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Abstract

Exposure to extreme heat in pregnancy increases the risk of stillbirth. Progress in re-
ducing stillbirth rates has stalled, and populations are increasingly exposed to high
temperatures and climate events that may further undermine health strategies. This
narrative review summarises the current clinical and epidemiological evidence of the
impact of maternal heat exposure on stillbirth risk. Out of 20 studies, 19 found an
association between heat and stillbirth risk. Recent studies based in low- to middle-
income countries and tropical settings add to the existing literature to demonstrate
that all populations are at risk. Additionally, both short-term heat exposure and whole-
pregnancy heat exposure increase the risk of stillbirth. A definitive threshold of effect
has not been identified, as most studies define exposure as above the 90th centile of
the usual temperature for that population. Therefore, the association between heat and
stillbirth has been found with exposures from as low as >12.64°C up to >46.4°C. The
pathophysiological pathways by which maternal heat exposure may lead to stillbirth,
based on human and animal studies, include both placental and embryonic or fetal im-
pacts. Although evidence gaps remain and further research is needed to characterise
these mechanistic pathways in more detail, preliminary evidence suggests epigenetic
changes, alteration in imprinted genes, congenital abnormalities, reduction in placen-
tal blood flow, size and function all play a part. Finally, we explore this topic from a
public health perspective; we discuss and evaluate the current public health guidance
on minimising the risk of extreme heat in the community. There is limited pregnancy-
specific guidance within heatwave planning, and no evidence-based interventions
have been established to prevent poor pregnancy outcomes. We highlight priority re-
search questions to move forward in the field and specifically note the urgent need for
evidence-based interventions that are sustainable.
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1 | INTRODUCTION

Approximately 2million stillbirths, defined by the World
Health Organization (WHO) as a fetal death after 28 weeks
gestation but before or during birth, occur every year, with
the majority of them occurring in Africa and South Asia.'

Stillbirths have profound negative economic, social and
psychological impacts on families and communities, and
remain cloaked in stigma and shame.>’ Despite progress
in many other aspects of maternal and infant health, only
32% of countries have a defined national stillbirth reduc-
tion target. Most countries have experienced a reduction
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in stillbirth rates since 2000 but the rate of improvement is
less than other child mortality indicators.” Worryingly, in
some countries, the number of stillbirths is increasing as
birth rates increase faster than stillbirth rates decline,' with
women with low socioeconomic status, lack of antenatal
care, previous stillbirth, increasing maternal age and com-
plicated pregnancies at most risk."

The Intergovernmental Panel on Climate Change Sixth
Assessment Report (2022) concluded that vulnerability to
climatic hazards differs by region, and although all regions
will experience higher temperatures and more frequent tem-
perature extremes, certain regions will be more at risk (tens
of thousands of additional heat-related deaths are predicted
by 2100 especially in north, west and central Africa).”

There is growing interest in how climate change may
affect birth outcomes and maternal health globally.®'
Exposure to high ambient temperature in pregnancy has
been linked to adverse birth outcomes including congenital
abnormalities,"" miscarriage,'> preterm birth">™* and low
birth weight'® as well as stillbirth."”'® These impacts have
occurred at moderate levels of heat and in populations with
temperate climates, as well as at higher levels of heat expo-
sure in tropical and sub-tropical regions. Climate change is
likely to affect birth outcomes also through other weather
disasters and disruptions in access to health services.

This narrative review summarises the current epidemi-
ological evidence of the association between environmental
heat exposures and stillbirth, describes the potential mech-
anistic pathways, details existing guidance for pregnant
women and identifies priority research areas for future work.

2 | ENVIRONMENTAL
TEMPERATURE AND STILLBIRTH:
EPIDEMIOLOGICAL EVIDENCE

Recent systematic reviews include those by Chersich
et al.’” on heat and adverse pregnancy outcomes (2020)
and Sexton et al.'® on heat and stillbirth (2021). Both of
these reviews found good evidence of an increased risk
of stillbirth at higher temperatures. Only one of 12 stud-
ies included in these reviews was conducted in a low- to
middle-income country (LMIC, Ghana).?® A search on the
Embase database for studies published since the Sexton re-
view identified a further eight studies on the association
between heat and stillbirth, four of which were based in
Africa or Asia.”' **In total, 19 of 20 studies found an asso-
ciation between heat exposure and stillbirth and one study
found no association.

The previous reviews demonstrated that the association
between temperature and stillbirth was most pronounced
for exposures in the final week or month before birth, sug-
gesting an acute effect of heat exposure. Fewer studies have
examined the impacts of chronic exposures (i.e., high tem-
peratures throughout the duration of pregnancy). Chersich
etal's meta-analysis found that stillbirths increased 1.24-fold
(95% CI 1.12-1.36) with exposure to high temperatures in

the week leading up to birth, and 3.39-fold (2.33-4.96) with
exposure during the third trimester or all of pregnancy."’

Four of only five studies conducted in LMICs have been
recently published.””** Nyadanu et al.** explored the impact
of heat stress (defined by the Universal Thermal Climate
Index, UTCI) on 5961328 births in Ghana from 2012 to
2020. Exposure to the 90th centile of UTCI versus the me-
dian (30.8°C vs. 28.8°C), for the whole of pregnancy, resulted
in an 18% (95% CI 2%-36%) increased risk of stillbirth.
Exposure to the 99th centile of UTCI (33.2°C vs. 28.8°C) for
the whole of pregnancy protected against stillbirth, which
suggests that women in this setting may only adapt their
behaviours when heat exposure becomes unbearable.”* In
Iran, an area where temperature variation throughout the
year is large and summer temperatures can reach as high as
50°C, two studies explored the impact of heat and stillbirth.
Khodadadi et al.” found an increased risk of stillbirth in the
last 2 weeks of pregnancy in those exposed to the 99th cen-
tile of heat stress (46.4°C) compared with the 75th centile
(38.0°C), odds ratio (OR) of 2.0 (95% CI 1.0-4.2). In contrast,
Ranjbaran et al.'s time-series study from Tehran based on
data on 3460 stillbirths from 2015 to 2018 found no signif-
icant impact of heat, using a variety of different definitions
for exposure.”> McElroy et al.* used a time-stratified case-
crossover design and Demographic Health Surveillance
(DHS) data from 14 LMICs and found that stillbirth risk
increased with exposure to maximum temperatures above
20°C. However, this study used DHS data where there can be
uncertainty in the accuracy of exposure assignment (uncer-
tain dates) and outcome (likely to include neonatal deaths).

In Western Australia, risk of stillbirth was found to in-
crease by 19% (95% CI 17%-21%) when women were exposed
to moderate heat stress (99th centile UTCI, 31.7°C) versus
no thermal stress (50th centile UTCI, 13.9°C) throughout
the last week of pregnancy, and by 41% (95% CI 38%-44%)
when exposed to moderate heat stress throughout the last
2weeks of pregnancy.”” In Taiwan, Yang et al.* estimated
that 2.64% of all stillbirths are attributable to high ambient
temperature exposures (>29°C). They found that women are
most susceptible to adverse heat effects in the third trimes-
ter of pregnancy, with a 2.4-fold (95% CI 1.19-4.8) increased
risk of stillbirth when exposed to the 99th centile of monthly
mean temperature (30.1°C) versus the optimal temperature
(21°C) 0-3 months before delivery.

Four studies from the USA, all using very large data sets,
found an increased risk of stillbirth with increasing tem-
perature exposure.”’ >’ Kanner et al.”’ analysed 112005
pregnancy outcomes and found a four-fold increased risk
of stillbirth for whole pregnancy exposure to temperatures
>90th centile versus 10-90th centile (>12.64°C vs. 4.54°C-
12.64°C), and a 7% (95% CI 4%-10%) increased risk with
each 1°C increase during the final week of pregnancy.
Richards et al.”® looked at the impact of heatwaves (by vari-
ous definitions), across six US states. Like Nyadanu et al.,*®
they found that the risk of stillbirth increased with the in-
tensity and duration of the heat episode. Risk of stillbirth
increased by 10% (95% CI 4%-17%) with every 1°C increase
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in the 7-day average over the heatwave threshold. Two fur-
ther studies from the USA both used a case-crossover study
design. Here, a person's exposure levels on the days leading
up to the health event (“case days”) are compared with that
same person's exposure levels on proximate days (“control
days”), thereby implicitly controlling for confounding fac-
tors that are time-invariant.”** Rammah et al.”® found an
increased odds of stillbirth (OR 1.45, 95% CI 1.18-1.77) as-
sociated with a 5.6°C increase in apparent temperature in the
preceding week, and Savitz and Hu*® found similar odds.

Overall, the new studies add several key points. There are
now clear data from tropical and temperate regions demon-
strating the impact of heat exposure on stillbirth risk, both
acutely and chronically. As expected, variation in exposure
metrics and methodologies prevents easy and clear sum-
mary statistics. However, it is clear from these studies that
populations exposed to temperatures above the 90th centile
of the usual temperature for that population are at increased
risk. This association has been found with exposures from
as low as >12.64°C up to >46.4°C. From these studies, taken
together, where large data sets have been used and potential
confounders controlled for, we find the evidence of the im-
pact of heat on stillbirth to be robust.

Furthermore, some of these studies have explored specific
characteristics that modify the impact of heat on stillbirth.
For example, Savitz and Hu®® found that when pregnant
women were stratified by socio-economic status, the odds
of stillbirth at high temperatures was over double that in
the lowest socioeconomic status quartile versus the high-
est. Other risk groups identified in previous studies include
term stillbirths,”>* male fetuses,”** younger women,*
non-white women,*** and women living in rural areas.”>**
Understanding these risk factors in more detail will aid in
the development and implementation of targeted interven-
tions to reduce the impacts of heat on stillbirth risk.

Few studies have considered the differential effects of
heat exposure on different stillbirth outcomes. Stillbirth is
a heterogeneous phenotype, and mechanisms are likely to
differ by cause (e.g. infectious, congenital or placental cause)
and gestational age. However, there are significant data lim-
itations in determining heat effects. Relatively large data
sets are needed to detect heat effects, and certainly when
looking at different causes of stillbirth or effect modifiers.
Additionally, stillbirths are underreported, particularly in
low-resource settings. Also, heat exposure may increase the
risk of early (clinically unobserved) pregnancy loss, which
may pre-select conceptuses that have some degree of heat
tolerance, but may result in longer-term health implications
for the developing child.”

3 | HEAT STRAIN IN PREGNANCY
AND THE RISK OF STILLBIRTH

Humans maintain their core temperature within a narrow
range of 35.5-37.5°C, by ensuring that heat loss equals heat
gain.’®?” Heat gain occurs from both internal (metabolic)
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and external (environmental) sources and heat loss relies on
both behavioural and physiological mechanisms. Although
behavioural options are many, the physiological mechanisms
to lose heat are limited to three—diversion of blood to the
skin to increase radiative and convective heat loss, sweating
to enable evaporative heat loss and reduction in metabolic
rate to limit heat production.” A steady core temperature
protects against fetal strain, preterm labour or stillbirth by
ensuring optimal functioning of the many systems within
the body, including both intra- and extra-cellularly. These
include protein folding (hypothesised to increase the risk of
congenital abnormalities and early pregnancy loss), catalytic
enzyme actions, and maintenance of tight junctions between
cells to preserve blood-brain and intestinal barrier integrity
(loss of these barriers results in activation of the inflamma-
tory cascade).”

There are multiple physiological changes that occur
during a human pregnancy that could affect thermoreg-
ulation, visualised in Figure 1. Cardiac output and plasma
volume increase by up to 50% by the third trimester and al-
though red blood cells increase, there is a dilutional anae-
mia.”® The increase in basal metabolic rate and decrease in
body mass to surface area ratio is balanced by lowering of the
sweat threshold and a steady decrease in core temperature as
pregnancy progresses.>

There remains equipoise as to whether these physiolog-
ical changes impair thermoregulation, but recent studies
have demonstrated that, in humans, maintaining thermal
homeostasis is no more challenging in pregnancy than when
not pregnant.®®~*' However, as discussed below there are

Reduced risk
of heat gain

Increased risk
of heat gain

FIGURE 1 Representation of the physiological alterations in
pregnancy that influence thermoregulation. Specific heat capacity refers
to the amount of heat required to increase the temperature of 1 unit of
mass by 1° Kelvin—therefore a higher specific heat capacity means more
heat is needed to increase the temperature of a given mass.
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several potential pathways implicated in the association be-
tween heat exposure and stillbirth, with maternal heat strain
only being one of them.

4 | HYPOTHESISED PATHOPHYSI
OLOGICAL MECHANISMS

It is estimated that over 40% of stillbirths globally are
preventable with improved antenatal and intrapartum
care.! Some of the known risk factors for stillbirth in-
clude: hypertension, diabetes, infections in the mother,
and also fetal growth restriction and maternal undernu-
trition. Environmental factors known to cause stillbirth
include household and outdoor air pollution and a range
of chemical hazards.*” However, no clear cause is found
in approximately 30% of cases.”’ In this section we de-
scribe the key pathophysiological mechanisms proposed
in the literature for the impact of heat on pregnancy, with
a focus on those pathways relevant to stillbirth. These
pathways include:

« congenital malformation**

« maternal heat strain®®*’

« dehydration®®

« reduction in placental blood flow*”*®
« placental growth restriction®

« placental insufficiency

« oxytocin and prostaglandin release.”’

Most of these mechanisms although plausible from a the-
oretical and animal physiological understanding, remain
hypothetical as detailed studies in humans are lacking.® It
is important to note that although pathophysiological mech-
anisms of adverse pregnancy outcomes may overlap, it is
likely that there are additional pathways to consider for each
outcome. For example, details from experimental animal
studies show that acute heat stress can reduce blood flow to
the placenta by up to 30% (potentially a trigger for preterm
labour or stillbirth), and when exposed to prolonged heat
stress in late gestation, can decrease placental size and im-
pair nutrient and oxygen transport in mammals (a poten-
tial mechanism for low birthweight or stillbirth).*>>* Other
data in experimental mammals reveal that cyclic heat stress
during early gestation perturbs the expression of genes and
proteins controlling nutrient transport and metabolic pro-
cesses, including glucose and peptide transporters in the
placenta.’* Therefore, heat stress may reduce blood flow to
the placenta, impair placental function and trigger small for
gestational age, fetal growth restriction and/or preterm birth
or stillbirth.

The upregulation of heat-shock proteins is also po-
tentially implicated in the effects of heat stress/strain on
pregnancy outcomes.” Heat-shock proteins, also known
as molecular chaperones, are a broad group of inducible
proteins, produced by cells as a response to any potentially
damaging stimuli, and not specific to heat stress, e.g., they

can be triggered by ischaemic or oxidative stress and often
act as intercellular stabilisers.”® Of note, they protect cel-
lular protein synthesis machinery and avoid apoptosis and
necrosis induced by stress stimuli. In heat acclimation,
heat-shock protein levels increase in keeping with the phe-
notypical changes that are also induced (lowered core body
temperature, cardiovascular stability, lowered sweating
threshold and improved heat loss).””*® In pregnancy, there
is no clear consensus on the role of heat-shock proteins,*
although there is some evidence that they are in placentas
from pregnancies with adverse pregnancy outcomes, such as
small for gestational age®®®" and possibly, preterm birth.®' "%
There are also changes in the abundance of cells positive for
heat-shock proteins within the maternal decidua in cases
of spontaneous pregnancy loss.> Heat and heat-shock pro-
teins may promote proinflammatory cytokine release and
tissue inflammation,**"%® which are key triggers for partu-
rition, and so may have implications for premature delivery
in the context of heat and pregnancy.” * Indeed, there are
data suggesting that exposure to elevated temperatures in
warm seasons near or at term, increases the risk of placental
abruption.”

Recent work using transcriptomic analysis of the placenta
has identified further pathways, including aberrant expres-
sion of genes and pathways implicated in nutrient sensing,
protein synthesis and folding, mitochondrial function,
and nutrient and vascular transport, which probably con-
tribute to fetal outcomes in women exposed to heat stress
during pregnancy.”’ These placental changes are consistent
with molecular studies of the placenta in unexplained fetal
growth restriction and pre-eclampsia (both risk factors for
stillbirth).”>7”?

There is also a proposed role for epigenetic changes as
being mediators of the effect of maternal heat strain on
pregnancy outcomes. This is mostly extrapolated from ex-
perimental animal studies. The epigenome describes mod-
ifications to the DNA and DNA-associated proteins, which
impact gene expression—genes may be switched on and
off in different cell types and at different times.” Defective
epigenetic changes can result in severe health implications,
such as increased risk of type II diabetes, cardiovascular
disease and metabolic disorders.””””” Evidence from mam-
malian studies indicates that epigenetic modifications are
sensitive to heat exposure and potentially disrupt imprinted
gene expression’® and metabolic proteins,” and reduce an-
tioxidant defence capacity among other effects.*>® In chick
embryos exposed to heat stress, there are also changes in the
activation of the heat-shock protein HSP70, which serves to
stabilise the intracellular environment with potential im-
plications for long-term heat vulnerability and resilience.®?
However, human data are still lacking and it is likely that
the pathophysiological pathways are complex and inter-
connected (see Figure 2 for a simplified visualisation of hy-
pothesised pathways). Moreover, the implications of these
potential pathophysiological pathways for understanding
impacts of heat stress and strain on human populations, re-
main unclear.
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Embryonic/Fetal impacts

Epigenetic changes
Altered imprinted gene
expression
Miscarriage
Congenital
abnormalities

Placental changes Implantation failure

ER stress
Protein mis-folding
Epigenetic changes

Mitchondrial
dysfunction

1ST TRIMESTER

2ND TRIMESTER
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Physiological stress
Fetal growth restriction
Preterm birth
Stillbirth
Risk of adult-onset chronic diseases

Reduced blood flow
Reduced size and function
Reduced transporters and metabolic proteins
Oxidative stress
HSP abundance
Pro-inflammatory cytokine release

3RD TRIMESTER

A

@
)

FIGURE 2 Hypothesised pathophysiological pathways of the impact of heat on the placenta and the fetus. Abbreviations: ER, endoplasmic

reticulum; HSP, heat-shock proteins.

5 | CURRENT GUIDANCE:
REDUCING THE HEAT RISK
IN PREGNANCY

It is important that pregnant women understand the risks of
exposure to high temperatures. There are several strategies
for reducing the impacts of heat, including both health edu-
cation and increasing access to cooling spaces. Although, to
our knowledge, there is no specific guidance on reducing the
impact of heat on stillbirth risk, broader measures to reduce
the heat health risk in pregnancy are discussed here because
they are potentially effective for all heat-related adverse birth
outcomes.

Some guidance is targeted towards vulnerable popula-
tions identified as those who are at increased risk from heat,
and with specific actions depending on those at risk, often
targeted to healthcare workers or carers. UNICEF published
Protecting children from heat stress report in May 2023,
which includes some guidance on prevention and treat-
ment of heat stress in pregnancy as well as in infants and
children.®® National agencies such as the CDC and UKHSA
also provide specific advice for heat health protection. The
WHO/World Meteorological Organisation recognise that

local and national heat health action plans are important
to prevent heat-related illness and mortality. Such plans in-
clude preparedness measures as well as just actions linked to
heat alerts. Due to the increased concern about heat, there
has been an increased focus on the built environment and
how to reduce heat exposures through planning and housing
design.

There also needs to be an increased awareness of heat risks
among clinicians and healthcare workers. The International
Federation of Gynecology and Obstetrics released a posi-
tion statement committing to incorporating climate change
into its Education, Advocacy and Research Programs going
forward.®*

Public health action to reduce the health impacts of heat
(visualised in Figure 3) can be broadly considered as (1) pub-
lic health messaging and awareness/individual behaviour
change, (2) community-level interventions and (3) healthcare
provider interventions.®® Heat health warning systems have
been shown to be effective in high-income countries,*® and
ongoing work shows promising evidence from LMICs.*%
However of note, this evidence relates to evaluation of im-
pact on the rate of mortality in the general population and
to date there have been no evaluations of the impact of these
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Heat-Health
Action Plan

AN

¢ Hydration

e Cold water immersion

¢ Seek shade

e Change working schedules

¢ Avoid high-risk activities if
possible

Cooling centres

Ensure access to safe water
Target of vulnerable
populations

Education on signs and
symptoms of heat illness

e Education of healthcare
providers

¢ Health centre planning for
increased hospital
visits/medical emergencies

e Adaptation to healthcare
facility to reduce heat load

FIGURE 3 Visualisation of short-term action to reduce the adverse effects of heat on the general population (not pregnancy specific).

action plans for heat-related morbidity or pregnancy-related
complications.

Key take-home messages for healthcare workers caring
for pregnant women are that there remains poor awareness
of the health risks of heat among healthcare profession-
als, pregnant people and their families. This should be ad-
dressed as a priority in the light of increasing exposure to
heat. Special consideration, such as specific targeted advice
or referral to high-risk clinics, for at-risk pregnant women
should include those with chronic health conditions, high
levels of exposure (occupational exposures, high indoor tem-
peratures) and socio-economic constraints that limit heat
avoidance activities (e.g. access to cooling from fans or air
conditioning units, manual workers etc.).

6 | KEY GAPS AND PRIORITY
AREAS FOR ONGOING WORK WITH
A CLEAR CLINICAL NEED

There is good evidence that high ambient temperatures are
harmful to pregnancy, but the magnitude of these effects
remains largely unknown. This is now a priority for mater-
nal health communities, and several new projects to explore

these biological mechanisms have been funded in this area
in 2023 by the Wellcome Trust.*’

For clinicians, strategies to slow global warming (miti-
gation), beyond individual actions and advocacy efforts, are
beyond the scope of the typical healthcare worker roles, al-
though involvement in action to reduce harmful greenhouse
gas emissions associated with the healthcare system should
be encouraged. Healthcare workers should, however, support
and identify effective adaptation strategies for their patients,
working with women and communities to minimise the ef-
fects of prolonged heat exposure on pregnancies. Clinical re-
search needs to better recognise who is vulnerable, discover
what gestational age window is at particular risk, and assess
the clinical and cost-effectiveness of adaptation strategies
(see Table 1 for expanded research priorities).

Central to these efforts must be a focus on equity, with
the research led by and carried out in communities and
countries most at risk of extreme heat exposure. The paucity
of high-quality data from LMICs has been highlighted from
this review. There are several large, well-dated and complete
pregnancy cohorts that have been established over the past
15years in LMICs and there is an opportunity to leverage
these cohorts to answer ecological exposures such as heat,
with many of these cohorts also having large biorepositories
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TABLE 1 Priority research questions.

Clinical Policy

What are the best heat or heat
stress metrics to assess the
impact on stillbirths?

What are the at-risk windows
throughout pregnancy?

Can the mechanistic pathways
be clearly understood and
potentially manipulated to
develop an intervention?

Do current heat action plans
reduce health impacts of heat
on pregnancy?

Are individual actions to
reduce heat exposure
effective to reduce the risk
of stillbirth?

Are community-level interventions
effective for pregnant women?

Can at-risk women be
identified early in
pregnancy?

Does improved climate resilience
within the health system
translate into improved patient
care?

to test hypotheses as they emerge from the ongoing work in
this space.

7 | CONCLUSION

Ultimately, action to limit global warming remains the
number one priority to reduce exposure to extreme heat and
other climate hazards and so limit the health impacts of cli-
mate change. Second, universal access to sustainable cooling
is essential going forward. Finally, long-term adaptation ef-
forts to reduce the impact of heat on stillbirth must consider
the global, regional and local spatial inequality in exposure
and the complex interplay of social and economic factors
that are often missing in terms not only of identifying those
most at risk, but also in developing effective interventions.

AUTHOR CONTRIBUTIONS
AB conceptualised and undertook the systematic review and
co-wrote the initial draft. CP, ANS-P and JEH co-wrote the
initial draft and edited the manuscript. UO, RC, SH and SK
reviewed and edited the manuscript.

ACKNOWLEDGEMENTS
None declared.

FUNDING INFORMATION
No funding was received for this work.

CONFLICT OF INTEREST STATEMENT
None declared.

DATA AVAILABILITY STATEMENT
None declared.

ETHICS STATEMENT
None declared.

n International Journal of 7
: ] 0 gbsltettrics ;nd Glyjnaecolttg;
ORCID
Ana Bonell (@ https://orcid.org/0000-0001-5981-762X

Jane E. Hirst

https://orcid.org/0000-0002-0176-2651

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

HugL, Mishra A, Lee S, You D, Moran A, Strong KL, et al. A neglected
tragedy the global burden of stillbirths: report of the UN Inter-
Agency Group for Child Mortality Estimation, 2020. United Nations
Children's Fund; 2020 [cited 2023 May 4]. Available from: https://relie
fweb.int/report/world/neglected-tragedy-global-burden-stillbirths-
report-un-inter-agency-group-child?gclid=CjOKCQjw5f21BhCkARIs
AHeTvlicwDahTuA_2EOXRnKVU6BI1iFvCAzRev6 LWVFZyKR19_
pMwbRIjkx0aAqBhEALw_wcB

Heazell AEP, Siassakos D, Blencowe H, Burden C, Bhutta ZA,
Cacciatore J, et al. Stillbirths: economic and psychosocial conse-
quences. Lancet. 2016;387(10018):604-16.

de Bernis L, Kinney MV, Stones W, ten Hoope-Bender P, Vivio D,
Leisher SH, et al. Stillbirths: ending preventable deaths by 2030.
Lancet. 2016;387(10019):703-16.

Every newborn progress report 2019. Geneva: World Health
Organization, United National Children's Fund (UNICEF); 2020.
Hug L, You D, Blencowe H, Mishra A, Wang Z, Fix MJ, et al. Global,
regional, and national estimates and trends in stillbirths from 2000 to
2019: a systematic assessment. Lancet. 2021;398(10302):772-85.
LiZ,KongY, Chen S, Subramanian M, Lu C,Kim R, et al. Independent
and cumulative effects of risk factors associated with stillbirths in 50
low- and middle-income countries: a multi-country cross-sectional
study. eClinicalMedicine. 2022;54:101706.

Pértner H-O, Roberts DC, Adams HP, Adelekan I, Adler C, Adrian
R, et al. Technical summary. In: Portner H-O, Roberts DC,
Poloczanska ES, Mintenbeck K, Tignor M, Alegria A, et al., edi-
tors. Climate change 2022: impacts, adaptation and vulnerability.
Contribution of working group II to the sixth assessment report
of the Intergovernmental Panel on Climate Change. Cambridge
University Press; IPCC; 2022. p. 37-118 [cited 2023 May 10].
Available from: https://www.ipcc.ch/report/ar6/wg2/chapter/techn
ical-summary/

Horton R, Lo S. Planetary health: a new science for exceptional ac-
tion. Lancet. 2015;386(10007):1921-2.

Whitmee S, Haines A, Beyrer C, Boltz F, Capon AG, de Souza Dias
BE, et al. Safeguarding human health in the Anthropocene epoch:
report of the Rockefeller Foundation - Lancet Commission on
Planetary Health. Lancet. 2015;6736(15). https://doi.org/10.1016/
S0140-6736(15)60901-1

Roos N, Kovats S, Hajat S, Filippi V, Chersich M, Luchters S,
et al. Maternal and newborn health risks of climate change: a
call for awareness and global action. Acta Obstet Gynecol Scand.
2021;100(4):566-70.

Auger N, Fraser WD, Sauve R, Bilodeau-Bertrand M, Kosatsky T. Risk
of congenital heart defects after ambient heat exposure early in preg-
nancy. Environ Health Perspect. 2017;125(1):8-14.

Edwards MJ, Saunders RD, Shiota K. Effects of heat on embryos and
foetuses. Int ] Hyperthermia. 2003;19(3):295-324.

Sun S, Weinberger KR, Spangler KR, Eliot MN, Braun JM, Wellenius
GA. Ambient temperature and preterm birth: a retrospective study of
32 million US singleton births. Environ Int. 2019;126:7-13.

Wang Q, Li B, Benmarhnia T, Hajat S, Ren M, Liu T, et al. Independent
and combined effects of heatwaves and PM2.5 on preterm birth in
Guangzhou, China: a survival analysis. Environ Health Perspect.
2020;128(1):17006.

Wang J, Williams G, Guo Y, Pan X, Tong S. Maternal exposure
to heatwave and preterm birth in Brisbane, Australia. BJOG.
2013;120(13):1631-41.

Basu R, Rau R, Pearson D, Malig B. Temperature and term low birth
weight in California. Am J Epidemiol. 2018;187(11):2306-14.

85UB017 SUOWILIOD BAIR1D 8 |deot|dde 8y Ag pausenoh a1e sajolie O 88N JO S3|Nn 10} Ar1q1T 8UIUO /8|1 UO (SUORIPUOD-PUR-SLURYLLID"AB | IMAlelq1juluo//SANY) SUORIPUOD pUe W L 84} 885 *[£202/80/80] U0 ARIqIT 8UIUO AB1IM ‘8oL AQ 229.T'8250-TLYT/TTTT OT/I0p/L00 43| imArelqijpuluo uABaoy/sdny woJy papeojumoq ‘0 ‘82G0TLYT


https://orcid.org/0000-0001-5981-762X
https://orcid.org/0000-0001-5981-762X
https://orcid.org/0000-0002-0176-2651
https://orcid.org/0000-0002-0176-2651
https://reliefweb.int/report/world/neglected-tragedy-global-burden-stillbirths-report-un-inter-agency-group-child?gclid=Cj0KCQjw5f2lBhCkARIsAHeTvlicwDahTuA_2EOXRnKVU6B1iFvCAzRev6LWvFZyKR19_pMwbRIjkx0aAqBhEALw_wcB
https://reliefweb.int/report/world/neglected-tragedy-global-burden-stillbirths-report-un-inter-agency-group-child?gclid=Cj0KCQjw5f2lBhCkARIsAHeTvlicwDahTuA_2EOXRnKVU6B1iFvCAzRev6LWvFZyKR19_pMwbRIjkx0aAqBhEALw_wcB
https://reliefweb.int/report/world/neglected-tragedy-global-burden-stillbirths-report-un-inter-agency-group-child?gclid=Cj0KCQjw5f2lBhCkARIsAHeTvlicwDahTuA_2EOXRnKVU6B1iFvCAzRev6LWvFZyKR19_pMwbRIjkx0aAqBhEALw_wcB
https://reliefweb.int/report/world/neglected-tragedy-global-burden-stillbirths-report-un-inter-agency-group-child?gclid=Cj0KCQjw5f2lBhCkARIsAHeTvlicwDahTuA_2EOXRnKVU6B1iFvCAzRev6LWvFZyKR19_pMwbRIjkx0aAqBhEALw_wcB
https://reliefweb.int/report/world/neglected-tragedy-global-burden-stillbirths-report-un-inter-agency-group-child?gclid=Cj0KCQjw5f2lBhCkARIsAHeTvlicwDahTuA_2EOXRnKVU6B1iFvCAzRev6LWvFZyKR19_pMwbRIjkx0aAqBhEALw_wcB
https://www.ipcc.ch/report/ar6/wg2/chapter/technical-summary/
https://www.ipcc.ch/report/ar6/wg2/chapter/technical-summary/
https://doi.org/10.1016/S0140-6736(15)60901-1
https://doi.org/10.1016/S0140-6736(15)60901-1

8 BJ OG An International Journal of

17.
18.

19.
20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.
31.

32.

33.
34.
35.

36.

37.

BONELL ET AL.

Obstetrics and Gynaecology

Strand LB, Barnett AG, Tong S. Maternal exposure to ambient tem-
perature and the risks of preterm birth and stillbirth in Brisbane,
Australia. Am ] Epidemiol. 2012;175(2):99-107.

Sexton J, Andrews C, Carruthers S, Kumar S, Flenady V, Lieske S.
Systematic review of ambient temperature exposure during pregnancy
and stillbirth: methods and evidence. Environ Res. 2021;197:111037.
Chersich MF, Pham MD, Areal A, Haghighi MM, Manyuchi A, Swift
CP, et al. Associations between high temperatures in pregnancy and
risk of preterm birth, low birth weight, and stillbirths: systematic re-
view and meta-analysis. BMJ. 2020;371:m3811.

Asamoah B, Kjellstrom T, Ostergren PO. Is ambient heat exposure
levels associated with miscarriage or stillbirths in hot regions? A
cross-sectional study using survey data from the Ghana Maternal
Health Survey 2007. Int ] Biometeorol. 2018;62(3):319-30.

McElroy S, Ilango S, Dimitrova A, Gershunov A, Benmarhnia T.
Extreme heat, preterm birth, and stillbirth: a global analysis across 14
lower-middle income countries. Environ Int. 2022;158:106902.
Ranjbaran M, Mohammadi R, Yaseri M, Kamari M, Habibelahi A,
Yazdani K. Effect of ambient air pollution and temperature on the
risk of stillbirth: a distributed lag nonlinear time series analysis. J
Environ Health Sci Eng. 2020;18(2):1289-99.

Khodadadi N, Dastoorpoor M, Khanjani N, Ghasemi A. Universal
thermal climate index (UTCI) and adverse pregnancy outcomes in
Ahvaz, Iran. Reprod Health. 2022;19(1):33.

Nyadanu SD, Tessema GA, Mullins B, Kumi-Boateng B, Ofosu AA, Pereira
G. Prenatal exposure to long-term heat stress and stillbirth in Ghana: a
within-space time-series analysis. Environ Res. 2023;222:115385.
Nyadanu SD, Tessema GA, Mullins B, Pereira G. Maternal acute
thermophysiological stress and stillbirth in Western Australia,
2000-2015: a space-time-stratified case-crossover analysis. Sci Total
Environ. 2022;836:155750.

Yang HY, Lee JKW, Chio CP. Extreme temperature increases
the risk of stillbirth in the third trimester of pregnancy. Sci Rep.
2022;12(1):18474.

Kanner J, Williams AD, Nobles C, Ha S, Ouidir M, Sherman S, et al.
Ambient temperature and stillbirth: risks associated with chronic
extreme temperature and acute temperature change. Environ Res.
2020;189:109958.

Rammah A, Whitworth KW, Han I, Chan W, Hess JW, Symanski
E. Temperature, placental abruption and stillbirth. Environ Int.
2019;131:105067.

Savitz DA, Hu H. Ambient heat and stillbirth in Northern and Central
Florida. Environ Res. 2021;199:111262.

Richards M, Huang M, Strickland MJ, Newman AJ, Warren JL,
D'Souza R, et al. Acute association between heatwaves and stillbirth
in six US states. Environ Health. 2022;21(1):59.

Lu Y, Zeger SL. On the equivalence of case-crossover and time
series methods in environmental epidemiology. Biostatistics.
2007:8(2):337-44.

Tobias A, Armstrong B, Gasparrini A. Analysis of time-stratified
case-crossover studies in environmental epidemiology using Stata.
Stata Users Group; 2014 [cited 2023 May 10]. Available from: https://
ideas.repec.org/p/boc/usugl4/12.html

Auger N, Fraser WD, Smargiassi A, Bilodeau-Bertrand M, Kosatsky T.
Elevated outdoor temperatures and risk of stillbirth. Int ] Epidemiol.
2017;46(1):200-8.

Basu R, Sarovar V, Malig BJ. Association between high ambient
temperature and risk of stillbirth in California. Am J Epidemiol.
2016;183(10):894-901.

Hajdu T, Hajdu G. Post-conception heat exposure increases clinically
unobserved pregnancy losses. Sci Rep. 2021;11(1):1987.

Bonell A, Hirst J, Vicedo-Cabrera AM, Haines A, Prentice AM,
Maxwell NS. A protocol for an observational cohort study of heat
strain and its effect on fetal wellbeing in pregnant farmers in The
Gambia. Wellcome Open Res. 2020;5:32.

Tansey EA, Johnson CD. Recent advances in thermoregulation. Adv
Physiol Educ. 2015;39(3):139-48.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Hall ME, George EM, Granger JP. The heart during pregnancy. Rev
Esp Cardiol. 2011;64(11):1045-50.

Samuels L, Nakstad B, Roos N, Bonell A, Chersich M, Havenith G,
et al. Physiological mechanisms of the impact of heat during preg-
nancy and the clinical implications: review of the evidence from an
expert group meeting. Int J Biometeorol. 2022;66:1505-13.
Smallcombe JW, Puhenthirar A, Casasola W, Inoue DS, Chaseling
GK, Ravanelli N, et al. Thermoregulation during pregnancy: a con-
trolled trial investigating the risk of maternal hyperthermia during
exercise in the heat. Sports Med. 2021;51:2655-64.

Dervis S, Dobson KL, Nagpal TS, Geurts C, Haman F, Adamo KB.
Heat loss responses at rest and during exercise in pregnancy: a scop-
ing review. ] Therm Biol. 2021;99:103011.

Lee KK, Bing R, Kiang J, Bashir S, Spath N, Stelzle D, et al. Adverse
health effects associated with household air pollution: a systematic
review, meta-analysis, and burden estimation study. Lancet Glob
Health. 2020;8(11):e1427-34.

Vogel JP, Souza JP, Mori R, Morisaki N, Lumbiganon P, Laopaiboon
M, et al. Maternal complications and perinatal mortality: findings of
the World Health Organization multicountry survey on maternal and
newborn health. BJOG. 2014;121(Suppl 1):76-88.

Edwards MJ. Hyperthermia as a teratogen: a review of experimental
studies and their clinical significance. Teratog Carcinog Mutagen.
1986;6(6):563-82.

Lucy MC. Stress, strain, and pregnancy outcome in postpartum cows.
Anim Reprod. 2019;16(3):455-64.

Gronlund CJ, Yang AJ, Conlon KC, Bergmans RS, Le HQ, Batterman
SA, et al. Time series analysis of total and direct associations between
high temperatures and preterm births in Detroit, Michigan. BMJ
Open. 2020;10(2):€032476.

Vaha-Eskeli K, Pirhonen ], Seppanen A, Erkkola R. Doppler flow
measurement of uterine and umbilical arteries in heat stress during
late pregnancy. Am J Perinatol. 1991;8(6):385-9.

Bonell A, Sonko B, Badjie J, Samateh T, Saidy T, Sosseh F, et al.
Environmental heat stress on maternal physiology and fetal blood
flow in pregnant subsistence farmers in The Gambia, west Africa: an
observational cohort study. Lancet Planet Health. 2022;6(12):e968-76.
Wang J, Liu X, Dong M, Sun X, Xiao J, Zeng W, et al. Associations
of maternal ambient temperature exposures during pregnancy
with the placental weight, volume and PFR: a birth cohort study in
Guangzhou, China. Environ Int. 2020;139:105682.

Bonell A, Vannevel V, Sonko B, Mohammed N, Vicedo-Cabrera AM,
Haines A, et al. A feasibility study of the use of UmbiFlow™ to assess
the impact of heat stress on fetoplacental blood flow in field studies.
Int ] Gynaecol Obstet. 2023;160:430-6.

Dadvand P, Basagana X, Sartini C, Figueras F, Vrijheid M, de Nazelle
A, etal. Climate extremes and the length of gestation. Environ Health
Perspect. 2011;119(10):1449-53.

Bell AW, Wilkening RB, Meschia G. Some aspects of placental func-
tion in chronically heat-stressed ewes. ] Dev Physiol. 1987;9(1):17-29.
Bell AW, Hales JR, Fawcett AA, King RB. Effects of exercise and
heat stress on regional blood flow in pregnant sheep. ] Appl Physiol.
1986;60(5):1759-64.

Zhao W, Liu F, Marth CD, Green MP, Le HH, Leury BJ, et al. Maternal
heat stress alters expression of genes associated with nutrient trans-
port activity and metabolism in female placentae from mid-gestating
pigs. Int ] Mol Sci. 2021;22(8):4147.

Bennett GD. Hyperthermia: malformations to chaperones. Birth
Defects Res B Dev Reprod Toxicol. 2010;89(4):279-88.

Borges JP, Lessa MA. Mechanisms involved in exercise-induced cardi-
oprotection: a systematic review. Arq Bras Cardiol. 2015;105(1):71-81.
Tyler CJ, Reeve T, Hodges GJ, Cheung SS. The effects of heat adapta-
tion on physiology, perception and exercise performance in the heat:
a meta-analysis. Sports Med. 2016;46(11):1699-1724.

Mang ZA, Fennel ZJ], Realzola RA, Wells AD, McKenna Z,
Droemer C, et al. Heat acclimation during low-intensity exercise
increases VO2max and Hsp72, but not markers of mitochondrial

85UB017 SUOWILIOD BAIR1D 8 |deot|dde 8y Ag pausenoh a1e sajolie O 88N JO S3|Nn 10} Ar1q1T 8UIUO /8|1 UO (SUORIPUOD-PUR-SLURYLLID"AB | IMAlelq1juluo//SANY) SUORIPUOD pUe W L 84} 885 *[£202/80/80] U0 ARIqIT 8UIUO AB1IM ‘8oL AQ 229.T'8250-TLYT/TTTT OT/I0p/L00 43| imArelqijpuluo uABaoy/sdny woJy papeojumoq ‘0 ‘82G0TLYT


https://ideas.repec.org/p/boc/usug14/12.html
https://ideas.repec.org/p/boc/usug14/12.html

EXPERT REVIEW OF MATERNAL HEAT EXPOSURE AND STILLBIRTH

An International Journal of

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

biogenesis and oxidative phosphorylation, in skeletal tissue. Exp
Physiol. 2021;106(1):290-301.

Neuer A, Spandorfer SD, Giraldo P, Dieterle S, Rosenwaks Z, Witkin
SS. The role of heat shock proteins in reproduction. Hum Reprod
Update. 2000;6(2):149-59.

Caiiete P, Monllor A, Pineda A, Herndndez R, Tarin JJ, Cano A. Levels
of heat shock protein 27 in placentae from small for gestational age
newborns. Gynecol Obstet Invest. 2012;73(3):248-51.

Chang A, Zhang Z, Jia L, Zhang L, Gao Y, Zhang L. Alteration of
heat shock protein 70 expression levels in term and preterm delivery.
] Matern Fetal Neonatal Med. 2013;26(16):1581-5.

Huusko JM, Tiensuu H, Haapalainen AM, Pasanen A, Tissarinen P,
Karjalainen MK, et al. Integrative genetic, genomic and transcriptomic
analysis of heat shock protein and nuclear hormone receptor gene associ-
ations with spontaneous preterm birth. Sci Rep. 2021;11(1):17115.
Ziegert M, Witkin SS, Sziller I, Alexander H, Brylla E, Hartig W. Heat
shock proteins and heat shock protein-antibody complexes in placen-
tal tissues. Infect Dis Obstet Gynecol. 1999;7(4):180-5.

Moseley PL. Heat shock proteins and the inflammatory response.
AnnN'Y Acad Sci. 1998;856:206-13.

Halonen JI, Zanobetti A, Sparrow D, Vokonas PS, Schwartz J.
Associations between outdoor temperature and markers of inflam-
mation: a cohort study. Environ Health. 2010;9:42.

Kahle JJ, Neas LM, Devlin RB, Case MW, Schmitt MT, Madden MC,
et al. Interaction effects of temperature and ozone on lung function
and markers of systemic inflammation, coagulation, and fibrinoly-
sis: a crossover study of healthy young volunteers. Environ Health
Perspect. 2015;123(4):310-6.

Cappelletti M, Della Bella S, Ferrazzi E, Mavilio D, Divanovic S.
Inflammation and preterm birth. ] Leukoc Biol. 2016;99(1):67-78.
Boyle AK, Rinaldi SF, Norman JE, Stock SJ. Preterm birth: inflam-
mation, fetal injury and treatment strategies. ] Reprod Immunol.
2017;119:62-6.

Ferguson KK, Kamai EM, Cantonwine DE, Mukherjee B, Meeker
JD, McElrath TF. Associations between repeated ultrasound
measures of fetal growth and biomarkers of maternal oxidative
stress and inflammation in pregnancy. Am ] Reprod Immunol.
2018;80(4):e13017.

He S, Kosatsky T, Smargiassi A, Bilodeau-Bertrand M, Auger N.
Heat and pregnancy-related emergencies: risk of placental abruption
during hot weather. Environ Int. 2018;111:295-300.

Shankar K, Ali SA, Ruebel ML, Jessani S, Borengasser SJ, Gilley SP, et al.
Maternal nutritional status modifies heat-associated growth restriction
in women with chronic malnutrition. PNAS Nexus. 2023;2(1):pgac309.
Yung HW, Calabrese S, Hynx D, Hemmings BA, Cetin I, Charnock-
Jones DS, et al. Evidence of placental translation inhibition and en-
doplasmic reticulum stress in the etiology of human intrauterine
growth restriction. Am J Pathol. 2008;173(2):451-62.

Yung HW, Colleoni F, Dommett E, Cindrova-Davies T, Kingdom J,
Murray AJ, et al. Noncanonical mitochondrial unfolded protein re-
sponse impairs placental oxidative phosphorylation in early-onset
preeclampsia. Proc Natl Acad Sci USA. 2019;116(36):18109-18.

Allis CD, Jenuwein T. The molecular hallmarks of epigenetic control.
Nat Rev Genet. 2016;17(8):487-500.

Tiffon C. The impact of nutrition and environmental epigenetics on
human health and disease. Int ] Mol Sci. 2018;19(11):3425.

Candler T, Kiithnen P, Prentice AM, Silver M. Epigenetic regulation of
POMC; implications for nutritional programming, obesity and meta-
bolic disease. Front Neuroendocrinol. 2019;54:100773.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

BJ0
Godfrey KM, Sheppard A, Gluckman PD, Lillycrop KA, Burdge GC,
McLean C, et al. Epigenetic gene promoter methylation at birth
is associated with child's later adiposity. Diabetes. 2011;60(5):
1528-34.

Zhu JQ, Liu JH, Liang XW, Xu BZ, Hou Y, Zhao XX, et al. Heat stress
causes aberrant DNA methylation of H19 and Igf-2r in mouse blasto-
cysts. Mol Cells. 2008;25(2):211-5.

Heng J, Tian M, Zhang W, Chen F, Guan W, Zhang S. Maternal heat
stress regulates the early fat deposition partly through modification of
m(6)A RNA methylation in neonatal piglets. Cell Stress Chaperones.
2019;24(3):635-45.

de Barros FRO, Paula-Lopes FE. Cellular and epigenetic changes in-
duced by heat stress in bovine preimplantation embryos. Mol Reprod
Dev. 2018;85(11):810-20.

Skibiel AL, Pehagaricano F, Amorin R, Ahmed BM, Dahl GE,
Laporta J. In utero heat stress alters the offspring epigenome. Sci Rep.
2018;8(1):14609.

Kisliouk T, Cramer T, Meiri N. Methyl CpG level at distal part of
heat-shock protein promoter HSP70 exhibits epigenetic memory
for heat stress by modulating recruitment of POU2Fl-associated
nucleosome-remodeling deacetylase (NuRD) complex. ] Neurochem.
2017;141(3):358-72.

UNICEF. Protecting children from heat stress. A technical note.
UNICEF; 2023 [cited 2023 May 21]. Available from: https://www.
unicef.org/media/139926/file/Protecting-children-from-heat-stress-
A-technical-note-2023.pdf

Committee FR. Climate crisis and health. 2020 [cited 2023 May 5].
Available from: https://www.figo.org/news/statement-climate-crisi
s-and-health

Jay O, Capon A, Berry P, Broderick C, de Dear R, Havenith G,
et al. Reducing the health effects of hot weather and heat ex-
tremes: from personal cooling strategies to green cities. Lancet.
2021;398(10301):709-24.

Boeckmann M, Rohn I. Is planned adaptation to heat reducing
heat-related mortality and illness? A systematic review. BMC Public
Health. 2014;14(1):1112.

Junaid Abdul R, Priyanka A, Zaheer C, Saadia Q, Abdul G, Adnan
AH. Impact of community education on heat-related health out-
comes and heat literacy among low-income communities in
Karachi, Pakistan: a randomised controlled trial. BMJ Glob Health.
2022;7(1):e006845.

Nastar M. Message sent, now what? A critical analysis of the heat ac-
tion plan in Ahmedabad, India. Urban Sci. 2020;4(4):53.

Wellcome Trust. Biological vulnerability to extreme heat in mater-
nal and child health. 2022 [cited 2023 Jun 13]. Available from: https://
wellcome.org/grant-funding/schemes/biological-vulnerability-extre
me-heat-maternal-and-child-health

Obstetrics and Gynaecology

How to cite this article: Bonell A, Part C, Okomo U,
Cole R, Hajat S, Kovats S, et al. An expert review of
environmental heat exposure and stillbirth in the face
of climate change: Clinical implications and priority
issues. BJOG. 2023;00:1-9. https://doi.
org/10.1111/1471-0528.17622

85UB017 SUOWILIOD BAIR1D 8 |deot|dde 8y Ag pausenoh a1e sajolie O 88N JO S3|Nn 10} Ar1q1T 8UIUO /8|1 UO (SUORIPUOD-PUR-SLURYLLID"AB | IMAlelq1juluo//SANY) SUORIPUOD pUe W L 84} 885 *[£202/80/80] U0 ARIqIT 8UIUO AB1IM ‘8oL AQ 229.T'8250-TLYT/TTTT OT/I0p/L00 43| imArelqijpuluo uABaoy/sdny woJy papeojumoq ‘0 ‘82G0TLYT


https://www.unicef.org/media/139926/file/Protecting-children-from-heat-stress-A-technical-note-2023.pdf
https://www.unicef.org/media/139926/file/Protecting-children-from-heat-stress-A-technical-note-2023.pdf
https://www.unicef.org/media/139926/file/Protecting-children-from-heat-stress-A-technical-note-2023.pdf
https://www.figo.org/news/statement-climate-crisis-and-health
https://www.figo.org/news/statement-climate-crisis-and-health
https://wellcome.org/grant-funding/schemes/biological-vulnerability-extreme-heat-maternal-and-child-health
https://wellcome.org/grant-funding/schemes/biological-vulnerability-extreme-heat-maternal-and-child-health
https://wellcome.org/grant-funding/schemes/biological-vulnerability-extreme-heat-maternal-and-child-health
https://doi.org/10.1111/1471-0528.17622
https://doi.org/10.1111/1471-0528.17622

	An expert review of environmental heat exposure and stillbirth in the face of climate change: Clinical implications and priority issues
	Abstract
	1|INTRODUCTION
	2|ENVIRONMENTAL TEMPERATURE AND STILLBIRTH: EPIDEMIOLOGICAL EVIDENCE
	3|HEAT STRAIN IN PREGNANCY AND THE RISK OF STILLBIRTH
	4|HYPOTHESISED P​ATH​​OP​H​Y​SI​​OLO​​GICAL MECHANISMS
	5|CURRENT GUIDANCE: REDUCING THE HEAT RISK IN PREGNANCY
	6|KEY GAPS AND PRIORITY AREAS FOR ONGOING WORK WITH A CLEAR CLINICAL NEED
	7|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


