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A B S T R A C T

Background: Low birth weight (LBW) is associated with neonatal mortality and sequelae of lifelong health problems; prioritizing the most promising
antenatal interventions may guide resource allocation and improve health outcomes.
Objective: We sought to identify the most promising interventions that are not yet included in the policy recommendations of the World Health Organization
(WHO) but could complement antenatal care and reduce the prevalence of LBW and related adverse birth outcomes in low- and middle-income settings.
Methods: We utilized an adapted Child Health and Nutrition Research Initiative (CHNRI) prioritization method.
Results: In addition to procedures already recommended by WHO for the prevention of LBW, we identified six promising antenatal interventions that are
not currently recommended by WHO with an indication for LBW prevention, namely: (1) provision of multiple micronutrients; (2) low-dose aspirin;
(3) high-dose calcium; (4) prophylactic cervical cerclage; (5) psychosocial support for smoking cessation; and (6) other psychosocial support for targeted
populations and settings. We also identified seven interventions for further implementation research and six interventions for efficacy research.
Conclusion: These promising interventions, coupled with increasing coverage of currently recommended antenatal care, could accelerate progress toward
the global target of a 30% reduction in the number of LBW infants born in 2025 compared to 2006-10.

Keywords: Antenatal care (ANC), Child Health and Nutrition Research Initiative (CHNRI) method, Low birth weight (LBW), Preterm birth (PTB), Low-
and middle-income countries (LMICs), Priority-setting
Introduction

Low birth weight (birth weight less than 2500 g, LBW) is a persistent
global problem affecting approximately 15% of live births with the
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highest burden in southern Asia and sub-Saharan Africa [1,2]. LBW is a
significant health concern because it sets into motion a cascade of
early-life mortality and morbidity and is associated with numerous
long-term adverse consequences [1,3]. Reducing its prevalence is a
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List of abbreviations used:

ANC antenatal care
CHNRI Child Health and Nutrition Research Initiative
CI confidence interval
CIFF The Children’s Investment Fund Foundation
FGR fetal growth restriction
HIC high-income country
IFA iron and folic acid
IPD Individual Participant Data
IPS intervention priority score
IPTp intermittent preventive malaria treatment in pregnancy

IPTp-SP intermittent preventive malaria treatment in pregnancy using
sulfadoxine-pyrimethamine

LMICs low- and middle-income countries
LBW low birth weight
LNS lipid-based nutrient supplement
MMN multiple micronutrient
MMS multiple micronutrient supplementation
PTB preterm birth
RCT randomized controlled trial
RR relative risk
SGA small for gestational age
WHO World Health Organization
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global priority and the World Health Assembly has agreed on a goal to
reduce the annual number of infants born with LBW by 30% between
2010 and 2025 [4], which was recently extended to 2030 [5].

LBW may result from preterm birth (PTB, birth before 37
completed weeks of gestation), fetal growth restriction (FGR) that
usually presents as the newborn being small for gestational age (SGA,
weight below the 10th percentile for the gestational age and sex), or
both [6,7]. There are many maternal, fetal and placental risk factors that
can make infants susceptible to these conditions, including extremes of
maternal age [8,9], multiple pregnancy [10], pregnancy complications
and chronic maternal conditions [11,12], infections [13,14], nutritional
deficiencies [15], harmful behaviors [16], psychosocial factors [17,18],
and environmental exposures [19]. The World Health Organization
(WHO) has published recommendations on interventions that can be
delivered during the antenatal period that can reduce the risk of LBW
and the related adverse birth outcomes of PTB, SGA, and stillbirth.
Examples of such interventions include infection control in pregnancy
[20] and education on energy and protein intake for pregnant women
with undernutrition [21].

In recent years, there has been active research on interventions
aimed at reducing the prevalence of LBW, expanding our knowledge of
effectiveness specific to different strategies to prevent LBW [22].
However, the coverage of the currently recommended interventions has
been inconsistent across different contexts [23,24], partially because of
investment gaps. Some estimates suggest that even if the currently
recommended antenatal care (ANC) interventions were to be scaled up
to full coverage, the impact would be insufficient to meet the targets set
to reduce LBW prevalence [25]. Therefore, novel strategies that
address several core modifiable risk factors for PTB and FGR are
needed to reduce the prevalence of LBW and associated ill health.

To identify promising antenatal interventions for the prevention of
LBW in a systematic, transparent, and replicable way, it is necessary to:
1 know the current efficacy and effectiveness of potential antenatal
interventions; 2 understand the feasibility, public health relevance, and
potential for interventions to reduce health disparities; and 3 recognize
gaps in the evidence base for which further implementation or efficacy
research is required. Addressing these needs, we performed a prioriti-
zation exercise on the most promising antenatal interventions that
could reduce the global prevalence of LBW by complementing the
WHO-recommended compendium of ANC guidelines.

Methods

Wecarried out a priority-setting exercise through a series ofmeetings
involving a multidisciplinary panel of international professionals. This
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exercise was informed by a large-scale systematic search and review of
available evidence. We utilized an adapted Child Health and Nutrition
Research Initiative (CHNRI) method established for setting priorities in
global child health research. The method was originally designed for
identifying research priorities but is adaptable for other needs and
contexts [26–30].

To identify the most promising antenatal interventions, we merged
the original 15 CHNRI steps [31] into four stages: project initiation,
evidence synthesis, priority selection, and result consolidation. At the
initiation stage, an international group of experts working in research,
implementation and funding in maternal and child health in low- and
middle-income countries (LMICs), hereafter called the “Author
Group”, compiled the initial list of antenatal interventions to be studied.
They also identified members of other groups in this review, allowing
the groups to self-expand where relevant. The “Evidence Synthesis
Group”, consisting of four researchers and 15 part-time research as-
sistants, information specialists, and statisticians, reviewed the effec-
tiveness of the interventions for selected birth outcomes.

At the priority selection stage, the “Scoring Group”, comprising
professionals from academia, funding organizations, the United Na-
tions, and governmental and nongovernmental organizations, con-
ducted the preliminary ranking of the interventions and identified
research priorities. The “Review Group” including some members who
had also participated in the Scoring Group, involved experts in inter-
national maternal and child health. The purpose of this group was to
review the results of the primary scoring of the priorities with the
Author Group.

At the final stage, the Author Group consolidated the results of the
exercise in the form of three separate lists on the most promising
antenatal interventions and targets for further research (Figure 1). The
first author (AK) was a member of the Evidence Synthesis Group,
Scoring Group and Review Group and acted as a coordinator.
Project initiation
The Author Group developed a common framework for action to

reduce the prevalence of LBW at a workshop in September 2019. The
group initiated a priority-setting process on the best approaches to
reduce LBW globally, with a focus on southern Asia and sub-Saharan
Africa. Reflecting on the latest developments in their fields of expertise
and on the existing WHO recommendations [20,21] (Supplementary
Table 1), they selected interventions for evidence synthesis based on
the potential efficacy of the interventions on selected birth outcomes.
The group excluded antenatal single-nutrient supplementation from the
analysis except for the nutrients already recommended by WHO. There
was group consensus that global research and implementation focus
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was shifting from single-nutrient supplementation to multiple micro-
nutrient supplementation (MMS) in pregnancy [32].

The impact of the interventions was measured using four specified
adverse birth outcomes: LBW, PTB, SGA, and stillbirth. We included
evidence on stillbirth at the synthesis stage because it was considered
an extreme outcome of some of the pathways that limit fetal growth or
shorten the duration of pregnancy. Because our interest was specifically
in opportunities during ANC, interventions focusing on the precon-
ception period, labor or postpartum period were excluded from the
analysis.

Evidence synthesis
Utilizing a modular review methodology developed for this purpose

[33], the Evidence Synthesis Group conducted a systematic search and
review to synthesize evidence on the efficacy of the preselected ante-
natal interventions that may reduce the prevalence of LBW and related
birth outcomes. Between March and June 2020, they performed a series
of literature searches in five databases: MEDLINE (OvidSP), Embase
(OvidSP), Cochrane Database of Systematic Reviews (Wiley Cochrane
Library), Cochrane Central Register of Controlled Trials (Wiley
Cochrane Library), and CINAHL Complete (EbscoHOST). They re-
ported an effect size estimate for each intervention from the most recent
examples of the highest level of evidence available (typically Cochrane
review of RCTs) or, when not available, conducted a meta-analysis of
RCTs to provide the estimate (Supplementary Table 2). They catego-
rized the evidence based on its quantity and quality. The quantity
referred to the number of studies contributing to the effect size estimate.
The quality of evidence (reported as low, moderate, or high) was
derived from the Grading of Recommendations, Assessment, Devel-
opment and Evaluations (GRADE) or an equivalent assessment for
Cochrane reviews and from risk of bias assessment for de novo
appraisal of RCTs.

The likely effect of evidence on the outcome was categorized into
classes: positive effect, possible positive effect, no positive effect, and
unknown effect. For an intervention to be categorized as likely to have
a positive effect on an outcome, there needed to be consistent evidence
from at least two high- or moderate-quality trials in which the 95% CI
of the point estimate of the RR had to be entirely below 1. For an
intervention to be categorized as having a possible positive effect on an
outcome, evidence from at least two RCTs was required, where either
the 95% CI of the point estimate of the RR was entirely below 1 but the
quality of the evidence was low or the quality was moderate to high and
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the 90% CI of the point estimate of the RR was entirely below 1.
Additionally, one moderate-to-high quality RCT, with a 95% CI of the
point estimate of the RR entirely below 1, received this designation.
The method is detailed in the Supplementary Methods with compre-
hensive definitions of the categories in Supplementary Table 3.

Priority selection
TheEvidence SynthesisGroup presented themodular review results,

sent in advance, to the Scoring Group at a virtual meeting in 2020. The
Scoring Group members were asked to score the performance of each
intervention on four attributes: 1 efficacy; 2 practical and economic
feasibility; 3 public health impact; and 4 potential to reduce health
disparities. They were asked to provide the score based on their pro-
fessional experience considering LMICs in sub-Saharan Africa and
southern Asia. Based on the scoring, the interventions were given in-
dividual and combined intervention priority scores (IPSs).

In the second virtual meeting, the Author Group and the Review
Group revisited the results of the primary scoring of the priorities in
four small groups. They identified a maximum of ten priority in-
terventions per group. To ensure that important interventions would not
be missed, participants were given an opportunity to bring a “wild
card”, i.e., up to two additional interventions outside the original list of
scored interventions, into the discussion.

Next, the Scoring Group participated in an electronic follow-up
survey to set further research priorities concerning the antenatal in-
terventions ranked in the primary scoring of priorities. Using a Google
Forms application, the group members were asked to select up to five
interventions for which they would advise further implementation or
efficacy research. Regarding implementation, they were encouraged to
base their selection on the premise that further research would help
service providers identify optimal platforms and modes of delivery for
the interventions. Regarding efficacy, the premise was that further
research could provide important new evidence and lead to a recom-
mendation of the selected intervention to become a tool to prevent
LBW, PTB, or SGA.

Results consolidation
This stage comprised four steps. First, the Author Group endorsed

the antenatal interventions currently recommended in WHO guidelines
for a positive pregnancy experience [21], focusing on the recommen-
dations with an indication for the prevention of LBW, PTB or SGA in
the actual recommendation sentence (Table 1). Second, the group



Table 1
Summary of antenatal interventions recommended by WHO, with an indi-
cation to the prevention of LBW, PTB, SGA, stillbirth, or malaria.

Antenatal interventions recommended by WHO1 (Target condition)

1. Dietary education for pregnant women with undernutrition (LBW)
2. Provision of proteins and energy to pregnant women with undernutrition (SGA,
stillbirth)

3. Lowering daily caffeine intake of pregnant women with high daily caffeine
intake (more than 300 mg per day) (LBW, pregnancy loss)

4. Screening and treatment of asymptomatic bacteriuria in pregnancy (LBW, PTB)
5. Provision of insecticide-treated bed nets during pregnancy (malaria)
6. Provision of at least three doses of IPTp-SP (intermittent preventive malaria
treatment in pregnancy using sulfadoxine-pyrimethamine) starting in the second
trimester, and given at least one month apart (malaria)

1 Includes interventions with an indication to LBW, PTB, SGA or stillbirth
in the recommendation sentence, or recommendation on malaria control in
pregnancy.
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identified the most promising additional interventions that could
complement the ones already recommended. In compiling the
consolidated list of promising antenatal interventions, the group
therefore removed the LBW-indicated recommendations that were
already part of the WHO compendium of ANC guidelines but left in-
terventions that were not LBW-indicated in the recommendation sen-
tence. Because malarial infection during pregnancy is a
well-recognized determinant of LBW, the provision of intermittent
preventive malaria treatment or insecticide-treated bed nets were also
considered LBW-indicated interventions [20,34]. Since the purpose
was to provide a limited number of priorities, all lists were restricted to
a maximum of ten items: In practice, the lists included interventions
that were prioritized by at least 20% of the experts who participated in
the scoring. Third, the group identified implementation research tar-
gets, focusing on interventions that could benefit from further research
for optimal implementation. These interventions could overlap with the
WHO recommendations and the promising interventions list. To pro-
ceed to the promising interventions list, implementation research list or
both, either the intervention was required to show efficacy in LMICs or
the evidence from high-income countries (HICs) had to be applicable to
the LMIC context.

Finally, the Author Group identified efficacy research targets. The
premise for this list was to include interventions believed to be effi-
cacious but that had not been proven in LMICs, or alternatively the
evidence from HICs was not considered directly applicable to the
LMIC context. No overlap was allowed with WHO recommendations
or the promising interventions list (Figure 2).

If two interventions were mutually conflicting, the intervention with
lower IPS was removed. The target groups and the phrasing of the
Table 2
Evidence synthesis: Antenatal interventions that likely reduce the risk of LBW, P

Positive effect1 Birth outcom

Changing a two-dose IPTp regimen to more frequent IPTp
dosing

LBW

Replacement of IFA supplementation with MMN
supplementation

LBW
SGA

Provision of proteins and energy to pregnant women with
undernutrition

LBW
SGA
stillbirth

Provision of lipid-based nutrient supplements instead of
multiple micronutrients

LBW
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interventions were clarified in their final forms. Finally, interventions
were organized in tables according to the intervention category
(nutrition, infection, other) without consideration of their original IPS
or rank.

Results

The prioritization exercise was conducted between September 2019
and August 2021. A total of 58 participants (35 females, 23 males)
contributed to the process. The majority (41) represented academia or a
research institution, and the remaining participants represented funding
organizations (9), United Nations organizations (2), governmental in-
stitutions (2), nongovernmental organizations (2), and the private
sector (2). Based on country of permanent residence, participants
represented Europe (19), North America (17), Africa (15), Asia (6), and
Middle East and North Africa (1). All participants reported significant
professional experience in maternal and newborn health from sub-
Saharan Africa, South Asia, Europe and Central Asia, North Amer-
ica, Latin America and the Caribbean, the Middle East and North
Africa, and East Asia and the Pacific.
Project initiation
Of the 18 Author Group members, 16 participated in the workshop

at the initiation stage. The Author Group compiled an initial list of 43
potential priority interventions to prevent LBW and related birth out-
comes (Supplementary Table 4).

Evidence synthesis
We identified 61,279 articles on the effects of antenatal in-

terventions on selected birth outcomes by literature search. After
electronic removal of duplicates, we screened 35,244 articles by
title/abstract. In total, we reviewed 6,272 full-text articles, resulting
in 365 eligible articles. Of 46 interventions (43 from the initial list
and three added by the Evidence Synthesis Group), the group
deemed one infection-related intervention, four nutritional in-
terventions, and three other interventions to have a positive effect,
i.e., they are likely to reduce the risk of at least one of the birth
outcomes (LBW, PTB, SGA, or stillbirth) (Table 2). The group
deemed eight interventions to have possible positive effect, i.e., the
intervention may reduce the risk of at least one of the selected
outcomes (Table 3). Nineteen interventions were deemed likely not
to reduce the risk of at least one of the outcomes (Supplementary
Table 5). For most interventions, data were deemed insufficient to
determine their impact on SGA and stillbirth (Supplementary Table
6 and Supplementary Table 7).
TB, SGA, or stillbirth.

e Relative risk2 Quality of evidence4

0.80 [0.69, 0.94] (N¼6281)3 Moderate

0.88 [0.85, 0.91] (N¼68801)3 High
0.92 [0.88, 0.97] (N¼57348)3 Moderate
0.68 [0.51, 0.92] (N¼4196)3 Moderate
0.79 [0.69, 0.9] (N¼4408)3

0.60 [0.39, 0.94] (N¼3408)3

0.92 [0.86, 0.98] (N¼2727)3 Moderate

(continued on next page)



Table 3
Evidence synthesis: Antenatal interventions that may reduce the risk of LBW, PTB, SGA, or stillbirth.

Possible positive effect1 Birth outcome Relative risk2 Quality of evidence4

Provision of insecticide-treated bed nets in pregnancy LBW 0.80 [0.64, 1.00] (N¼3506)3 Moderate
Treatment of documented periodontal disease during pregnancy LBW 0.67 [0.48, 0.95] (N¼3470) Low
Screening and treatment of asymptomatic bacteriuria in
pregnancy

LBW 0.64 [0.45, 0.93] (N¼1437) Low
PTB 0.34 [0.13, 0.88] (N¼327)

Dietary education of pregnant women with undernutrition LBW 0.46 [0.27, 0.79] (N¼3440)3 Low
Dietary supplementation with high dose calcium LBW 0.85 [0.72, 1.01] (N¼14883) Low

PTB 0.76 [0.60, 0.97] (N¼15275)
Professionally provided psychosocial support for women at risk
of giving birth to LBW or preterm infant

PTB 0.91 [0.83, 1.00] (N¼11036) Moderate

Progesterone supplementation for women at increased risk of PTB PTB 0.69 [0.53, 0.87] (N¼3706) Low
Bedrest among women at risk for preterm delivery LBW 0.92 [0.85, 1.00] (N¼1837) 3 Moderate

1 Possible positive effect: The intervention may reduce the risk of selected birth outcome. a. At least two RCTs included in a meta-analysis or IPD analysis, 95%
CI of the point estimate of the RR is entirely below 1, but there is concern about the quality of the data, or b. at least two moderate-to-high quality RCTs included in
a meta-analysis or IPD analysis, 95% CI of the point estimate of the RR includes 1 but 90% CI of the point estimate of the RR is entirely below 1, or One moderate-
to-high quality RCT, 95% CI of the point estimate of the RR is entirely below 1.
2 Relative risk [95 % confidence interval] (number of participants).
3 The proportion of studies coming from Sub-Saharan Africa or South Asia is 50% or higher.
4 The quality of evidence is based on GRADE or equivalent assessment for Cochrane reviews and on risk of bias assessment for de novo appraisal of RCTs,

detailed in Supplementary Material, Section F: Assessment of quality of evidence

Table 2 (continued )

Positive effect1 Birth outcome Relative risk2 Quality of evidence4

Supplementation with omega-3 fatty acids LBW 0.90 [0.82 0.99] (N¼8449) High
PTB 0.89 [0.81, 0.97] (N¼10304)

Provision of low-dose aspirin during pregnancy in women at
high risk of preeclampsia

PTB 0.67 [0.50, 0.90] (N¼2391) Moderate
SGA 0.71 [0.58, 0.89] (N¼2820)
stillbirth 0.34 [0.19, 0.59] (N¼2174)

Psychosocial interventions to reduce smoking in pregnancy LBW 0.83 [0.72, 0.94] (N¼9420) High
Prophylactic application of uterine cervical stitch (cerclage) in
women at increased risk of PTB

PTB 0.80 [0.69, 0.95] (N¼2898) High

1 Positive effect: The intervention likely reduces the risk of the selected birth outcome: At least two moderate-to-high quality RCTs included in a meta-analysis
or IPD analysis, 95% CI of the point estimate of the RR is entirely below 1.
2 Relative risk [95 % confidence interval] (number of participants).
3 The proportion of studies coming from sub-Saharan Africa or South Asia is 50% or higher.
4 The quality of evidence is based on GRADE or equivalent assessment for Cochrane reviews and on risk of bias assessment for de novo appraisal of RCTs,

detailed in Supplementary Material, Section F: Assessment of quality of evidence.
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Priority selection
Of the 65 invited Scoring Group members, 43 members (66%)

accepted the invitation and participated in the primary scoring of the
interventions against the four attributes (efficacy, impact, feasibility,
equity). In general, nutritional interventions received higher combined
IPSs, whereas the IPSs for the infection-related and other interventions
were more widely dispersed across the range (Supplementary Table 8).

Out of the 32 invited members of the Review and Author Groups,
27 ranked the primary scoring results into four small groups.
Combining the top 10 prioritized interventions of each group resulted
in a list of 16 interventions. Of these interventions, 13 matched with the
13 interventions that received the highest IPS by the Scoring Group
(Supplementary Tables 9 and 10). No “wild cards”, i.e., interventions
outside the original list, were proposed.

In the last step, the Scoring Group scored the 46 interventions ac-
cording to the need for further implementation or efficacy research. Of
the 65 invited members, 30 participated (46%). Eight interventions
(four nutrition-related interventions, three infection-related infections,
and one other intervention) were identified by at least 20% of the ex-
perts as targets for further implementation research (Supplementary
Table 11). For further efficacy research, the experts identified nine
S111
interventions (four nutrition-related interventions, one infection-related
intervention, and four other interventions) (Supplementary Table 12).
Result consolidation
Of the 13 interventions ranked highest by the Scoring Group, six

were selected by the Author Group for inclusion on the list of promising
interventions to prevent LBW, PTB, or SGA (Table 4). Of these, two
interventions addressed maternal nutrition, none addressed maternal
infection, and four addressed other conditions among at-risk pop-
ulations. Two interventions (prophylactic cervical cerclage, and pro-
fessionally provided psychosocial support) were not previously
recommended by WHO whereas replacement of iron and folic acid
(IFA) supplementation with MMS was recommended in the context of
rigorous research and high-dose calcium supplementation, low-dose
aspirin provision, and screening of maternal tobacco use were already
recommended by WHO, although not specifically with an indication to
prevent LBW.

Of the seven excluded interventions, five were left out because they
are already recommended by WHO with an indication for preventing
LBW. The provision of lipid-based nutrient supplements (LNSs)
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(instead of MMS) was excluded because the evidence synthesis had
combined data from trials providing small-quantity, medium-quantity,
or large-quantity LNS to pregnant women. During the consolidation of
the results, the authors agreed that these three interventions should be
considered separately. They also noted that none of the trials was
conclusive alone and that an earlier meta-analysis combining data only
from the two trials involving small-quantity LNS was also inconclusive
[35,36]. Given these findings, the authors concluded that there was
insufficient data to include any type of LNS on the prioritized in-
terventions lists. Provision of omega-3 fatty acids to pregnant women
with undernutrition was removed because most of the evidence came
from HICs, and this evidence was not considered to be directly appli-
cable to the LMIC context.

Seven of the eight interventions identified by the Scoring Group as
requiring further implementation research were included in the final
implementation research priority list (Table 5). Two of the included
interventions (replacement of IFA supplementation with MMS and
provision of low-dose aspirin) were also on the promising interventions
list and had not been previously recommended by WHO with an indi-
cation for LBW, and five (provision of proteins and energy, dietary
education, provision of insecticide-treated bed nets, screening and
treatment of asymptomatic bacteriuria, and changing a two-dose IPTp
(intermittent preventive malaria treatment in pregnancy) regimen to
more frequent IPTp dosing) were current LBW- or malaria-indicated
recommendations. In line with the promising interventions list, the
provision of omega-3 fatty acids to pregnant womenwith undernutrition
was excluded.

Six of the nine identified interventions for further efficacy research
were included in the final efficacy research target list (Table 6). Of these
six interventions, five (provision of low-dose calcium; screening of
maternal weight gain followed, if indicated, by dietary or other inter-
vention; provision of omega-3 fatty acids; water, sanitation, and hy-
giene (WASH) interventions; and reduction of indoor air pollution)
S112
were not currently recommended by WHO. One intervention (intimate
partner violence prevention) aligned with an existing WHO recom-
mendation with a different indication. Of the three excluded in-
terventions, two overlapped with WHO recommendations (screening
and treatment of asymptomatic bacteriuria in pregnancy and provision
of proteins and energy to pregnant women with undernutrition), and
one overlapped with the promising interventions list (provision of low-
dose aspirin during pregnancy in women at high risk of preeclampsia).
Discussion

This priority-setting exercise aimed to fill a critical gap by pro-
ducing a consolidated view on promising antenatal interventions that
could complement the globally recommended standard of care for
pregnant women to reduce the major global burden of LBWand related
adverse birth outcomes. Informed by a systematic literature search and
review on the intervention efficacy [37–40], we ranked interventions,
focusing particularly on those that would reduce the burden of LBW in
LMIC settings, and identified urgent gaps to fill in knowledge. We
identified six promising antenatal interventions that address maternal
nutrition in both general and targeted populations in LMICs, as well as
other conditions among at-risk groups globally. We also identified
antenatal interventions that would benefit from further implementation
research or efficacy research.
Strengths and limitations

We drew on the intrinsic flexibility of the CHNRI method and
adapted it for this purpose. We used the advantages of CHNRI,
including a systematic and transparent process [31] and multi-
stakeholder engagement, which helps make the final priorities more
acceptable to stakeholders [41]. Having participants with various



Table 4
Promising antenatal interventions to prevent LBW, PTB, or SGA.

Antenatal interventions currently not recommended by WHO Intervention category

Replacement of IFA supplementation for pregnant women with MMN supplementation1 Nutrition
Prophylactic application of uterine cervical stitch (cerclage) for women at increased risk of PTB Other
Professionally provided psychosocial support for women at risk of giving birth to a LBW or preterm infant Other

Antenatal interventions recommended by WHO, for another indication2 Intervention category

Provision of high-dose calcium supplements (>1 g / day) to pregnant women in areas with low dietary calcium3 Nutrition
Provision of low-dose aspirin during pregnancy to women at increased risk of preeclampsia4 Other
Psychosocial interventions to reduce smoking in pregnancy5 Other

1 WHO recommendation sentence: Antenatal multiple micronutrient supplements that include iron and folic acid are recommended in the context of rigorous
research.
2 Includes interventions without an indication to LBW, PTB, SGA or stillbirth in the recommendation sentence, or recommendation on malaria control in

pregnancy
3 WHO recommendation sentence: In populations with low dietary calcium intake, daily calcium supplementation (1.5–2.0 g oral elemental calcium) is rec-

ommended for pregnant women to reduce the risk of pre-eclampsia.
4 WHO recommendation sentence: Low-dose acetylsalicylic acid (aspirin, 75 mg per day) is recommended for the prevention of pre-eclampsia in women at

moderate or high risk of developing the condition.
5 WHO recommendation sentence: Health-care providers should ask all pregnant women about their tobacco use (past and present) and exposure to second-hand

smoke as early as possible in the pregnancy and at every antenatal care visit.

Table 5
Identified antenatal interventions for implementation research.

Antenatal interventions for implementation research: interventions currently not recommended by WHO1 Intervention category

Replacement of IFA supplementation for pregnant women with MMN supplementation2 Nutrition

Antenatal interventions for implementation research: interventions currently recommended by WHO3 Intervention category

Provision of proteins and energy to pregnant women with undernutrition4 Nutrition
Dietary education for pregnant women with undernutrition 5 Nutrition
Provision of insecticide-treated bed nets during pregnancy6 Infection
Screening and treatment of asymptomatic bacteriuria in pregnancy7 Infection
Changing a two-dose IPTp (intermittent preventive malaria treatment in pregnancy) regimen to more frequent IPTp dosing8 Infection

Antenatal interventions recommended by the WHO, for another indication2 Intervention category

Provision of low-dose aspirin during pregnancy to women at increased risk of preeclampsia9 Other

1 Includes interventions that are either not recommend or are recommended in the context of research.
2 WHO recommendation sentence: Antenatal multiple micronutrient supplements that include iron and folic acid are recommended in the context of rigorous

research.
3 Includes interventions with an indication to LBW, PTB, SGA or stillbirth in the recommendation sentence, or recommendation on malaria control in

pregnancy.
4 WHO recommendation sentence: In undernourished populations, balanced energy and protein dietary supplementation is recommended or pregnant women to

reduce the risk of stillbirths and small-for-gestational-age neonates.
5 WHO recommendation sentence: In undernourished populations, nutrition education on increasing daily energy and protein intake is recommended for

pregnant women to reduce the risk of low-birth-weight neonates.
6 WHO recommendation footnote: Integrated from the WHO publication Guidelines for the treatment of malaria (2015), [20] which also states: “WHO rec-

ommends that, in areas of moderate-to-high malaria transmission of Africa, IPTp-SP be given to all pregnant women at each scheduled ANC visit, starting as early
as possible in the second trimester, provided that the doses of SP are given at least 1 month apart. WHO recommends a package of interventions for preventing
malaria during pregnancy, which includes promotion and use of insecticide-treated nets, as well as IPTp-SP”. To ensure that pregnant women in endemic areas
start IPTp-SP as early as possible in the second trimester, policy-makers should ensure health system contact with women at 13 weeks of gestation.
7 WHO recommendation sentence: A seven-day antibiotic regimen is recommended for all pregnant women with asymptomatic bacteriuria to prevent persistent

bacteriuria, preterm birth and low birth weight.
8 WHO recommendation sentence: In malaria-endemic areas in Africa, intermittent preventive treatment with sulfadoxine-pyrimethamine (IPTp-SP) is rec-

ommended for all pregnant women. Dosing should start in the second trimester, and doses should be given at least one month apart, with the objective of ensuring
that at least three doses are received.
9 WHO recommendation sentence: Low-dose acetylsalicylic acid (aspirin, 75 mg per day) is recommended for the prevention of pre-eclampsia in women at

moderate or high risk of developing the condition [51].
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geographical and professional backgrounds and a ratio of 3:2 female to
male participants further enhanced the credibility of the results.

Our exercise had some potential shortcomings typical of the
CHNRI method, such as a limited number of participants, which may
affect the representativeness of the findings, spectrum of research
S113
topics or response rates [26,42]. Although the invitation was shared
extensively and via various means, participation may have been
reduced by the restriction to English language and the snowballing
approach that may more easily identify well-networked stakeholders.
Hence, academic experts formed the majority of the respondents,



Table 6
Identified antenatal interventions for efficacy research.

Antenatal interventions for efficacy research: interventions currently not recommended by WHO Intervention category

Provision of low-dose calcium supplements (<1 g / day) to pregnant women Nutrition
Regular screening of maternal weight gain followed, if indicated, by dietary
supplementation or other intervention

Nutrition

Provision of omega-3 fatty acids to pregnant women with undernutrition Nutrition
Water, sanitation, and hygiene (WASH) interventions in pregnancy Infection
Reduction of indoor air pollution Other

Antenatal interventions for efficacy research: interventions recommended by WHO1 Intervention category

Intimate partner violence prevention interventions2 Other

1 Includes interventions with and without an indication to LBW, PTB, SGA or stillbirth in the recommendation sentence, or recommendation on malaria control
in pregnancy.
2 WHO recommendation sentence: Clinical enquiry about the possibility of intimate partner violence should be strongly considered at antenatal care visits when

assessing conditions that may be caused or complicated by intimate partner violence in order to improve clinical diagnosis and subsequent care, where there is the
capacity to provide a supportive response (including referral where appropriate) and where the WHO minimum requirements are met.
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whereas LMIC government experts and those with nongovernmental
organization backgrounds or recent field-level experience were un-
derrepresented, and only one-third of the participants permanently
resided in Africa or Asia. However, there was substantial diversity and
technical expertise among the respondents and most of those currently
residing in HICs had significant experience in low-income settings.
Finally, the incorporation of the “wild card” function into the method
provided a means to increase the diversity of considered topics.
Therefore, although a prioritization list is always subjective, we argue
that the presented lists reflect priorities for a professionally and
geographically diverse group of stakeholders.

Our demarcation between explicitly LBW-indicated and other in-
terventions could be regarded as arbitrary. We considered explicit LBW
indication in the actual WHO recommendation sentence to be impor-
tant, cognizant that many of the WHO recommendations that lack
specified indication still provide a summary of evidence or refer to
other documents that summarize evidence, and these sections often
describe a likely effect of the intervention on LBW and related birth
outcomes. Despite the limitations, this approach provided a framework
to discuss the degree to which the interventions had been previously
recognized, particularly as LBW prevention strategies, by the global
community.

The response rates of the surveys for the primary scoring of the
interventions (66%) and for scoring the research priorities (46%) can be
considered slightly low. Therefore, nonresponse bias cannot be ruled
out. However, our results were consistent with the issues raised in the
evidence synthesis, suggesting strong internal validity of our findings
and supporting the argument that many stakeholders beyond this ex-
ercise would likely find these topics important. Considering the above,
our exercise based on the collective knowledge of the participants can
be seen as a valid analysis of current key priorities.
Study findings in the context of existing research
Among other topics, previous studies have utilized the CHNRI

method to prioritize research ideas to reduce global mortality from
LBW and PTB [43], prevent stillbirth and improve newborn health
[42], reduce PTB and stillbirth through community-level imple-
mentation research [44], and, more recently, support the implementa-
tion of MMS in pregnancy [45]. While the original “long lists” of the
earlier CHNRI exercises [42,43] included questions relevant to the
antenatal period, their prioritized top ten lists included solely
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intrapartum and postnatal interventions, such as timely identification of
LBW infants born at home [43] and improving the delivery of known
neonatal interventions [42]. The prioritized community-level in-
terventions by the Global Alliance to Prevent Prematurity and Stillbirth
highlighted the equity aspect: their highest-ranking question focused
on the reduction of financial barriers to facility births through, for
instance, conditional cash transfers [44], which were considered in the
current exercise but were not selected in the consolidated list. The
highest-ranking questions in the exercise on MMS in pregnancy
included strategies to increase ANC attendance and adherence to MMS
[45], which aligns with the listing of MMS as an implementation
research target in the current exercise.

The current exercise differs from the previous CHNRI exercises in
LBW and PTB prevention in two aspects. First, it focused exclusively
on the antenatal period as a crucial window of opportunity to prevent or
treat conditions that can contribute to LBW. Second, it identified in-
terventions separately as usable, recommendable action points as well
as research targets to be subjected to further academic inquiry. In
contrast to earlier studies, which in the context of the Millennium
Development Goals were geared toward rapid progress in mortality
reduction, the current project aimed to identify sustainable upstream
solutions to LBW prevention. By expanding the focus on prevention
and discussing the interventions as new recommendations in the
context of existing global ANC guidance, the current exercise builds
upon and broadens the evidence base for the pathways to continuous
reduction in the prevalence of LBW and subsequent mortality and
morbidity.
Implications for policy and research
The six promising interventions for pregnant women included

replacement of IFA supplementation with MMS in the general popu-
lation in LMIC settings and the provision of selected interventions to
specific risk groups globally: high-dose calcium supplements to
women in areas with low dietary calcium, low-dose aspirin to women
at increased risk for preeclampsia, prophylactic application of cervical
cerclage for women at risk for spontaneous PTB, professionally pro-
vided psychosocial support for women at risk of PTB or LBW, and
psychosocial smoking cessation interventions for those smoking during
pregnancy. While we identified these interventions as evidence-based
strategies that can be used to address core modifiable risk factors in
pregnant women, the potential of these strategies is highly dependent
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on the burden and variation of risk factors in the target settings and the
acceptability of the interventions to the target populations. Moreover, it
is reliant on the implementation capacity of the health systems to
deliver the interventions efficiently, which may be limited regarding the
already established and well-known interventions. Thus, the potential
of these interventions should always be considered contextually.
Furthermore, they should be considered complementary, not alternative
to the antenatal interventions already recommended by WHO [20,21].
For the best outcomes, we recommend that these interventions be in-
tegrated into ANC in a comprehensive manner, avoiding vertical and
siloed approaches.

Regarding the replacement of IFA supplementation with MMS for
pregnant women, the judgment was affected by the evidence synthesis
indicating the intervention’s effectiveness in reducing the risk of LBW
and SGA and the accumulation of evidence in recent years. The global
guidance on MMS has been in flux: it is currently “recommended in the
context of rigorous research” by WHO [46]. The high ranking of this
intervention in the present exercise provides a premise for MMS
becoming an established part of cost-effective and comprehensive
health care and nutritional support for pregnant women in LMIC set-
tings. High-dose calcium supplementation in areas with low dietary
calcium is another WHO-recommended antenatal context-specific
intervention that has not been extensively implemented, partly
because of the cost, adherence and logistical issues related to the large
dose and dosing schedule [47], and thus deserves renewed focus.

Based on the available evidence and our CHNRI exercise, we
propose the use of the prophylactic application of uterine cervical stitch
(cerclage) for women at increased risk of spontaneous PTB based on,
e.g., prior PTB or short cervix [48]. However, while high-quality ev-
idence has shown that cerclage is effective in reducing the risk of PTB,
it is also a surgical procedure that requires skilled health personnel and
at least regional anesthesia [48]. Contextual factors should therefore be
taken into consideration in implementing this intervention. Conversely,
low-dose aspirin for women who are at increased risk for preeclampsia
may have fewer implementation issues; lack of need for complex
changes in clinical routines, low cost, and the demonstrated tolerability
of aspirin suggest that this intervention could be safely and readily
adopted in different settings [49].

We also identified two psychosocial interventions that could be
included in the care of targeted population groups: psychosocial in-
terventions to reduce smoking in pregnancy and professionally provided
psychosocial support forwomenwho are at risk of giving birth to a LBW
or preterm infant due to, e.g., social or obstetric risk. These low-risk,
relatively low-cost, yet effective interventions are consistent with the
WHO recommendations for a positive pregnancy experience and un-
derscore the importance of effective communication and social, cultural,
emotional, and psychological support for pregnant women [21].

The Author Group highlighted the need for additional efficacy,
effectiveness and implementation data in connection with almost all of
the interventions that were either recommended already by WHO or
identified in our exercise as promising. Participants noted that while the
efficacy in ideal conditions was proven for many interventions, prac-
tical implementation across contexts can be difficult. Supplementation
with omega-3 fatty acids was considered to lack proven efficacy in low-
income settings. For the treatment of asymptomatic bacteriuria in
pregnancy with antibiotics to prevent persistent bacteriuria, PTB and
LBW [21], there was also concern that the evidence on the effect of the
intervention on LBW and PTB was old and of low certainty. The
S115
studies did not adequately assess the adverse effects of antibiotic
treatment for the mother or the baby, and some studies used antibiotics
that are no longer recommended for use in pregnancy [50].

The evidencewe synthesizedwas primarily based on reviews ofRCTs
to indicate the presence of an intervention effect. While we used the
synthesis to provide a starting point for the discussion, other research
designs such as cohort studies could in some cases also be informative in
assessing the impact and the amount of evidence on some of the envi-
ronmental and community-based interventions. We also acknowledge
that an intervention that works in controlled research contexts in HICs
may not work in real-life LMIC settings. The obverse is also possible;
interventions administered in high-income settings may reveal only
marginal benefit because birth outcomes may be closer to optimal in the
underlying population of pregnant women. Moreover, a poorly designed
intervention may not reduce the risk of adverse outcomes in the synthesis
of evidence, particularly if the number of included studies or sample sizes
are small, while a better-designed version of the same intervention could
bemore accepted and used. Finally, when discussing the synthesis results,
it is always important tomake a distinction between the absence of impact
and the absence of evidence.

The principle that prevention is better than a cure is particularly
crucial for LBW, PTB, and SGA. At the time of birth, the damage
has already been done and can only be partially mitigated by post-
natal interventions. By identifying promising nutritional, medical
and other interventions for pregnant women, our exercise outlines an
agenda for improving primary prevention of LBW, an achievement
that will decrease the burden of lifelong adverse health conse-
quences, lower the cost to the health care system, and reduce
neonatal and child mortality globally. Alongside the existing WHO
guidelines, we call for these promising interventions to be consid-
ered as part of the efforts to reach the global target for LBW
reduction by 30% by 2025.
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