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Highlights
 Atmospheric air pollution is one of the key factors that significantly affect morbidity and mortality
rates. The article presents an assessment of the pollution of residential areas and an analysis of the
associations of air pollutants with the development of adverse events.

To assess the level of pollution in residential areas and identify associations
between airborne air pollutants and adverse events.

......................................................................................................................................................

Airborne air pollutant levels were analyzed for the period 2009-2020. A total of
2,982 respondents were included in the study to analyze the association between
airborne pollutants and the risk of adverse events. Adverse events were assessed as

Methods new cases of dyslipidemia, obesity, diabetes, hypertension, myocardial infarction,
stroke, arrhythmia, unstable angina, revascularisation procedures, decompensation
and/or verification of chronic heart failure, hospitalization for cardiac pathology,
and death.

..................................................................................................................................................... .

Airborne air pollution levels are predominantly considered high. The most
common contaminants exceeding the maximum permissible concentrations
include benzopyrene, nitrogen dioxide, formaldehyde, and suspended solids.
Pollutant levels were somewhat lower in rural areas compared to all city districts.
Pollution levels were more pronounced in the Zavodskoy and Kirovsky districts,
and to a lesser extent in the Leninsky and Tsentralny districts. At the prospective
stage, despite the absence of differences in the incidence of heart attack, stroke,

Results arrhythmia, or cardiovascular death, statistically significant differences were
observed when combining the above-mentioned cases. A more unfavorable profile
was revealed among respondents living in the Leninsky district. Residents of the
village and Rudnichny district had a more favorable profile, while the opposite
was true in the Zavodskoy and Kirovsky districts. An analysis of latent factors
characterizing the combination of pollutants with the greatest impact on health
revealed associations between the composition of atmospheric impurities and the
development of adverse outcomes in prospective observation.

..................................................................................................................................................... .

The air quality in the districts of residence was assessed as unfavorable; The content
of impurities in atmospheric air is associated with the occurrence of new cases of
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hypertension, dyslipidemia, diabetes and obesity in previously healthy individuals,
as well as with the risk of developing new cases of all cardiovascular events.
Ecology * Airborne pollutants * Atmospheric air pollution * Environment ¢ Air
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BaP — benzopyrene NO - nitrogen oxide
CI - confidence interval NO2 — nitrogen dioxide
CO - carbon monoxide OR — odds ratio

CVD - cardiovascular diseases SO2 - sulfur dioxide
FDH — ammonia, formaldehyde SS - suspended solids

MPC — maximum permissible concentration
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Introduction

Atmospheric air pollution is one of the key factors
that significantly affect morbidity and mortality rates.
Despite the fact that air pollution carries a relatively
lower risk compared to traditional factors (such
as tobacco smoking, high blood lipids, high blood
pressure, etc.), it remains a serious issue for public
healthcare due to its global spread. Some studies
emphasize that the environmental factor surpasses
other modifiable risks (insufficient physical activity,
unbalanced diet with excessive salt intake and elevated
cholesterol) in terms of the degree of impact on human
health [1].

Anthropogenic sources of air pollution include
vehicles powered by diesel and gasoline, industrial
emissions, coal-based energy production, as well
as indoor and household pollution (cooking,
smoking) [2, 3]. Atmospheric air pollution is a
multicomponent mixture of solid particles and gaseous
substances. Solid particles, known as aerosols, vary in
size and chemical composition, and may contain metals,
elemental carbon, organic and inorganic compounds
such as nitrates and sulfates, as well as other impurities.
There are many studies demonstrating the negative
impact of fine particulate matter on cardiovascular
health [4-6], but there are fewer studies on the effect of
gaseous substances in air on cardiovascular outcomes
and they are limited to the analysis of ozone. Even
though gaseous pollutants are clearly associated with
lung diseases, they can also have adverse effects on the
cardiovascular system [7].

Everyday population is being exposed to the
air pollutant complex present in the atmospheric
air. The formation of this complex is due to the
influence of local and regional sources of pollution,
meteorological conditions, as well as anthropogenic
factors such as urban development and vegetation.
According to the results of the Global Burden of
Disease study, about 60% of all morbidity and
mortality cases associated with air pollution are
represented by cardiovascular diseases (CVD).
Large-scale epidemiological studies conducted
in various regions of the world have established
a statistically significant correlation between
the level of air pollution and an increased risk of
developing diseases such as arterial hypertension,
diabetes mellitus and calcification of the coronary
arteries. Moreover, an increase in the concentration
of pollutants in the atmosphere correlates with an
increase in the incidence of coronary artery disease,
stroke, chronic heart failure, and an increase in
mortality from these pathologies [8—11].

Air pollution is not an isolated event, it is part of
a complex system influenced by many other external
environmental factors interacting with internal
biological factors and predisposition that ultimately
determines the cardiovascular and metabolic

consequences. It is necessary to develop reliable
approaches to minimize negative impact on climate
change and limit the harmful effects of air pollution
while focusing on the most vulnerable groups of
the population [12]. The concept of “One Health”
has acquired key importance in public healthcare,
emphasizing strong relationship between population
health and the environment [13], so its implementation
will make it possible to effectively solve large-scale
problems in healthcare that go beyond the usual
framework and require interdisciplinary approach.

The aim of this study was to assess the air pollution
in residential areas and analyze the associations
between airborne pollutants and the development of
adverse events.

Methods

The object of the study was the adult population.
The research was conducted in the large industrial
center of Western Siberia, a subject of the Russian
Federation. The unit of study is a participant of the
epidemiological study. The sample consisted 0f2.998
participants of the “Epidemiology of cardiovascular
diseases and their risk factors in the regions of the
Russian Federation” (ESSE-RF) study (n = 1.555)
and “Prospective Urban Rural Epidemiology”
(PURE) study (n = 1.443), 16 respondents were
removed due to missing data. Overall, 2.982 people
were included in the final analysis. In accordance
with the study design, the baseline (2012-2016)
and four prospective follow-ups (2015, 2017, 2019,
2021) were completed according to the research
protocols.

During the baseline follow-up, our specialists
collected and evaluated clinical and anamnestic data
on cardiovascular risk factors, concomitant diseases,
air pollution, and the area of residence. During the
prospective follow-up, the specialists assessed
respondents” cardiovascular risk factors, previously
undiagnosed circulatory system diseases, oncological
diseases, cardiovascular risk factors (dyslipidemia,
obesity), adverse cardiovascular events, in particular
new onset of hypertension, myocardial infarction,
stroke, atrial fibrillation paroxysm, unstable angina,
revascularisation procedures, decompensated and/
or verified chronic heart failure, hospitalization for
CVD, death.

The environmental factor assessment included an
analysis of air pollution from stationary sources for the
period 2009-2020. The assessment of air quality was
carried out using official reports. The analysis included
the average annual concentrations of the following
pollutants: suspended solids (SS), sulfur dioxide (SO2),
carbon monoxide (CO), nitrogen oxide (NO), nitrogen
dioxide (NO2), phenol, hydrochloride, black carbon
(soot), ammonia, formaldehyde (FDH), benzopyrene
(BaP). The authors analyzed concentrations of
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these airborne pollutants using the data of regular
measurements of air impurities made by environmental
monitoring posts, taking into account the area of
residence. Due to the lack of regular monitoring of
air pollutants for rural areas, the authors used data
obtained by calculation.

The majority of the studied population was made
up of urban residents who were three times more
numerous compared to residents of rural areas.
Respondents were divided into different districts
groups based on the residential address. The number
of men and women in the analyzed arecas was
approximately equal.

The average age of 2 982 respondents was 52 years,
the predominant gender was female, the characteristics
of the respondents are presented in Table 1.

Compliance with ethical standards

Data of the two following epidemiological
studies were used for publication: “Epidemiology
of cardiovascular diseases and their risk factors in
the regions of the Russian Federation” (ESSE-RF)
study and “Prospective Urban Rural Epidemiology”
(PURE) study. The research protocol received
approval by the Institutional Review Boards both
for the PURE study (extract from the Protocol of
the Institutional Review Board of Research Institute
for Complex Issues of Cardiovascular Diseases No.
12 dated July 10, 2015) and for the ESSE-RF study
(extract from the Protocol of the National Review
Board No. 107-03/12 dated July 03, 2012 of the
National Medical Research Center for Therapy and
Preventive Medicine). The study was conducted in
accordance with the Helsinki Declaration. Prior to
being included in the study, all respondents signed
an informed consent form.

Statistical data processing

Statistical processing of the results was carried out
using the “Statistica 6.0” software dated 31.03.2010
NoeAXXRO03E608729FAN10. The Kolmogorov—
Smirnov test was applied to test for a normal
distribution. Quantitative variables were represented
as medians, percentiles [Me (Q25; Q75)] were used as
dispersion measures, and percentages (%) were used to
describe qualitative variables. To compare quantitative
variables (baseline and prospective indicators) the
authors used Mann-Whitney, Kruskal-Wallis, and
Wilcoxon tests; to compare qualitative indicators we
used Pearson's chi-squared test (with Yates’ correction
for small groups). Factor analysis using the principal
component method was used to identify latent factors.
The relationship between factors influencing adverse
outcomes and air pollutants was assessed using logistic
regression analysis. The presence and strength of
relationship were assessed by the odds ratio (OR) and
the 95% confidence interval (CI). The significance

level when testing statistical hypotheses in the study
was < 0.05.

Results

The level of pollution in the urban area for the period
2009-2020 is assessed as high, taking into account the
total atmospheric pollution index, which is calculated
for the five most common pollutants (SS, SO2, CO,
NO2 and FDH) and their hazard class, quality standard
and average levels of air pollution. It was very high in
2012, and increased even more in 2014.

It is rather difficult to draw a conclusion on the
number of impurities in the air in rural areas because
the average annual concentrations for the pollutants in
these locations were calculated based on a one-time
measurement, according to the official data provided.
Moreover, some air pollutants were mentioned in the
reports at all. However, when comparing the median
concentrations of air impurities, the content of NO
(0.0369 wversus 0.0400 mg/m®) and NO2 (0.0371
versus 0.0564 mg/m?), as well as BaP (0.000002 versus
0.000003 mg/m?) was lower in rural areas compared to
urban areas. At the same time, the concentration of SS
(0.1882 versus 0.04800 mg/m?), SO2 (0.017880 versus
0.005050 mg/m?®) and FDH (0.0160 versus 0.0065 mg/
m?) in rural areas exceeded the concentrations of same
pollutants in urban areas.

During the analyzed period (2009-2020), BaP,
FDH, NO2 and soot were the main pollutants in the
urban area that exceeded the maximum permissible

Table 1. Clinical and anamnestic characteristics of the respondents

.. . mber of
Clinical and anamnestic Number o
. . responders,

characteristics
n=2982

............................................................................

Age, years, Me (Q25; Q75) 52.0 (41.5; 59.0)
Male/Female, n (%) 1074 (36)/1 908 (64)

Smoking, n (%) 1380 (46.3)
Alcohol consumption, n (%) 1602 (53.7)
Body mass index, kg/m?, Me (Q25; Q75) 28 (24.0; 31.0)
Stable angina pectoris, n (%) 539 (18.1)
Prior myocardial infarction, n (%) 155(5.2)
Prior stroke, n (%) 125 (4.2)
Cardiac arrhythmias, n (%) 387 (13)
Arterial hypertension, n (%) 2 056 (68.9)
Chronic heart failure, n (%) 199 (6.7)
Obesity, n (%) 1 151 (38.6)
Overweight, n (%) 893 (29.9)
Type 2 diabetes mellitus, n (%) 199 (6.7)
Carbohydrate metabolism disorders, n (%) 665 (22.3)
Lung diseases (chronic obstructive

pulmonary disease, bronchial asthma), 354 (11.9)
n (%)

Dyslipidemia, n (%) 1 446 (48.5)
Oncological diseases, n (%) 131 (4.4)
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concentrations (MPC), the medians of which exceeded
MPC (Table 2).

It should be noted that only BaP exceeded MPC
throughout the whole analyzed period, whereas FDH
exceeded MPC from 2009 to 2013, NO2 from 2009 to
2015 and in 2019, and soot in the first three years of the
analyzed period. Assessing the situation in the urban
area as a whole, there was a more than 15-fold decrease
in the concentration of soot, 2.3-fold decrease in NO
and dioxide, and 2-fold decrease in ammonia and
hydrochloride (p < 0.0001). There was a slightly lower
and statistically significant 1.7 times decrease in NO,
and 1.2-1.3 times decrease in phenol, SO2 and BaP (p
= 0.0001). Moreover, there was a 1.5-fold increase in
the concentration of SS and a 1.7-fold increase in FDH
(p <0.0001).

FDH reached the maximum one-time concentration
exceeding MPC by 1.4 times in 2009 and 2012 in the
Leninsky city district. Despite the fact that the average
annual concentration of phenol in this urban area in
2014 and 2017 did not exceed MPC, highest one-time
concentrations of phenol exceeded MPC by 3.7 and 2.3
times, respectively. Similarly, the concentration of soot
exceeded MPC by 2.9 times in 2015. The Leninsky city
district had a statistically significant decrease in the
concentration of NO by 5.3 times over the entire period
(p <0.0001), SS by 2 times (p < 0.0001), ammonia by
2.3 times (p < 0.0001), BaP by 3 times (p < 0.0001),
SO2 and phenol by 13 times (p < 0.0001), soot by 14
times (p < 0.0001), and a decrease in the concentration
of hydrochloride from 0.04 to 0.00022 mg/m® (p =
0.0002). Moreover, there was an increase in the level
of pollution via impurities such as NO2 (by 1.3 times, p
<0.0001) and FDH (by 1.6 times, p < 0.0001).

In the Central city district NO exceeded maximum
permissible one-time concentration in 2013 (MPC
exceeded by 1.6 times), as well as NO2 (MPC
exceeded by 2.3 times) and SS (MPC exceeded by 2.8)
in 2015, soot (MPC exceeded by 6.2 times) and NO2

Table 2. Air pollutants exceeding the maximum permissible
concentration in the urban area for the period of 2009-2020

....................... Poltutants (MPO. veevereerccrereenn
Year Benzopyrene Formaldehyde Tit(f)(()i%ieen c];l:;)col;
2009 ......... 29111811 .....
2010 34 1.1 1.5 1.1
2011 33 2.7 1.5 1.2
2012 3.1 33 1.6 N
2013 2.4 32 1.3 N
2014 1.5 N 1.5 N
2015 2.1 N 1.5 N
2016 2.1 N N N
2017 3.1 N N N
2018 34 N N N
2019 2.7 N 1,1 N
2020 2.9 N N N

Note: N — MPC is not exceeded.

(MPC exceeded by 1.1 times) in 2016. In addition, BaP
reached the maximum monthly average concentration,
exceeding MPC by 9.7 times in 2014. There was a
statistically significant decrease in the concentration
of NO by 9 times over the entire period (p < 0.0001),
hydrochloride by 2.7 times (p < 0.0001), phenol and
hydrochloride by 1.7 times (p < 0.0001), ammonia (p
< 0.0001), SO2 (p < 0.0001) and BaP by 1.3 times (p
<0.0001). At the same time, the concentration of NO2
increased by 2 times (p < 0.0001), SS by 1.6 times (p <
0.0001) and FDH by 1.7 times (p < 0.0001).

In the Rudnichny city district, despite the fact that
the average annual concentration of CO, NO2, and
FDH did not exceed MPC in 20172019, the following
pollutants exceeded the maximum permissible one-
time concentrations and MPC repeatedly: CO exceeded
MPC by 1.7 times in 2017, NO2 exceeded MPC by
3 times, FDH exceeded MPC by 1.7 times, and CO
exceeded MPC by 2.4 times in 2018, NO exceeded
MPC by 2 times in 2019. Statistically significant
decrease in the concentration of ammonia by 46 times
(p < 0.0001), soot by 17 times (p < 0.0001), BaP by
almost four times, hydrochloride, NO and NO2, FDH
and CO by more than two times (p from 0.00012 to <
0.0001). There was a slightly lower decrease in phenol
(1.5 times) and SO2 (1.3 times). Moreover, there was
a negative trend regarding the concentration of SS, the
median of which increased more than fourfold (4.2
times, p < 0.0001).

In the Zavodsky city district the average annual
concentration of NO2 increased with time (MPC
exceeded by 2.4 times in 2009, by 2 times in 2010,
by 2.2 times in 2011, by 2 times in 2012, by 1.8 times
in 2013, by 1.5 times in 2015 and 2016, by 2 times
in 2017). Whereas BaP (MPC exceeded by 6.1 times
in 2009, by 7.4 times in 2010, by 18 times in 2011,
by 11 times in 2012) and FDH (MPC exceeded by 1.3
times in 2013) reached the maximum monthly average
concentrations. The maximum one-time concentrations
of soot exceeded MPC by 4.7 times in 2009, by 4.5
times in 2011, by 3.8 times in 2012, NO2 exceeded
MPC by 2.4 times in 2019, and FDH exceeded MPC by
1.1 times in 2014. The most favorable years from the
point of view of lower pollution levels were 2018 and
2020, when there were no MPC excesses. Estimating
the concentrations of impurities in the air, we noted an
increase in the concentration of SO2 by 2.8 times, FDH
by 2.2 times, phenol by 1.4 times and SS by 1.3 times
(p < 0.0001). However, the level of soot decreased
statistically significantly by 10 times, ammonia by
more than two times (2.3 times, p < 0.0001), NO and
NO2, hydrochloride, BaP, and CO by 1.3 to 1.8 times.

The Kirovsky city district had the maximum of all
the average monthly concentrations (MPC exceeded
by 20.4 times in 2015, by 13.9 times in 2016, by
19.8 times in 2017, by 10 times in 2018, by 14.6
times in 2019), with BaP having the maximum one-
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time concentration (MPC exceeded by 5.2 times in
2013). In addition, the following pollutants reached
the maximum one-time concentrations: NO2 (MPC
exceeded by 4.3 times in 2012, by 2.9 times in 2014, by
2.7 times in 2020), soot (MPC exceeded by 3.5 times in
2013), SS (MPC exceeded by 3.0 times in 2017, by 2.4
times in 2019) and NO (MPC exceeded by 1.8 times in
2020). The Kirovsky city district had a decrease in the
concentration of NO, NO2, ammonia, and SO2 over
the entire period, however, changes in this indicator as
a whole were statistically insignificant (p = 1.00). On
the other hand, a decrease in soot concentration by 13
times (p < 0.0001) was statistically significant. At the
same time, there was a 3.5-fold increase in SS, 1.7-fold
increase in FDH (p < 0.0001).

During  2009-2014, the average annual
concentrations of BaP decreased by 2.3 times, soot
decreased by 1.6 times, whereas NO2 remained
within values exceeding MPC by 1.3-1.6 times.
The average annual concentrations of FDH over this
period varied unevenly: the maximum concentration
in 2012 exceeded MPC by 3.3 times, the minimum in
2014 exceeded MPC by 0.8 times. A sharp decrease
in the average annual concentration of FDH in 2014
was associated with the introduction of new sanitary
and hygienic standards for air impurities. For the
period 2015-2020 the average annual concentration
of BaP increased by 1.4 times, SS by 1.3 times; NO2
decreased by 1.3 times. Thus, the level of air pollution
in the city for the period 2009-2020 is regarded as
high. BaP, NO2, FDH and SS has been classified as the
most frequent air impurities exceeding MPC during the
analyzed period. Among the administrative districts of
the city, the Zavodsky and Kirovsky city districts have
been deemed as the most unfavorable districts with a
pronounced level of air pollutants. The Leninsky and
Central city districts turned out to be relatively safe,
where rare MPC excesses are associated with certain
substances such as FDH and phenol.

Despite the limited official data on the level
of pollution in rural areas, the air quality was
characterized by lower concentrations of NO, NO2,
and BaP compared with the indicators of the urban
area as a whole. However, one can note a higher
content of SS, SO2 and FDH, which does not allow
us to unequivocally assert better air quality in rural
areas over urban areas, since there are multidirectional
trends in pollution.

Taking into account the selected residential areas,
comparative analysis results showed that there
were significant differences in concentrations of air
pollutants between urban and rural areas. In general,
levels of pollutants were slightly lower in rural areas
compared to all urban areas. This is due to the lower
number of industrial enterprises, traffic flows and
other anthropogenic environmental factors in rural
areas. In addition, there were differences in changes

in concentrations of individual pollutants within urban
areas — for example, a significant reduction in the levels
of certain toxic components (such as soot, ammonia,
BaP) was associated with an increase in the content of
other potentially dangerous compounds (FDH, SS).

According to the baseline clinical and anamnestic
characteristics of the respondents, taking into account
the area of residence, there were no statistically
significant differences between them at baseline, with
the exception of the frequency of alcohol consumption
and overweight or obesity cases. Thus, the largest
percentage of people who consume alcohol reside
in the Leninsky (34.89%) and Rudnichny (24.78%)
city districts, rural areas (24.03%), slightly less in the
Central city district (15.11%). The lowest percentage
of alcohol drinkers live in the Zavodsky and Kirovsky
districts (1% and 0.19%, respectively, p = 0.0000). A
similar situation can be seen in case with the incidence
of overweight and obesity (Leninsky city district
36.89%, Rudnichny city district 24.32%, rural area
(25.78%), Central city district 12.18%, Zavodsky city
district 0.88%, and Kirovsky city district 0.15%, p =
0.00000).

During the prospective follow-up, the development
of the analyzed adverse events for individual nosologies
did not show statistical differences when taking into
account the area of residence, with the exception of new
onset of hypertension, angina pectoris, heart failure,
diabetes, cancer, and the frequency of hospitalizations
due to circulatory system diseases. Despite the
absence of differences in the incidence of myocardial
infarction, stroke, rhythm disturbances, and death
from cardiovascular causes, statistically significant
differences were obtained for the composite endpoint
combining the above-mentioned cases (Table 3). The
authors noticed that by the end of the follow-up there
was a negative trend towards a more unfavorable health
profile among respondents living in the Leninsky
and Rudnichny city district, and rural areas, whereas
the Zavodsky and Kirovsky city districts had a more
favorable profile in terms of the development of adverse
events.

Using principal component method, we identified
latent factors that characterize the totality of pollutants
that have the greatest impact (increasing or decreasing
the risk of adverse events) on the health of the population,
depending on the area of residence. It should be noted
that it was not possible to identify the association of the
identified factors with the analyzed outcomes over the
entire 12-year period (Tables 4 and 5).

Thus, SS, ammonia, and NO were classified as risk
increasing factors (factor 1), and NO2, SO2, CO, and
NO were classified as risk decreasing factors (factor 2)
in 2014. It should be noted that both types of risk factors
were present in respondents residing in the Central
city district. However, the logistic regression analysis
did not reveal a statistically significant effect of latent
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factors over the analyzed year on the outcomes.

In 2015 latent factor 1 was mainly represented by
the content of hydrochloride, NO and CO, factor 2 by
NO2, SS and SO2. If the risk increasing factor (factor
1) was typical for residents of the Central city district,
then the risk decreasing factor (factor 2) was typical
for residents of the Leninsky city district (91.76% and
93.45%, respectively). Similarly to 2014, there were no
statistically significant associations between the impact
of latent factors and the outcomes in 2015.

According to the results of the analysis in 2017,
such impurities as CO, soot, and BaP were attributed to
latent factor 1, and this factor was found in 99.62% of
residents of the Leninsky city district. Phenol, ammonia,
and NO2 were attributed to the latent factor 2 and it
was found in 95.43% of residents of the Rudnichny and
4.07% of Zavodsky city districts. Logistic regression
analysis revealed that factor 1 was associated with the
risk of developing all cardiovascular events over the
entire follow-up period (OR = 1.5, 95% CI:1.1-2.1,
p = 0.010), stroke (OR = 2.6, 95% CIl:1.44.8, p =
0.003). Factor 2 was associated with a reduced risk of
stroke (OR = 0.4, 95% CI: 0.2—0.7, p = 0.003) and all
cardiovascular events over the entire follow-up period
(OR =0.6, 95% CI: 0.5-0.9, p=0.010).

In 2018 the first latent factor was mainly
characterized by the content of soot, FDH, and phenol,
while the second was characterized by SS and SO2.
Factor 1 caused a negative impact on residents of the
Rudnichny city district in half of the cases, (51.01%), to
a lesser degree it affected the residents of the Leninsky
and Central city districts (27.63% and 21.36%,
respectively). Factor 2 was predominantly found in
residents of the Leninsky (54.36%) and Rudnichny
city districts (32.38%). Logistic regression analysis
demonstrated that factor 1 was associated with the risk
ofheart failure (OR=2.7,95% CI:1.7-4.3,p=0.00003),
new onset of cardiovascular risk factors (hypertension,

dyslipidemia, diabetes, obesity) in previously healthy
individuals (OR = 5.2, 95% CI:2.9-9.4, p < 0.0001),
whereas factor 2 was associated with a reduced risk
of new onset of CVD risk factors (hypertension,
dyslipidemia, diabetes, obesity) in previously healthy
individuals (OR = 0.2, 95% CI:0.1-0.3, p < 0.0001),
heart failure (OR = 0.4, 95% CI: 0.2-0.6, p = 0.00003).
In 2019 factor 1 included a combination of NO,
ammonia, FDH, CO, soot, and phenol, and had an
impact mainly on residents of the Central city district
(90.80%). While factor 2 was represented by NO,
BaP and SS, and had an impact mainly on residents
of the Rudnichny city district (95.42%). The logistic
regression analysis revealed that factor 1 was associated
with the risk of developing new cases of significant
CVD (including death from CVD, OR = 6.4, 95%
CI:1.05-39.3, p = 0.040), new cases of CVD risk
factors (hypertension, dyslipidemia, diabetes, obesity)
in previously healthy individuals (OR = 2.8, 95%
CI:1.2-6.8, p = 0.020), heart failure (OR = 2.5, 95%
CI:1.2-5.2, p = 0.015). Factor 2 was associated with a
reduced risk of new cases of significant CVD (including
death from CVD, OR = 0.1, 95% CI:0.02-0.9, p =
0.043), new onset of CVD risk factors (hypertension,
dyslipidemia, diabetes, obesity) in previously healthy
individuals (OR = 0.3, 95% CI:0.1-0.8, p = 0.020),
heart failure (OR = 0.4, 95% CI:0.2-0.8, p = 0.015).
In 2020 the first latent factor included ammonia,
BaP, SS, hydrochloride, SO2, phenol, soot and FDH.
It impacted residents of the Rudnichny and Central
city districts more frequently (84.45% and 13.96%,
respectively). The second latent factor included only
NO2, which affected 99.64% of the residents of the
Rudnichny city district. At the same time, factor 1 was
associated with the risk of heart failure (OR = 5.85,
95% CI:2.1-16.5, p = 0.001), new onset of CVD risk
factors (hypertension, dyslipidemia, diabetes, obesity)
in previously healthy individuals (OR = 20.9, 95% CI:

Table 5. Distribution of respondents by area of residence, taking into account the impact of latent factors, n (%)

A ¢ 2014 2015 2017 2018 2019 2020
FEA Of cocccccccccnscccccssccncsccccsssscccsocccscensscsosecceessscssccssssssoesassssssssssscssssssssssscccccccsssssscccccsssssssssssssssssessssssccssss

: Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor

residence
1 2 1 2 1 2 1 2 1 2 1 2
Ruralarea 0 (0.0) 2(2.33) 2(2.35) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(2.30) 0(0.0) 2(0.35 0(0.0)
15 371 263 260 455
Urban area (5.07) 4(4.65) 44.71) (93.45)  (99.62) 4(0.51) (27.63)  (54.36) 4(4.60) 4(0.51) 7(1.24) 1(0.36)
Central
. 276 79 78 21 201 79 79 79
glits}tlrict (93.24) (91.86) (91.76) (5.29) 1(0.38) 1 0(0.0) (21.36)  (9.44)  (90.80) 0(0.0) (13.96) 0(0.0)
Rudnichny
. 751 480 271 750 478 274

e | 0.0) 1(1.16) T(L18) 000.0) 0000 9543y (51.01) (3238) 2330 (9542) (8445 (99.64)
Zavodsky 3 32 32
city 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) (4.07) 0(0.0) (3.82) 0(0.0) (4.07) 0(0.0) 0(0.0)
district ’ ’ ’
Kirovsky
city 5(.69) 0(0.0) 0(0.0) 5(1.26) 0(0.0) 0(.0) 0(.0) 0(.0) 0(.0) 0(.0) 0(.0) 0¢(0.0)
district

Note: N/A — not applicable, the pollutant is not included in the model.

=
=
o
o
=
<
=
=
e
=
A
=

HCCIIEAJOBAHUSA




224  Air pollution and adverse cardiovascular events

2.8-154.7, p=0.003). Whereas factor 2 was associated
with a reduced risk of new onset of CVD risk factors
(hypertension, dyslipidemia, diabetes, obesity) in
previously healthy individuals (OR = 0.05, 95%
CI:0.01-0.3, p = 0.003), heart failure (OR = 0.2, 95%
CI: 0.1-0.5, p=0.001).

Discussion

In accordance with the State Report entitled “On
the state of sanitary and epidemiological welfare of
the population in the Russian Federation in 2020~
[14], there has been a steady decline in a number of
unsatisfactory atmospheric air samples exceeding MPC
in populated areas of the Russian Federation over the
ten years (2011-2020). Compared to the level of 2011,
this indicator decreased by 1.86 times. During the
specified period, the indicator decreased by 1.84 times
(from 1.53% to 0.83%) in urban areas, and by 1.6 times
(from 0.72% to 0.45%) in rural areas. This has had a
positive effect on reducing the number of residents
living in unfavorable environmental conditions. Over
the past decade, the complex chemical burden on the
population has decreased by almost 1.3 times, with an
average annual decrease of 3.5%. However, despite the
positive dynamics, the region considered in this study
is a large industrial center of Western Siberia and is
included in the list of subjects of the Russian Federation
where air samples regularly exceed level 5 of MPC for
various pollutants (airborne pollutants) [14].

The findings revealed that during the twelve-year
follow-up, the level of air pollution in the territory is
regarded as high due to exceeding MPC. In addition,
the average annual concentrations of pollutants vary
over different periods: some decrease, others increase.
The latent factors we have identified confirm that the
environmental component needs to be assessed using
an integrated approach. Latent factors have different
effects in different areas of the city. The influence of
pollutants weakens over time. Latent factors from 2017—
2020 were associated with many outcomes and risk
factors (heart failure, new cases of cardiovascular risk
factors (hypertension, dyslipidemia, diabetes, obesity)
in previously healthy individuals. It is noteworthy that
MPC excesses take place in two districts of the city, but
the frequency of adverse outcomes in residents of these
districts is lower compared to the other districts. At the
same time residing in the two more environmentally
friendly areas of the city is associated with a high risk
of adverse events. This feature can be explained by the
results of factor analysis, in particular, the impact of an
unfavorable latent factor on a larger number of people
living in these areas. The same analysis also showed
a minimal number of residents affected by airborne
pollutants in ecologically unfavorable areas.

The results obtained in the course of this study are
consistent with a number of previous studies. Thus,
exposure to particulate matter (suspended solids) can

exacerbate risk factors (for example, increase blood
pressure and glucose levels) and even contribute to
the earlier development of chronic cardiometabolic
diseases (for example, hypertension and diabetes) in
previously healthy people [8, 15]. Dong G.H. and co-
authors [16] have found that obesity strengthened the
association between prolonged exposure to polluted
air and high blood pressure and hypertension. Wu
Q.Z. and co-authors [17] have found a similarly
strong relationship between the exposure to polluted
air and high blood pressure even in young children
(up to 11 years old) and especially in overweight or
obese children. A cohort study including children and
adults in Taiwan has showed that prolonged exposure
to pollutants is associated with increased levels of
apolipoprotein B, triglycerides, and decreased levels of
high-density lipids [28]. In addition, a longitudinal study
of 465 mother-child couples in Mexico have found that
exposure to particulate matter in the third trimester of
pregnancy is associated with increased levels of total
cholesterol, low-density lipidic cholesterol, and non-
high-density lipidic cholesterol [19].

Potential biological mechanisms by which
pollutants negatively affect the cardiovascular
system include contact with lung and immune cells
(for example, resident macrophages, alveolar cells),
neuronal receptors entering the systemic bloodstream,
which in turn can lead to disruption or dysfunction of
the endothelial barrier, and inflammation of tissues
(blood vessels or adipocytes), increased blood clotting
and thrombosis, the likelihood of arrhythmias and
reactions, caused by autonomic imbalance or activation
of the hypothalamic-pituitary-adrenal system (for
example, vasoconstriction and increased blood
pressure), secondary tissue damage (leading to plaque
instability) [2, 16, 20].

Limitations of the study

First of all, the study employed a calculation method
for analyzing concentrations of air impurities in rural
areas. Secondly, the study included a small number
of respondents from the Zavodsky and Kirovsky city
districts. Finally, the data regarding the duration of
residence in the area is absent, and territorial affiliation
is not taken into account (the area of the city may not
coincide with the place of residence or work).

Conclusions

Thelevel ofatmospheric air pollution in the industrial
region of Russian Federation in terms of concentrations
of nitrogen oxide and dioxide, benzopyrene in rural
areas is lower compared to urban areas, however,
concentrations of suspended solids, sulfur dioxide and
formaldehyde exceed the same indicators in the city.
The results of prospective follow-up of respondents
residing in different areas of the city revealed that there
are differences in the average annual concentrations of
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pollutants in different areas of the city, and associations
between the composition of atmospheric air impurities
and the development of adverse outcomes result in
different effects of latent factors. Among the adverse
outcomes, the following were significant: new onset of
cardiovascular risk factors, significant cardiovascular
events, and oncological diseases.

Conflict of interest

D.P. Tsygankova declares no conflict of interest. E.D.
Bazdyrev declaresno conflictofinterest. O.V. Nakhratova
declares no conflict of interest. S.V. Kabanova declares

no conflict of interest. G.V. Artamonova is the deputy
editor-in-chief of the journal “Complex Issues of
Cardiovascular Diseases”. A.Yu. Prosekov declares
that there is no conflict of interest. O.L. Barbarash is
the editor-in-chief of the journal “Complex Issues of
Cardiovascular Diseases”.

Funding

This research was supported by the Ministry
of Science and Higher Education of the Russian
Federation under Agreement No. 075-15-2025-079
dated 31.03.2025.

Author Information Form

Tsygankova Darya P, PhD, MD, Leading Researcher, Laboratory of Cardiovascular Epidemiology, Department of
Optimization of Medical Care for Cardiovascular Diseases, Federal State Budgetary Institution “Research Institute for Complex
Issues of Cardiovascular Diseases”, Kemerovo, Russian Federation; ORCID 0000-0001-6136-0518

Bazdyrev Evgeny D., PhD, MD, Head of the Laboratory of Cardiovascular Epidemiology, Department of Optimization
of Medical Care for Cardiovascular Diseases, Federal State Budgetary Institution “Research Institute for Complex Issues of
Cardiovascular Diseases”, Kemerovo, Russian Federation; ORCID 0000-0002-3023-6239

Nakhratova Olga V., Junior Researcher, Laboratory of Cardiovascular Epidemiology, Department of Optimization of Medical
Care for Cardiovascular Diseases, Federal State Budgetary Institution “Research Institute for Complex Issues of Cardiovascular
Diseases”, Kemerovo, Russian Federation; ORCID 0000-0002-2778-6926

Kabanova Svetlana V., Clinical Resident, Federal State Budgetary Institution “Research Institute for Complex Issues of
Cardiovascular Diseases”, Kemerovo, Russian Federation; ORCID 0009-0000-6121-9370

Artamonova Galina V., PhD, MD, Professor, Deputy Director, Head of the Department of Optimization of Medical Care
for Cardiovascular Diseases, Federal State Budgetary Institution “Research Institute for Complex Issues of Cardiovascular
Diseases”, Kemerovo, Russian Federation; ORCID 0000-0003-2279-3307

Prosekov Alexander Yu., PhD, BD, ED, Professor, Academician of the Russian Academy of Sciences, Rector of the Federal
State Educational Institution of Higher Education “Kemerovo State University”, Kemerovo, Russian Federation; ORCID 0000-
0002-5630-3196

Barbarash Olga L., PhD, MD, Professor, Academician of the Russian Academy of Sciences, Director of the Federal State
Budgetary Institution “Research Institute for Complex Issues of Cardiovascular Diseases”, Kemerovo, Russian Federation;
ORCID 0000-0002-4642-3610

7]
=
(o=
Q
=)
[
7]
-
<
Z
|y}
&)
[~
&
@)

Author Contribution Statement

TDP — contribution to the concept and design of the study, data collection and interpretation, editing, approval of the final
version, fully responsible for the content

BED — contribution to the concept and design of the study, data analysis, manuscript writing, editing, approval of the final
version, fully responsible for the content

NOYV — contribution to the concept of the study, data analysis, editing, approval of the final version, fully responsible for the
content

KSV — contribution to the concept of the study, data analysis, editing, approval of the final version, fully responsible for the
content

AGYV — contribution to the concept and design of the study, data collection and interpretation, editing, approval of the final
version, fully responsible for the content

PAYu — contribution to the concept and design of the study, editing, approval of the final version, fully responsible for the
content

BOL — contribution to the concept and design of the study, editing, approval of the final version, fully responsible for the
content

CIIUCOK JIMTEPATYPHBI
1. Hayes R.B., Lim C., Zhang Y., Cromar K., Shao 2020;17(10):656—-672. https://doi.org/10.1038/s41569-020-
Y., Reynolds H.R. et al. PM2.5 air pollution and cause- 0371-2.

specific cardiovascular disease mortality. Int. J. Epidemiol. 3. Choi J.Y.,, Kim S.Y.,, Kim T., Lee C., Kim S., Chung H.M.

2020;49(1):25-35. https://doi.org/10.1093/ije/dyz114.

2. Al-Kindi S.G., Brook R.D., Biswal S., Rajagopalan
S. Environmental determinants of cardiovascular disease:
lessons learned from air pollution. Nat. Rev. Cardiol.

Ambient air pollution and the risk of neurological diseases
in residential areas near multi-purposed industrial complexes
of korea: A population-based cohort study. Environ. Res.
2023;219:115058. https://doi.org/10.1016/j.envres.2022.115058.




226 3BarpssneHue atMocdepHOro BO3IyXa H HEONArONPUATHEIE CEPACUHO-COCYIUCThIE COOBITUS

4. Ma Y, Li D, Cui F., Wang J., Tang L., Yang Y. et al.
Exposure to Air Pollutants and Myocardial Infarction Incidence:
A UK Biobank Study Exploring Gene-Environment Interaction.
Environ. Health Perspect. 2024;132(10):107002. https://doi.
org/ 10.1289/EHP14291.

5. Wang Y., Danesh Yazdi M., Wei Y., Schwartz J.D. Air
pollution below US regulatory standards and cardiovascular
diseases using a double negative control approach. Nat.
Commun. 2024;15(1):8451. https://doi.org/ 10.1038/s41467-
024-52117-8.

6. Krismanuel H.J. Air pollution and cardiovascular
diseases: mechanisms, evidence, and mitigation strategies. J.
Med. Life. 2025;18(5):411-427. https://doi.org/10.25122/jml-
2025-0018.

7. Niu Y., Zhou Y., Chen R., Yin P, Meng X., Wang
W. et al. Long-term exposure to ozone and cardiovascular
mortality in China: a nationwide cohort study. Lancet Planet.
Health. 2022;6(6):¢496—e503. https://doi.org/10.1016/S2542-
5196(22)00093-6.

8. Zhang K., Brook R.D., Li Y., Rajagopalan S., Kim J.B.
Air Pollution, Built Environment, and Early Cardiovascular
Disease. Circ. Res. 2023;132(12):1707-1724. https://doi.
org/10.1161/CIRCRESAHA.123.322002.

9. Shi H., Zheng G., Wang C., Qian S.E., Zhang J., Wang
X. et al. Air pollution associated with cardiopulmonary disease
and mortality among participants with preserved ratio impaired
spirometry. Sci. Total Environ. 2024;950:175395. https://doi.
org/10.1016/j.scitotenv.2024.175395.

10. Ran S., Zhang J., Tian F., Qian Z.M., Wei S., Wang Y.
et al. Association of metabolic signatures of air pollution with
MASLD: Observational and Mendelian randomization study.
J. Hepatol. 2025;82(4):560-570. https://doi.org/10.1016/].
jhep.2024.09.033.

11. Di Fusco S.A., Abrignani M.G., Bugani G., Intravaia
R.M.C., Flori M., Colivicchi F. Air pollution and cardiovascular
disease. G. Ital. Cardiol. 2024;25(9):673-683. https://doi.
org/10.1714/4318.43041.

12. Khraishah H., Chen Z., Rajagopalan S. Understanding
the Cardiovascular and Metabolic Health Effects of Air
Pollution in the Context of Cumulative Exposomic Impacts.
Circ. Res. 2024;134(9):1083—-1097. https://doi.org/10.1161/
CIRCRESAHA.124.323673.

13. Burger P.A. Integrating One Health into Systems

Science. One Health. 2024;18:100701. https://doi.org/10.1016/j.
onehlt.2024.100701.

14. O cocTOSHMM CaHUTapHO-IMHUIEMHOIOIHIECKOro Ona-
rononyuus Hacesnenus B Poccuiickoit @eneparyu B 2020 romay:
TocynapcrBenHblit noknan. Mocksa: denepanbHas ciyx0a 1mo
HA/130py B cepe 3aluThl MpaB MOTpeOuTeNeH U O1aronoaydus
yenoBeka; 2021:256 c.

15. Kim J.B., Prunicki M., Haddad F., Dant C., Sampath V.,
Patel R. et al. Cumulative Lifetime Burden of Cardiovascular
Disease From Early Exposure to Air Pollution. J. Am.
Heart Assoc. 2020;9(6):e014944. https://doi.org/10.1161/
JAHA.119.014944.

16. Dong G.H., Wang J., Zeng X.W., Chen L., Qin X.D.,
Zhou Y. et al. Interactions Between Air Pollution and Obesity
on Blood Pressure and Hypertension in Chinese Children.
Epidemiology. 2015;26(5):740-747. https://doi.org/10.1097/
EDE.0000000000000336.

17. Wu Q.Z., Li S., Yang B.Y., Bloom M., Shi Z., Knibbs
L. et al. Ambient Airborne Particulates of Diameter <1 mum,
a Leading Contributor to the Association Between Ambient
Airborne Particulates of Diameter <2.5 mum and Children's
Blood Pressure. Hypertension. 2020;75(2):347-355. https:/
doi.org/10.1161/HYPERTENSIONAHA.119.13504.

18. Gui Z.H., Yang B.Y., Zou Z.Y., Ma J., Jing J., Wang
H.J. et al. Exposure to ambient air pollution and blood lipids
in children and adolescents: A national population based study
in China. Environ. Pollut. 2020;266(Pt 3):115422. https://doi.
org/10.1016/j.envpol.2020.115422.

19. McGuinn L.A., Coull B.A., Kloog I., Just A.C.,
Tamayo-Ortiz M., Osorio-Yanez C. et al. Fine particulate
matter exposure and lipid levels among children in Mexico city.
Environ. Epidemiol. 2020;4(2):e088. https://doi.org/10.1097/
EE9.0000000000000088.

20. Calderon-Garciduenas L., Gonzalez-Maciel A.,
Reynoso-Robles R., Rodriguez-Lopez J.L., Silva-Pereyra H.G.,
Labrada-Delgado G.J. et al. Environmental Fe, Ti, Al, Cu, Hg,
Bi, and Si Nanoparticles in the Atrioventricular Conduction
Axis and the Associated Ultrastructural Damage in Young
Urbanites: Cardiac Arrhythmias Caused by Anthropogenic,
Industrial, E-Waste, and Indoor Nanoparticles. Environ. Sci.
Technol. 2021;55(12):8203—8214. https://doi.org/10.1021/acs.
est.1c01733.

REFERENCES

1. Hayes R.B., Lim C., Zhang Y., Cromar K., Shao
Y., Reynolds H.R. et al. PM2.5 air pollution and cause-
specific cardiovascular disease mortality. Int. J. Epidemiol.
2020;49(1):25-35. https://doi.org/10.1093/ije/dyz114.

2. Al-Kindi S.G., Brook R.D., Biswal S., Rajagopalan S.
Environmental determinants of cardiovascular disease: lessons
learned from air pollution. Nat. Rev. Cardiol. 2020;17(10):656—
672. https://doi.org/10.1038/s41569-020-0371-2.

3. Choi J.Y.,, Kim S.Y., Kim T., Lee C., Kim S., Chung
H.M. Ambient air pollution and the risk of neurological
diseases in residential areas near multi-purposed industrial
complexes of korea: A population-based cohort study.
Environ. Res. 2023;219:115058. https://doi.org/10.1016/j.
envres.2022.115058.

4.MaY, Li D, Cui F, Wang J., Tang L., Yang Y. et al.
Exposure to Air Pollutants and Myocardial Infarction Incidence:
A UK Biobank Study Exploring Gene-Environment Interaction.
Environ. Health Perspect. 2024;132(10):107002. https://doi.
org/ 10.1289/EHP14291.

5. Wang Y., Danesh Yazdi M., Wei Y., Schwartz J.D. Air
pollution below US regulatory standards and cardiovascular
diseases using a double negative control approach. Nat.
Commun. 2024;15(1):8451. https://doi.org/ 10.1038/s41467-
024-52117-8.

6. Krismanuel H.J. Air pollution and cardiovascular
diseases: mechanisms, evidence, and mitigation strategies. J.
Med. Life. 2025;18(5):411-427. https://doi.org/10.25122/jml-
2025-0018.

7. Niu Y., Zhou Y., Chen R., Yin P, Meng X., Wang
W. et al. Long-term exposure to ozone and cardiovascular
mortality in China: a nationwide cohort study. Lancet Planet.
Health. 2022;6(6):e496—e503. https://doi.org/10.1016/S2542-
5196(22)00093-6.

8. Zhang K., Brook R.D., Li Y., Rajagopalan S., Kim J.B.
Air Pollution, Built Environment, and Early Cardiovascular
Disease. Circ. Res. 2023;132(12):1707-1724. https://doi.
org/10.1161/CIRCRESAHA.123.322002.

9. Shi H., Zheng G., Wang C., Qian S.E., Zhang J., Wang
X. et al. Air pollution associated with cardiopulmonary disease
and mortality among participants with preserved ratio impaired
spirometry. Sci. Total Environ. 2024;950:175395. https://doi.
org/10.1016/j.scitotenv.2024.175395.

10. Ran S., Zhang J., Tian F., Qian Z.M., Wei S., Wang Y.
et al. Association of metabolic signatures of air pollution with
MASLD: Observational and Mendelian randomization study.
J. Hepatol. 2025;82(4):560-570. https://doi.org/10.1016/].
jhep.2024.09.033.

11. Di Fusco S.A., Abrignani M.G., Bugani G., Intravaia




JIII. Lipranxosa u ap. 227

R.M.C., Flori M., Colivicchi F. Air pollution and cardiovascular
disease. G. Ital. Cardiol. 2024;25(9):673—683. https://doi.
org/10.1714/4318.43041.

12. Khraishah H., Chen Z., Rajagopalan S. Understanding
the Cardiovascular and Metabolic Health Effects of Air
Pollution in the Context of Cumulative Exposomic Impacts.
Circ. Res. 2024;134(9):1083-1097. https://doi.org/10.1161/
CIRCRESAHA.124.323673.

13. Burger P.A. Integrating One Health into Systems
Science. One Health. 2024;18:100701. https://doi.org/10.1016/j.
onehlt.2024.100701.

14. O sostoyanii  sanitarno-epidemiologicheskogo
blagopoluchiya naseleniya v Rossiyskoy Federatsii v 2020
godu: Gosudarstvennyy doklad. Moskva: Federal'naya sluzhba
po nadzoru v sfere zashchity prav potrebiteley i blagopoluchiya
cheloveka; 2021:256 s. (In Russ.).

15. Kim J.B., Prunicki M., Haddad F., Dant C., Sampath V.,
Patel R. et al. Cumulative Lifetime Burden of Cardiovascular
Disease From Early Exposure to Air Pollution. J. Am.
Heart Assoc. 2020;9(6):e014944. https://doi.org/10.1161/
JAHA.119.014944.

16. Dong G.H., Wang J., Zeng X.W., Chen L., Qin X.D.,
Zhou Y. et al. Interactions Between Air Pollution and Obesity
on Blood Pressure and Hypertension in Chinese Children.
Epidemiology. 2015;26(5):740—747. https://doi.org/10.1097/
EDE.0000000000000336.

17. Wu Q.Z., Li S., Yang B.Y., Bloom M., Shi Z., Knibbs
L. et al. Ambient Airborne Particulates of Diameter <1 mum,
a Leading Contributor to the Association Between Ambient
Airborne Particulates of Diameter <2.5 mum and Children's
Blood Pressure. Hypertension. 2020;75(2):347-355. https:/
doi.org/10.1161/HYPERTENSIONAHA.119.13504.

18. Gui Z.H., Yang B.Y., Zou Z.Y., Ma J., Jing J., Wang
H.J. et al. Exposure to ambient air pollution and blood lipids
in children and adolescents: A national population based study
in China. Environ. Pollut. 2020;266(Pt 3):115422. https://doi.
org/10.1016/j.envpol.2020.115422.

19. McGuinn L.A., Coull B.A., Kloog I., Just A.C.,
Tamayo-Ortiz M., Osorio-Yanez C. et al. Fine particulate
matter exposure and lipid levels among children in Mexico city.
Environ. Epidemiol. 2020;4(2):e088. https://doi.org/10.1097/
EE9.0000000000000088.

20. Calderon-Garciduenas L., Gonzalez-Maciel A.,
Reynoso-Robles R., Rodriguez-Lopez J.L., Silva-Pereyra H.G.,
Labrada-Delgado G.J. et al. Environmental Fe, Ti, Al, Cu, Hg,
Bi, and Si Nanoparticles in the Atrioventricular Conduction
Axis and the Associated Ultrastructural Damage in Young
Urbanites: Cardiac Arrhythmias Caused by Anthropogenic,
Industrial, E-Waste, and Indoor Nanoparticles. Environ. Sci.
Technol. 2021;55(12):8203—-8214. https://doi.org/10.1021/acs.
est.1c01733.

s yumuposanusn: Llvicanxosa J1.11., basovpes E.J[., Haxpamosa O.B., Kabanosa C.B., Apmamonosa I'B., IIpocexos
A.FO., Bapbapaw O.JI. Ananuz cocmasa ammocgeprozo 6030yxXa u e20 accoyuayuil ¢ pazeumuem HebIa2onpusimHbix
coObImull 8 3asucumMocmu om patona npodxcusanus. Komniexchvle npobremvl cepoeyno-cocyoucmoix 3a001e6anull.
2025;14(6S): 216-227. DOI: 10.17802/2306-1278-2025-14-65-216-227

To cite: Tsygankova D.P, Bazdyrev E.D., Nakhratova O.V., Kabanova S.V., Artamonova G.V., Prosekov A.Yu., Barbarash
O.L. Analysis of atmospheric air composition and its association with the development of adverse events depending on the
area of residence. Complex Issues of Cardiovascular Diseases. 2025;14(6S): 216-227. DOI: 10.17802/2306-1278-2025-14-

65-216-227

HCCIIEAJOBAHUSA

=
==
o
==
=
<
=
=
=
=
A
o




