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HE COMBUSTION OF FOSSIL FUELS (COAL, PETROLEUM [OIL], AND NATU-

ral gas) is the major source of both air pollution and the greenhouse-gas

emissions driving climate change. The fetus, infant, and child are espe-
cially vulnerable to exposure to air pollution and climate change, which are already
taking a major toll on the physical and mental health of children. Given the fre-
quent co-occurrence of various fossil-fuel exposures, their interactions and cumu-
lative environmental impacts are a growing concern. All children are at risk, but
the greatest burden falls on those who are socially and economically disadvan-
taged. Protection of children’s health requires that health professionals under-
stand the multiple harms to children from climate change and air pollution and
use available strategies to reduce these harms.

CONSEQUENCES OF FOSSIL-FUEL EMISSIONS

Worldwide, in recent years, billions of tons of carbon dioxide and more than 120
million metric tons of methane, the two key greenhouse gases, have been emitted
annually into the atmosphere from the production and burning of fossil fuels for
energy and transportation.! Carbon dioxide emissions from fossil fuels have risen
sharply in the past 70 years, reaching 35 billion metric tons of carbon dioxide
emitted in 2020, as compared with just 5 billion metric tons in 1950.> Figure 1
shows the need for deep reductions in greenhouse-gas emissions and the sharp
increase in fossil-fuel-based energy consumption in the United States.

Largely as a result of fossil-fuel emissions, the average surface temperature of
the earth has increased by approximately 1.1°C (2°F) since preindustrial times.*
The Intergovernmental Panel on Climate Change has concluded that urgent action
is required in order to limit global warming to 1.5°C (2.7°F) above preindustrial
levels and to minimize the most catastrophic consequences.* We are on track to
reach this threshold within the next two decades and, with current climate poli-
cies, to have an increase in temperature of 2.5 to 2.9°C above preindustrial levels
by the end of the century.? Although an increase of more than 1.5°C appears to be
locked in within the next two decades, we can change the trajectory after that by
taking immediate action.*> Citing the devastating effects on health, 200 health
journals, including the Journal, recently called on world leaders to take emergency
action on climate change.®

The combustion of fossil fuels has created a parallel crisis of air pollution,
because the burning of these fuels releases massive amounts of airborne fine re-
spirable particles with an aerodynamic diameter of 2.5 um or less (PM, ), sulfur
dioxide, nitrogen oxides, polycyclic aromatic hydrocarbon (PAH), mercury, and
volatile chemicals that form ground-level ozone. One billion children worldwide
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A Global Surface Temperature Change Relative to 1850-1900 Period
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Figure 1. Emission Sources and Trends.

Panel A shows the trends in carbon dioxide emissions since 1950. Global-
warming thresholds of 1.5°C and 2.0°C will be exceeded unless deep reduc-
tion in carbon dioxide and other greenhouse-gas emissions occurs in the
coming decades. The bracket indicates a predicted trajectory of temperature
increase (2.5 to 2.9°C) by 2100 on the basis of current policies and action
to reduce greenhouse-gas emissions.> Adapted from the Intergovernmental
Panel on Climate Change (https://www.ipcc.ch/report/ar6/wgl/downloads/
outreach/IPCC_AR6_WGI_Press_Conference_Slides.pdf). Panel B shows
energy consumption of both fossil fuels (coal, petroleum [oil], and natural
gas) and non—fossil fuels (wood, nuclear energy, wind, biofuels, hydroelec-
tricity, and other renewable sources) in the United States throughout its
history (from 1776 to 2020). Since 2020, petroleum use has increased (data
not shown). Adapted with permission from the U.S. Energy Information
Administration (https://www.eia.gov/todayinenergy/detail.php?id=48576).
BTU denotes British thermal unit.

are exposed to very high levels of air pollution.”
Fortunately, solutions are now available to sub-
stantially reduce, and in some cases eliminate,
these emissions.?

VULNERABILITIES OF CHILDREN
TO EFFECTS OF CLIMATE CHANGE

The fetus, infant, and child are uniquely vulner-
able to climate-related environmental impacts
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and air pollution owing to a host of biologic and
behavioral factors.”™ The speed of development
and the elaborate developmental programming
during these stages confer high susceptibility to
disruption by toxic chemicals and other stressors.
In addition, the biologic defense mechanisms
for detoxifying chemicals, repairing DNA dam-
age, and providing immune protection are im-
mature in the infant and child, thus heightening
their vulnerability to psychosocial stress and
physical toxicants (Fig. 2).

To support their rapid growth, the infant and
child have greater nutritional and fluid require-
ments than adults and, therefore, a greater vul-
nerability to food and water supply disruptions.
Infants and children breathe more air relative to
their body weight than adults, which increases
their exposure to air pollutants, and their nar-
rower airways are vulnerable to constriction by
air pollution and allergens.

Infants and children are more vulnerable
than adults to severe heat because of their com-
promised thermoregulatory function at extreme
temperatures'®> and their dependence on care by
adults who may be unaware of the risks, as when
infants left in cars have died from the heat.
Children also spend more time outdoors en-
gaged in physical activity than adults.

Children are especially vulnerable to the ef-
fects of displacement due to weather disasters;
they are prone to physical injury and psycho-
logical trauma as a result of being forced to
leave their homes. Finally, children have a long
remaining lifetime during which early illnesses
such as asthma or mental health conditions may
persist, affecting health and functioning in
adulthood.

EFFECTS OF CLIMATE CHANGE

Climate change is a threat multiplier for infants
and children,™* acting through multiple path-
ways. Climate change has worldwide effects on
health; nearly every child around the world is
considered to be at risk from at least one climate
hazard (Fig. 2 and Table 1).

EXTREME HEAT

Heat waves (defined as >2 days of unusually hot
weather) are increasing in frequency and inten-
sity; modeling indicates that some heat waves
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Figure 2. Susceptibilities in Fetuses, Infants, and Children Associated with Climate Change and Exposures.

Adapted from Haines and Ebi.}? Shown are examples of potential exposure pathways, susceptibilities, and potential health outcomes
linking climate change with children’s health. PTSD denotes post-traumatic stress disorder.

would be extraordinarily unlikely to occur in the with increased risks of preterm birth and low
absence of climate change.** Exposure to heat birth weight; hyperthermia and death among in-
waves during in utero development is associated fants; and heat stress, kidney disease, and other
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Table 1. Exposure Pathways and Selected Associated Effects on Children’s Health.*

Exposure Pathways

Heat stress

Extreme weather events

Air quality and pollution

Food supply and safety

Water quality and quantity

Vector distribution and
ecology

Social factors

Health Effects

Heat-related illness

Increased ED visits and hospitalizations (e.g.,
for cardiovascular, respiratory, and renal
diseases)®

Mental health effects

Increased infections

Pregnancy complications

Injuries

Deaths

Displacement or migration

Post-traumatic stress disorder and other men-
tal health effects

Immune-system dysregulation

Increased incidence of pregnancy complica-
tions

Increased risks of asthma, asthma exacerba-
tions, lower respiratory infection, and
bronchitis

Increased allergen exposure

Decreased cognition in children and ado-
lescents and increased risks of attention
deficit-hyperactivity disorder, autistic traits,
depression, and anxiety!>1#2

Immune-system dysregulation

Increased risk of hypertension

Nutritional deficits
Stunting
Infection

Spontaneous abortion, stillbirth, premature
birth, and low birth weight

Waterborne infection and diarrhea

Waterborne allergy, immune dysfunction, in-
creased respiratory illnesses, decreased lung
function, and decreased cognitive and mo-
tor skills due to increased toxic metals from
climate change—induced water scarcity'’?%

Infectious diseases
Associated pregnancy complications

Increased risk of displacement and associated
effects on mental health and cognitive de-
velopment

Increased risks of health conditions related to
heat or air pollution exposure

Examples of Specific Health Effects

Ina U.S. study of 3.8 million ED visits by children and ado-
lescents, extreme heat was associated with a relative risk
of an ED visit for any cause of 1.17 (95% Cl, 1.12 to 1.21),
as compared with hospital-specific minimum morbidity
temperature.| Associations were strongest for visits for de-
hydration and electrolyte disorders, bacterial enteritis, and
otitis media and externa.*®

Among 7258 children and adolescents who were affected by
Hurricane Katrina in 2005, half of those surveyed in the
2005-2006 period met criteria for referral for mental health
services (i.e., for post-traumatic stress disorder or depres-
sion), and 41% still met these criteria the following year.”

Pooled estimates from a meta-analysis indicated a 12% greater
risk of preterm birth (1.12; 95% Cl, 1.06 to 1.19) per 10-ug
increase in PM, ; per cubic millimeter of ambient air.”*

In a birth cohort study, the adjusted odds ratios per interquar-
tile range of traffic-related air pollution were 1.3 (95% ClI,
1.0 to 1.7) for doctor-diagnosed asthma and 1.2 (95% ClI,
1.0 to 1.3) for ear, nose, and throat infections during the
first 4 years of life.”

In an Italian birth cohort study, a 10-yg/mm? greater nitrogen
dioxide exposure at birth was associated with an absolute
change in verbal 1Q of -1.4 points (95% Cl, -2.6 to -0.20)
at 7 yr of age.”

Exposure to PM, carbon monoxide, and ozone in children
was linked to increases in blood pressure and altered genes
involved in immune regulation.?®

In a meta-analysis, drought conditions that were associated
with climate change were significantly associated with
wasting (odds ratio, 1.46; 95% Cl, 1.05 to 2.04) and under-
weight (odds ratio, 1.46; 95% Cl, 1.01 to 2.11) in children.?’

Harmful algal blooms (Vulcanodinium rugosum) in the
Cienfuegos Bay in Cuba resulting from increasing ocean
temperatures and droughts were associated with a derma-
titis outbreak involving many children.?

Children who were exposed to flooding during Hurricane
Harvey in Houston in 2017 were at increased risk for upper
respiratory tract and allergic symptoms.*®

The incidence of Zika virus infection has increased in geo-
graphic range in association with climate change. Infections
in pregnant women in South America between December
2015 and June 2017 were associated with microcephaly in
the fetus (in 11 of 376 cases; absolute risk, 2.9%).3!

Among children in Southeast Asia, early life exposure to tem-
peratures that were 2 SD above average (vs. average) was
associated with 1.5 fewer years of education.*

A spatial analysis of 108 urban areas in the United States showed
consistent patterns of elevated land-surface temperatures
in formerly redlined areas relative to their nonredlined
neighbors by as much as 7°C, affecting mainly persons
of color and vulnerable populations, including pregnant
women and children.®

* This list is not comprehensive. The epidemiologic studies that are referenced in this review have taken into account selected variables that
could confound the observed association, but they cannot completely rule out potential confounding and cannot prove causation. However,
observed associations between climate change and air pollution and adverse health outcomes are consistent and biologically plausible. Cl
denotes confidence interval, ED emergency department, PM, , particulate matter with an aerodynamic diameter of 2.5 ym or less, and SD

standard deviation.

T The minimum morbidity temperature was derived from the best linear unbiased prediction of the overall cumulative exposure—response as-
sociation in each hospital and corresponds to a percentile for minimum morbidity temperature between the 1st and the 99th percentiles.
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illnesses among children.’®® In the United States,
heat-related illness is a leading and increasing
cause of death and illness among student ath-
letes. Studies suggest that heat associated with
climate change has adverse effects on the men-
tal health of children and adolescents, including
increased mental health-related emergency de-
partment visits; such extreme heat also affects
children’s ability to learn.>®¥”

CLIMATE-INTENSIFIED EXTREME EVENTS

Climate change has intensified major floods and
hurricanes, which have caused drowning, physi-
cal injury, and traumatic stress in children.?*
Risks from extreme weather events are greatest
in low- and middle-income countries. Climate-
related events have already contributed to more
than 50 million children worldwide being forced
to leave their homes.?®** In the United States,
however, more than 900,000 displacements,
many of them involving children, occurred in
2020 as a result of disasters.* Children in low-
income communities and communities of color
are disproportionately harmed by these events.
Effects may include disruption of education and
mental health problems such as post-traumatic
stress disorder and depression.”

WILDFIRE SMOKE AND AEROALLERGENS
As a result of climate change, the western Unit-
ed States has had dramatic increases in forest
fires in recent years.*> An estimated 7.4 million
children in the United States were exposed to
lung-damaging wildfire smoke every year be-
tween 2008 and 2012.** This number has in-
creased in recent years as large forest fires in the
western United States have become even more
frequent. Exposure to wildfire smoke in utero
has been linked to decreased birth weight and
preterm birth; exposures in childhood are asso-
ciated with asthma exacerbations, wheeze, pneu-
monia, and bronchitis.®

Children are also having more allergy and
asthma attacks from increased levels of airborne
pollen as a result of higher temperatures and
rising levels of carbon dioxide, which have re-
sulted in longer growing seasons and increased
pollen production.**¢ The proliferation of mold
in homes from excess moisture due to heavy
rains and flooding, as occurred in the New Or-
leans area during Hurricanes Katrina and Rita in
2005, can trigger an asthma attack regardless of
whether the child has a mold allergy.*

DECREASED FOOD AND WATER SUPPLY AND SAFETY
Droughts that are related in part to climate
change have affected Central and South Ameri-
ca, Afghanistan and other parts of Asia, Austra-
lia, sub-Saharan Africa, and the southeastern
United States.** In developing countries, the
resulting food insecurity has led to a sharp in-
crease in malnutrition, which has caused stunt-
ing of children’s physical and mental develop-
ment, with associated behavioral and cognitive
problems. In addition to the environmental im-
pacts of climate-related drought on the food
supply itself, increasing concentrations of car-
bon dioxide have been linked to a reduction in
the nutritional quality of major cereal crops.*

Risks associated with food and water safety
are experienced worldwide. Children, especially
infants, are particularly susceptible to gastroin-
testinal infection caused by bacterial pathogens
such as salmonella in food and water; these in-
fections are more frequent at higher ambient
temperatures that promote bacterial replication.
Children are also more susceptible than adults
to cholera and other infectious diarrheal dis-
eases owing to crop and water contamination
from storms and floods.*

CHANGE IN VECTOR ECOLOGY
Climate change is associated with increased risks
of several vectorborne diseases, including ma-
laria, dengue, Zika virus infection, and Lyme
disease, in certain regions owing to changes in
the duration of the transmission season and the
geographic spread of the disease vectors.* The
geographic ranges of the species of mosquitoes
that carry malaria (anopheles) and dengue (aedes)
have expanded because of warmer temperatures.
The effect on health is greatest among children
in tropical regions; however, small local out-
breaks of dengue have been seen in Florida,
Hawaii, and Texas.>® The aedes mosquito is also
the primary carrier of the Zika virus, which was
responsible for the 2015-2016 outbreak in the
Americas, including travel-associated cases in
the United States.’® Cases of local transmission
of Zika virus occurred in Florida and Texas in
the 2016—2017 period. Zika virus infection dur-
ing pregnancy can cause microcephaly, severe
brain malformation, and other birth defects.
The United States has also had a marked in-
crease in the incidence of Lyme disease, with the
highest rates occurring among children.>? Mich-
igan, Minnesota, New York, Virginia, and west-
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ern Pennsylvania have all reported an increase in
the number of cases of Lyme disease over the
past few decades.”

EFFECTS OF AIR POLLUTION

Air pollution is a well-known trigger of asthma
attacks in children with the disease and is now
understood to be a cause of asthma.”* It is also
a risk factor for respiratory infections, bronchi-
tis, and impaired lung growth and function.” A
study showed that children with higher exposure
to air pollution had more severe asthma symp-
toms and lower levels of regulatory T cells —
factors that play a critical role in controlling al-
lergic diseases such as asthma — than children
from a less-polluted area.*

Air pollution is strongly associated with in-
creased risks of infant death and adverse birth
outcomes.” Worldwide, an estimated 2 million pre-
term births in 2019 were attributed to ambient
PM, , exposure.” Although most of these preterm
births occur in lower- and middle-income coun-
tries, PM, , exposure is a recognized risk factor
for preterm birth and low birth weight in the
United States.”” These birth complications confer
increased risks of lower respiratory infections,
other infectious diseases, and asthma in child-
hood, as well as long-term intellectual disabilities.

Prenatal and postnatal exposure to various
air pollutants has also been associated with re-
duced cognition, attention problems, attention
deficit-hyperactivity disorder, and autistic traits
in childhood.’®*® Studies have shown structural
and functional changes in the brains of children
who had elevated exposure to air pollutants be-
fore birth or during childhood."**

Recent epidemiologic research indicates that
air pollution is also a risk factor for mental
health conditions in children and adolescents.
For example, lifetime exposure to traffic-related
air pollution in Cincinnati was associated with
depression and anxiety symptoms in 12-year-old
children.?’ In a London-based cohort, children
who were exposed to higher levels of outdoor air
pollution had increased odds of major depressive
disorder at 18 years of age.*?

INTERACTIONS OF AIR POLLUTION
AND CLIMATE CHANGE

Environmental and epidemiologic data indicate
that air pollutants and climate change interact to

N ENGL ) MED 386;24

affect children’s health. Joint occurrence of air
pollution, heat, and other climate-related chang-
es has led to worse air quality. Air stagnation
and higher temperatures accelerate the forma-
tion of ozone, which is associated with respira-
tory illness in children and with preterm birth.
Concentrations of PM, . have increased in some
areas because of changes in temperature, pre-
cipitation frequency, and air stagnation due to
climate change. Wildfires, which have been
made more frequent and severe by climate
change, release vast amounts of particulate
matter, PAH, and black carbon, thus adding to
the ambient load from fossil-fuel burning. In
addition, air pollutants can increase allergen
absorption in the lungs and promote sensitiza-
tion of the airway.®

There is evidence of a synergistic effect of
heat and air pollution on the incidence of hos-
pitalization related to childhood asthma.®* More
studies on child health outcomes are needed;
however, a large epidemiologic study showed
a synergistic effect of prenatal exposure to
heat and air pollution on the risk of preterm
birth.®?

Concurrent exposure to climate hazards and
unsafe air quality is common. An estimated 850
million children — or 1 in 3 children worldwide
— live in areas where at least four climate and
environmental shocks, such as severe drought,
flooding, air pollution, and water scarcity, over-
lap.®* Therefore, cumulative effects are likely,
such as when children have concurrent exposure
to air pollution, extreme temperatures, food in-
security, and social stress from climate change.

Of particular concern are the cumulative ef-
fects of air pollution and climate change on
mental health. Adverse experiences in child-
hood, such as disasters and displacement, not
only raise the short-term risk of mental disor-
ders but also confer a lasting vulnerability to
anxiety, depression, and mood disorders in adult-
hood.** Even in the absence of direct experience
of effects of climate change, stress due to the
awareness of climate change and its effects
(termed climate change anxiety) can increase the
risk of mental health problems among children
and young people. In a survey across 10 coun-
tries, nearly 60% of young persons said that they
felt very worried or extremely worried about cli-
mate change; more than 45% said that their
feelings about climate change negatively affect-
ed their daily lives.®
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DISPARITIES

All children are at risk from air pollution and
climate change, but there are substantial inequi-
ties according to income and race. Disparities are
most obvious between higher- and lower-income
countries but are also evident within the United
States, where children in low-income communi-
ties and in certain racial and ethnic groups, such
as Black and Hispanic children, have dispropor-
tionate exposure to air pollution® and to the ef-
fects of climate change.”” Contributing factors
include the siting of polluting sources in or near
disadvantaged neighborhoods and a lack of ade-
quate nutrition, health care, education, and social
support. Risks from heat waves are greater in
low-income communities of color, where dis-
criminatory policies such as redlining have cre-
ated urban heat islands (characterized by heat-
trapping asphalt, few trees, dense concentration
of buildings, traffic, industry, and highways) and
where resources to protect children from heat are
fewer.® Similarly, disadvantaged children have
been disproportionately affected by severe storms,
such as Hurricanes Katrina (in 2005) in Louisiana
and Harvey (in 2017) in Louisiana and Texas.*®
Climate change and air pollution are exacer-
bating existing socioeconomic and racial and
ethnic inequities in children’s health that are as-
sociated with structural racism. For example, in
the United States, the preterm birth rate is more
than 50% higher among Black women than
among White women; for childhood asthma, the
rate among Black children is more than double
that among White children.”*”* Black children
have had a higher rate of pediatric emergency
department visits for mental health than White
children.”? In a situation with global warming of
2.0°C, Black persons are approximately one third
more likely than White persons to live in areas
with the highest projected increases in childhood
asthma diagnoses, a factor that is attributable to
higher concentrations of particulate air pollution
that has been linked to climate change.”” In addi-
tion, low-income children have a 15% higher
projected increase in the incidence of asthma di-
agnoses than non-low-income children.”

ronmental strategies; however, they should also
be seen as essential public health policy. There
is a need for simultaneous action on two fronts:
to protect children today from climate hazards
(adaptation) and to attack the root problem by
reducing emissions of greenhouse gases and
strengthening natural carbon sinks (mitigation).
Adaptation measures include the provision of
clean water to children and families facing
drought and water contamination; early-warning
systems for flooding and air pollution; disaster-
response training and evacuation planning for
families and children; shaded areas where chil-
dren play, live, and go to school; and mosquito
nets to protect children from malaria and den-
gue. To address inequality, these climate-specif-
ic measures must be paired with broad social
programs to reduce poverty and to provide wa-
ter, sanitation, hygiene services, high-quality
health care, and education.

Effective strategies are available and are being
implemented in various parts of the world to
mitigate climate change and reduce air pollution.
Such strategies include federal, state, or local
policies that facilitate a shift from fossil fuels to
renewable energy sources, increasing energy ef-
ficiency, boosting natural carbon sequestration,
and strengthening the social safety net.® Al-
though data from randomized clinical trials to
assess the effect of such strategies on children’s
health are largely lacking, data from observa-
tional and modeling studies indicate substantial
projected health benefits to children and associ-
ated economic savings of some mitigation and
adaptation strategies for climate change and air
pollution (e.g., reducing emissions, changing to
ultra-low-diesel school buses, and tree planting)
(Table 2). Governmental policies that have di-
rectly targeted emissions from fossil-fuel burning
can both benefit children’s health and be cost-
saving. For example, between 2009 and 2014, the
reduction in ambient PM, , as a result of the Re-
gional Greenhouse Gas Initiative in the north-
eastern United States was estimated to have pre-
vented more than 16,000 cases of respiratory
illness, 537 new cases of asthma, and other ill-
ness in children, with substantial cost savings.”

POPULATION-LEVEL STRATEGIES
FOR MITIGATION AND ADAPTATION

IMPLICATIONS FOR CLINICAL
PRACTICE AND PUBLIC HEALTH

The solutions that are briefly described in this
section are largely framed as climate and envi-

Health professionals caring for children need to
understand the health harms of climate change
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Table 2. Examples of Climate Change—Mitigation Strategies and Projected Effects on Children’s Health and Other Outcomes.*

Intervention Projected or Estimated Benefits to Health or Other Outcomes

Planting trees and providing broad The total amount of PM, , that is removed annually by trees in 10 cities was estimated to vary from 4.7
access to green parksT metric tons in Syracuse, New York, to 64.5 metric tons in Atlanta. The annual projected economic
benefit from tree-associated reductions in the incidence of several PM, ;-associated health conditions
and death among children and adults (in children, conditions included asthma and other respiratory
disease) varied from $1.1 million in Syracuse to $60.1 million in New York City.”:

Between 2009 and 2014, there were estimated savings of almost $6 billion. For example, the estimated
avoided cases of adverse child health outcomes (including 537 asthma cases and 112 preterm births)
were associated with an estimated avoided cost ranging from $191 million to $350 million.”§

Reduced greenhouse-gas emis-
sions in the electric-power
sector in the northeast region
of the United States (Regional
Greenhouse Gas Initiative)

Assessments of children before, during, and after the adoption of ultra-low-sulfur diesel (vs. standard
diesel) in school buses showed that the use of ultra-low-sulfur diesel was associated with improve-
ments in the FVC and FEV, and lower absenteeism. Extrapolating to the U.S. population, changing
fuel and technologies was projected to reduce childhood school absenteeism by more than 14 mil-
lion absences per year.”

Use of clean fuel technologies in
school buses

Federal regulations on air-quality
standards and emissions

Among three cohorts of children in southern California who were followed over different time periods
(1994-1998, 1997-2001, and 2007-2011), decreases in nitrogen dioxide and PM,, and PM  after
the introduction of air-quality—control policies were associated with greater increases in the FVC and
FEV, between 11 years and 15 years of age. The percentages of children with a low FEV, (defined as
<80% of the predicted value) decreased significantly over the three time periods.”’

* FEV, denotes forced expiratory volume in 1 second, FVC forced vital capacity, HEPA high-efficiency particulate air filter, PM | particulate

matter with an aerodynamic diameter of 10 ym or less, and RSV respiratory syncytial virus.

The intervention of planting trees and providing green parks also supports adaptation.

Estimates were derived from field data on leaf-surface area, ambient PM, , monitoring, the calculation of PM, , removal by trees with the use
of published data, 2010 U.S. Census data, and the Environmental Protection Agency BenMAP (Benefits Mapping and Analysis Program)
model, which uses air-quality data and concentration-response functions to estimate associated changes in adverse health effects, and valua-

tion functions to estimate economic value.
§ Estimates were derived by modeling the change in air quality and the corresponding health benefits on the basis of concentration-response
functions drawn from epidemiologic studies and by monetizing avoided health costs on the basis of published data on the cost of illness.

2310

and air pollution in order to effectively counsel
children and their families on risk-reduction
strategies. The American Board of Pediatrics has
a Maintenance of Certification module on cli-
mate, health, and equity and is the first board to
offer such content. Some medical schools and
residency training programs have added curri-
cula that address climate change-related risks
among children and pregnant women; in some
cases, they include opportunities to teach miti-
gation and adaptation techniques to the local
pediatric population (see the Supplementary Ap-
pendix, available with the full text of this article
at NEJM.org).

Guidance is available to help in identifying
persons at particular risk from climate change
or air pollution on the basis of assessments of
underlying illness (e.g., asthma), geographic lo-
cation (e.g., proximity to air pollution sources,
urban heat islands, or flooding), and mental
health burdens (e.g., anxiety after being forced
to relocate after a wildfire) (Tables 3 and S1 in
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the Supplementary Appendix). Given the recog-
nition that long-term exposure to air pollution
causes childhood diseases such as asthma,*
there is now a clinical code for air-pollution ex-
posure (277.110) in the International Classification
of Diseases, 10th Revision.

PATIENT-LEVEL INTERVENTIONS

Table 3 provides practical guidance for pediatri-
cians and other health professionals caring for
children with respect to screening, treatment,
and counseling regarding adaptation strategies.
Suggested behavioral changes need to take into
account the socioeconomic status of children so
that the changes are actionable and durable and
empower the child and family rather than mak-
ing them feel powerless, afraid, or guilty. We
recommend that, in parallel with these screen-
ing assessments, health care professionals work
with pediatric patients and families to imple-
ment interventions, to build their awareness of
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Table 3. Suggested Practice Recommendations to Minimize Fossil Fuel-Related Health Risks among Children.

Exposure

General

Heat stress

Air quality and pollution

Food supply and safety

Water quality and quantity

Extreme weather events

Examples of Vulnerabilities That Identify
Higher-Risk Children

Increased exposure (e.g., playing outside,
athletics, home address)

Climate-relevant underlying coexisting con-
ditions (e.g., asthma)

Structural risks (e.g., power outages)

Outdoor exercise by athletes
Residence in urban heat islands

Residence near fossil-fuel combustion
sources (e.g., traffic, energy production,
plants)

Coexisting conditions, such as allergy and
pulmonary disease

Underlying gastrointestinal disease
Preexisting food insecurity and exposure to
climate-related extreme events

Immunocompromised conditions
Exposure to contaminated water

Residence in vulnerable areas

Vector distribution and ecology Residence in geographic regions where dis-

Social factors

ease is endemic or emerging (e.g., Lyme
disease)

Residence in areas that commonly experi-
ence flooding

High risk of displacement given limited
adaptive resources
Vulnerable populations and health inequity

Possible Interventions in Clinical Practice

Tailored individual-level plans

Mental health counseling related to climate change

Addressing underlying coexisting conditions

Discussion with patients and families regarding health bene-
fits of mitigation and adaptation strategies generally

Development of a heat action plan (see the Supplementary
Appendix)
Safe storage of heat-sensitive medications

Education on air-quality—index and pollen monitoring
Home air-filtration systems

Counseling about increased vigilance regarding foodborne
illnesses during extreme heat periods

Providing guidance on nutrition programs and information on
good eating habits to avoid contaminants and unsafe foods

Giving advice on safe foods that are available and affordable
to patients and families

Understanding risks of harmful algal blooms and vibrio expo-
sure before outdoor water recreation

Emergency preparedness plans
Portable health records and medications

Tick-, mosquito-, and other vector-preventive strategies such
as reducing skin exposure by wearing pants and long-
sleeved shirts, checking for ticks after outdoor activities,
and use of mosquito nets while sleeping in areas where
mosquito-borne diseases are endemic

Backup prescriptions for essential medications (e.g., epi-
nephrine autoinjectors)

Mental health counseling related to displacement

Social services to assist adjustment after displacement

the harmful effects of climate change and pol-
lutants, to actively motivate them to change their
behaviors to protect their own health while
lowering their carbon emissions, and to provide
guidance on avoiding and managing various
harms (e.g., heat).”

FUTURE NEEDS AND DIRECTIONS

Climate change continues to demand better
health care systems and improved access to
mitigation and adaptation plans for hundreds
of millions of children and pregnant women
around the world. Rigorous physiological and
epidemiologic data exist that link climate
change with multiple effects on health. How-
ever, further research is needed in order to
better understand the range of short- and long-

N ENGL ) MED 386;24

term effects on children’s physical and mental
health of climate-change pathways and air-
pollution exposure (e.g., longitudinal studies to
evaluate longer term effects of displacement
and stress that are due to extreme climate—related
events in childhood), to monitor and measure
sustained health effects in children and preg-
nant women that have been associated with
various mitigation and adaptation strategies
(e.g., research into health outcomes in children
in households that use only electricity, as com-
pared with gas, for energy), and to study eco-
nomic and quality-of-life outcomes (e.g., cost-
effectiveness analyses that take into account
reductions in hospitalizations and other medi-
cal expenses for children or pregnant women
and are associated with strategies to reduce
PM, . exposure). It is of paramount importance
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that research findings be rapidly translated
into policies to protect and improve children’s
and maternal health, with special focus on
vulnerable populations.

CONCLUSIONS

The data are compelling that the toll on children
and pregnant women from fossil-fuel-driven
climate change and air pollution is large and
growing, affecting immediate and long-term
health. Interventions — which are, in many
cases, cost-saving — exist to address the causes

of climate change and air pollution and the dis-
parities that they have created. Health profes-
sionals have the power to protect the children
they care for by screening to identify those at
high risk for associated health consequences; by
educating them, their families, and others more
broadly about these risks and effective interven-
tions; and by advocating for strong mitigation
and adaptation strategies.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Dr. Vanitha Sampath and Ms. Kaitlyn Coomes for
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