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A B S T R A C T

Background: Low birth weight (LBW) increases the risk of short- and long-term morbidity and mortality from early life to adulthood. Despite research
effort to improve birth outcomes the progress has been slow.
Objective: This systematic search and review of English language scientific literature on clinical trials aimed to compare the efficacy antenatal in-
terventions to reduce environmental exposures including a reduction of toxins exposure, and improving sanitation, hygiene, and health-seeking behaviors,
which target pregnant women to improve birth outcomes.
Methods: We performed eight systematic searches in MEDLINE (OvidSP), Embase (OvidSP), Cochrane Database of Systematic Reviews (Wiley Cochrane
Library), Cochrane Central Register of Controlled Trials (Wiley Cochrane Library), CINAHLComplete (EbscoHOST) between 17March 2020 and 26May 2020.
Results: Four documents identified describe interventions to reduce indoor air pollution: two randomised controlled trials (RCTs), one systematic review
and meta-analysis (SRMA) on preventative antihelminth treatment and one RCT on antenatal counselling against unnecessary caesarean section. Based on
the published literature, interventions to reduce indoor air pollution (LBW: RR: 0.90 [0.56, 1.44], PTB: OR: 2.37 [1.11, 5.07]) or preventative anti-
helminth treatment (LBW: RR: 1.00 [0.79, 1.27], PTB: RR: 0.88 [0.43, 1.78]) are not likely to reduce the risk of LBW or Preterm birth (PTB). Data is
insufficient on antenatal counselling against caesarian-sections. For other interventions, there is lack of published research data from RCTs.
Conclusions: We conclude that there is a paucity of evidence from RCT on interventions that modify environmental risk factors during pregnancy to
potentially improve birth outcomes. Magic bullets approach might not work and that it would be important to study the effect of the broader interventions,
particularly in LMIC settings. Global interdisciplinary action to reduce harmful environmental exposures, is likely to help to reach global targets for LBW
reduction and sustainably improve long-term population health.

Keywords: Low birth weight, preterm birth, adverse birth outcomes, pregnancy intervention, low- and middle-income countries, environmental exposures,
household fuel pollution, helminth infections
Introduction

Low birth weight (LBW) [1,2] has been linked to a risk of early life
mortality [3] and life-course morbidity including growth faltering in
infancy [4], poorer lung function [5,6] and fitness, as well as chronic
non-communicable diseases [7,8]. LBW, i.e., birth weight of less than
Abbreviations: ES, Effect size; EED, Environmental enteric dysfunction; CI, Confidenc
LBW, Low birth weight; LICs, Low-income countries; LMICs, Low- and middle- income cou
Particulate matter pollution; PTB, Preterm birth; UMIC, Upper middle-income country; RCT
gestational age; SRMA, Systematic review and meta-analysis.

This article is published as part of a supplement sponsored by Tampere University, Facult
Fund Foundation.
* Corresponding author. Faculty of Medicine and Health Technology, Tampere University
E-mail address: pieta.nasanen-gilmore@tuni.fi (P.K. N€as€anen-Gilmore).

y These authors contributed equally

https://doi.org/10.1016/j.ajcnut.2022.11.029
Received 14 June 2022; Received in revised form 18 November 2022; Accepted 23 Novem
0002-9165/© 2023 American Society for Nutrition. Published by Elsevier Inc. All rights re
2500g, can result from preterm birth (PTB, birth before 37 completed
weeks of gestation), fetal growth restriction (FGR) that typically pre-
sents as the newborn being small for gestational age (SGA, weight
below the 10th percentile for the gestational age and sex), or both [9].
Globally approximately 15-20% of all the infants are born with LBW
with the highest prevalence in Sub-Saharan Africa and South Asia [10].
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LBW prevalence is an important indicator of population health and
improving birth outcomes should be considered as a key public health
target globally [9].

Progress in preventing adverse birth outcomes has been slow and
much of the existing research evidence has a high-income country focus
albeit the LBW burden is the highest in low resource settings [10].
Currently, a great deal of primary research and recommendations on
LBWprevention by antenatal interventions address maternal infections,
dietary deficiencies, or undernutrition during pregnancy. Many modi-
fiable environmental exposures are known to be risk factors of poor
birth outcomes [11–17] including air and environmental pollutants from
traffic and industrial activity [18], household cooking fumes [16],
naturally occurring heavy metals from the living environment, [14] and
fungal metabolites (aflatoxin) from food and vegetables [17]. Poor
sanitation and hygiene can pose an environmental risk when unhygienic
conditions expose pregnant women to environmental pathogens that
can be hazardous for them [19,20]. Certain factors in social environment
are determined by beliefs or common practices, including health be-
haviors e.g., choosing non-medically indicated caesarean section [21],
can also be considered as risk factors. However, whilst there is plenty of
evidence on the association between environmental risk factors and
adverse birth outcomes, very little work appropriately synthesizes the
effect of interventions targeting environmental risk factors. Designing
interventions to reduce harmful environmental exposures is particularly
relevant to low-and-middle-income countries (LMICs) where the
burden is heaviest, and legislative and social measures to protect pop-
ulation from ambient and household air pollutants or unhealthy social
behaviors are lagging behind. Hence, addressing environmental risk
factors could provide a potential tool to improve birth outcomes.

Currently, the understanding the effectiveness of the antenatal in-
terventions tackling environmental exposures is limited, as in-
terventions are of varying designs and often location specific [22]. This
does not allow for global comparison of the effectiveness of in-
terventions to reduce the LBW prevalence. The aim of this article is to
present a synthesis of published literature on eight interventions
addressing environmental exposures and unfavorable living environ-
ment and health-seeking behaviors in pregnancy to reduce LBW and
related adverse birth outcomes.
Methods

This article reports a part of an evidence synthesis on a range of
antenatal interventions that could be used to reduce the incidence of
LBW, PTB, SGA and stillbirth (SB) globally. Out of the 46 antenatal
interventions, the current review focuses on eight antenatal in-
terventions that aim to address toxin exposure and sanitation, hygiene,
and health-seeking behaviors in pregnancy:

1) Reduction of indoor air pollution;
2) Reduction of outdoor air pollution;
3) Antenatal counselling about avoidance of aflatoxins or heavy metals;
4) Water, sanitation and hygiene (WASH) interventions;
5) Preventative anthelmintic treatment;
6) Screening and treatment of maternal environmental enteric dysfunction

(EED);
7) Antenatal counselling about living in high altitude and related hypoxia;
8) Antenatal counselling against non-medically indicated caesarian-section

We have provided a list of search terms [Supplementary data 1-8].
We defined environmental interventions as those that work through
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reduction of known environmental risk factors of adverse birth out-
comes. The evidence on interventions related to maternal nutrition,
infection control and sociopsychological exposures are be reported
elsewhere [23–25].

For the search, study selection, and evidence synthesis, we used a
recently described novel systematic search and review method, the
modular review, that allows concomitant review of multiple in-
terventions [26]. The modular review consists of a streamlined process
to evaluate, synthesize, summaries and categorize evidence optimized
to inform decision-making, policy and program planning [26]. While
the design of the method, particularly its ability to review multiple
interventions simultaneously, precluded the registration of the study in
prospective registers of systematic reviews of single interventions, an a
priori protocol was used and the method was published in detail [26].

Following the Modular Review method we carried out the initial
screen with title and abstract by a single reviewer, followed by
screening of full-text articles by two independent reviewers. Full details
of the modular review are provided in Supplementary methods. In
brief, we performed eight systematic searches in MEDLINE (OvidSP),
Embase (OvidSP), Cochrane Database of Systematic Reviews (Wiley
Cochrane Library), Cochrane Central Register of Controlled Trials
(Wiley Cochrane Library), CINAHL Complete (EbscoHOST) between
17 March 2020 and 26 May 2020. Search strategies were developed as
a teamwork, in collaboration with two information specialists. Search
terms were identified through test searches, database-specific thesauri,
benchmarking search results against known relevant studies, and
through the research groups’ subject expertise.

We included English-language studies that were relevant to popu-
lation, intervention, study design and outcomes.

Population
The population of interest was pregnant females and studies

including females at any stage of pregnancy prior to the initiation of
labor were included. We excluded non-pregnant females of child-
bearing age.

Intervention
The selected environmental interventions were chosen because they

are particularly relevant to LMICs Also, many LMICs lag in legislative
and social measures to protect population from ambient and household
air pollutants or unhealthy social behaviors. For instance, the preva-
lence of air pollutants from household cooking and heating is higher in
LMICs than in HICs [27] and play a more important role in health
determinants of women than tobacco smoking in low resource settings
but remains much unaddressed. In LMICs, people often live in envi-
ronments where poor or absent sanitary and hygiene measures play a
crucial role as health determinants and where a high infection load from
poor sanitary conditions during pregnancy can cause fetal malnutrition
and poor intrauterine growth [19,20]. Similarly, high altitude resi-
dences are more commonly of limited resource settings exposing
vulnerable populations to risk of adverse birth outcomes [28]. The
implementation of the interventions reviewed in this paper is not
currently explicitly recommended by the World Health Organization
(WHO) although screening of the risk factor may be so. However, the
international research community has considered these interventions as
potential tools to reduce the burden of LBW, because they address
potentially modifiable environmental risk factors for LBW, PTB, or
SGA that are prevalent in (LMICs) [Table 1].

Overall, searches for the environmental interventions were built on
risk factors. For some interventions, we applied an additional modified



Table 1
List of interventions to tackle environmental and related risk factors

Intervention Addressed risk factor Prevalence of the risk factor Assumed mode of action

Antenatal interventions to reduce toxin exposure in pregnant women
Reduction of ambient/outdoor
air pollution

Exposure to ambient/outdoor
air pollution

Over 90% of the world’s population is exposed to
poor quality air. Whilst in HIC countries air quality
has improved through intervening, but the problem
persists in LMIC countries [27].

Reduced inhalation of particulate matter and carbon
monoxide from traffic and industrial fumes through
improved combustion of fuels, use of cleaners and
filters to trap harmful pollution. Reduced exposure
reduces airway irritation and symptoms of asthma
and airway diseases as well as subclinical
inflammation. Systemic inflammation has been
linked to poor birth outcomes [41]. Reduction of
systemic inflammation caused by pollution
exposure may improve birth outcomes.

Reduction of indoor air
pollution exposure

Exposure to household fuel
pollution or the use of low
quality SBF

Globally 36% of world’s population cooked using
low quality solid biomass fuels (SBF) in 2020.
Despite a drastic decline from over 50%
prevalence in 1990s the use of poor quality SBF
continues in rural areas and particularly in LMIC
[27]

Reduced inhalation of particulate matter and carbon
monoxide from fumes resulting from household
cooking/heating. Use of higher quality fuels to
improve combustion of fuels, use of chimneys, air
filters to reduce pollution levels. Systemic
inflammation has been linked to poor birth
outcomes [41]. Reduced exposure may reduce
chronic airway irritation and subclinical systemic
inflammation resulting from particulate matter
irritation in the lungs.

Antenatal counselling about
avoidance of aflatoxins or
heavy metals

Exposure to aflatoxins and
heavy metals

Details of prevalences globally or in LIC are not
available. For aflatoxins the highest occurrences
are in hot and humid regions which is optimal for
fungal growth [17] .

Exposure to heavy metal and aflatoxins have been
linked to poorer birth outcomes [14,17] Education
and counselling in pregnancy of health dangers of
heavy metal and aflatoxin exposure eradicate
behaviors which lead to unnecessary exposure. and
improve birth outcomes.

Antenatal interventions to improve sanitation, hygiene, and health-seeking behaviors in pregnant women
Preventative anthelmintic
treatment during pregnancy

High infectious load, poor
gut absorption, micronutrient
deficiencies and anemia

24% of global populations are infected with
helminths. The prevalence is highest in tropical
areas in Sub-Saharan Africa, China, and East Asia
[42]

Inflammatory state and poorer gastrointestinal
function and reduced nutrition absorption [43].
Medical treatment targeting anthelminthic infectious
agents, e.g., helminthic worms will clear the worm
infestation in the gastrointestinal track (GI), reducing
inflammatory state which give a rise to improved GI
immune defense and better absorption of nutrients
through the GI track which leads to a better nutritional
status and improve birth outcomes.

Water, sanitation, and hygiene
(WASH) interventions in
pregnancy to improve
sanitation

Poor hygiene and sanitation 46% of the world population have no access to
improved sanitation facilities, representing 82% in
LIC. Of global population 26% do not have an
access to clean drinking water, compared with 71%
in LIC [44]

Inflammatory state and poorer gastrointestinal
function and reduced nutrition absorption [43].
Improved hygiene and sanitation through hand
washing, use of soap and proper sewage disposal, use
of latrines, hygiene in food preparation These actions
reduce infection load, lower infections burden,
improve immunity and nutritional status to improve
GI immune defenses and improve birth outcomes.

Screening and treatment for
maternal EED during
pregnancy

Poor hygiene and sanitation,
certain gut infections, and
micronutrient deficiencies

The global prevalence of maternal EED is
impossible to estimate as much goes
asymptomatic, particularly in low resource settings
where other health burdens are high.

Inflammatory state and poorer gastrointestinal
function and reduced nutrition absorption [43].
Reduced infection load may lower infection burden,
improved immunity, and improve nutritional status
and potentially improve birth outcomes.

Antenatal counselling against
unnecessary c-sections

Shortened gestation due to
elected, non- medically
indicated caesarian sections

Global prevalence of performance of unnecessary
c-sections have increased from 6.7% to 19.1%,
with an average annual increase rate of 4.4%:
region-specific increases are Europe 11.2 to
25%,in Asia 4.4 to19.5%, in Africa 2.9% to 7.4%
[45]

Education and antenatal counselling on benefits of
natural birthing. Education on short-term and long-
term harmful impact of reduced gestation.
Promotion of appropriate medical care and
promotion of freedom of choice in birthing practices
and may improve birth outcomes.

Counselling to temporarily
move from high to low
altitude during pregnancy

Altitude-related hypoxia
during pregnancy

23% of the world’s population live in above 500 m
from the sea level. Of which approximately 12% at
altitude of 500-2500m. Much of these areas are in
East Africa, China, Nepal, Chile, Peru. [46]

Hypoxia from altitude residence during pregnancy
may influence birth outcomes [28]. Education and
antenatal counselling will improve the
understanding of adversities of altitude-induced
hypoxia during pregnancy and the importance of
temporary relocation to low altitude settings in order
to avoid avoidable harm from hypoxia related to
altitude may improve birth outcomes.
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Table 2
Summary of categorization of the evidence.

Color Interpretation Criteria

Green The intervention likely reduces
the risk of the adverse outcome.

� At least two moderate-to-high
quality RCTs in a meta-analysis
/ IPD analysis, with 95% CI of
the point estimate of the RR
entirely below 1.

Yellow The intervention may reduce
the risk of the adverse outcome.

� At least two RCTs in a meta-
analysis / IPD analysis, where
either the 95% CI of the point
estimate of the RR is entirely
below 1 but the quality of the
evidence is low, or the quality is
moderate-to-high and the 90%
CI of the point estimate of the
RR entirely below 1.

� One moderate-to-high quality
RCT, with 95% CI of the point
estimate of the RR entirely
below 1.

Red The intervention is not likely to
reduce the risk of the adverse
outcome.

� Situations that do not be meet
the requirements for other
categories, including meta-
analysis results suggestive of
harm. In other words, there is
sufficient evidence to conclude
that the intervention is unlikely
to have a positive effect on the
outcome.

Grey Inconclusive published
research on the intervention’s
effect on the outcome.

� At least two RCTs, 95% CI of
the point estimate of the RR
ranges from < 0.5 to > 2.

White Insufficient published research
on the intervention’s effect on
the outcome.

� No RCTs or one low quality
RCT (any result)

� One moderate-to-high quality
RCT where 95% CI of the RR
includes 1.

� Narrative reporting
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search strategy to capture all relevant articles of interest (screening and
treatment of maternal EED and antenatal counselling about moving
from high altitude to low, and WASH).

Controlled studies
For each intervention, we sought the best estimate of effect size (ES)

from the included studies. ES documents consisted of the most recent
quantitative evidence, with reviews of reviews (umbrella reviews, meta-
reviews, reviews of (systematic) reviews) constituting the highest level of
evidence. The Next level consisted of reviews from the Cochrane
collaboration, followed by high quality systematic reviews with or
without meta-analyses. If there were no reviews available, we used peer
reviewed published RCTs to estimate the combined effect size. In addi-
tion to identifying the latest reviews as ES documents, we also identified
RCTs published after the review as ES documents. In such case, results
from themore recent RCTswere reported separately. In reporting of effect
size, we used relative risk (RR) or odds ratiowith 95% or 90% confidence
intervals (CI), stating the number of randomized participants.

Outcome
Outcomes of interest were LBW, PTB, SGA or SB. As study de-

signs, we included RCTs and reviews of RCTs. The included studies
had to report at least one of the listed outcomes. While LBW was the
starting point of our project, PTB and SGA indicate the two main
pathways that lead to it and SB is an extreme outcome that often results
from the same processes that limit fetal growth or shorten the duration
of pregnancy. Thus, all four outcomes can be partially attributed to the
same antecedents [29].

Quality
In assessing the quality of evidence, we primarily accepted the

assessment given in the Summary of Findings tables of the utilized ES
documents that were reviewed. Typically, the tables are produced ac-
cording to the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) process and they provide the quality of
evidence rating for each outcome [30]. In the older ES documents, the
assessment was typically described to indicate the “quality” of evi-
dence, whereas in the newer documents it was marked as the “cer-
tainty” of evidence. For RCTs used as ES documents, we used an
applied version of the GRADE system to assess the risk of bias for
individual studies. This was converted into an assessment of quality of
evidence (detailed in Supplementary methods).

To interpret the impact of the interventions on each outcome, we
sorted our findings into 5 categories based on the calculated effect size,
the 95% or 90% CI, the number of studies and the quality of evidence.
Each intervention was given standardized statement in relation to its
effect on each outcome, accompanied by a color code [Table 2].

For reporting the results, we applied a modified preferred reporting
items for systematic reviews and meta-analyses (PRISMA) 2020
checklist [31]. For each intervention, we report quantitative estimates
on the size of effect of the intervention on LBW, PTB, SGA and SB
with an assessment of the quality of evidence.

Results

We found 4995 records across seven searches. After electronic
removal of duplicate records, we screened 3013 records for eligibility
and reviewed 542 full texts. Eleven randomized controlled trials and
systematic reviews and meta-analyses fulfilled the inclusion criteria.
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Seven studies were excluded from the effect size estimate as they only
reported birth weight/length but no prespecified birth outcomes (LBW,
PTB, SGA or SB) or the focus of analysis did not allow clear conclu-
sions on the effect of the intervention on birth outcomes. The remaining
four records qualified as effect size (ES) documents [Figure 1].
Antenatal interventions to reduce toxin exposure in
pregnant women

Two ES documents (both RCTs) covered interventions addressing
toxin exposure among pregnant women. The documents were pub-
lished between 2011-2018 and data was collected in upper or lower
middle-income countries from (UMIC or LMIC) [Table 3].

Both of the identified ES documents contributed to the estimate on
the size of effect on the Reduction of indoor air pollution exposure.
These documents reported results from RCTs that were conducted in
Guatemala and Mongolia. The target group included all healthy preg-
nant women from households or communities cooking on poor quality
solid biomass stoves. Both studies reported an outcome data for LBW
(number of participants¼637) and one (N¼463) for PTB and SGA.
Among women receiving the intervention, the relative risk (95% CI) of
LBWwas 0.90 (0.56, 1.44), whilst the odds ratio (95% CI) for PTB was
2.37 (1.11, 5.07) and that for SGAwas 0.81 (0.40, 1.64). No data was
available for SB. The quality of evidence was moderate. A detailed
summary of the impact of environmental interventions to reduce indoor
air pollution exposure is shown in [Supplementary data 1].



Additional records 
identified through 

other sources
(n=3) 

Reports excluded as non-
relevant (n=531)

Reports assessed for eligibility* 
(n=542)

Records excluded as non-
relevant (n=2474)

Duplicate records removed 
(n=1982)

Relevant records identified
(n=11)

Records identified from 8 
intervention searches of 5 databases

(n=4995)

Records of on-going studies
(n=8)

Non-randomised studies
(n=2)

Effect size documents identified 
(n=4)

Records screened by title and 
abstract*
(n=3013)

Reduction of toxin exposure (n=2) Sanitation, hygiene and health-seeking 
behaviour (n=2)

Figure 1. Summary flow diagram. Selection of publications for the analysis of interventions targeting modifiable environmental factors to reduce adverse birth
in pregnancy. Adapted from Prisma 2020. [31] Some records occur more than once due to being relevant to more than one intervention.
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No ES documents reported the impact of interventions to reduce
outdoor or ambient air pollution exposure, or the reduction of heavy
metal or aflatoxin exposure on birth outcomes [Supplementary data 2-
3].

In summary, for the interventions to reduce environmental toxin
exposure there was very little data or data was insufficient to draw
conclusions of their effect on birth outcomes, more specifically on the
intervention to reduce outdoor air pollution exposure or heavy metal or
aflatoxin exposure. Moderate quality evidence from LMIC and UMIC
suggested that interventions to reduce indoor air pollution were not
likely to reduce the prevalence of LBW, PTB or SGA [Table 4].

Antenatal interventions to improve sanitation, hygiene,
and health-seeking behaviors in pregnant women

Two ES documents, one Cochrane SRMA from 2015 and one RCT
from 2013 covered interventions on sanitation, hygiene, and health-
Table 3
Source documents for effect size (ES) estimate

Antenatal
intervention

Authors Year Study
design

Country of
data
collection

Population

Reduction of
indoor air
pollution
exposure

Thompson
[47]

2011 RCT
-single-
blinded

Guatemala
(1)

Healthy pregn

Reduction of
indoor air
pollution
exposure

Barn [40] 2018 RCT
-single-
blinded

Mongolia (1) Women were
weeks of GA,
pregnancy, ha
their house an
to give birth a
facility
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seeking behaviors. The two documents described results from a total
of four studies, conducted both in high-, middle- and low-income
countries [Table 5].

One SRMA contributed to the effect size estimate on the Preven-
tative anthelminthic treatment during pregnancy. This review consisted
of three RCTs published between 2006 and 2010, from Uganda (two)
and Peru (one). The target group included pregnant women at risk of
poor hygiene and sanitation, which may result in higher risk of hel-
minth infection. The intervention included a single dose of albendazole
or mebendazole, or a respective placebo, given after the 1st trimester of
pregnancy with or without concomitant iron supplementation. The
number of studies (participants) reporting specific outcome data was
three (N¼3255) for LBW and two (N¼1318) for PTB. No study re-
ported SGA or SB as an outcome. Compared to control women, the
relative risk (95%CI) of LBW among women who received anti-
helminth treatment was 1.00 (0.79, 1.27). The corresponding risk of
Sample
size

Description of Intervention Description of
Control

ant women N¼174 Wood-burning stoves with
chimneys

Open fires
without
chimneys

less than 18
with singleton
d no air filter in
d were planning
t a medical

N¼463 HEPA air filter fitted in the
house to clean the household air,
one filter per 40m2, if larger
accommodation a second filter
was provided.

No HEPA
filter



Table 4
Effect size estimates per intervention type: Reduction of toxin exposure.

Intervention Does the indicated intervention reduce the prevalence of the following adverse birth outcomes?

Low Birth Weight (LBW) Preterm birth (PTB) Small for Gestational Age 

(SGA)

Stillbirth (SB)

Reduction of indoor air pollution No No Insufficient data Insufficient data

RR: 0.90 [0.56 to 1.44]. 

(N=636)

OR: 2.37 [1.11 to 5.07] 

(N=463)

OR: 0.81 [0.40 to 1.64] 

(N=463)

N/A

MODERATE MODERATE Moderate N/A

Reduction of outdoor air pollution Insufficient data Insufficient data Insufficient data Insufficient data

N/A N/A N/A N/A

N/A N/A N/A N/A

Antenatal counselling about avoidance of aflatoxins 

or heavy metals

Insufficient data Insufficient data Insufficient data Insufficient data

N/A N/A N/A N/A

N/A N/A N/A N/A
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PTB was 0.88 (0.43 to 1.78). The authors of the review considered the
evidence of moderate quality [Supplementary data 4].

One unblinded RCT, including 871 participants from Australia and
published in 2013 contributed to the effect size estimate for antenatal
counselling against unnecessary c-sections. The target group was
pregnant women with no risk or no medical indication for a caesarean
section delivery. Compared to control women, the odds ratio (95% CI)
of PTB among women in the intervention group was 0.76 (0.49, 1.16);
the prevalence of LBW, SGA, and SB was not reported. The quality of
evidence was considered low [Supplementary data 5].

No ES documents reported the impact of WASH interventions,
screening and treatment of maternal environmental enteric dysfunction
(EED), or counselling to pregnant women to temporarily move from
Table 5
Source documents for effect size (ES) estimate. Sanitation, hygiene, and health-se

Antenatal
intervention

Authors Year Study
design

Country of data
collection

Populatio

Preventative
anthelminthic
treatment

Salam
[48]

2015 SRMA Uganda (2),
Peru (1)

Pregnant
the secon
trimester.

Antenatal
counselling
against non-
medically
indicated
caesarian
sections.

Tracy
[49]

2013 Unblinded
RCT,
parallel-
group trial

Australia (1) Pregnant
years of a
weeks of
the 1st bo
Excluded
who had
caesarian,
multiple f
planning
private ob
participate
MANGO
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high to lower altitude during pregnancy on any of the selected birth
outcomes [Supplementary data 6-8].

In summary, there was very little data or data was mostly insuffi-
cient to draw conclusions on the impact of interventions to improve
sanitation, hygiene, and health-seeking behaviors on birth outcomes.
There was moderate quality evidence from LMIC settings indicating
that preventative antihelminth treatment during pregnancy is not likely
to reduce the prevalence of LBW or PTB [Table 6].

Discussion

The aim of this paper was to review and summarize English-
language literature on RCT evidence about the impact of eight
eking behaviors

n Sample size Description of
intervention

Description of control

women in
d or third

LBW 3
studies
(N¼3255)
PTB: 2
studies
(N¼1318)

Albendazole or
mebendazole with or
without iron

Placebo

women>18
ge and <24
gestation at
oking.
: Women
planned
with
etus,
to use GP,
stetrician or
in the
study.

PTB: 1
studies
(N¼871)

The M@NGO study:
Caseload midwifes
work on annual salary
and regular shifts. Each
midwife cares for 40
women/year and
shadows another 40.
Women have a
designated midwife
from early pregnancy
to postnatal care.
Women can attend
antenatal/postnatal
groups. Women are
advised by their
midwife throughout
and are encouraged to
go home early where
midwife visits
regularly for 6 weeks
to provide support.

Standard midwifery
care: midwives
employed to provide
rostered care min 38
hours a week, to match
the workload
requirements. Women
can have several carers,
attend routine antenatal
clinics and during
labor. Routine birthing
care and are discharged
early if appropriate as
according to the
Australian national
midwifery guidelines.



Table 6
Effect size estimates per intervention type: Improving Hygiene and Sanitation and health-seeking behaviors.

Intervention Does the indicated intervention reduce the prevalence of the following adverse birth outcomes?

Low Birth Weight (LBW) Preterm birth (PTB) Small for Gestational 

Age (SGA)

Stillbirth (SB)

Preventive antihelminth treatment 

in pregnancy

No No Insufficient data Insufficient data

RR: 1.00 [0.79 to 1.27]

(N=3255)

RR: 0.88 [0.43 to 1.78]

(N=1318)

N/A N/A

MODERATE MODERATE N/A N/A

Antenatal counselling against 

medically non-indicated C-

sections

Insufficient data Insufficient data Insufficient data Insufficient data

N/A OR: 0.76 [0.49 to 1.16] 

(N=871)

N/A N/A

N/A LOW N/A N/A

WASH
1

interventions in 

pregnancy

Insufficient data Insufficient data Insufficient data Insufficient data

N/A N/A N/A N/A

N/A N/A N/A N/A

Screening and treatment for 

maternal EED
2 

environmental 

enteric dysfunction during 

pregnancy

Insufficient data Insufficient data Insufficient data Insufficient data

N/A N/A N/A N/A

N/A N/A N/A N/A

Counselling to temporarily move 

from high to lower altitude during 

pregnancy

Insufficient data Insufficient data Insufficient data Insufficient data

N/A N/A N/A N/A

N/A N/A N/A N/A
1
WASH: Water, hygiene, and sanitation

2
EED: environmental enteric dysfunction during
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antenatal interventions to reduce the risk of LBW and related adverse
outcomes, focusing on environmental risk factors during pregnancy.
Synthesizing data from five databases, we established a scarcity of
evidence on interventions addressing environmental risk factors on
birth outcomes. Particularly, RCT evidence was missing on in-
terventions addressing outdoor air pollution, aflatoxin exposures,
antenatal high-altitude exposure, poor sanitation, and hygiene, and
maternal EED. Of eight antenatal interventions aiming to reduce
environmental exposures, indoor air pollution reduction
intervention and preventative antihelminth treatment were summarized
as likely not to reduce the prevalence of adverse birth
outcomes. For antenatal counselling against non-medically indicated
caesarian section, the effect of the intervention was uncertain and
limited to HIC.

The validity of our sample findings may be compromised by our
search method in cases where birth outcomes of interest were not
included in the title and abstract, or they were reported as secondary
outcomes. Moreover, a single risk-factor based search method for some
of the interventions may potentially have led to exclusions of some
relevant work. However, we verified systematically the comprehen-
siveness of identified literature, through random checks and the use of
multiple search engines [26]. Thus, the identified scientific literature is
likely to be representative of the existing evidence on pregnancy in-
terventions to improve birth outcomes. Of the eight reviewed antenatal
interventions targeting environmental exposures, none is therefore
likely to improve birth outcomes, or the evidence is insufficient to
make conclusions.

Modifiable environmental toxin exposures represent a dispropor-
tionally high adverse health burden in low-income context. In 2005,
WHO declared household fuel pollution as a silent killer of women in
low resource settings where poor quality solid biomass fuels and
chimneyless stoves are commonly used for cooking and heating [32,
S166
33]. Women and small children are the most vulnerable to adversities
from fuel pollution exposure as they spend much time at home and are
chronically exposed to pollutants from cooking and heating. This
predisposes women in reproductive age and their unborn babies and
small children to early life and long-term health problems [34].

Our findings on interventions reducing indoor air pollution are
consistent with more recent evidence from Nepal, where households
were provided liquid petroleum gas stoves to reduce pollution exposure
and reported no effect on birth outcomes as a result of intervention [35].
This work, however, suggested that despite lower pollutant levels, the
measured values were still far beyond the recommended safe exposure
levels recommended by WHO [35]. It may be that interventions to
reduce indoor air pollution are not actually efficient enough to reduce
pollutant levels, hence it is not surprising that there are no impacts on
birth outcomes. Furthermore this work speculated on high ambient air
pollution as the contributor of persistently high indoor air pollution
levels [35]. Given that the 2021 WHO air quality guidelines estimate
that 90% of global population is at risk of harmful air pollution
exposure [36], it is clear that a reduction of environmental pollution
exposures is paramount, but also the complexity of factors which may
influence intervention success requires recognition [37].

Currently, WHO recommends a periodic antihelminth treatment to
all children and women at reproductive age in endemic areas where
helminth infestation affects approximately 44 million pregnancies [38].
Even though our search found no data to support deworming during
pregnancy to improve birth outcomes, it may reduce neonatal mortality
[15]. This recent multicountry study also suggested a risk reduction in
LBW in LMIC [15]. In any case, deworming is considered safe and
provides health benefits when given to pregnant women when there is a
population level deworming campaign [39].

Our review highlighted the scarcity of clinical trial evidence on
environmental interventions targeting pregnant women, which
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systematically measure the effect on birth outcomes. However, lack of
evidence does not necessarily signal lack of effect. The effect of in-
terventions reducing environmental risk factors may be harder to
quantify or separate from other socio-behavioral factors, which may
influence the success of the intervention [37]. This could at least
partially explain the absence of evidence on WASH interventions or
intervention targeting maternal environmental enteric dysfunction
during pregnancy. A potential direction for future research could be
moving the focus from risk factor analysis to designing more multi-
faceted interventions to reduce modifiable environmental exposures
among women in reproductive age. Whilst single-pronged antenatal
interventions have not been effective in improving pregnancy out-
comes, It may be that broader investigation of social determinants of
health including housing and availability of adequate health care would
reveal more effective solutions to reduce harm from environmental
exposures. It may be that broader investigation of social determinants
of health including housing and availability of adequate health care
would reveal more effective solutions to reduce harm from environ-
mental exposures. It is important to also recognize that what may work
in HIC settings, might not work in low resource settings. Furthermore,
a contextual understanding of local settings is highly relevant, but
equally important is the learning from multicountry studies alongside.
Learning from these approaches may help to contribute to the progress
flagged by the World Health Assembly on the reduction of global LBW
prevalence [9].

Our work focused on RCT designs and excluded other study de-
signs, such as non-randomized designs, cohorts, and cross-sectional
studies. However, environmental exposures are often part of an inte-
grated living environment and therefore very complex to tackle.
Research on interventions addressing environmental risk factors is
commonly carried out as community-wide interventions, which are
often of non-RCT design, and could have contributed relevant data on
the effectiveness of interventions on birth outcomes. We also did not
include studies where the intervention started in preconception time or
after the start of labor, which may have limited the effect of the
intervention in this review. There is an inbuilt problem with in-
terventions focusing on pregnancy. By design an intervention can start
from the confirmation of pregnancy in late first trimester, which may
actually be too late in terms of fetal development [40]. Furthermore, we
did not specifically review the work which focused on PTB before 34
weeks of gestation.

Our work has highlighted a scarcity of scientific evidence of RCT
interventions on the impact of antenatal interventions to reduce harmful
environmental exposures to improve birth outcomes. Harmful envi-
ronmental exposures are highly prevalent across the globe but partic-
ularly problematic in resource poor settings where the infrastructure to
mitigate the problem is lacking. Changing viewpoint from RCTs to
broader intervention designs and focusing resources into the reduction
of environmental risk factors at local level with multicountry com-
parisons is likely to be effective and the way forward to improve birth
outcomes and long-term health in LMIC settings. Global interdisci-
plinary action towards reducing harmful environmental exposures can
contribute to the progress global LBW prevalence reduction and
improve long-term population health sustainably.
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