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What health professionals should know about the health effects of air pollution
and climate change on children and pregnant mothers

Parinaz Poursafa*, Roya Kelishadi**

Abstract

BACKGROUND: Health professionals face the adverse healthteffefcclimate change and air pollution in theirgices.
This review underscores the effects of these enmiental factors on maternal and children’s healsithe most vulnera-
ble groups to climate change and air pollution.

METHODS: We reviewed electronic databases for a searcheofitérature to find relevant studies publishedEimglish
from 1990 to 2011.

RESULTS: Environmental factors, notably climate change aincpollution influence children’s health beforenception
and continue during pregnancy, childhood, and adelece. Experts have suggested that such healtdrdbamay
represent the greatest public health challengehtimatnity has faced. The accumulation of greenhgases such as car-
bon dioxide, primarily from burning fossil fuelgsults in warming which has an impact on air patufparticularly on
levels of ozone and particulates. Heat-relatedtiezffects include increased rates of pregnancyptioations, pre-
eclampsia, eclampsia, low birth weight, renal ¢ffeeector-borne diseases as malaria and dengueased diarrheal and
respiratory disease, food insecurity, decreasetityjoé foods (notably grains), malnutrition, watstarcity, exposures to
toxic chemicals, worsened poverty, natural disasieid population displacement. Air pollution haswnadverse health
effects for mothers and children. In addition torstterm effects like premature labour, intrautergrowth retardation,
neonatal and infant mortality rate, malignanciegghly leukaemia and Hodgkin lymphoma), respiratiisgases, allergic
disorders and anaemia, exposure to criteria alutpols from early life might be associated witbrease in stress oxida-
tive, inflammation and endothelial dysfunction whia turn might have long-term effects on chroreestommunicable
diseases.

CONCLUSIONS: Health professionals have an exclusive capabilitiidlp prevent and reduce the harmful effects of-en
ronmental factors for high-risk groups, and shaudsider this capacity in their usual practice.
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ealth professionals need to know how
Hair pollution and climate change can

affect the health; whether being a hos-
pital nurse, midwife, school nurse, and other
health care provider, understanding such health
effects is important. Pregnant mothers, neo-
nates, infants and children are among the most
susceptible groups for harmful effects of envi-
ronmental factors.

The potential impacts of direct temperature
effects related to climate change and air pollu-
tion on pregnancy and prenatal complications is
considered as an area of emerging investiga-
tion.! Furthermore, climate change could alter
concentrations of air pollutants or alterations in
mechanisms of pollutant transport and thus in-
fluence public health especially for pregnant
mothers and children.2
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According to the World Health Organiza-
tion, the burden of air pollution and climate-
related disease is greater in children than in
adults,> 4 and this is of special concern for low-
and middle-income countries.

Children breathe more air, drink more water,
and eat more food per unit of body weight.
They have higher respiratory rates than adults,
and consequently higher exposure to air
pollutants. The mouth breathing of infants and
children bypass the filtering effect of the nose,
thus they would inhale higher levels of
pollutants than adults. Children generally
spend much more time outdoors than adults
do, furthermore the children’s immune systems
and developing organs are not mature.®$

A growing body of evidence confirms the
health effects of climate change. Climate change
is likely to have an impact on levels of ozone
and possibly particulate matter, which in turn
are associated with increased mortality and
morbidity. Climate models predict that green-
house gas emissions will lead to higher mean
temperatures that promote more strong storms
and droughts, which in turn will have intense
implications for maternal and child health.
Health professionals increasingly face the ad-
verse health effects of climate change and air
pollution in their practices, thus they have an
exclusive capability to help for prevention and
decrease of related health problems for high-
risk groups. This review underscores the effects
of these environmental factors on maternal and
children’s health, as the most vulnerable groups
to climate change and air pollution.

Methods
We used electronic databases for a search of the
literature to find relevant studies:
1. PubMed
2. Ovid MEDLINE(R)
3. Ovid MEDLINE(R) in process and other
non-indexed citations
4. Allied and Complementary Medicine
(AMED)
5. Cumulative Index to Nursing and Al-
lied Health Literature (CINAHL)
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6. Scopus and EMBASE

7. CAB Abstracts

8. Global Health

The following search terms were used:
health, climate change, global warming, air pol-
lution, air pollutants, particulate matter and
particulates. The literature search was restricted
to documents published in the English lan-
guage from 1990 to 2011.

In a secondary search, we used other terms
related to health problems as abnormal
growth/development, birth weight, prematur-
ity, intrauterine growth retardation, congenital
defects, development, behavioral problems,
neurocognitive decrements, malignancy, can-
cer, mortality etc. Data on study design and
location, confounding factors, health outcomes,
and study findings were extracted from the
selected studies. We also used secondary refer-
ences cited by the articles recognized in the
primary search.

Results

Climatic and ecological changes are global
health threats, notably for vulnerable groups as
pregnant mothers and children. The health pro-
fessionals have a pivotal role in reducing the
harmful effects by giving information to high
risk groups. The health consequences of such
environmental factors can be classified as pri-
mary, secondary and tertiary. Concerning cli-
mate change, primary effects include the acute
and chronic stress of heat waves, and trauma
from increased plant fires. Secondary signs,
which are indirect, comprise altered distribu-
tion of arthropod vectors, intermediate hosts
and pathogens producing changes in the epi-
demiology of many infectious diseases. The ter-
tiary effects are those with important future
health consequences including famine and sub-
stantial population shift. The corresponding
outcomes for air pollution are acute respiratory
and irritant symptoms as primary effects; in-
creased hospitalization and mortality rate as the
secondary effects; and long term consequences
of low birth weight, endothelial dysfunction
and genetic disorders as the tertiary effects.
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Discussion

The health professionals need to know about
environmental factors affecting health, and
have to increase the knowledge of individuals
at high risk of such health effects, and in turn to
minimize short- and long-term health
consequences. Air pollution is a mixture of solid
particles and gases in the air. The six common
and harmful air pollutants consist of particulate
matter, ground-level ozone, carbon monoxide,
sulfur oxides, nitrogen oxides, and lead; of
which, particle pollution and ground-level
ozone are the most widespread health
threats.?10 Because of their importance, a brief
summary about these common pollutants also
named as “criteria air pollutants” is provided
here. Particulate matter or PM consists of a
heterogeneous mixture of very small particles
and liquid droplets suspended in air. The PM
size is directly linked to their potential for
causing health problems. Particles with
diameter < 10 micrometers are the particles that
generally pass through the throat and nose and
enter the lungs. Then, they can affect different
body organs especially the heart and lungs, and
may cause serious health effects. Based on the
size, the particle pollution is grouped into: a.
"inhalable coarse particles" which have a
diameter of 2.5 to 10 micrometers, and are
found near roadways and industries; and b.
"fine particles" < 2.5 micrometers in diameter
such as those found in smoke and haze; they
can form when gases emitted from power
plants, industries and automobiles react in the
air. Ozone (Os) is a gas composed of three
oxygen atoms. In the presence of sunlight, it is
created at ground-level by a chemical reaction
between oxides of nitrogen and volatile organic
compounds. Ozone might have harmful effects
when formed in the earth's lower atmosphere,
i.e. at ground-level. Hot weather and sunlight
cause ground-level ozone to form in harmful
concentrations in the air. Carbon monoxide
(CO) is an odorless and colorless gas formed by
incomplete carbon combustion. It is mainly
emitted from the motor vehicle exhaust
followed by non-road engines as construction
equipment, industrial processes and wood
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burning. The increasing number of cars has an
important role in the increase in CO emission
worldwide. Sulfur Dioxide (SO») is a gas formed
when fuel containing sulfur, such as coal and
oil, is burned, and when gasoline is extracted
from oil or metals are extracted from ore.
Nitrogen oxides (Nox) are a group of highly
reactive gases containing various levels of
nitrogen and oxygen. Lead is usually emitted
from motor vehicles and industrial sources.’0 11
Other stationary sources are waste incinerators,
utilities, and lead-acid battery manufacturers. In
addition to exposure to lead in air, other major
exposure pathways include ingestion of lead in
drinking water and lead-contaminated food as
well as incidental ingestion of lead-
contaminated soil and dust. Lead-based paint
remains a major exposure pathway in older
homes. Some toys might contain considerable
amounts of lead that would be harmful for
children’s health.% 12

Air quality standards

Two types of air quality standards are consi-
dered: Primary standards set limits to protect
public health, including the health of "sensitive"
populations such as asthmatics, children, and
the elderly. Secondary standards set limits to
protect public welfare, including protection
against decreased visibility, damage to animals,
crops, vegetation, and buildings. Numerous
scientific studies have linked particle pollution
exposure to a variety of health problems, in-
cluding increased respiratory symptoms such
as irritation of the airways, cough, difficult
breathing, decreased lung function, trigger of
asthma, chronic bronchitis, arrhythmias, heart
attacks, premature death in people with cardi-
ovascular or respiratory diseases, cough, dysp-
nea, wheezing and chronic lung diseases. Car-
bon monoxide reduces oxygen delivery to the
body's organs, and cardiovascular patients
might experience its most serious effects. In ad-
dition, it may cause vision problems, reduced
ability to work or learn and difficulty in per-
forming complex tasks. At extremely high le-
vels, CO is poisonous and can cause death. In
addition, CO contributes to the formation of
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smog and its consequent respiratory problems.
SO2 can cause breathing difficulty for asthmatic
patients. Longer-term exposures to high levels
of SO, gas and particles may be carcinogen and
may cause respiratory disorders, may aggravate
cardiovascular diseases; it may also cause eye
burning and headache. SO and nitrogen oxides
react with other substances in the air to form
acids, which fall to earth as rain, fog, snow, or
dry particles. NO2 can cause lung irritation, vir-
al infection, airway resistance and chest tight-
ness.!1 12

Lead distributes throughout the body in the
blood and is accumulated in the bones. The
most common effects of lead exposure are neu-
rological effects in children and cardiovascular
effects in adults. Infants and young children are
especially sensitive to even low levels of lead,
which may contribute to behavioral problems,
learning deficits and lowered intelligence quo-
tient (IQ).2? Infants and children are among the
most susceptible age groups for air pollutants,
because children may have greater exposure
than adults to air pollutants. Infants and
children have higher respiratory rates than
adults, which would increase their exposure to
air pollutants. Mouth breathing is more
prevalent in infants and children than in adults,
hence they bypass the filtering effect of the
nose; consequently they would inhale higher
levels of pollutants than adults. Children
generally spend significantly more time
outdoors than adults, especially during summer
time with highest smog levels. In addition, the
children’s immune systems and developing
organs are still immature.t 1

Long-term health effects of air pollutants

Air pollutants have various adverse effects from
early life, some of the most important harmful
effects are perinatal disorders, infant mortality,
respiratory disorders, allergy, malignancies,
anemia, cardiovascular disorders, increase in
stress oxidative, endothelial dysfunction,
mental disorders and vitamin D deficiency. The
late-onset effects of air pollution in early life
may be related to many chronic diseases later in
life. 1416 We have documented the association of
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air pollutants with various health effects in
children of our community.17-22

Exposure to air pollutants in early life and
future non-communicable diseases

Many studies have demonstrated the effects of
air pollutants on low birth weight and on pre-
maturity. The association of low birth weight 2
and prematurity 2* with increased risk of chron-
ic non-communicable diseases underscores the
long-term effects of exposure of pregnant moth-
ers to air pollutants.

The relationship of long-term traffic expo-
sure to NO2 and diabetes mellitus is reported. >
The first biological support for this finding
comes from our study that demonstrated an
independent association of exposure to air pol-
lutants, notably PMio, with markers of insulin
resistance among children and adolescents, 17 as
cited in the statement of the American Heart
Association.? These findings suggest that the
systemic responses to long-term exposure of
children and adolescents to air pollutants could
potentially increase the risk for development of
the metabolic syndrome, hypertension diabetes
mellitus and other chronic diseases.

Health effects of climate change for mothers
and children

According to the World Health Organization,
more than 88% of the existing burden of disease
due to climate change occurs in children aged
less than 5 years of age.?” A recent systematic
review revealed that the major health effects of
climate change and warming include increased
pregnancy complications, diminished school
performance, and renal effects.!4

Exposure of pregnant mothers to extreme
heat, particularly in the second and third tri-
mesters, is associated with low birth weight.?8
Moreover, it is documented that some envi-
ronmental factors as increased humidity are as-
sociated with preeclampsia and eclampsia.?’

It is well-documented that greenhouse gas
emissions promote water cycle intensification.
This is of special concern for children, who are
most prone to the illnesses associated with fa-
mines and floods, such as water-borne diseases,
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injury, food insufficiencies,?® exposure to toxic
compounds,?! emotional disturbance and men-
tal disorders.32.33

Effects of climate change on air pollution
Climate change has an impact on levels of
ozone and particulates, both of which are asso-
ciated with a range of health hazards. One of
the implications is therefore a possible increase
in adverse health effects due to air pollutants.
The accumulation of greenhouse gases such as
carbon dioxide, primarily from burning fossil
fuels results in warming. Heat increases ground
level ozone production, which in turn augments
ozone-related morbidity and mortality.3* Fur-
thermore, warming increases water vapor and
in turn ground-level ozone formation resulting
in hazardous ozone levels in urban areas.?

Numerous studies showed warming may
modify the risk of forest fires, with generating
huge amounts of carcinogens, as formaldehyde
and benzene, potent lung irritants, as acrolein
and other aldehydes, carbon monoxide, and
particulates.?

These environmental issues cause increased
rates of infant mortality,? 37 fetal and infant
growth restriction,? 3 as well as high burdens
of illness in children because PM and ozone
are produced more abundantly with climate
change.%

Climate change and vector-borne diseases

One more health problem related to climate
change is the spread of vector-borne disease,
notably Lyme disease and malaria. With in-
crease in the average temperatures, heats have
risen faster in night than in daytime. Dispropor-
tionate temperature rise, i.e. minimum increas-
ing more than maximum, will provide opti-
mum temperature for the growth of insect vec-

tors and the spread of arthropod-borne diseas-
es.41-43

Climate change and waterborne disease
Climate change and global warming may
have impact on the transport of pathogens in-
ducing waterborne diseases. Through contami-
nation of water supplies, both agricultural and
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livestock practices may result in exposure to
parasites, particularly Giardia lamblia and
Cryptosporidium parvum. Infestation with
these parasites and diarrheal diseases threat the
children’s health, and are of special concern for
malnourished children.4-4¢

Climate change and food safety for mothers and
children
One of the greatest health concerns of climate
change for mothers and children is the potential
reduction in the food quantity and quality.*” It
is estimated that for keeping up with world-
wide demand, agricultural production needs to
be doubled by 2050.4 This doubling of food
production increases the problem of water scar-
city and will necessitate considerable increase in
the application of fertilizers and consequently
their impact on groundwater and air pollution,
as well as acidification of soils and freshwater.4
In addition to reduction in the quantity of
food, climate change may also reduce the nutri-
tional quality by increasing concentrations of
carbon dioxide, because grains grown at these
elevated concentrations of carbon dioxide may
have decreased content of protein and nutrients
as iron and zinc.50 5! Obviously, mothers and
children are the most vulnerable groups to this
deficiency, similar to the aforementioned health
effects of climate change.

Climate change and renal effects in mothers and
children
Review of papers on pediatric urolithiasis re-
vealed a positive correlation between increased
temperature and renal stone formation.52 Dehy-
dration, especially when associated with in-
creased perspiration, triggers lower urine vo-
lume and higher supersaturation of stone-
forming salts, and consequently will make
children prone to renal effects.

Mean annual temperature influences on flu-
id status and urine volume, and is known as a
potent risk factor for urolithiasis, with a more
important role than other factors as age, gender,
race, sunlight exposure and diuretic use.5+57 In
adults, the peak time for stone formation is do-
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cumented about 3 months after being in a hot,
arid climate® A study in London showed an
association between increasing temperatures in
summer time and hospitalization rates for renal
disorders.® A climate-related burden of renal
diseases can be expected at global level. A study
predicted this burden in the US and predicted

Poursafa and Kelishadi

Conclusion

Environmental factors as air pollution and cli-
mate change have several adverse health ef-
fects for pregnant mothers and children.
Health professionals have a unique capability
to increase the knowledge of population and
their patients, thus to help prevent and reduce
the harmful effects of environmental factors for

that based on a climate model of intermediate
severity warming, by 2050 a climate-related in-
crease of 1.6-2.2 million lifetime cases of uroli-
thiasis with costs of $0.9-1.3 billion annually, i.e.

high-risk groups. This important role of health
professionals should be emphasized and this
capacity should be considered in their usual

: ‘ : practice.
a 25% increase over expenditures in 2000, The authors declare no conflict of interest in
would be estimated. ¢ this study.
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