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Iron, folic acid, and multiple micronutrient supplementation 
strategies during pregnancy and adverse birth outcomes in 
Botswana
Ellen C Caniglia, Rebecca Zash, Sonja A Swanson, Emily Smith, Christopher Sudfeld, Julia L Finkelstein, Modiegi Diseko, Gloria Mayondi, 
Mompati Mmalane, Joseph Makhema, Wafaie Fawzi, Shahin Lockman, Roger L Shapiro

Summary
Background Antenatal multiple micronutrient supplementation (MMS) with iron, folic acid, and other micronutrients 
might improve birth outcomes, but it is not currently universally recommended by WHO.

Methods In this observational cohort study, we surveyed pregnancies for adverse birth outcomes at eight hospitals 
from July, 2014, to July, 2018, and 18 hospitals from August, 2018, to December, 2020, in Botswana to assess four 
routine supplementation strategies in women presenting before 24 weeks’ gestation: folic acid only, iron only, 
iron and folic acid supplementation (IFAS), and MMS. Women with singleton pregnancies; a known HIV status, 
age, and delivery site; haemoglobin measured within 7 days of presenting to antenatal care; and weight measured 
within 31 days of presenting to care were included in our analysis. Data were abstracted from the maternity 
obstetric record (a record of antenatal care) at the time of birth from all women giving birth at selected hospitals 
throughout the country. We estimated risk differences overall and in key subgroups, adjusting for demographic 
and clinical factors.

Findings Between July 6, 2014, and Dec 8, 2020, 96 341 eligible women (21 659 [22·5%] of whom had HIV) were 
included in the study. 36 334 (37·7%) women initiated iron only supplementation, 1133 (11·8%) initiated folic acid 
only supplementation, 23 101 (24·0%) initiated IFAS, and 31 588 (32·8%) women initiated MMS. Women who 
initiated iron only and folic acid only supplementation had higher risks of stillbirth, preterm birth, very preterm 
birth, low and very low birthweight, and neonatal death compared with women who received IFAS (adjusted risk 
differences for iron only supplementation vs IFAS ranged from 0·22% [95% CI 0·04 to 0·40] for neonatal death to 
2·39% [1·78 to 3·00] for preterm birth; and adjusted risk differences for folic acid only supplementation vs IFAS 
ranged from 0·77% [–0·80 to 2·34] for neonatal death to 5·75% [1·38 to 10·13] for preterm birth), with greater 
difference in women with HIV and those aged 35 years and older. Compared with IFAS, women who initiated 
MMS had lower risks of preterm and very preterm births, and low and very low birthweight (adjusted risk differences 
ranged from –0·50% [–0·77 to 0·23] for very preterm birth to –1·06% [–1·69 to –0·42] for preterm birth).

Interpretation Nationwide data from Botswana support improved birth outcomes with MMS compared with IFAS.

Funding National Institutes of Health, National Institute of Child Health and Human Development, and National 
Institute of Allergy and Infectious Diseases.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Reducing adverse birth outcomes is a global priority 
established by the Every Newborn Action plan from 
WHO and UN.1 Identifying and implementing low-
cost interventions to reduce adverse birth outcomes is 
of crucial public health importance. WHO currently 
recommends daily iron and folic acid supplementation 
(IFAS) during pregnancy to prevent maternal anaemia, 
preterm birth, and small for gestational age, but the 
strength of the evidence varies and uptake of supple
mentation interventions has been suboptimal.2–4 Multiple 
micronutrient supplementation (MMS), including iron 
and folic acid, has also been shown to reduce the risk of 
adverse birth outcomes,5,6 but it is not universally 

recommended by WHO, due in part to a scarcity of high 
quality implementation research on the effectiveness of 
MMS programmes.7,8 Despite numerous clinical trials of 
IFAS and MMS, key knowledge gaps remain, including 
identifying effects in key populations (eg, women with 
HIV), estimates of effect on rare outcomes (eg, stillbirth), 
and the effectiveness of antenatal supplementation 
with real-world data from nationally representative 
programmes.7

Current WHO guidelines recommending daily IFAS for 
pregnant women are based primarily on a meta-analysis of 
44 randomised clinical trials—which assessed a total 
of 43 274 women—that compared daily supplements con
taining iron versus no iron or placebo.9 This meta-analysis 
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found that iron-containing supplements decreased the risk 
of maternal anaemia, low birthweight, and very preterm 
birth (<34 weeks’ gestation), but the quality of the evidence 
was graded as low to moderate. A second meta-analysis of 
21 randomised clinical trials—which assessed 
142 496 women—found that MMS decreased the risk of 
low birthweight, preterm birth, and small for gestational 
age compared with iron (with or without folic acid).5 A 
secondary analysis—which used individual patient data—
of the same studies found MMS was particularly protective 
against adverse birth outcomes in anaemic and 
underweight (body-mass index [BMI] <18·5 kg/m²) 
women.6 Although these trials provide important evidence 
supporting the use of IFAS and MMS, less is known about 
the effectiveness of antenatal supplementation strategies 
in the context of real-world programmes, which could 
differ due to differences in adherence and access or due to 
heterogeneous study populations.

The risk of adverse birth outcomes is especially high in 
sub-Saharan Africa, particularly in women with HIV.10–19 
In Botswana, the risk of any adverse birth outcome in 
women with HIV ranges from 30% to 50%.10,20 We aimed 
to compare the effectiveness of IFAS, MMS, iron only, 
and folic acid only supplementation during pregnancy 
on adverse birth outcomes in Botswana.

Methods
Study design and participants
Tsepamo is a birth outcomes surveillance study in 
Botswana. In this observational cohort study, data were 
abstracted from the maternity obstetric record (a record 
of antenatal care) at the time of delivery from all women 
giving birth at eight hospitals (in which about 45% of 
all babies in Botswana were born) from July 6, 2014, to 
July 31, 2018, and 18 hospitals (in which about 72% of 
all babies in Botswana were born) from Aug 1, 2018, to 
Dec 8, 2020. The Tsepamo study captured data on more 
than 99% of births at the included sites.20,21 In Botswana, 
approximately 95% of women give birth at a hospital.22 
Women with singleton pregnancies who presented for 
care before 24 weeks’ gestation were eligible for 
inclusion in our analysis. We additionally required 
women to have a known HIV status, age, and delivery 
site, haemoglobin concentration measured within 
7 days of presenting to antenatal care (measured in 
venous blood with auto-analyzer [Sysmex XT-2000i, 
Kobe, Japan]), and weight measured by a 
nurse or midwife at the antenatal clinic within 31 days 
of presenting to care. We excluded women with a 
haemoglobin concentration of 7·7 g/dL or less or a 
concentration of 14·6 g/dL or more (<2%), and women 

Research in context

Evidence before this study
We searched PubMed for meta-analyses published between Jan 
1, 2015, and Dec 31, 2018, synthesising data from randomised 
clinical trials of iron and folic acid supplementation (IFAS) or 
multiple micronutrient supplementation (MMS) and adverse 
birth outcomes with the search terms “oral iron 
supplementation”, “multiple-micronutrient supplementation”, 
“pregnancy”, and “cochrane”. WHO recommends that all 
pregnant women receive daily IFAS during pregnancy to reduce 
the risk of maternal anaemia and adverse birth outcomes. The 
IFAS recommendation is based primarily on a meta-analysis of 
44 randomised clinical trials (43 274 women) that found a 
decreased risk of anaemia at term, severe postpartum anaemia, 
low birthweight, and very preterm birth in women taking 
supplements containing iron compared with supplements 
with no iron or placebo. A meta-analysis of 21 randomised 
clinical trials (142 496 women) found that MMS containing 
iron, folic acid, and additional micronutrients decreased the 
risk of low birthweight, preterm birth, and small for 
gestational age compared with IFAS alone. Given these 
findings, WHO recommended MMS in the context of rigorous 
research and noted the need for research to establish the 
effectiveness of supplementation on adverse birth outcomes in 
real-world settings. Additional knowledge gaps also include 
identifying effects of supplementation in key populations, 
such as women with HIV, and estimates of effects on rare 
outcomes such as stillbirth.

Added value of this study
In the largest programmatic evaluation of antenatal 
micronutrient supplementation strategies and birth outcomes 
to date, we estimated the comparative effectiveness of four 
antenatal supplementation strategies on adverse birth 
outcomes in 96 341 women (21 659 [22·5%] of whom had 
HIV) who presented to antenatal care before 24 weeks 
gestation in Botswana. We found that women who initiated 
IFAS had lower risks of most adverse birth outcomes compared 
with women who initiated iron only or folic acid only 
supplementation, and differences were greatest in women 
with HIV and women aged 35 years or older. Women who 
initiated MMS had lower risks of preterm and very preterm 
birth and low and very low birthweight compared with women 
who initiated IFAS.

Implications of all the available evidence
Antenatal supplementation with IFAS and MMS might 
substantially decrease the risk of adverse and severe adverse 
birth outcomes, especially in women with HIV and women 
35 years of age or older. Our findings support IFAS as an 
essential component of antenatal care and indicate that MMS 
might be superior to IFAS in terms of reducing the risk of 
preterm birth and low birthweight, which is in agreement with 
evidence from randomised trials. These findings might be 
useful for programmes considering implementation of MMS to 
improve birth outcomes.
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for whom supplementation during pregnancy was 
unknown (>1%).

Procedures
We compared the following antenatal supplementation 
strategies: no supplementation, folic acid alone, iron 
alone, IFAS, and MMS. We categorised women 
according to the health district of the clinic where they 
received their first antenatal visit. Health districts were 
categorised into the rural northwest, rural south, urban 
Gaborone, urban Francistown, and rural east regions. 
Data extraction was done with single-data entry using 
automated data checks to limit response options and 
reduce errors. The study coordinator (MD) regularly 
audited the source documents to ensure accuracy. 
Nurses and midwives prescribe supplements to pregnant 
women at the antenatal visit, and supplements are then 
filled by clinic pharmacists free of charge. IFAS is 
standard of care in Botswana, but stock-outs can occur. 
Accordingly, decisions about what supplementation 
strategy to prescribe are typically based on a combination 
of haemoglobin concentration—measured at the first 
antenatal visit—and supplement availability: women 
with low haemoglobin concentration are preferentially 
prescribed IFAS over other supplementation strategies. 
Women typically initiate supplementation at the 
second antenatal visit, although nurses and midwives 
contact women with low haemoglobin concentration to 
initiate supplementation sooner. Tsepamo research 
assistants identified the first time a supplement was 
filled in pregnancy from the maternity card. Therefore, 
we defined supplementation strategies based on the first 
filled prescription of a supplement during pregnancy. 
Dates are included when folic acid was prescribed but 
not when iron was prescribed. The UN International 
Multiple Micronutrient Antenatal formulation of MMS 
was provided and included standard doses of vitamins 
A, C, D, E, B1, B2, B3, B6, B9 (folic acid), and B12; iron 
(30 mg); iodine; zinc; selenium; and copper (Kirk 
Humanitarian, Salt Lake City, UT, USA).23 IFAS 
contained 60 mg iron and either 0·25 mg or 5 mg folic 
acid. Iron alone contained 60 mg iron. Folic acid alone 
contained 5 mg folic acid. Daily supplements were 
prescribed in quantities of 30 tablets.

Adverse birth outcomes measured included stillbirth 
(fetal death ≥24 weeks’ gestation, summed Apgar score 
of 0), preterm birth (livebirth or stillbirth <37 weeks’ 
gestation), very preterm birth (<32 weeks’ gestation), 
small for gestational age (<10th percentile according to 
the Intergrowth-21st norms using completed weeks24,25), 
very small for gestational age (<3rd percentile), neonatal 
death (before leaving the hospital within 28 days of 
delivery in liveborn infants), stillbirth or neonatal death 
(combined endpoint), low birthweight (<2500 g), and 
very low birthweight (<2000 g). Additional outcomes 
assessed included third trimester anaemia (haemoglobin 
<11·0 g/dL at or after 24 weeks’ gestation), caesarean 

delivery, and short length for gestational age 
(<10th percentile using Intergrowth-21 norms24,25). 
Estimated date of delivery was calculated at the first 
antenatal visit using the reported last menstrual period 
and confirmed by ultrasound when available. If the 
last menstrual period date was unknown or suspected to 
be incorrect, midwives used fundal height measure
ments. Gestational age at delivery was recorded (in 
completed weeks) by the midwife using the estimated 
date of delivery. Infant weight and length were measured 
immediately after birth.

Statistical analysis
In descriptive analyses, we examined patterns of micro
nutrient supplementation strategies over time according 
to the health district of the first antenatal visit.

We used inverse probability weighting to adjust for the 
following variables measured in the mother at the first 

Figure 1: Supplementation strategy by calendar year and region of first antenatal care visit
(A) Rural northwest. (B) Rural south. (C) Urban Gaborone. (D) Urban Francistown. (E) Rural east. (F) All regions. 
Health districts were categorised into five groups: rural northwest (Maun, Okavango, and Chobe health districts), 
rural south (Ghanzi, Kgalagadi north and south, Kweneng west and east, southern, and Goodhope), urban 
Gaborone region, urban Francistown region, and rural east (all other health districts). IFAS=iron and folic acid 
supplementation. MMS=multiple micronutrient supplementation.
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antenatal visit: HIV status, haemoglobin concentration 
measured within 7 days, weight measured within 
31 days, clinic health district, age, year, trimester, 
employment, education, parity, season of presentation, 
smoking status, and alcohol use. We fit multinomial 
logistic regression models to estimate stabilised weights. 
For each outcome, we then used weighted regression 
models26 to estimate risk differences and risk ratios 
comparing MMS, iron alone, and folic acid alone with 
IFAS. The outcome models were conditional on 
supplementation strategy and baseline haemoglobin 
concentration as additional protection against con
founding by indication. 95% CIs were obtained using a 
robust variance estimator.27 We also estimated absolute 
risks by supplementation strategy by standardising 
the inverse probability weighted risk estimates to the 
distribution of the first haemoglobin measured in 
pregnancy. We excluded the no supplementation group 

in our adjusted analyses because this comparison was 
likely susceptible to immortal time bias.

We estimated risk differences separately in several key 
subgroups: trimester of presentation to care, maternal 
HIV status, weight at presentation to antenatal care, 
haemoglobin concentration at presentation to antenatal 
care, age, delivery site (urban [Gaborone or Francistown], 
rural [all other sites]), parity, education, and employment. 
We also evaluated a subgroup of HIV-negative women 
presenting to care before 20 weeks’ gestation to more 
closely match characteristics of the women included in 
the largest randomised clinical trial.28

To investigate the potential effect of residual confounding 
by indication, we did two sensitivity analyses: in one we 
excluded haemoglobin concentration from the outcome 
model and in the other we included early pregnancy 
weight, age, and gestational age at presentation to care in 
the outcome model. To investigate the potential effect of 

No 
supplementation 
(n=4185)

Folic acid 
supplementation 
only (n=1133)

Iron 
supplementation 
only (n=36 334)

Iron and folic acid 
supplementation 
(n=23 101)

Multiple 
micronutrient 
supplementation 
(n=31 588)

Trimester of first antenatal care visit

First (<12 weeks) 796 (19·0%) 239 (21·1%) 8415 (23·2%) 6130 (26·5%) 9302 (29·5%)

Second (12–24 weeks) 3389 (81·0%) 894 (78·9%) 27 919 (76·8%) 16 971 (73·5%) 22 286 (70·6%)

HIV status

Women with HIV 858 (20·5%) 252 (22·2%) 7905 (21·8%) 5523 (23·9%) 7121 (22·5%)

Women without HIV 3327 (79·5%) 881 (77·8%) 28 429 (78·2%) 17 578 (76·1%) 24 467 (77·5%)

Haemoglobin within 7 days of first antenatal care visit (g/dL)

Median (IQR) 12·0 (11·2–12·7) 11·8 (10·8–12·6) 12·0 (11·2–12·7) 11·8 (10·8–12·6) 12·0 (11·1–12·8)

<11 838 (20·0%) 321 (28·3%) 7029 (19·4%) 6678 (28·9%) 6692 (21·2%)

≥11 3347 (80·0%) 812 (71·7%) 29 305 (80·7%) 16 423 (71·1%) 24 896 (78·8%)

Weight at first antenatal care visit

<50 kg 475 (11·4%) 154 (13·6%) 4793 (13·2%) 3207 (13·9%) 5464 (17·3%)

50–80 kg 2914 (69·6%) 791 (69·8%) 25 346 (69·8%) 16 197 (70·1%) 21 595 (68·4%)

≥80 kg 796 (19·0%) 188 (16·6%) 6195 (17·1%) 3697 (16·0%) 4529 (14·3%)

Health district of first antenatal care visit

Rural northwest (Maun, Okavango, and Chobe) 585 (14·0%) 90 (7·9%) 4772 (13·1%) 1811 (7·8%) 1459 (4·6%)

Rural south (Ghanzi, Kgalagadi, Kweneng, 
southern, and Goodhope)

536 (12·8%) 133 (11·7%) 3712 (10·2%) 3627 (15·7%) 6317 (20·0%)

Urban Gaborone 1211 (28·9%) 448 (39·5%) 9184 (25·3%) 5726 (24·8%) 6991 (22·1%)

Urban Francistown 619 (14·8%) 122 (10·8%) 6355 (17·5%) 3243 (14·0%) 3307 (10·5%)

Rural east 1234 (29·5%) 340 (30·0%) 12 311 (33·9%) 8694 (37·6%) 13 514 (42·8%)

Age

<20 years 454 (10·9%) 107 (9·4%) 4133 (11·4%) 2379 (10·3%) 3768 (11·9%)

20–35 years 2992 (71·5%) 856 (75·6%) 26 486 (72·9%) 16 962 (73·4%) 22 738 (72·0%)

≥35 years 739 (17·7%) 170 (15·0%) 5712 (15·7%) 3760 (16·3%) 5082 (16·1%)

Parity

One or more children 2625 (62·7%) 679 (59·9%) 21 392 (58·9%) 13 473 (58·3%) 18 416 (58·3%)

No children 1554 (37·3%) 454 (40·1%) 14 918 (41·1%) 9613 (41·7%) 13 150 (41·7%)

No data 6 (0·1%) 0 24 (0·1%) 15 (0·1%) 22 (0·1%)

Occupation

Salaried 1719 (41·1%) 492 (43·4%) 14 075 (38·7%) 9177 (39·7%) 11 016 (34·9%)

Other or missing 2466 (58·9%) 641 (56·6%) 22 259 (61·3%) 13 924 (60·3%) 20 572 (65·1%)

(Table 1 continues on next page)
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residual confounding by geographical or programmatic 
differences, we (1) estimated risk differences separately 
by health district region, (2) restricted the analysis to 
30 antenatal clinics serving more than 500 pregnant 
women over the study period, (3) included health district 
region and calendar year in the outcome model, 
(4) excluded women who gave birth after the COVID-19 
lockdown was implemented on April 3, 2020,29 and 
(5) adjusted for birth site (restricting to the eight sites 
originally included in Tsepamo; caesarean outcome only). 
We estimated inverse probability of censoring weights27 to 
adjust for potential selection bias induced by not having 
haemoglobin concentration measured in the third 
trimester for the outcome of maternal anaemia. Finally, we 
excluded 5400 women whose IFAS regimen contained less 
than the WHO recommended dose of folic acid (0·4 mg).

Role of the funding source
The funders had no role in study design, data collection, 
analysis, and interpretation, or manuscript preparation.

Results
96 341 women who gave birth between July 6, 2014, and 
Dec 8, 2020, were eligible for inclusion, all of whom were 
included. 4185 (4·3%) did not initiate any micronutrient 
supplementation during pregnancy, 1133 (1·2%) initiated 
folic acid supplementation only, 36 334 (37·7%) initiated 
iron supplementation only, 23 101 (24·0%) initiated IFAS, 
and 31 588 (32·8%) initiated MMS (appendix p 8). The 
number of women initiating MMS in pregnancy increased 

from 1705 (16·6%) of 10 304 women in 2014 to 4501 (52·7%) 
of 8549 women in 2020. The proportion of women with no 
supplementation or folic acid supplementation only 
decreased from 2014 to 2019, but then increased in 2020 
(figure 1), reaching nearly 30% in the rural northwest and 
urban Gaborone regions. The median gestational age at 
presentation to care was 15·3 weeks (IQR 11·9–18·9). The 
median time from presentation to care to supplementation 
initiation (known for 55 798 [60·5%] of 92 156 women) was 
28 days (IQR 0–75) overall, 32 days (0–88) for folic acid 
only, 28 days (0–85) for IFAS, and 25 days (0–58) for MMS. 
Compared with the other supplementation strategies, 
women initiating MMS were more likely to present to 
care in the first trimester, weigh less than 50 kg at 
presentation, and use alcohol during pregnancy. Women 
initiating IFAS were more likely to have a haemoglobin 
concentration of less than 11·0 g/dL at the first antenatal 
visit compared with the other supplementation strategies 
(table 1). The included variables were well balanced across 
the supplementation strategies in the weighted population 
(appendix p 1).

The adjusted risk differences and absolute risks for 
each birth outcome by supplementation strategy are 
reported in table 2. Unadjusted risks are reported in the 
appendix (p 2). Compared with IFAS, the risk of stillbirth, 
preterm birth, very preterm birth, neonatal death, 
stillbirth or neonatal death, low birthweight, and very low 
birthweight was greater for women who received folic 
acid only or iron only supplementation (risk differences 
for folic acid only vs IFAS ranged from 0·77% [95% CI 

No 
supplementation 
(n=4185)

Folic acid 
supplementation 
only (n=1133)

Iron 
supplementation 
only (n=36 334)

Iron and folic acid 
supplementation 
(n=23 101)

Multiple 
micronutrient 
supplementation 
(n=31 588)

(Continued from previous page)

Education

Secondary or higher 3839 (91·7%) 1080 (95·3%) 33 990 (93·6%) 21 832 (94·5%) 29 314 (92·8%)

Primary, none, or no data 346 (8·3%) 53 (4·7%) 2344 (6·5%) 1269 (5·5%) 2274 (7·2%)

Calendar year of first antenatal care visit

2013–16 1904 (45·5%) 559 (49·3%) 19 282 (53·1%) 11 571 (50·1%) 5432 (17·2%)

2017–18 655 (15·7%) 49 (4·3%) 10 135 (27·9%) 6969 (30·2%) 12 318 (39·0%)

2019–20 1626 (38·9%) 525 (46·3%) 6917 (19·0%) 4561 (19·7%) 13 838 (43·8%)

Season of first antenatal care visit

Rainy (November–March) 1583 (37·8%) 443 (39·1%) 15 136 (41·7%) 10 020 (43·4%) 13 633 (43·2%)

Dry (April–October) 2602 (62·2%) 690 (60·9%) 21 198 (58·3%) 13 081 (56·6%) 17 958 (56·9%)

Smoking during pregnancy

No 3871 (92·5%) 1060 (93.6%) 34 089 (93·8%) 21 732 (94·1%) 29 338 (92·9%)

Yes 72 (1·7%) 10 (0·9%) 500 (1·4%) 241 (1·0%) 608 (1·9%)

No data 242 (5·8%) 63 (5·6%) 1745 (4·8%) 1128 (4·9%) 1642 (5·2%)

Alcohol during pregnancy

No 3519 (84·1%) 957 (84·5%) 31 284 (86·1%) 19 897 (86·1%) 26 395 (83·6%)

Yes 426 (10·2%) 113 (10·0%) 3309 (9·1%) 2094 (9·1%) 3562 (11·3%)

No data 240 (5·7%) 63 (5·6%) 1741 (4·8%) 1110 (4·8%) 1631 (5·2%)

 Table 1: Baseline characteristics measured at the first antenatal visit by supplementation strategy

See Online for appendix
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–0·80 to 2·34] for neonatal death to 5·75% [1·38 to 10·13] 
for preterm birth; and ranged from 0·22% [0·04 to 0·40] 
for neonatal death to 2·39% [1·78 to 3·00] for preterm 
birth for iron only vs IFAS). Women initiating MMS had 
lower risks of preterm birth, very preterm birth, low 

birthweight, very low birthweight, and caesarean delivery 
compared with women initiating IFAS (risk differences 
ranged from –0·50% [–0·77 to –0·23] for very preterm 
birth to –1·06% [–1·69 to –0·42] for preterm birth). 
Compared with IFAS, the risk of maternal third trimester 

Folic acid supplementation 
only (n=1133)

Iron supplementation only 
(n=36 334)

Iron and folic acid 
supplementation 
(n=23 101)

Multiple micronutrient 
supplementation (n=31 588)

Stillbirth

Risk difference 1·71% (–0·83 to 4·26) 0·56% (0·31 to 0·81) 0·00 (ref) –0·06% (–0·32 to 0·19)

Risk 3·51% 2·36% 1·80% 1·74%

Preterm birth (<37 weeks)

Risk difference 5·75% (1·38 to 10·13) 2·39% (1·78 to 3·00) 0·00 (ref) –1·06% (–1·69 to –0·42)

Risk 18·43% 15·07% 12·68% 11·63%

Very preterm birth (<32 weeks)

Risk difference 0·93% (–0·37 to 2·24) 0·92% (0·63 to 1·21) 0·00 (ref) –0·50% (–0·77 to –0·23)

Risk 3·32% 3·31% 2·39% 1·89%

Small for gestational age (<10th percentile)

Risk difference –0·66% (–4·69 to 3·36) –0·05% (–0·69 to 0·59) 0·00 (ref) 0·53% (–0·17 to 1·24)

Risk 14·78% 15·39% 15·44% 15·97%

Very small for gestational age (<3rd percentile)

Risk difference 0·16% (–3·01 to 3·34) 0·20% (–0·21 to 0·61) 0·00 (ref) 0·39% (–0·06 to 0·84)

Risk 5·75% 5·79% 5·59% 5·98%

Neonatal death (in hospital ≤28 days)*

Risk difference 0·77% (–0·80 to 2·34) 0·22% (0·04 to 0·40) 0·00 (ref) –0·09% (–0·27 to 0·09)

Risk 1·71% 1·16% 0·94% 0·86%

Stillbirth or neonatal death*

Risk difference 2·43% (–0·48 to 5·34) 0·77% (0·47 to 1·08) 0·00 (ref) –0·15% (–0·46 to 0·16)

Risk 5·16% 3·51% 2·73% 2·58%

Low birthweight (<2500 g)

Risk difference 5·46% (1·09 to 9·83) 1·24% (0·66 to 1·82) 0·00 (ref) –0·99% (–1·59 to –0·38)

Risk 16·92% 12·70% 11·46% 10·48%

Very low birthweight (<2000 g)

Risk difference 3·08% (–0·04 to 6·20) 1·00% (0·63 to 1·38) 0·00 (ref) –0·56% (–0·94 to –0·19)

Risk 7·36% 5·29% 4·28% 3·72%

3rd trimester anaemia (haemoglobin <11g/dL)

Risk difference 7·23% (1·27 to 13·18) –0·95% (–3·51 to 1·62) 0·00 (ref) –0·71% (–2·43 to 1·00)

Risk 38·67% 30·50% 31·44% 30·73%

Caesarean

Risk difference 3·25% (–1·89 to 8·39) –0·69% (–1·43 to 0·05) 0·00 (ref) –2·67% (–3·47 to –1·87)

Risk 26·94% 23·00% 23·69% 21·02%

Short length-for-age (<10th percentile)

Risk difference –0·24% (–3·30 to 2·81) 0·60% (0·06 to 1·13) 0·00 (ref) 0·46% (–0·12 to 1·04)

Risk 9·30% 10·14% 9·55% 10·00%

Data are risk (%) or risk difference (95% CI). Risk differences are adjusted for HIV status (positive or negative), first haemoglobin concentration in pregnancy (restricted 
cubic splines with five knots at 9·5 g/dL, 10·2 g/dL, 11·9 g/dL, 13·4 g/dL, and 13·8 g/dL), first weight in pregnancy (restricted cubic splines with five knots at 47·9 kg, 
53·5 kg, 62·0 kg, 73·5 kg, and 86·0 kg), region of first antenatal care visit, age (restricted cubic splines with three knots at 19, 27, and 36 years), year of booking (2014–16, 
2017–18, and 2019–20), trimester of booking (first [<12 weeks’ gestation] or second [12–24 weeks’ gestation]), employment (salaried, other, or unknown), education 
(secondary or higher, primary or lower, or missing), parity (first or missing, and second and more), season (dry [April–October], rainy [November–March]), smoking (yes, no, 
or missing), and alcohol (yes, no, or missing) via inverse probability weighting. The models for each outcome are additionally adjusted for first haemoglobin concentration 
in pregnancy (modelled linearly). We used log-binomial models to estimate risk ratios and linear probability models (fit by specifying an identity link and binomial 
distribution) to estimate risk differences. Models did not converge for third trimester anaemia so in this case Poisson models with robust variance were used. Absolute risks 
are adjusted for the same set of variables and are calculated by standardising the inverse probability weighted risk estimates to the distribution of the first haemoglobin in 
pregnancy. The mean stabilised inverse probability weight was 1·01 (99th percentile 3·19). *Restricted to liveborn infants (98% of births). 

Table 2: Adjusted risk differences and adjusted absolute risks for each adverse birth outcome by supplementation strategy
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anaemia was higher for those who received folic acid 
only, and the risk of short fetal length-for-age was larger 
for those who received iron only. The risks of all other 
outcomes were similar across supplementation strategies 
(table 2; figure 2). Risk ratios are shown in the appendix 
(p 3).

The adjusted risk differences in each of the key 
subgroups are summarised in figure 3. For stillbirth and 
stillbirth or neonatal death, point estimates of risk 
differences comparing folic acid only and iron only 
supplementation with IFAS were larger in women 
presenting to care in the first trimester, women with 
HIV, and women aged 35 years or older, and risk 
differences comparing MMS with IFAS were larger in 
magnitude in women who weighed 80 kg or more and 
women aged 35 years or older. For preterm birth and low 
birthweight, risk differences comparing MMS, iron only, 
and folic acid only with IFAS were larger in magnitude 
in women with HIV and women aged 35 years or older. 
Risk differences for preterm birth and low birthweight 
were also larger in magnitude comparing MMS with 
IFAS in those with primary education or lower; risk 
differences were also larger comparing folic acid only 
with IFAS in those who had a haemoglobin concentration 
less than 11 g/dL. Risk differences for small for 
gestational age comparing folic acid only with IFAS were 
larger in women with HIV and in women aged 35 years 
or older. Risk differences for neonatal death comparing 
folic acid only with IFAS were larger in women who 

weighed less than 50 kg, those with a haemoglobin 
concentration less than 11 g/dL, and those younger than 
20 years. Of the 58 230 (63·2%) women without HIV 
presenting to care before 20 weeks’ gestation, risk 
differences were generally attenuated (figure 3; appendix 
pp 4–7).

When haemoglobin was excluded from the outcome 
model, the risk difference for maternal third trimester 
anaemia comparing iron only with IFAS was larger in 
magnitude, suggesting confounding by indication, but 
the risk differences were similar to those obtained in the 
primary analysis for all other outcomes. Risk differences 
were generally similar by health district region (appendix 
pp 9–10). When restricting the analyses to antenatal 
clinics serving more than 500 women (30 234 women), 
risk differences were attenuated comparing folic acid 
only with IFAS. None of the other sensitivity analyses 
yielded appreciably different results.

Discussion
In the largest programmatic study of antenatal 
micronutrient supplementation strategies and birth 
outcomes to date, we found that pregnant women who 
initiated IFAS had a lower risk of stillbirth, preterm 
birth, very preterm birth, neonatal death, stillbirth or 
neonatal death, low birthweight, and very low birthweight, 
compared with women who initiated iron only or folic 
acid only supplementation. Pregnant women who 
initiated MMS had a lower risk of preterm birth, very 

Figure 2: Adjusted risk differences for each adverse birth outcome by supplementation strategy
Risk differences are adjusted for HIV status (positive or negative), first haemoglobin concentration in pregnancy (restricted cubic splines with five knots at 9·5 g/dL, 
10·2 g/dL, 11·9 g/dL, 13·4 g/dL, and 13·8 g/dL), first weight in pregnancy (restricted cubic splines with five knots at 47·9 kg, 53·5 kg, 62·0 kg, 73·5 kg, and 86·0 kg), 
region of first antenatal care visit, age (restricted cubic splines with three knots at 19, 27, and 36 years), year of booking (2014–16, 2017–18, and 2019–20), trimester 
of booking (first [<12 weeks’ gestation] or second [12–24 weeks’ gestation]), employment (salaried, other, or unknown), education (secondary or higher, primary or 
lower, and missing), parity (first or missing, and second or more), season (dry [April–October], rainy [November–March]), smoking (yes, no, or missing), and alcohol 
(yes, no, or missing) via inverse probability weighting. The models for each outcome are additionally adjusted for first haemoglobin concentration in pregnancy 
(modelled linearly). IFAS=iron and folic acid supplementation. MMS=multiple micronutrient supplementation. SGA=small for gestational age.
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preterm birth, low birthweight, very low birthweight, and 
caesarean birth compared with women who initiated 
IFAS. Risk differences were largest in women with HIV 
and women aged 35 years or older. This observational 
study provides some of the first real-world evidence com
paring four micronutrient supplementation strategies 
and highlights the importance of improving antenatal 
micronutrient supplementation coverage globally.

Our finding that women who initiated IFAS had 
improved birth outcomes compared with women who 
initiated folic acid only supplementation is consistent 
with a previous meta-analysis that found a decreased risk 
of low birthweight, preterm birth, and neonatal death in 
pregnant women who took iron-containing supplements 
compared with those who took supplements without 
iron or placebo.9 However, our comparisons and 
outcomes were slightly different from those made in the 
meta-analysis.9 This finding is also supported by an 

established literature on the link between iron-deficiency 
anaemia and adverse birth outcomes.30,31 We also found 
that women who initiated IFAS had improved birth 
outcomes compared with women who initiated iron 
only supplementation, which is consistent with a large 
observational study in China, which found that antenatal 
folic acid supplementation was associated with reduced 
risks of low birthweight and small for gestational age, 
even when initiated later in pregnancy.32 Folic acid 
supplementation is known to reduce the risk of neural 
tube defects when initiated preconceptionally or early in 
pregnancy; it has also been shown to reduce homocysteine 
concentrations, which could in turn improve birth 
outcomes.33 However, the previous meta-analysis9 did not 
directly compare IFAS with iron only supplementation, 
and caution should be taken when interpreting this 
finding. Our finding that women who initiated MMS had 
lower risk of some birth outcomes compared with 

(Figure 3 continues on next page)
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women who initiated IFAS is somewhat consistent with 
a previous meta-analysis,5 which found a decreased risk 
of low birthweight, preterm birth, and small for 
gestational age in women who received MMS compared 
with those who received iron (with or without folic acid) 
supplementation.5 Although we found a decreased risk of 
low birthweight and preterm birth, we did not find a 
decreased risk of small for gestational age between 
women who received MMS and those who received 
IFAS. The finding is also supported by the established 
literature linking deficiencies in micronutrients (other 
than iron and folic acid) with poor pregnancy outcomes 
and poor fetal growth.5,31,34,35

Our study was the first to explore HIV as a possible 
effect modifier. We found that risk differences were larger 
in magnitude in women with HIV than they were in any 
other subgroup. We identified several additional 
subgroups defined by maternal age (≥35 years), low 

(<50 kg) and high (≥80 kg) weight, and anaemia, for which 
risk differences were larger in magnitude in women who 
received iron only and folic acid only supplementation 
than in those who received IFAS. Comparing MMS with 
IFAS, risk differences were also larger in women aged 
35 years and older. In an individual patient data meta-
analysis of 17 trials that compared MMS with IFAS, 
reductions in adverse birth outcomes were larger in 
women with anaemia or low BMI at the start of 
supplementation.6 In our study, some estimates were 
larger in magnitude in women with anaemia (preterm 
birth and neonatal death) or in women with low weight 
(neonatal death) when comparing those who received folic 
acid only supplementation with those who received IFAS, 
but not when comparing women who received MMS with 
those who received IFAS.

There are several potential explanations for why our 
results partly differed from the meta-analyses of MMS 
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versus IFAS. Differences in the distribution of effect 
modifiers across study populations might lead to different 
results. Our study included a representative sample of 
pregnant women in Botswana, a population with high 
HIV prevalence. The meta-analysis was weighted heavily 
by two large trials, one from Bangladesh28 and another 
from Indonesia,36 where HIV prevalence is less than 1%.37 
Differences in adherence could lead to different results. 
In our study, we had information on the first supplement 
that was prescribed and filled, but not on subsequent 
prescriptions or on adherence. Therefore, we estimated 
the effect of initiating supplementation in a real-world 
setting, whereas previous trials estimated the effect of 
random assignment to receive supplementation. It is 
possible that adherence to supplementation was higher 
in the trials because women were provided with the 
supplements as part of their participation in the study.38 

For example, stock-outs were known to have occurred 
throughout our study period and could have substantially 
affected supplementation adherence (through supple
mentation discontinuation or switching); this was 
unlikely to be an issue in the randomised trials. Finally, 
women in our study generally initiated supplementation 
later in pregnancy than many women enrolled in the 
trials. It is possible that the duration of supplementation 
did not reach an adequate threshold to have an effect on 
certain outcomes, such as small for gestational age.

Confounding in our study might also explain why the 
results partly differed from previous randomised 
trials. Although we were able to measure and adjust for 
the primary clinical indication for supplementation 
(haemoglobin concentration), calendar year, geographical 
location, and other potential confounders, these 
factors might not completely capture why an individual 
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Figure 3: Adjusted risk differences for adverse birth outcomes by supplementation strategy and key subgroups
(A) Stillbirth. (B) Stillbirth or neonatal death. (C) Preterm birth. (D) Low birthweight. (E) Neonatal death. (F) Small for gestational age. IFAS=iron and folic acid supplementation. MMS=multiple 
micronutrient supplementation.



Articles

www.thelancet.com/lancetgh   Vol 10   June 2022	 e860

was prescribed one type of supplementation, and 
confounding by unknown individual-level, provider-level, 
and clinic-level factors cannot be ruled out. We 
hypothesise that women were prescribed no supple
mentation or inadequate supplementation (eg, with 
folic acid alone) due to stock-outs, but ideally this 
would be confirmed by reviewing procurement receipts at 
antenatal clinic pharmacies. Distinguishing spontaneous 
from indicated preterm birth might have provided 
insights into the role of confounding by provider-level 
and clinic-level factors, but accurate data on reasons for 
preterm birth were not available. Women who presented 
to antenatal care with low haemoglobin concentrations 
were more likely to be prescribed IFAS than other 
regimens. Although our analyses adjusted for 
haemoglobin concentration and evaluated subgroups 
defined by haemoglobin concentration, residual con
founding by indication might still exist. Our study has 
additional limitations. The timing of supplementation 
initiation was not always known. Because the median 
gestational age at presentation to care was 15·3 weeks 
and the median time to initiate supplementation was 
28 days after presentation, we were not able to evaluate 
the effect of initiating supplementation very early in 
pregnancy or before conception. Finally, measurement 
error for gestational age dating was possible because we 
typically relied on reported last menstrual period.

Our findings support the importance of current 
IFAS guidelines for improving birth outcomes and 
suggest that enhanced supplementation with MMS 
might add benefit. Although WHO recommends IFAS 
universally, fewer than 60% of pregnant women in 
Botswana received supplementation consistent with this 
guideline during our study. The increased risk of adverse 
birth outcomes in women who initiated folic acid only 
might represent a lower bound for the risk of adverse 
birth outcomes in women who initiated no supplements 
at all, which is concerning given that stock-outs during 
the COVID-19 pandemic led to nearly 30% of women in 
certain regions not receiving any supplementation in 
2020. More research is needed to identify strategies to 
improve micronutrient supplementation supply chains.

In conclusion, our findings support IFAS as an 
essential part of antenatal care to reduce adverse birth 
outcomes, with greater benefits in women with HIV and 
women aged 35 years and older. Our findings suggest 
that MMS might be better than IFAS in terms of the risk 
of preterm birth, very preterm birth, low birthweight, 
and very low birthweight. We also found no evidence that 
MMS was harmful for any outcome or any subgroup. 
These findings might be useful for programmes 
considering implementation of MMS to improve birth 
outcomes.
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