Gap
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Global Prevalence

Women: 29% 

(496 mil)

Pregnancy: 38%

(32 million)

The problem
Anemia Prevalence, 2011 

Among Women of Reproductive Age



Percent of Women with Micronutrient Deficiency in Early Pregnancy

MULTIPLE MICRONUTRIENT DEFICIENCIES

Source: (Jiang et al; J Nutr 2005). Nepal Data.
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Zinc

61.1%

Iron

39.8%

Folate

11.1%

B12

28.3%

B6

40.3%

Riboflavin

31.8%

Vitamin A

37.4%

Vitamin E

32.8%

Vitamin D

13.9%

Vitamin K

40.2%

Global Burden of Maternal Undernutrition
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