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Climate changes reproductive and children’s health: a review
of risks, exposures, and impacts
Laura Anderko1, Stephanie Chalupka2,3, Maritha Du4,5,6 and Marissa Hauptman7,8

Our climate has significantly changed, exceeding what the world has experienced over the last 650,000 years, and has been cited as
the most significant health threat of the twenty-first century. Climate change is impacting health in unprecedented ways. While
everyone is vulnerable to the health impacts associated with climate change, children are disproportionately affected because of their
physical and cognitive immaturity. Climate change impacts that include rising temperatures, extreme weather, rising sea levels, and
increasing carbon dioxide levels are associated with a wide range of health issues in children such as asthma, allergies, vector-borne
diseases, malnutrition, low birth weight, and post-traumatic stress disorder. Pediatric health providers play a critical role in advancing
the science and translating findings to improve public understanding about the link between climate changes and children’s health,
and establishing strategies to address these issues. This review will provide an overview of research exploring the impact of climate
change on children’s health impacts, as well as provide recommendations for pediatric research moving forward.
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INTRODUCTION
Our climate has significantly changed exceeding what the world has
experienced over the last 650,000 years, and has been cited as the
most significant health threat of the twenty-first century.1,2 The
earth’s temperature is increasing, mainly as a result of human
activity such as burning fossil fuel and greenhouse gas emissions. In
2019, record breaking heat waves have been reported globally—
June was recorded as the warmest ever recorded in human history.3

All of these impacts affect human health worldwide.4

Health impacts can result from direct exposures patterns (e.g.,
heat waves, poor air quality), or indirectly (e.g., water availability,
food quality). Figure 1 illustrates the most significant climate
change impacts including rising temperatures, more extreme
weather, rising sea levels, and increasing carbon dioxide levels,
their effect on exposures, and the subsequent health outcomes
that can result from these changes in exposures.5

Climate change can affect health by impacting the severity or
frequency of health problems and by creating health issues where
they have not previously occurred. Pre-existing health conditions,
socioeconomic status, and life stage all contribute to vulnerability
to climate-related and weather-related health effects. Social and
behavioral factors that may influence health outcomes includes
age, gender, race, ethnicity, poverty, housing, level of education,
access to care, community health resources, and pre-existing
health condition.6

Over the past decade, the number of scientific papers on health
and climate change has more than tripled.4 This review will
discuss the evidence to date on pediatric health outcomes from

each of climate change such as rising temperatures as well as
provide a roadmap for pediatric research moving forward.

CHILDREN’S VULNERABILITY
While everyone is vulnerable to the health impacts associated
with climate change, children are disproportionately affected
because of their physical, physiologic, and cognitive immaturity.7

According to the World Health Organization, it is estimated that
88% of the existing global burden of disease attributable to
climate change occurs in children less than 5 years old.8 Children
in low-income countries that already experience a higher burden
of disease and limited capability to adapt are even more affected
by the harmful effects of climate change.8

Children are particularly vulnerable to detrimental health impacts
from climate change. Exposures affecting the child begin before
conception; thus, the parent’s environmental exposures have great
importance.9 Throughout the life course, the environment needs to
be safe. During the fetal period, the tissues and organs of embryos
and fetuses are rapidly growing and developing. This time in
development gives children unique periods of vulnerability. If an
exposure occurs during these development phases, it can cause
irreparable damage by interfering and manipulating the delicate and
sensitive mechanisms in the body.7,10

Children have a higher exposure to air, food, and water per unit
of body weight than adults.7 Unlike adults, due to immature
detoxification systems and long lifespans, children do not have
the biological capacity to adapt and respond, allowing these
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detrimental effects to stay with the child later on in life and the
ability to impact future generations.9 Additionally, they are
altogether dependent on their caregivers and cannot appropri-
ately respond to threats.11 All of these factors have significant
effects on physical, mental, and community health, placing
children at direct risk of injury or death.

HEALTH IMPACTS: REPRODUCTIVE AND CHILDREN’S HEALTH
Children spend more time than adults outdoors, breathe more
rapidly than adults, and are still developing their respiratory
systems. While current research on the specific impacts on
children have tended to focus on respiratory diseases as a result
of climate change on air quality, emerging data are linking climate
changes to a broader range of health issues, such as the impacts
of extreme heat events to prematurity.12

Asthma, allergies, other respiratory diseases
Rising temperatures, increasing precipitation and atmospheric
carbon dioxide, are expected to increase levels of airborne allergens,
allergic illnesses and increases in asthma episodes.13,14 High levels of
particulate matter, nitrogen oxides, sulfur oxides, and other
pollutants affect the development of the children’s lungs regardless
of any pre-existing illness or chronic condition. Nitrogen oxide,
nitrogen dioxide, and PM2.5 have been associated with a worsening
of lung function, as evidenced by a decrease in FEV1.

15,16

Because children are more likely to play and spend more time
outdoors, they are more likely to develop asthma when exposed
to pollutants and airborne allergens. High temperatures increase
the amount of pollen produced in some plants and the
distribution of aeroallergens, which contributes to the prevalence
and severity of asthma and other respiratory diseases.17–19

School absenteeism has been significantly linked to asthma.
Rising temperatures with resulting reduction in air quality is
impacting childhood asthma rates and success in school.20,21

Other extreme weather events that can impact respiratory disease
in children includes heavy precipitation and sea level rise, coupled

with flooding that can lead to mold in homes and schools,
increasing risk for a variety of health issues.20,22,23

Additionally, climate change creates longer, warmer, and drier
seasons increasing the frequency and intensity of wildfires. The
smoke and air pollution from wildfire can exacerbate asthma
symptoms and trigger attacks.24,25

Heat-related illness
Extreme heat events are becoming more prevalent around the
globe and are the leading cause of environmental deaths in
the United States.16 High temperature extremes compromise the
body’s ability to regulate its internal temperature. Loss of control
of internal temperature can lead to heat cramps, heat exhaustion,
heatstroke, and hyperthermia.26 Children are especially vulnerable
to extreme heat because they have a high surface area to mass
ratio, and must divert more cardiac output to their skin to
dissipate heat.27,28 The primary health effects from children
exposed to heat waves are dehydration, electrolyte imbalance,
fever, renal disease, and heat stress.29

During the summer months, children spend more time
playing outside and participating in vigorous activity, putting them
at increased risk of heat-related illnesses. Exertional heatstroke is the
leading cause of death in youth sports.30,31 Socioeconomic disparities
are also prominent, as those who can afford air-conditioning in
homes suffer less from heat-related illnesses.32

Neurodevelopmental effects
As the temperature goes up, air quality goes down. Emerging
research are findings associations to exposure to air pollutants
(e.g., nitrogen dioxide, PM2.5) with impacts on brain development
such as intelligence and memory.33–35 These findings of neurotoxic
effects are consistent with laboratory studies finding air-pollution-
induced neurological damage.36,37

Cardiovascular disease
Cardiovascular disease is the number one cause of death among
adults in the United States and is also costing the U.S. health-care

Fig. 1 Impact of climate change on human health From: Centers for Disease Control and Prevention https://www.cdc.gov/climateandhealth/
effects/
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system billions of dollars. Strategies are targeted at prevention
from birth to adolescent age. However, climate change has been
shown to have negative cardiovascular consequences to the fetus
and to young children. Multiple studies report an association
between maternal heat exposure during early pregnancy and in
increased odds of congenital heart defects. Exposure increases are
potentially larger in the spring and summer seasons due to the
increased frequency and intensity of heat waves.38–40

Vector-borne disease
Rising temperatures and increased precipitation are impacting the
burden of infectious diseases transmitted by insect vectors and
through contaminated water. Increased precipitation creates environ-
ments that promote vector breeding. Rising temperatures have led to
increases in the geographical range and transmission of vector-borne
diseases such as Lyme disease, West Nile, Malaria, and Zika.41

Vector-borne diseases can result in serious, long-term health
impacts. West Nile Virus has been linked to an increased rate of
clinical depression even 8 years after initial infection.42 In addition,
chronic Lyme disease, a tickborne illness, has been associated with
neuropsychiatric symptoms, such as alterations in affect, behavior,
cognition, and perception.43 Congenital Zika virus infection has
been associated with microcephaly and birth defects. Children
with evidence of Zika had at least one adverse outcome such as
feeding difficulties, vision and hearing challenges.44 Asympto-
matic children infected by Zika may be at risk for health problems
later in life and should be monitored clinically.45

Waterborne infectious disease
Rising sea temperature, excess precipitation, and flooding con-
tribute to increases of waterborne infectious disease. Waterborne
diseases are caused by a variety of contaminants such as bacteria
(e.g., Vibrio), biotoxins (e.g., algal blooms), and toxic chemicals (e.g.,
petrochemicals), which can lead to morbidity and mortality. It is
predicted that rising sea temperatures will increase the growth and
spread of bacteria and the number of people impacted by diseases
caused by Vibrio bacteria such as cholera.41,46

Another concern is that extreme weather events, such as flooding
can contaminate water with metals, chemicals, and toxicants released
into the environment (e.g., Hurricane Harvey) increasing apprehension
about long-term health impacts, particularly for children.41,47

Malnutrition
Climate has major consequences for changes in nutrition and food
security, food production systems, food safety and safe drinking
water.48,49 It is estimated that 600 million are sickened annually by
consuming contaminated food and 420,00 of them die each
year.50 This number is anticipated to continue to grow as the
changing climate brings changes to the agricultural environment,
pest, animal and human behaviors.49

Climate change will impact both the quantity and quality of the
food produced globally as well as its equitable distribution.48,51,52

Climate change is associated with rising temperatures, as well as
periods of drought and flooding altering the ability to grow traditional
crops. All of these changes alter relationships among crops, pests that
prey on them, and pathogens. Additionally, climate change exacer-
bates declining trends in pollinating insects, rising ground-level ozone
concentrations, and declines in fishing yield particularly in regions with
limited capacity to adapt to these variations.51,53,54

Altered rainfall patterns and increases in extreme weather
events will impact the occurrence and persistence of bacteria,
viruses, parasites, harmful algae, fungi and their vectors, and the
patterns of their corresponding water and food-borne diseases
and risk of toxic contamination. In addition, climate changes will
result in greater risk of food contamination from persistent
organic pollutants and heavy metals from changes in soils, variety
of crops under cultivation, methods of cultivation, redistribution of
sediments and long-range atmospheric transport.49

Maternal malnutrition can lead to low birth weight, morbidity,
and mortality.10 Climate change is predicted to worsen malnutri-
tion in the developing world. Extreme weather events and
changes in temperature and precipitation patterns can directly
damage or destroy crops and other food supplies. This may
happen seasonally but is anticipated to become a chronic
problem under changing climate conditions especially in sub-
Saharan Africa and South Asia, where most of today’s food
insecure live.52 Food availability will be compromised by projected
yield declines across the crop, livestock and fisheries sectors.52

Globally, 76% of the population derive the majority of their daily
protein from plants.55 This population is most vulnerable as
climate change impacts are felt beyond yield and availability.
Rising CO2 levels are already altering the nutritional composition
of crops. Elevated atmospheric CO2 is anticipated to widen the
disparity in protein intake within countries, with plant-based diets
being the most valuable.56 Staple food crops such as potatoes,
barley, rice, and wheat that are primary sources of dietary protein
for many countries, result in reduced protein content when
cultivated at elevated CO2 levels.57

By 2050, assuming today’s diets and levels of income inequality,
an additional 148.4 million of the world’s population may be
placed at risk of protein deficiency because of CO2. In India, an
additional 53 million people may become at risk.56

It is predicted that by the end of the twenty-first century one
half of the world’s population could face severe food shortages
due to the impact of rising temperatures on staple food crops.58

This will add to upward pressure on international food prices, in a
time where global food supply needs are projected to increase by
60% from 2006 to 2050 to meet the needs of a growing
population and changing diets.48,52

The world population grows by approximately 83 million
people annually, despite declining fertility levels, and is antici-
pated to continue over time.59 This continued population growth,
in combination with climate change, may overwhelm global crop
production. It is anticipated that food security and nutritional
adequacy, in the context of the rapidly evolving conditions that
result from climate change, will be a major determinant of the
next century’s global burden of disease.51

Mental health impacts
Climate change-driven events not only threaten physical health
but also take a significant toll on mental health and wellbeing.
Children living in geographic regions most vulnerable to the
impacts of climate change, with less resilient infrastructure and/or
with fewer supports, are most at-risk. The children anticipated to
be most adversely impacted by climate change are the 85% of the
world’s children who live in developing countries, children living
in poverty, and some communities of color.60,61

The potential mental health consequences of climate change
range from stress and distress symptoms to clinical disorders, e.g.,
anxiety, depression, post-traumatic stress, and suicidality. These
consequences can be the result of either exposures to short-lived or
prolonged climate- or weather-related events and their health
consequences. These mental health impacts can interact with other
health, social, and environmental stressors to diminish an indivi-
dual’s wellbeing.62 Children and adolescents, in particular, are more
susceptible to traumatic events that may result in long-term
negative effects on health, social, and behavioral outcomes.11,61

It is predicted that the primary way in which children’s mental
health will be impacted is through extreme weather events.
Exposure to extreme weather events and climate-related disasters
and ensuing family stress,63 displacement64 and interruption in
their social support system,65 and are at risk for the development
of post-traumatic stress disorder (PTSD) and other mental health
problems including anxiety, sleep disorders, depression, panic,
phobias anxiety, phobias and panic, substance abuse and
attachment disorders.63,66–70 While prevalence of PTSD following
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climate-related disasters is typically in the range of 15–30%,71 in a
study of primary school students in Thailand it was reported to be
as high as 57.3% in the aftermath of the Asian tsunami.72

Children may suffer other psychological effects from traumatic
exposures of climate-related disasters. The accompanying disrup-
tions in their environment and family and social support may
include adverse impacts on their capacity to regulate emotions,
behavioral or adjustment problems, increased cognitive deficits,
impaired language development and learning pro-
blems.64,68,69,73,74 Mental health services must be part of the
disaster planning to meet the needs of children.
In an analysis of the 2017 Atlantic hurricane season which

brought Hurricanes Maria, Harvey, and Irma, researchers identified
several factors that increased the likelihood of severe mental
health consequences. Several risk factors including minimal
warning period, no options for evacuation, extended power
outages, personal loss, displacement, and death of others, placing
survivors at higher risk for psychopathologies.75 Domestic abuse,
including child abuse, often increases in young families who have
experienced extreme-weather events and climate-related disas-
ters, such as Hurricane Katrina.76–79 Finally, repeated and
sustained stressful early life events which might be anticipated
in the context of climate change, can predispose children to
adverse mental health outcomes later in life.80

Reproductive health
As temperatures continue to increase in many regions of the
world, consideration of its impact on birth outcomes is critical.80,81

While the study of the potential influences on pregnancy and
prenatal complications related to climate change is an emerging
area of research, there is strong evidence that extreme heat and
air pollution can lead to preterm birth and low birth weight.82–84

Exposure to air pollution during pregnancy has also been linked to
decreased lung function in infancy and childhood and asthma.85

Other health outcomes that have been linked to extreme heat
include congenital cataracts86 and sudden infant death.87

Pregnant women are less able to regulate the temperature of
their bodies.88 It is believed that stress from a rising body
temperature could also trigger an inflammatory response that
constricts a pregnant woman’s vasculature, making it harder for
blood carrying oxygen to reach the placenta and which can
compromise the fetus.89 The dehydration that is associated with
overheating may also be significant because it decreased the
amount of amniotic fluid which is associated with fetal death.
Temperature-sensitive proteins in the vessels may play a role
through vasodilation in the placenta which in turn decreases
blood pressure and therefore blood supply to the fetus.
Associations between extreme heat and preterm delivery have
been supported in a number of studies.90–93

CONCLUSIONS
Pediatric health providers have an important role in advancing
the science and implementing approaches to helping children,
families and society cope with its impacts. Evidence indicates
that the health and wellbeing of children are already being
affected by climate change. These changes highlight the critical
need for us to consider the consequences of these environ-
mental changes on health, particularly in children whose
developing systems are more vulnerable to these extreme
exposures and dependent upon adults to protect them from
these hazards. Projections of continued global warming and
associated health impacts underscore the urgency to enact
proactive policies that reduce greenhouse gases. There is strong
consensus that thousands of lives in the U.S. could be saved and
hundreds of billions of dollars in health-related economic
benefits gained each year with strong policies that lower
greenhouse gas emissions.41,62

Despite progress in research exploring pediatric health out-
comes associated with climate changes, there remain gaps in our
understanding of (1) long-term health impacts (including physical
and mental health), (2) best practices for addressing emerging
health issues, and (3) methods for mitigating risk. It has been
suggested that a consortium of global experts be established to
develop research agendas to identify and address the specific
needs of children worldwide.11 There is a critical need for
researchers to employ new methodologies to improve the
attribution of climate change to pediatric health impacts with a
consideration of the complex array of societal modifiers such as
socioeconomic status.4

Specific areas where gaps exist in the science include
surveillance of the long-term effects of exposure to climate
changes, especially mental health impacts. Research needs to
explore how psychological stress acts synergistically with other
forms of environmental exposures to cause adverse mental health
effects and incorporating key mental health outcomes in health
impacts assessments under a variety of climate change scenarios.94

In addition to studying direct health impacts, research efforts
are needed to study impacts from indirect effects such as
reductions in the security and quality of food and water that are
anticipated, and will surely impact children’s growth and
development and health in general.48

Another important research focus is the impact of climate
changes on children’s health and school attendance. We know that
school attendance is aligned with future success in adulthood, yet
rising temperatures, poor air quality, mold and other environmental
exposures from climate changes can negatively impact children’s
health increasing absenteeism.20,29 Studies exploring outdoor air
quality, the implementation of the Environmental Protection
Agency’s (EPA’s) Air Quality Flag program (designed to alert
communities about poor air quality), and its impact on reducing
school absenteeism from respiratory diseases are currently under-
way. The use of programs such as the EPA Air Quality Flag program
to educate and empower school personnel, children, and commu-
nities about the association between air quality and respiratory
health, along with ways to adapt school activities (such as recess,
sports) to reduce illness, are important to protecting children’s
health. The cost-effectiveness of these and other measures to
protect children will be necessary to justify future programs.
There is also a need to identify communities that are most

vulnerable to detrimental health impacts of climate change, where
resources are limited and risks are high. Research that explores
best practices for enhancing public health and health-care
infrastructures are needed, along with improving risk commu-
nication and public health education about potential health risks.
Efforts to improve early-warning systems and public education to
create a greater awareness of risks by the public may translate to
more successful mitigation and adaptation strategies.94

It is essential that the health-care sector reframe climate change
as a health issue, advocating for health as a cross-cutting theme
for overall adaptation strategies. It must also advocate for
increased awareness and a better understanding of the relation-
ship between climate and health, while integrating evidence into
both policy and practice. Research aimed at improving the
capabilities of health-care and emergency services to address
disasters is needed to ensure that risks are understood and that
best practices are identified, communicated, and implemented.
Building resiliency in health-care settings must go beyond
planning for the delivery of clinical services, but also include an
evaluation of climate risks and community vulnerability combined
with resilience planning.94

Low-carbon and resilience strategies for the health-care sector are
offered in the report Climate Smart Health Care. Over time, research
has shown improvements in lowering carbon footprints, employee
and patient health, and community benefits when health-care
systems adopt low-carbon strategies. In many cases, a reduction in
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operating costs is also realized. Pediatric health providers can
become involved in promoting these efforts in their institutions.95

Pediatric health providers play a critical role in advancing the
science and translating findings to improve public understanding
about the link between climate changes and children’s health, and
establishing strategies to address these issues.
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