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Abstract: (1) Background: The increase in cardiovascular risk related to air pollution has been a
matter of interest in recent years. The role of particulate matter 2.5 (PM2.5) has been postulated as a
possible factor for premature death, including cardiovascular death. The role of long-term exposure
to PM10 is less known. The aim of the study was to assess the individual relationship between
air pollution in habitation and the development of coronary artery disease. (2) Methods: Out of
227 patients who underwent coronary angiography, 63 (38 men and 25 women) with a mean age of
69 (63–74) years, with nonsignificant atherosclerotic changes at the initial examination, were included
in the study. The baseline and repeated coronary angiography were compared to reveal patients
with atherosclerotic progression and its relation to demographic and clinical factors and exposure to
air pollution in the habitation place. (3) Results: In the performed analysis, we found a significant
correlation between Syntax score in de novo lesions and BMI (Spearman’s rho −0.334, p = 0.008).
The significant and strong correlation between median annual PM10 values of 20 µg/m3 and at
least 25 µg/m3 in air pollution and the risk of de novo coronary disease was noticed (Spearman’s
rho = 0.319, p = 0.011 and Spearman’s rho = 0.809, p < 0.001, respectively). (4) Conclusions: There is a
positive correlation between long-term exposure to PM10 air pollution and coronary artery disease
progression, demonstrated by the increase in Syntax score. The presented analysis revealed increased
morbidity at lower PM10 concentrations than generally recommended thresholds. Therefore, further
investigations concerning air pollution’s influence on cardiovascular risk should be accompanied by
promoting lifestyle changes in the population and revisiting the needs for environmental guidelines.

Keywords: PM10; Syntax score; coronary artery disease (CAD); air pollution; stable coronary
syndrome

1. Introduction

Air pollutants are composed of particulate matter (PM), including coarse particles,
characterized by being 10 micrometers or less to 2.5 micrones in size (PM10); fine particles,
defined as being 2.5 micrones or less in diameter (PM2.5); and ultrafine particles and
gaseous pollutants, such as nitrogen dioxide and ozone. The inhalation of PM2.5 generated
by the combustion of fossil fuels is considered as one of the non-traditional risk factors for
coronary artery disease [1].
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In their analysis, Zhang et al. [2] pointed out the possible role of PM2.5 air pollution in
the early stages of cardiovascular disease progression. Inflammatory activation induced by
air pollutants is triggered either by the particles themselves or by reactive oxygen species
generated in the course of tissue damage [3]. They contribute to cardiovascular disease in
various pathways, including thrombus formation and platelet activation induction [4].

In his review, Bhatnagar indicated that exposure to PM2.5 increased blood pressure,
thrombosis, and insulin resistance [5]. The relation between long-term exposure to PM2.5
and increased cardiovascular mortality was presented in epidemiological studies [6]. PM2.5
is mostly postulated as a triggering factor, which initiates oxidative stress and inflammation
in the lungs [7]. Long-term exposure to an increased air concentration of PM2.5 is related to
increased mortality [8,9], while the clinical effect of PM10 is less clear. In their meta-analysis,
Wu et al. [10] pointed out the significance of increased risk of cardiorespiratory diseases
within a few hours after exposure to air pollution including PM10. The exact mechanism
of the ultrafine particles’ adverse effect on human organisms is not clearly defined but
is related to oxidative stress anticipation [11]. The inflammatory activation related to
intracellular calcium influx in macrophages secondary to air pollutants was presented [12].
In their experimental study, Brow et al. [13] revealed increased pro-inflammatory cytokines
such as tumor necrosis factors alpha (TNF-alpha) and interleukin 1 (IL-1) by macrophages
exposed to PM10 particles.

The traditional risk factors for coronary artery disease progression, such as arterial
hypertension, hyperlipidemia, diabetes mellitus, or gender, are believed to be the primary
aspects that play crucial roles in atherosclerosis progression. The non-classical factors, such
as inflammatory activation, air pollution, or environmental factors, are claimed to play
more significant roles in combination with the aforementioned factors.

Previous studies sµggested PM acts as an environmental endocrine disruptor for
blood glucose, including insulin resistance and lipid hemostasis, by increased adipokine
secretion [14]. In their analysis, Marin-Palma et al. [15] noticed the increased production of
pro-inflammatory cytokines, such as IL-1β and IL-6, with PM10 exposure. The cardiotoxic
effect of PM10 was presented in Chen et al.’s [16] experimental study. However, data on
the influence of PM on the progression of coronary artery disease are lacking. Previous
studies were based on populational epidemiological analyses, while the influence of air
pollution exposure in individuals is less known. The aim of the study was to assess the
individual relationship between air pollution in a habitation and the evolution of coronary
artery disease.

2. Materials and Methods
2.1. Patients’ Study Group

There were 227 patients (149 men and 178 women) with a mean age of 70 (64–74) years
presenting anginal symptoms of median Canadian Cardiovascular Society (CCS) grade 2
(1.2–2.5) who underwent diagnostic coronary angiographies. Out of the whole group, 146
presented significant atherosclerotic coronary artery disease. The remaining 63 subjects
with nonsignificant coronary culprit lesions estimated to have a Syntax score of zero upon
initial examination were taken into account in further analyses, as presented in the study
flow chart (Figure 1).

A Syntax score of I was calculated based on the calculator available at https://
syntaxscore.org/calculator/syntaxscore/frameset.htm (accessed on 1 December 2023) (Syn-
tax Score calculator 1, version 2.28, 2022).

All these patients presented stable chronic coronary syndrome and underwent re-
peated coronary angiography due to the re-occurrence of clinical symptoms, such as easy
fatigue and shortness of breath on exertion. The repeated coronary angiographies were
performed after 1686 (1310–1968) days and revealed de novo epicardial coronary artery
disease in 19 patients (Group 2). The median (Q1–Q3) Syntax score upon the repeated
examination was 7 (4–9.5) in Group 2 and remained zero in Group 1.

https://syntaxscore.org/calculator/syntaxscore/frameset.htm
https://syntaxscore.org/calculator/syntaxscore/frameset.htm
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Figure 1. Flow chart of patients enrolled into the analysis.

Patients with repetitive hospitalization due to the reappearance of stable coronary
syndrome were enrolled into the analysis. All information was collected retrospectively
from the hospital data, including first and second hospitalization. Only stable coronary
disease patients were taken into account in the analysis, as acute coronary syndromes were
reported to be linked to short-lasting air pollution derangements [17]. Demographic and
clinical data were collected. Body mass index (BMI) was calculated. Blood samples were
obtained at each admission, and their results were analyzed.

All the patients were treated according to contemporary guidelines on chronic coro-
nary syndromes, including antiplatelets, angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers, beta-blockers and statins, or statin/ezetimibe combination.

All the angiographic findings were evaluated by Syntax score to estimate anatomic
culprit lesions’ locations in the coronary bed [18]. Those with a Syntax score of zero
were further analyzed in terms of de novo changes (positive Syntax Score at the repeated
angiogram) or no novel changes. The median (Q1–Q3) Syntax score at the repeated exami-
nation was 7 (4–9.5) in Group 2 and remained zero in Group 1. The demographical and
clinical characteristics are presented in Table 1.

Table 1. Demographical and clinical characteristics of Group 1 (no coronary disease on repetitive
angiograms) vs. Group 2 (presenting positive Syntax score) upon initial admission.

Parameters Group 1
n = 44

Group 2
n = 19 p

Age (years; median, Q1–Q3) 69 (64–74) 68 (60–72) 0.505
Male sex (n, %) 23 (52) 15 (79) 0.047 *

Interval in days between baseline and
repeated exam (median, Q1–Q3) 1699 (1310–1863) 1881 (1407–2210) 0.087

Co-morbidities:
HA (n, %) 27 (61) 14 (74) 0.401
DM (n, %) 10 (23) 3 (16) 0.738
Hyperlipidemia (n, %) 24 (55) 6 (32) 0.050 *
Thyroid disease (n, %) 1 (2) 1 (5) 1.000
COPD (n,%) 1 (2) 0 (0) 1.000
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Table 1. Cont.

Parameters Group 1
n = 44

Group 2
n = 19 p

Kidney dysfunction (n, %) 2 (5) 0 (0) 1.000
AF (n,%) 3 (7) 0 (0) 0.544
Nicotine (n, %) 2 (5) 1 (5) 1.000
Stroke (n, %) 1 (2) 0 (0) 1.000
PAD (n, %) 7 (16) 0 (0) 0.083

Laboratory results (median, Q1–Q3)
WBC [× 109/L] 7.69 (5.99–7.92) 6.41 (5.40–7.85) 0.540
Hb [mmol/L] 8.90 (8.10–9.20) 8.85 (8.58–9.35) 0.539
Neutrophil count [× 109/L] 4.91 (3.62–5.40) 4.18 (3.42–4.98) 0.476
Lymphocyte count [× 109/L] 1.73 (1.41–1.87) 1.61 (1.14–2.10) 0.704
Plt count [× 109/L] 242 (242–275) 184 (154–258) 0.268
Hct [%] 42 (40–43) 43.5 (43–44) 0.215
Creatinine [umol/L] 73 (66–84) 81 (69–88) 0.263
LDL [mmol/L] 2.4 (1.8–3.7) 1.9 (1.6–2.7) 0.007 *
HLD [mmol/L] 1.3 (1.1–1.5) 1.3 (1.0–1.6) 0.651
Triglycerides [mmol/L] 1.3 (1.0–1.7) 1.3 (0.9–1.6) 0.909

Patients were divided regarding coronary artery disease progression. The repetitive angiographies were performed
due to stable coronary syndrome within interval times of 1699 (1310–1863) and 1881 days (1407–2210) (p = −0.087).
Except for the dyslipidemia co-morbidity that was even more significantly frequent in the “no progression
group”, the group was matched. Abbreviations: AF—atrial fibrillation, COPD—chronic obstructive pulmonary
disease, DM—diabetes mellitus, HA—arteria hypertension, Hb—hemoglobin, Hct—hematocrit, HDL—high
density lipoprotein, LDL—low-density lipoprotein, n—number, PAD—peripheral artery, Plt—platelets, disease,
WBC—white blood count. * statistically significant.

2.2. Air Pollution Exposure

The concept of assessing patients’ individual exposure to air pollution was the use of
all available air quality data.

For this purpose, we used data developed within the State Environmental Monitoring
(SEM) in Poland. SEM is the system of measurements, assessments, and outlooks of the
state of the environment as well as the system of collecting, processing, and disseminating
information about the environment. SEM was established pursuant to the Act of Inspection
of Environmental Protection to provide reliable data on the state of the environment.

The basis for assessing the level of individual exposure to air pollution of particulate
matter (PM) with diameters ≤ 2.5 µm (PM2.5) and above 2.5 to ≤10 µm (PM10) and
nitrogen dioxides (NO2) of each of the patients was air quality measurement data and
spatial distributions of air concentration maps provided by the Chief Inspectorate of
Environmental Protection [19].

The maps were from the national air quality modeling system elaborated upon by
Institute of Environmental Protection—National Research Institute in Poland (IEP-NRI) in
accordance with the legal obligation set out in the Environmental Protection Act in Poland.

This system was based on yearly high-resolution, bottom-up emission inventory maps
stored in the Central Emission Database, elaborated upon based on Standard Nomencla-
ture for Air Pollution (SNAP) categories including main air pollutant emission sectors
in Poland, like residential emissions, energy production, industry, transport, or agricul-
ture [20]. Air emission maps are implemented as input data to GEM-AQ models, among
others, and operate in the Copernicus Atmosphere Monitoring Service—Regional Pro-
duction (CAMS2_40) [20,21]. GEM-AQ is a semi-Lagrangian chemical weather model
developed at Environment Canada in which air quality processes and tropospheric chem-
istry are implemented in a weather prediction model, the Global Environmental Multiscale
(GEM) [22]. In the GEM-AQ, the air concentration fields are performed using a 0.025-degree
resolution grid.

To improve modeling results, air pollutant concentrations from air quality monitoring
measurement stations operating within the State Environmental Monitoring System were
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used in the assimilation data process. In order to increase the resolution of the grid of
the corrected results of the GEM-AQ model (to more precisely reflect the variability in
concentrations in the patients’ place of living), we used downscaling statistical methods
based on the Expert-in-the-loop Stepwise Regression procedure elaborated upon in the
Neurosmog project [23]. This is experimentally validated for real-life data from various
sources aiming at predicting air pollution [24].

2.3. Statistical Analysis

Continuous variables were reported as medians and interquartile ranges (Q1–Q3)
since data did not follow normal distribution. Categorical data were presented as numbers
and percentages. The comparison of interval parameters between both groups was per-
formed by the Mann–Whitney test. Categorical data were compared by Fisher’s exact test.
Spearman correlation analysis was used to describe the correlation between the variables.
Statistical analysis was performed using JASP statistical software (JASP Team; 2023. Version
0.18.1). p < 0.05 was considered statistically significant.

3. Results
3.1. Angiographic and Laboratory Results on Readmission

Our final study group included 63 patients (38 men and 25 women) with a mean age of
69 (63–74) years with a baseline Syntax score of zero, who were divided into two subgroups
based on the Syntax score at repeated coronary angiography (see Figure 1). The subgroups
were significantly different regarding gender differences (p = 0.047) but not age (p = 0.505)
and co-morbidities (Table 1). The laboratory results on readmission did not reveal any
statistical differences in laboratory results (Table 2).

Table 2. Laboratory results on readmission.

Labolatory Results Group 1
n = 44

Group 2
n = 19

p
(Mann–Whitney)

Laboratory results (median, Q1–Q3)
WBC [× 109/L] 6.39 (5.84–6.96) 6.35 (6.12–6.47) 0.885
Hb [mmol/L] 8.45 (8.35–8.90) 8.50 (8.45–8.60) 0.942
Neutrophil count [× 109/L] 4.01 (3.15–4.66) 3.00 (2.94–3.52) 0.247
Lymphocyte count [× 109/L] 1.67 (1.18–1.89) 2.11 (1.86–2.22) 0.311
Plt count [× 109/L] 202 (155–256) 156 (154–323) 0.988
Hct [%] 40 (39–42) 40 (39–41) 0.883
Creatinine [umol/L] 92 (84–103) 94 (78–112) 0.885
LDL [mmol/L] 1.61 (1.29–1.89) 1.74 (1.46–1.89) 0.686
HDL [mmol/L] 1.17 (1.03–1.42) 1.23 (0.98–1.5) 0.893
Triglicerydes [mmol/L] 1.44 (0.99–1.65) 1.30 (1.0–1.71) 0.941
CRP protein [mg/L] 1.40 (1.30–1.85) 1.80 0(1.60–1.95) 0.653
Hb1Ac (%) 5.80 (5.8–6.1) 6.4 (5.8–6.8) 0.744

The laboratory results regarding whole blood count analysis, kidney function tests, lipidograms, and C-reactive
protein, followed by Hb1Ac, were compared and presented no significant differences between both groups.
Abbreviations: AF—atrial fibrillation, COPD—chronic obstructive pulmonary disease, CRP—C-reactive pro-
tein, DM—diabetes mellitus, HA—arteria hypertension, Hb—hemoglobin, HbA1c—glycated hemoglobin,
Hct—hematocrit, HDL—high-density lipoprotein, LDL—low-density lipoprotein, n—number, PAD—peripheral
artery, Plt—platelets, disease, WBC—white blood count.

3.2. Angiographic Results

The repeated coronary angiographies were performed after 1699 (1310–1863) and 1881
(1407–2210) days in group 1 and 2, respectively (p = 0.087). The coronary lesions detected
in repeated examinations are presented in Table 3.
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Table 3. Angiographic results of repeated examination.

Parameters Group 1
n = 44

Group 2
n = 19

Interval in days (median (Q1–Q3) 1699 (1310–1863) 1881 (1407–2210)

Syntax score in de novo lesions
0 (0) 7 (4–9.5)(median (Q1–Q3)

Coronary angiography results:

LMCA
Stenosis > 30% (n, %) 1 (2) 0 (0)
Stenosis > 50% (n, %) 0 (0) 0 (0)

Occluded (n, %) 0 (0) 0 (0)

LAD
Stenosis > 50% (n, %) 0 (0) 16.(84)
Stenosis > 70% (n, %) 0 (0) 7 (37)

Occluded (n, %) 0 (0) 1 (5)

Dg
Stenosis > 50% (n, %) 0 (0) 4 (21)
Stenosis > 70% (n, %) 0 (0) 2 (11)

Occluded (n, %) 0 (0) 0 (0)

Cx
Stenosis > 50% (n, %) 0 (0) 13 (68)
Stenosis > 70% (n, %) 0 (0) 4 (21)

Occluded (n, %) 0 (0) 0 (0)

RCA
Stenosis > 50% (n, %) 0 (0) 18 (95)
Stenosis > 70% (n, %) 0 (0) 6 (26)

Occluded (n, %) 0 (0) 2 (11)

On repeated angiograms, progression in coronary disease was noted in LAD, Dg, Cx, and RCA. The angiographic
changes were valued by more than 50% and more than 70% stenosis and chronic occlusion. Abbreviations:
Dg—diagonal artery, Cx—circumflex artery, LAD—left anterior descending artery, LMCA—left main coronary
artery, n—number, RCA—right coronary artery, Q—quartile.

3.3. Air Pollution Exposure

During the time gap interval of 1686 (1310–1968) days for the whole group, patients
were exposed to air pollutants in their habitation places, and the individual annual exposure
was calculated. The median values of PM2.5, PM10, and NO2 are presented in Table 4.

Table 4. Air pollution annual concentrations.

Air Pollutants Annual
Concentration [µg/m3]

0
n = 44

1
n = 19 p

PM 2.5
median overall exposure

(Q1–Q3) 15.3 (13.9–16.9) 17.2 (14.7–19.0) 0.054

median 2019 exposure
(Q1–Q3) 17 (16.1–18.6) 18.5 (15.5–18.9) 0.635

median 2020 exposure
(Q1–Q3) 13.8 (10.6–16.0) 15.1 (13.0–19.9) 0.020

median 2021 exposure
(Q1–Q3) 15.6 (13.9–17.7) 17.2 (15.2–19.5) 0.040

median 2022 exposure
(Q1–Q3) 15.4 (13.7–17.3) 16.9 (15.7–18.8) 0.093
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Table 4. Cont.

Air Pollutants Annual
Concentration [µg/m3]

0
n = 44

1
n = 19 p

PM 10
median overall exposure

(Q1–Q3) 21.7 (19.9–23.4) 28.4 (27.1–30.1) <0.001 *

median 2019 exposure
(Q1–Q3) 22.4 (20.9–24.7) 29.2 (28.5–29.9) <0.001 *

median 2020 exposure
(Q1–Q3) 19.6 (17.5–21.5) 26.7 (24.9–29.4) <0.001 *

median 2021 exposure
(Q1–Q3) 22.5 (21.7–24.5) 29.5 (28.2–30.6) <0.001 *

median 2022 exposure
(Q1–Q3) 21.4 (19.7–23.5) 27.8 (25.8–30.3) <0.001 *

NO2
median overall exposure

(Q1–Q3) 13.3 (10.1–17.6) 15.7 (10.7–22.8) 0.637

median 2019 exposure
(Q1–Q3) 13.7 (10.5–21.9) 14.6 (10.5–17.3) 0.611

median 2020 exposure
(Q1–Q3) 12.7 (9.8–16.6) 14.9 (12.7–18.9) 0.680

median 2021 exposure
(Q1–Q3) 14 (12.0–17.1) 14.9 (12.7–18.9) 0.520

median 2022 exposure
(Q1–Q3) 11.9 (9.6–17.4) 13.6 (9.7–19.5) 0.510

In “no progression” and coronary artery disease “progression” groups, the significant differences related to air
pollution exposure in habitation place were noticed. The median exposures to PM2.5, PM10 and NO2 were
individually calculated to each patient and presented as median (Q1–Q3) values in every year of the exposure.
Abbreviations: NO2—nitric dioxide, PM2.5—particulate matter with diameter ≤ 2.5, PM10—particulate matter
with diameter ≤ 10 to 2.5 micrones, pts—patients, Q—quartiles, *—statistically significant.

A geo-map was made, which presents the relation between long-term PM10 air pollu-
tion exposure in each of the analyzed patients and their habitation place in Figure 2.
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The significant difference between patients with zero and positive Syntax scores in
the de novo coronary lesions was presented, in terms of PM10 air pollution exposure
(p < 0.001), in overall and yearly median values. PM10 was the only ambient pollutant
that differentiated the presented groups. The characteristics of patients with no coronary
changes vs. de novo coronary lesions were analyzed in relation to recommended values of
air pollutants presented by European Union (EU) authorities [25] and the World Health
Organization (WHO) [26], as presented in Table 5.

Table 5. Comparison of long-term exposure to PM10 at various thresholds between both groups.

PM10 [µg/m3]
Group 0

n = 44
Group 1
n = 19 p

pts exposed to PM10 > 10 (n, %) 44 (100) 19 (100) 0.508
pts exposed to PM10 > 15 ** (n, %) 43 (98) 19 (100) 0.011 *
pts exposed to PM10 > 20 *** (n, %) 32 (73) 19 (100) <0.001 *

pts exposed to PM10 > 25 (n, %) 2 (5) 16 (84) <0.001 *

As the significant differences in the air pollutant PM10 were noticed throµghout the whole period of analysis
between both groups, the further analysis was performed relating the recommended threshold and risk of exposure
in both groups. Abbreviations: PM10—particulate matter with diameter ≤ 10, pts—patients, * statistically
significant. ** recommended by World Health Organization (WHO). *** IT 4 [IT—Interim targets serve to guide
reduction efforts towards the ultimate and timely achievement of the AQG levels].

3.4. Correlations
3.4.1. Demographical and Clinical Factors Significant for Atherosclerotic Lesion Development

In the performed analysis, we found a significant correlation between Syntax score in
de novo lesions and BMI (Spearman’s rho −0.334, p = 0.008).

3.4.2. PM10 Air Pollution Exposure as a Potential Risk Factor for Atherosclerotic
Lesion Development

A strong positive correlation between PM10 air pollution and a positive Syntax score
in de novo lesions was estimated (Spearman’s rho 0.757, p < 0.001).

There was no correlation between the median annual PM10 values within 15 µg/m3

in air pollution and the risk of de novo coronary disease (Spearman’s rho 0.083, p = 0.516).
The significant correlation between the median annual PM10 values of 20 µg/m3 in

air pollution and the risk of de novo coronary disease (Spearman’s rho = 0.319, p = 0.011)
was noticed in the presented analysis.

When the analysis was performed for a median annual PM10 values of at least
25 µg/m3 in air pollution and the risk of de novo coronary disease, a strong correlation
was observed (Spearman’s rho = 0.809, p < 0.001).

4. Discussion

The results of our retrospective analysis point out the significant strong correlation
between long-term PM10 exposure and increased risk for de novo coronary artery disease
development. These results not only indicate the relation between inhaled particulate mat-
ter (PM10) and coronary atherosclerosis, but also reveal increased morbidity at lower PM10
concentrations than at thresholds widely accepted in authorities’ recommendations [27].

Our analysis points out the significance of PM10 in de novo coronary artery disease
developments estimated by Syntax score, while previous reports focused mainly on PM2.5
particles [28,29]. Among air pollutant particles, mainly PM2.5 was found to be associated
with cardiovascular morbidity [30]. Several analyses indicated the influence of exposure to
PM2.5 particles on human health, including increased cardiovascular risk [31], pulmonary
diseases [32], diabetic risk [33], or endocrinal disturbances [34]. The relation between
ventricular arrythmias and exposure to PM2.5 air pollution was sµggested [35]. In their
meta-analysis, Chen et al. [36] pointed out the association between PM2.5 and PM10 and
increased all-cause mortality. Han et al. [37] found the association between ambient air
pollution and metabolic dysfunction-associated fatty liver disease. Montone et al. [38], in
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their analysis of 126 patients with acute coronary syndrome, showed the relation between
air pollution exposure related to patients’ home address and vulnerable culprit lesions esti-
mated by their morphology in optical coherence tomography (OCT). In an epidemiological
study by Luo et al. [39], the potential association between PM10 and PM2.5 and coronary
artery stenosis was examined. Our correlation sµggests the novel and important effect of
PM10 on cardiovascular pathology. We showed that changes in the degree of exposure to
PM10 may result in progression in an individual patient.

The possible explanations for these phenomena have been extensively studied. It was
shown in animal and human models that the inhalation of air pollutants causes phagocy-
tosis of the PM in the lung tissue, which promotes inflammatory induction by activated
neutrophils, which release cytokines and stimulate monocyte release from bone mar-
row [40–42]. Histologically, this inflammatory response may result in plaque cell turnover,
the occurrence of extracellular lipid pools in coronary and aortic tissues, and changes in the
total amount of lipids in aortic lesions [43]. Our and other previous studies in patients with
coronary artery disease proved the association between inflammatory response and the
occurrence of coronary artery disease and worse outcomes [44,45]. Cytokines contribute to
diseases with chronic inflammatory process, such as atherosclerosis. Exposure to PM2.5
may increase metalloproteinase levels [46].

Our study results may be explained by the described observations. Most probably,
simple insignificant coronary plaques, assessed as not significant changes in baseline
coronary angiography, could have changed into substantial stenosis after exposure to PM10
and the activation of exaggerated inflammatory processes.

The coronary plaque progression evaluated by its composition characteristics was
found to be a possible target factor for future event reduction [47]. Optical coherence
tomography provided significant impacts on culprit lesion arrangement, allowing for
further analysis of the future risk of rupture/erosion [48]. The noninvasive evaluation of
quantitative plaque changes as predictors of acute coronary events was sµggested based on
serial coronary computed tomography angiography (CCTA) [49]. The PARADIGM registry
data [50] results presented the relation between patient-specific phenotypes of coronary
atherosclerosis lesions, yielding distinct patterns of disease progression and outcomes.
Not only lesion structure but also perivascular adipose tissue solidity may indicate vessel
inflammation as an independent element of atherosclerosis progression [51].

In addition to atherosclerotic lesion composition, its possible modification has gained
attention in recent times. The possible influences of therapies like statin use were claimed
to be possible modifiable features [52]. In the CARDIOPREV study, the relation between
diet and coronary disease progression risk was presented [53]. In addition to traditional
risk factors that are claimed to be responsible for the majority of cardiovascular events [54],
externals like climatic changes are correspondingly postulated [55].

In our previous analysis [56], we found a significant relation between NO2 and
increased risk for coronary lesion progression in larger agglomerations in contrast to
small villages, which could be influenced by road transport and the industrial combustion
and processes sectors. In our current study, long-term exposure to PM10 was positively
correlated with chronic coronary atherosclerosis progression, estimated by de novo Syntax
Score development.

Our analysis was based on Syntax score evaluation as a reliable evaluation of atheroscle-
rotic lesions for clinical decision making [57,58]. Syntax score is a useful tool for coronary
artery disease evaluation [18]. Its established value with regard to the objective complexity
of coronary artery disease enabled us to estimate the progression of atherosclerotic lesions
in coronary trees. Since only patients with initial Syntax scores of zero were enrolled
into the analysis, the factors that may influence atherosclerotic plaque development and
progression were taken into account in the analysis.

Our finding regarding the significance of sex differences between groups is consistent
with previous reports [59–62]. The significant difference was noticed regarding hyperlipi-
demia, but we may conclude that patients with initially normal angiograms who were
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diagnosed with lipid disturbances were treated more scrupulously as the lipidograms
revealed lower low-density lipoprotein (LDL) concentrations. Importantly, even thoµgh
the intensification of therapy led to an LDL decrease, the progression of coronary artery
disease was observed. Therefore, the identification of other factors influencing disease
development is crucial. Based on our results, we can conclude that environmental pollution
is one of the important causes.

Sram [63] underlined that 70% of PM10 pollution comes not from power plants but
from local heating. In Shen et al.’s [64] analysis, PM10 as a carbonaceous air pollution
component was found to be primarily affected by coal burning, gasoline, and diesel vehicle
exhausts. According to our analysis, inhaled particles such as PM10 can be considered as
potential triggers for further processes, inducing patho-mechanisms involved in atheroscle-
rotic plaque formation. Moreover, the recommended thresholds for PM10 air concentrations
that are considered safe for human health according to current recommendations should
be revised and changed to lower levels based on our analysis results.

Study limitations:
The retrospective analysis was based on patients with repeated hospitalizations due

to chronic coronary syndrome, who represented one district in the country, covering
3.5 million habitants, which is limited to one university hospital. The study was performed
on consecutive patients requiring repeated angiography within 1 year in a center that
is focused on chronic coronary artery diagnosis by angiographic examination from the
region. The study was performed on a relatively low number of patients but in whom the
personalized individual air pollution exposure risk was calculated. The study was based on
chronic coronary syndrome patients as acute syndromes were not taken into consideration,
but these are sµggested to be related to acute air pollution/temperature disturbances which
was not examined in the performed analysis.

The Syntax score results were estimated by the same team of interventional cardiolo-
gists from a single but highly skilled reference center, and the potential impact of this on
the obtained results due to operators’ qualifications should be regarded as non-significant.

5. Conclusions

There is a positive correlation between long-term exposure to PM10 air pollution and
coronary artery disease progression, demonstrated by the increase in Syntax score. The
presented analysis revealed increased morbidity at lower PM10 concentrations than gener-
ally recommended thresholds. Therefore, further investigations concerning air pollution’s
influence on cardiovascular risk should be accompanied by promoting lifestyle changes in
the population and revisiting the needs for environmental guidelines.
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