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Abstract: Air pollution is currently considered a global problem in both developing and developed
countries. Substances that invade our spaces are components of air pollution that cause a strong
negative impact on health for those who are exposed, not only in the cardiovascular and respiratory
systems but are being related to the etiology of pathologies throughout the body, with a decrease in
life expectancy and even an increase in mortality and alterations of the genetic material. This litera-
ture review aims to collect employing a search the implications that the components of air pollution
have on the health of those exposed, from a clinical and molecular point of view. For the search, the
DeCS descriptors created by BIREME were used: air pollution, cardiovascular system, respiratory
diseases. The following databases were consulted: PubMed, ScienceDirect, and Scopus. The search
criteria considered the year of publication and whether the original language was English or Span-
ish. It was concluded that the study of the different particles and the consequences that exposure to
them entails is of vital importance for the development of control, prevention, and treatment mech-
anisms; since they can generate pathologies that range from something as tangible as lung diseases
and occlusive heart disease to epigenetic changes that affect health.
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1. Introduction

Air pollution is a global problem, affecting all countries regardless of their level of
development. It can occur in outdoor environments, in which case the industry and mas-
sive vehicle load are the main associated factors, and indoors, where the main pollutant
is cigarettes [1,2]. So much so that in a study carried out in Medellin in Colombia, a cyclical
variation of the levels of pollutants during the day was found, which are greater in hours
of the morning and afternoon, being this corresponding to the hours of high traffic in the
city [3].

This pollution is made up of a varied amount of substances such as carbon monoxide
(CO), carbon dioxide (CO2), ozone (Os), sulfur dioxide (SO2), nitrogen dioxide (NOz), vol-
atile organic compounds, and material Particulate (PM), a fine mixture of liquid and solid
products, classified according to their diameter is less than 10 microns (PM10), less than
2.5 microns (PM2.5), less than one micron (PM1) and even in PM extra-fine less than 0.1
microns [4-6]. The problem generated by the presence of these pollutants in inhabited
environments is their deleterious impact on the health of those exposed [1,7].

More evidence of this association emerges; it has even been shown that people who
reside in clearly contaminated urban areas have 1.7 times more respiratory diseases than
those who live in rural areas [8]. Likewise, it was found that contact with PM is related to
acute infections of the lower respiratory tract, elevation of C-reactive protein, and altera-
tions of the coagulation system, which increase the susceptibility to thrombotic events [9-
11].

DOL:https://doi.org/10.31586/crph.2021.010103

Current Research in Public Health



Zahra Asadi and Nima Norouzi

2 of 10

The duration of exposure to pollutants is another relevant aspect that can lead to
different presentations, as shown by a study carried out in Los Angeles that found for the
first time a relationship between long-term exposure and thickening of the intima and the
carotid media. This reason suggests an environmental etiology for atherosclerosis [12]. At
the same time, a Canadian study found a greater association between short-term exposure
and the development of stroke [13].

2. Materials and Methods

The search for articles was carried out considering the following medical descriptors
consulted in DeCS created by BIREME: air pollution, cardiovascular system, and respira-
tory diseases. The following databases were consulted: PubMed, ScienceDirect, and Sco-
pus. The search criteria considered the year of publication and whether the original lan-
guage was English or Spanish. One hundred fifty-seven articles were obtained, of which
63 were selected for writing the review.

3. Clinical aspects of exposure to environmental pollution

Due to scientific concern about growing air pollution and the appearance of smog
over large cities, it began more than 50 years ago to study the relationship that exposure
to air pollution and the deterioration of health can have, which has allowed us to demon-
strate that the respiratory and cardiovascular systems are mainly affected [14]. (See Table
1)

Table 1. Impact of environmental pollution on the different systems

System Impact Associated pollutants
Cardiovas- Cardiovascular morb.idity and mortality. PM., . PMu and PM-ul-
cular Development of: heart failure, sudden death, ar- )
. . o trafine
rhythmias, peripheral arterial disease, and hy- NO
tension. '
pertension SO,
Ischemic events.
Pulmonary Mortality due to respiratory causes. PM:s, PMio
Development of lung cancer. NO:
Hospital admission for respiratory causes. SO
Chronic obstructive pulmonary disease Os
Acute lower respiratory infections DEP
Other effects Alterations in fetal development. PM.:5, PMu
Insulin resistance. SO:
Gastrointestinal disorders. PAH
PM: particulate matter, NOz: Nitrogen Dioxide, SO2: Sulfur dioxide, Os: Ozone, DEP: Diesel
exhaust-particles, PAH: polycyclic aromatic hydrocarbons.

3.1. Impact at the cardiovascular level

In 2004, the American Heart Association (AHA) published its first publication men-
tioning the relationship between air pollution and cardiovascular disease. In this publica-
tion, it was concluded that short-term exposure could contribute to acute cardiovascular
morbidity and mortality, and long-term was the cause of a decrease in life expectancy for
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a couple of years, inclusive, it was found that cardiovascular deterioration due to contam-
ination can be more numerous than that caused by underlying respiratory diseases [15,16].

Recently, a special emphasis has been placed on PM’s implication as a cause of car-
diovascular diseases since an uncountable number of its constituents can cause biological
damage to this system. However, the component directly responsible is unknown, alt-
hough it is considered that it must have an intrinsic reduction potential and the ability to
trigger oxidative stress in cardiovascular tissue [17]. These changes alter the activity of the
autonomic nervous system, the inflammatory process, the activity of endothelin-1, abnor-
mal activation of platelets, the integrity of the vascular endothelium, which can lead to
ventricular arrhythmias, decompensation of heart failure, and myocardial infarctions. , in
other words, in an increased risk of cardiovascular mortality [18-20].

Most studies find a significant relationship between cardiovascular morbidity and
mortality and the amount of PM2.5; in fact, the risk is increased by 1% for every 10ug / m3
of PM2.5 present in the environment [5,21,22]. But in addition, contact with PM10 and
PM-ultrafine has also been documented as a risk factor for developing cardiovascular dis-
eases such as heart failure, sudden death, arrhythmias, peripheral arterial disease, and
increased hospitalization for various cardiovascular causes [23,24].

There are still many questions to be resolved that require studies with strict method-
ological rigor since many triggered effects do not correspond simply to the addition of
acute day-to-day effects, as is the case of atherosclerotic plaques, whose formation and
instability are related to endothelial damage and vascular dysfunction secondary to PM,
and for which a sequential process is required, not explained by acute exposure, and
which in the long term is the cause of cardiac, cerebral and peripheral ischemic events.
Additionally, it has been deduced that chronic PM2.5 can increase the risk of long-term
cardiovascular events between 93% and 95% [17].

The relationship between PM and cerebrovascular disease has also been the subject
of multiple studies that have identified PM2.5 as a cause of increased hospitalizations for
this type of pathology, more related to values above PM10, especially in diabetic patients,
elderly, and with concomitant coronary disease. Furthermore, the evidence linking cere-
brovascular diseases, specifically ischemic attacks, with chronic contact to PM2.5, over
acute contact, is more consistent [25]. Hypertension in children due to exposure to specific
components of PM was the goal set by Bilenko et al. in 2015, who found a statistically
significant relationship between the increase in systolic pressure and iron, silicon, and po-
tassium in PM10 with silicon and iron in PM2.5 [26].

The ultra-fine molecules of PM that is, PMO0.1, also constitute a cardiovascular risk
since it has been discovered that they are capable of entering cells through non-phagocytic
pathways and causing damage to the organelles, which added to the PM’s intrinsic capac-
ity to produce reactive oxygen species (ROS) represents significant damage to the lung
and heart tissue. It can also activate the production of Natural Killer (NK) cells and inter-
act with different receptors involved in the functioning of the immune system [25]. In
addition to this, it accelerates atherosclerosis with suppression of the apo E gene demon-
strated in mice due to the pro-oxidant substances that compose it [27].

The strong scientific evidence presented led the AHA to recognize that PM exposure
is a modifiable factor that increases the risk of cardiovascular morbidity and mortality [25].

Despite this, PM is not the only concern, and a study carried out in European cities
between 1990 and 1996 revealed a dangerous relationship between hospital admission for
ischemic heart disease in people over 65 years of age and environmental pollution from
SO2 [28]. On the other hand, although it has been reported that the effects of NO: only
aggravate the conditions of previously ill people, a strong relationship of this substance
with fatal myocardial infarction was found, possibly due to the accelerating effect on the
atherothrombotic process [21 ].

A study carried out in Rome looked for the relationship between the specific causes
of death in the adult population and the environmental exposure to NO2, PM2.5, and
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proximity to vehicular traffic. Of the deaths that occurred during the study period (2001-
2010), cardiovascular problems were responsible for 40% and were closely connected to
contact with both NO2 and PM2.5, cerebrovascular causes corresponded to 4%, which was
demonstrated a significant relationship with PM2.5 but not with NO:, nor with the dis-
tance to vehicular traffic. The other causes of mortality were respiratory disease (6%) and
cancer (8%) [29].

Other demographic factors have been studied. Curiously, a greater association was
found between cardiovascular risk due to PM2.5 and populations with low educational
levels and low socioeconomic status, a situation that divergent lifestyles can explain. Thus,
habits, type of work, low fruit, and high-fat consumption predispose to obesity and car-
diovascular diseases, which increases the susceptibility of this population [21,22,29].

Finally, some studies suggest greater susceptibility on the part of women, but this
cannot be truthfully stated, and a larger study is required to prove it [29,30]. A study car-
ried out in the United States identified that exposure to air pollution affects the thickness
of the vascular intima and that it is different between ethnic groups, but a total trend was
not found for one of the two sexes [31].

3.2. Impact at the pulmonary level

Due to the ease with which air pollutants can come into contact with the alveolar
epithelium, they directly negatively impact respiratory function and the appearance of
this system’s diseases, symptoms, hospitalization, and emergency admissions. and its
mortality [32,33].

Although air pollution is a problem worldwide, there is geographic variability in the
presentation of respiratory diseases because highly polluted regions have a higher num-
ber of hospital admissions. A curious fact is that the elderly and children appear to be
affected equally by pollution regardless of the geographic region in which they reside [34].
Suppose we refer to the topographic characteristics of the study city, Antioquia, because
it is located in a valley surrounded by high-altitude mountains. In that case, it means that
pollutants cannot be swept away by air currents, generating accumulation and, therefore,
greater exposure [3].

A study was carried out in Bucaramanga, Colombia, to associate air pollution with
the prevalence of symptoms indicative of asthma in preschool children. Although they
identified that cigarettes and aerosols were the most common pollutants within the home,
they did not find a statistically significant association [35]. Still, it would be interesting to
consider this association with contaminants outside the home to see whether or not they
represent a risk factor for the development of asthma.

Contaminants such as PM, Os, NO, Diesel exhaust-particles (DEP, for its acronym in
English), SOz, polycyclic aromatic hydrocarbons (PAH, for its acronym in English), among
others, have been the object of study in the field of pulmonology for several years now. In
one of these studies, it was found that NO: is involved in mortality from respiratory causes
and both this and PM2.5 in the development of lung cancer, where each elevation of 10ug
/ m3 increases mortality by 6% and mortality by 4%. Possibility of developing lung cancer
[36].

Os seems to affect macrophage functionality, increasing the level of pro-inflamma-
tory mediators, and stimulating ROS production, promoting tissue damage, and altering
the production of pulmonary surfactant, by altering through epigenetic processes the en-
coding of the gene for surfactant type A protein (this being the most abundant of the pul-
monary surfactant) which plays important roles in chemotaxis and phagocytic function of
pulmonary macrophages [32,37].

In Tehran, PM10 and NO: are above the values proposed by the WHO, which has led
to a greater negative impact on the health of this population, where 9.3% of mortality due
to respiratory disease is attributed to PM 6.09% in hospital admission. SOs and O3 have
an estimated attributable share of respiratory mortality of 7.73 and 7%, respectively [4].
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Unfortunately for Colombia, there are little data on the characterization of particulate mat-
ter; One of the studies that talks about this were developed in Pamplona-Santander, find-
ing PM2.5 from sulfate ions, which will be mentioned later as an epigenetic factor, and
PM2.5 was also found in crystalline phases of different compounds such as SiO: and
CaCQO;, all from the combustion of fossil fuels, reaffirming the role of industry and vehi-
cles in contributing to air pollution [38]. Another study carried out in Cali, Colombia; pro-
poses another very interesting source of contamination, this is a garbage dump, where
they found that in the areas near the dump, they exceeded the 48% allowed values of
methane and benzene to prevent health problems [39], thus posing the possibility that
these landfills are another important source of contamination and promote the study of
their association with the development of lung diseases.

In Latin America, in cities such as Mexico City, Sao Pablo, Rio de Janeiro, and Santi-
ago de Chile, it was found that there is a relationship between low socioeconomic status
and mortality from respiratory causes, among which chronic obstructive pulmonary dis-
ease (COPD) stands out. . In addition, both in Mexico City and Santiago de Chile, a rela-
tionship was found between concentrations of environmental PM10 and mortality from
respiratory causes and lower respiratory infection in infants and children [40], so much so
that exposure to smoke from the biomass is associated with a higher frequency of acute
lower respiratory infections in children under five years of age, with COPD in women
over 30 years of age, and less important with lung cancer in women under 30 years of age
[41].

An important factor is the alteration of the inflammatory response, which generates
an increased risk of respiratory infections, asthma, and COPD [32].

Martinelli et al. managed to identify the influence of DEP on health, where it in-
creases the expression of interleukins 6 and 8 (pro-inflammatory) and downregulates the
anti-inflammatory molecule CC16 (clear cell protein) [25]. For its part, PM stimulates the
production of various vasoactive and pro-inflammatory mediators in lung cells, such as
IL-6, IL-1f3, Tumor Necrosis Factor-alpha (TNF-«), and interferon-y, which increases epi-
thelial damage. Lung disease and the risk of respiratory disease. It also influences the au-
tonomic nervous system through interaction with pulmonary receptors [25].

Despite the similarity that Asia, Europe, and North America have in PM, SO2, NO,
and Os, Asia leads the problem [34]. Studies in China have obtained an interesting series
of results, showing that increases of 10 pig/m? of PM2.5 are associated with a 12% increase
in the risk of presenting lower acute respiratory infections and that these in turn increase
in children exposed to cigarette smoke, which is represented by the increase in hospital
admissions [10]. Other studies indicate that the risk of acute respiratory disease will in-
crease 3 to 10 times for each quartile, increasing the pollution concentration of PM10, Os,
CO, and SOz [33]. This is particularly worrying for our city since the levels described in a
study carried out in 2009 in Medellin, Colombia found that the levels are higher than those
of European and Asian countries and above the safety ranges proposed by WHO [3].

3.3. Other effects

Although they are not part of the most studied effects, there are references in the
literature regarding how contamination affects fetal development and conditions of the
baby at birth. Among the most mentioned relationships are changes in birth weight, for
which the increase of one quartile in SOz concentrations implies a decrease of 2.99 g and
those of Os (especially in the first and second trimesters) decrease 2.72g. Exposure to
PM10, PM2.5, and CO has also been associated with weight loss [42]. Exposure to PAH
could also affect crossing the placental barrier, which is reflected in variations in head
circumference, birth weight, and height [43]. An explanation that has been given and that
supports the effect of PAH and PM10 is their relationship with alterations in placental
mitochondria, which increases oxidative stress, which, as mentioned before, plays an im-
portant role in the imbalance of cellular functioning. [44].
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A study that sought to look for the implication of air pollution in insulin resistance
or type 2 diabetes found a significant increase (17%) in the development of insulin re-
sistance when comparing exposure to NO2 and PM10. In addition to the above, the study
concluded that children who had never moved from birth to age ten and who live within
500 meters of the main road are at greater risk of developing insulin resistance. The asso-
ciated physiological mechanism is believed to have to do with NO:'s ability to oxidize
low-density lipoproteins (LDL), hinder their metabolism, and promote their accumulation
[45]. The same situation was found with gestational diabetes and pre-eclampsia since ex-
posure to NO2 during the first pregnancy was discovered as a risk factor for developing
both diseases. However, other simultaneous factors can precipitate its geneses, such as
smoking and educational level [46,47]. The negative effects do not stop there; gastrointes-
tinal disorders have been described as a consequence of swallowing particles swept by
the mucociliary purification systems of the respiratory tract. This may worsen previous
gastrointestinal problems or be the etiology of new digestive disorders [48].

3.4. Epigenetic alterations related to environmental pollution

Epigenetic modification implies a link between the environment and genetic material
alterations, suggesting that cellular information is heritable and modifiable and can lead
to disease [49-51]. These phenomena are necessary processes for cellular functions and
involve multiple mechanisms; the most studied is DNA methylation[52.53].

Precisely this has been the subject of multiple studies that have managed to demon-
strate its relationship with exposure to environmental pollutants such as PM10, polycyclic
aromatic hydrocarbons, black carbon, and sulfates. These alterations in DNA methylation
may depend on other factors such as the duration of exposure to these pollutants, expo-
sure to other substances, route of exposure, host factors, and previous genetic determi-
nants [54-59].

Histone modification and other epigenetic mechanisms can regulate gene expression
in conjunction with DNA methylation. The carboxyl ends of histones have specific amino
acids sensitive to post-translational changes, thus modifying the histone configuration.
These changes include methylation, acetylation, phosphorylation, sumoylation, and ubig-
uitination [60, 61]. Exposure of human airway epithelial cell lines to PM10 induces acety-
lation in histone H4, increasing the expression of the widely known promoter genes for
Interleukin 8 (IL-8) and the enzyme cyclo-oxygenase2(COX2) and studied for its pro-in-
flammatory activity [62, 63].

As they have been allowed to identify several studies that conclude that exposure to
diesel vehicle emissions particles causes alteration in the expression of micro RNA
(miRNA) in epithelial cells of the human airway grown in vitro in media with an air-liquid
interface; this miRNA is associated with inflammatory response pathways [46, 64, 65].
Furthermore, heterochromatin formation can be mediated through interactions between
intergenic noncoding RNAs and chromatin remodeling complexes, resulting in the ex-
pression of silencing genes [66,67].

4. Discussion

Dominici et al. found that hospital admissions for heart and lung disease with expo-
sure to particulate matter increased slightly for both diseases when exposed to PM2.5 [23].
Later, in another study carried out by Keebaugh et al., they showed that by removing the
organic component of the particulate material, the size and lipid content of the atheroscle-
rotic plaques decreased, reducing oxidative stress and cardiovascular variability; thus
supporting the premise that particulate matter behaves as a variable that increases the risk
of cardiovascular disease, negatively impacting morbidity and mortality [27].

A meta-analysis that documented the total effect of the increase in PM10 on general
mortality by Romieu et al. yielded important data with a statistically significant increase
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in mortality from cardiopulmonary disease by 0.94%, respiratory 1.19%, cardiovascular
0.72%, cerebrovascular 1.10%, and chronic obstructive pulmonary disease 2.44% [40]. Sim-
ilarly, Liu et al. showed that the more polluted the person resided, the more hospital visits
increased due to respiratory diseases with p <0.0001 [34]. Finally, and supporting the other
studies mentioned, Santus et al. found that for each increase in an interquartile of the con-
tamination level, the risk of admission to the emergency room for upper respiratory tract
infection increased from 3% to 10% and similarly for exacerbation of the chronic obstruc-
tive pulmonary disease. These three large studies support the fact that environmental pol-
lution does increase the risk of lung diseases requiring medical attention, even more than
cardiovascular disease [33].

Other effects found in the literature review were the impact of air pollution on fetal
development and pregnancy. Geer et al. found that high exposure to SOz and Os were
associated with low birth weight. However, exposure to PM2.5 and PM10 was signifi-
cantly associated with high birth weight [42]. On the other hand, Al-Saleh et al. showed
significant changes in the decrease in head circumference, weight, and height at birth [43].
This gives rise to new research projects to deepen and clarify the effect that exposure to
different environmental agents of pollution could have on the normal development of
pregnancy and fetal variables.

Currently, epigenetic processes encompass different mechanisms, ranging from
DNA methylation, histone, and micro RNA modification. These same processes have been
studied under the influence of the environmental factor and whether or not these factors
are inducers of said processes [52]. To this day, it is known that pathogenesis not only
depends on the mutagenic capacity of environmental factors but that in their absence,
epigenetics can be the etiological center of biological alterations [50]. In this way, the study
and identification of the epigenetic processes involved in developing diseases due to con-
tinuous exposure to environmental agents caused by pollution will allow the future de-
velopment of molecular markings that will open the doors to an earlier and later diagnosis,
both timely interventions.

5. Conclusions

Air pollution is part of a series of complex mechanisms that alter the dynamics of the
body and negatively impact health. It is from the most basic levels of the conformation of
the genetic material that deleterious changes occur in the cell, and from there, multiple
systems are affected, causing disease. Studying the different particles and the conse-
quences of exposure to them is vital for the development of control, prevention and treat-
ment mechanisms.
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