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Abstract
Climate change represents one of the largest global health threats of the 21st century
with immediate and long-term consequences for the most vulnerable populations,
especially in the poorest countries with the least capacity to adapt to climate change.

Department of Infectious Disease
Epidemiology, London School of Hygiene
and Tropical Medicine, London, UK

Pregnant women and newborns are increasingly being recognized as vulnerable popu-
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heat stress, extreme weather events and air pollution, potentially impacting both the
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lations in the context of climate change. The effects can be direct or indirect through
immediate and long-term health of pregnant women and newborns through a broad
range of mechanisms. In 2008, the World Health Organization passed a resolution
during the 61st World Health Assembly, recognizing the need for research to identify
strategies and health-system strengthening to mitigate the effects of climate change
on health. Climate adaptation plans need to consider vulnerable populations such as
pregnant women and neonates and a broad multisectoral approach to improve overall
resilience of societies.
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Every year, worldwide, it has been estimated that 2.0 million stillbirths, 2.5 million neonatal deaths and 295 000 maternal deaths take
1-3

place.

Most of these occur in low-income countries and are pre-

ventable with timely lifesaving interventions during pregnancy and
childbirth. In addition, in 2015, the numbers of maternal morbidity

Key message
Air pollution and climate change both have an immediate
adverse effect on reproductive, maternal and perinatal
health outcomes, with the devastating potential to affect
the health of future generations to come.

cases exceeded by far those of maternal deaths, with an estimated
25 million episodes of maternal morbidity from the five direct obstetric causes of maternal deaths alone (abortion, hemorrhage, hypertensive disorders, obstructed labor and sepsis).4

Air pollution has also been shown to increase the risk of low
birthweight infants and preterm birth.8,11 In 2010, it was estimated

Climate change has been identified as the biggest global health

that the number of air pollution-associated preterm births was

threat of the 21st century, with immediate harm in early life and sig-

2.7 million, 18% of total preterm births globally.11 Preterm birth rep-

nificant lifelong consequences, and major implications for genera-

resents 11% of all births globally and 35% of all neonatal deaths, and

tions to come.5 Climate change has already resulted in more extreme

is hence the leading cause of neonatal death globally and a signifi-

weather events such as storms and floods, heat waves and droughts,

cant contributor to long-term ill-health. 2,16 Lack of access to clean

and the frequency and severity of such events are expected to in-

energy is a significant cause of climate change and impacts on ma-

6

crease. The world today is already 1.2°C warmer than during pre-

ternal and neonatal health.6

industrial times, and the last decade recorded the eight warmest

Stress, including heat stress, causes a rise in cortisol levels which

years on record, with combustion of fossil fuels as the principal

may lead to decreased blood flow to the placenta due to diverting

mechanism for global warming.

blood flow for other immediate action. This can consequently af-

Low-income countries are particularly vulnerable to climate

fect fetal growth as well as the likelihood of intrapartum complica-

change because of poverty, poor sanitation, high prevalence of

tions due to decreased oxygen levels to the fetus.12 Extreme heat

malnutrition, infections, non-communicable diseases, poor quality

may lead to elevated blood pressure and possible preeclampsia in

housing and weak non-resilient healthcare systems.

pregnancy, one of the three main causes of maternal death globally.
The evidence is, however, inconclusive as to whether the exacerbation of hypertensive conditions increases during heat waves or

2 | M ATE R N A L A N D N E W B O R N H E A LTH
PH YS I O LO G Y A N D TH E D I R EC T I M PAC T
O F C LI M ATE C H A N G E A N D A M B I E NT
TE M PE R AT U R E E X TR E M E S

not, as heat exposure may cause vasodilation and lowering blood
pressure.13 While some evidence indicates that heat exposure in the
first trimester increases risk for congenital anomalies, confirmatory
data are required. Moreover, it is unknown whether rates of maternal mortality increase during heat waves, as it does in other groups

Climate change impacts maternal and perinatal health through

with challenges to thermoregulation. Lastly, research has shown that

several mechanisms. The pregnancy and neonatal periods are

extreme weather events increase the risk of postpartum depres-

characterized by physiological and anatomical changes which de-

sion and posttraumatic stress disorder, as well as the occurrence of

crease the ability to thermoregulate. In pregnant women, these

preterm birth and low birthweight infants.14,15

changes include considerable augmented metabolism and internal
heat production due to fetal growth, increased body mass index
with increased fat deposition and consequently decreased body
surface area to body mass. The main physiological mechanisms
for maintaining heat balance during heat events are through radiation from the skin by vasodilation and/or sweating. When heat

3 | W H AT A R E TH E I N D I R EC T
M EC H A N I S M S BY W H I C H C LI M ATE
C H A N G E C A N I M PAC T M ATE R N A L A N D
N EO N ATA L H E A LTH?

balance cannot be maintained, heat stress causes heat-shock proteins to be released, which may induce a cascade of biological and

Good maternal health is crucial for successful birth and neonatal

physiological reactions with detrimental effects for maternal and

outcomes and requires screening, diagnosing and disease preven-

perinatal health, including the neonatal period. A large number of

tion of important conditions that may impact pregnancy. Threats to

studies suggests an association between heat exposures and the

maternal and perinatal health include unmet nutritional needs, infec-

risk of preterm birth, premature rupture of membranes, low birth-

tions, heavy physical labor, and underlying chronic conditions like

weight and stillbirth.7,8 Low birthweight infants have increased

diabetes and overweight, which in turn may complicate pregnancy

9

susceptibility to a series of complications, including infections.

outcomes, further exacerbated by climate change.

In addition, dehydration from increased sweating as part of ther-

The indirect impacts of climate change on the health of vulnerable

moregulation in pregnant women can trigger the onset of early

populations interact through a broad range of mechanisms and may

labor and prolong duration of labor.10

have far-reaching social, economic and health consequences. Heavy
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precipitation may lead to floods, resulting in damage to infrastructure

heat extremes is becoming an emerging need for an adequate policy

and critical services, crop loss, population displacements and disrupted

and public health response to mitigate the risk of heat on adverse

access to maternal and child health services. Shortage of safe water

pregnancy and neonatal outcomes.

and sanitation may lead to an increase in diarrheal disease, gastroin-

Low-resource settings have poor resilience and adaptive capac-

testinal parasite infections and cholera outbreaks. Drought may lead

ity to climate change. Research is required to assess and quantify

to failed crops and livestock deaths, and consequently malnutrition

the differential impacts across settings of climate change and heat

and household poverty, further increasing the nutritional gap in low-

waves on maternal and perinatal health outcomes. This is particu-

and middle-income countries in women of reproductive age and neo-

larly needed in low-and middle-income countries where the burden

nates who are at greatest risk. Of increasing concern are new internal

is likely to be the largest and likely to increase over time and in areas

displacement patterns due to climate change and climate-related

with the poorest resources to adapt. Research efforts therefore

disasters. Competition over depleted natural resources can in turn

need to identify available, efficient and low-cost interventions to

spark conflict between communities. Other indirect consequences

mitigate the health effects of climate change globally, with a particu-

of climate change may be altered disease patterns and an increase in

lar focus on vulnerable populations, and in geographic regions where

vector-borne diseases such as malaria, dengue and schistosomiasis,

there is a paucity of data and where the burden of poor maternal

which are important complicating infections during pregnancy, malaria

and neonatal health outcomes is the highest, such as in Sub-Saharan

in particular. In addition, there are psychological consequences of cli-

Africa. Research on the impacts of climate change on maternal and

mate change in conjunction with extreme weather events, eg common

neonatal health requires data of high quality, especially from the

mental disorders such as anxiety and depression. Recently, it has been

hardest hit low- and middle-income countries. Pooling of available

estimated that disruption of services due to the recent COVID-19 pan-

data from large cohorts or trials, especially those stored in open ac-

demic in low- and middle-income countries could result in additional

cess data repositories, may provide valuable opportunity for large-

maternal and under-five child deaths and it is reasonable to believe that

scale analyses across multiple low-income settings.

extreme weather events causing disruption in services might have a
similar effect on maternal and child mortality.17

Pregnancy-related complications that can arise from extreme
heat can be detected and treated with timely antenatal and intra-

The proportion of maternal and neonatal mortality and morbid-

partum care. The World Health Organization has updated guidance

ity attributable to climate change has not been comprehensively

on antenatal care and intrapartum care, with an increased number

estimated, which justifies additional research efforts, particularly in

of antenatal care visits to a minimum of eight. 22 This approach has

low-and middle-income countries.

proven to reduce perinatal mortality and the timely detection of
pregnancy-related complications so that adequate and timely treat-

4
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ment to prevent mortality and morbidity can be provided, with a

G LO BA L CO M M ITM E NT S

focus on quality of care during childbirth. 23 This requires broad investments in primary healthcare and universal health coverage over-

The World Health Organization and its Member States passed a reso-

all to increase health system resilience to both climate change and

lution on climate change and health during the 61st World Health

other global threats, as shown by the recent COVID-19 pandemic.

Assembly in 2008, recognizing the need for increased health protec-

National adaptation plans describe the strategies and invest-

tion strategies, strengthening of health systems to mitigate the health

ments needed to adapt to climate change. Both climate and health

effects of climate change, and strengthening research to identify

planning should consider improving access to comprehensive fam-

health protective strategies.18 This was followed by the commitment to

ily planning services and investing in education for girls and boys.

the 17 Sustainable Development Goals by all United Nations Member

Investments in sexual and reproductive health services will ad-

States, to improve health and living conditions for the world’s popula-

dress the unmet need in family planning, which alone could prevent

tion by 2030, through a broad range of approaches to address issues

54 million unintended pregnancies as well as 26 million fewer and-

of human rights, equity and health, including environmental aspects.19

often unsafe abortions, and prevent 79 000 maternal and 600 000

Unlike the Millennium Development Goals, these global commitments

newborn deaths globally each year. 24 There is a need to improve

do not specifically mention pregnant women, the developing fetus and

geographic and financial access to antenatal and intrapartum care

the neonate, who have increasingly been recognized as populations

as well as service quality for strengthened health system resilience.

vulnerable to the effects of climate change and heat waves, with long-

This includes protecting healthcare workers, pregnant women and

term impacts on current and future generations.

8,20,21

neonates during health facility visits and childbirth from heat stress.
Health-promoting strategies and communication campaigns should

5
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also include education on the risks of heat stress and how to mitigate these risks. Delaying first time pregnancy to allow young girls
to complete schooling and spacing of pregnancies has lifelong bene-

Women and neonates are among the most vulnerable groups across

fits for women, reducing maternal nutritional deficits such as anemia

a range of social and cultural contexts.6 Identifying pregnant women

and allowing families with reduced resources to prosper. In addition,

and neonates as a risk group during climate-related events such as

empowering women will have direct down-stream positive effects

|
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Mul-sectoral responses for
improving maternal and
newborn health and social
resilience

Disrupon of
health services

Climate change
and extreme
weather events

Direct physical effects of
climate change
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Maternal and
newborn health

Educaon
Family planning
Women´s
empowerment

Stress, anxiety and
depression

Climate change
adaptaon
Access to and health
care service quality

Failed crops and
malnutrion

Transport

Social, economic and cultural context

F I G U R E 1 Framework for the direct and indirect effects of climate change on maternal and neonatal health and the multisectoral
responses needed to strengthen resilience [Color figure can be viewed at wileyonlinelibrary.com]

on the resilience of societies, with highest gains in low-resource set-

and other financial reserves. The rest of the authors have stated ex-

tings (Figure 1). These strategies will also support the achievement

plicitly that there are no conflicts of interest in connection with this

of the Sustainable Development Goals, nationally and globally.

article.

With the effort to fill important knowledge gaps in terms of the
impact of heat waves on the health of pregnant women and new-
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Health in Africa) project aims to assess and quantify the impact of
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heat stress on health outcomes (including health-related behavior),
to identify vulnerable populations and understand how heat is perceived as a health risk, among pregnant women and neonates. The
project further aims to explore heat intervention strategies at the
community and facility level in Burkina Faso and Kenya, and conduct
a global review of policies and adaptation plans related to climate
change, and maternal and newborn health.
The global health and climate change communities need to work
together and galvanize efforts to raise awareness among policy makers regarding the consequences of climate change on the health of
women and children, and on future generations to come. There is
a need to improve availability of high-quality data on the impact of
climate change on maternal and newborn health for understanding
the global burden and its attribution, in particular in the poorest and
least resilient societies who are, and will be, the most affected by climate change. Knowing the true burden will contribute to mobilizing
efforts to design low-cost and efficient heat mitigation interventions
and better heat adaptation planning for the future in the most affected and least resilient countries.
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