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ABSTRACT

INTRODUCTION  Air pollution is a documented risk factor for cardiovascular diseases.

0BJECTIVES The aim of the study was to assess the effect of air pollution on the number of hospital
admissions for acute coronary syndrome (ACS) in elderly patients.

PATIENTS AND METHODS The medical records of 26 695 patients hospitalized for ACS between 2008 and
2017 were examined. Weather conditions and the following components of air pollution were analyzed:
sulfur dioxide, nitrogen dioxide, and particulate matter with a diameter of 2.5 ym or less (PM, ) and
a diameter of 10 um or less (PM, ).

RESULTS The study included 1618 inhabitants of Biatystok in Poland (mean [SD] age, 75 [6.4] years; men,
52.6%). The norm for PM, . was exceeded on 23.5% of days, while for PM,, on 5.3% of days. Elevated
PM,, levels were associated with a higher number of hospitalizations for ACS on the day of exposure
(mean [SD], 0.61 [0.78] vs 0.44 [0.69]; P <0.001), and this effect persisted in the subsequent days
(mean [SD], 1.07 [1.07] vs 0.88 [1.00]; P = 0.02). An increase of PM,, concentrations by 10 ug/m? was
associated with an increase in the number of hospitalizations due to unstable angina, and significant

effects were observed even after 6 days (rate ratio, 1.16; 95% CI, 1.03-1.32; P = 0.02).

CONCLUSIONS

Increased exposure to air pollution, in particular, elevated PM, levels, is associated with

a higher incidence of ACS both on the day of exposure and over the following days.

INTRODUCTION In 1974, Marc Lalonde, Can-
ada’s Minister of Health at the time, published
a groundbreaking report titled “A new perspective
on the health of Canadians,” presenting his stud-
ies about concepts in the fields of healthcare. His
statement that our health depends in 50% on our
lifestyle, 20% on the environment we live in, 20%
on our genes, and only 10% on a healthcare system,
is one of the current paradigms of public health.
However, while special attention is still being paid
to proper control of medical risk factors and lifestyle
changes as prophylactic measures for cardiovascular
diseases, environmental factors, such as air quali-
ty, are often ignored, although in the light of mod-
ern studies, their health impact is indisputable.?®
Currently, the greatest threat to the health and
life of people and the leading cause of death in
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Poland are cardiovascular diseases. A well-known
risk factor for the development of these diseas-
es is air quality.” The first incident of mass ill-
ness reported due to air pollution was the Meuse
Valley fog. The city of Liége in Belgium evolved
as a center for chemical industries since the be-
ginning of the industrial revolution. In early De-
cember 1930, a very thick fog was observed in
this area, which led to respiratory insufficiency
among the local residents. Within 3 days, sever-
al thousand inhabitants were affected by symp-
toms and tens of them died. However, the influ-
ence of air pollution on human health was put in
focus for the first time only in the early 1950s af-
ter the Great Smog of London. At the time, 4000
people died from circulatory and respiratory in-
sufficiency between the 5th and 9th of December



WHAT'S NEW

The city of Biatystok, known as the capital of the Green Lungs of Poland,
is potentially free of air pollution. However, our study reveals that even in
the areas with low mean concentrations of air pollution, the number of hospital
admissions for acute coronary syndrome (ACS) is affected by fluctuations
in the levels of pollutants. Particulate matter with a diameter of 10 um or
less (PM,;) is an air pollutant with the strongest relationship with hospital
admissions in elderly patients (aged >65 years). On the days when the PM;
concentration exceeds the normal range, a higher number of hospitaliza-
tions for ACS is recorded. This effect is noticeable on the day of exposure
and persists in the subsequent days. The reduction of pollution sources and
the expansion of air quality monitoring networks should become a priority
in social and health policy at the local and national levels, also in the areas
potentially free of air pollution.

1952, while another 8000 people died in the fol-
lowing weeks.? Since then, the city’s authorities
had taken intensive action to reduce air pollution.

Air pollution is caused by a complex mix-
ture of various chemical substances. Some of
these components are formed directly as a re-
sult of fuel burning, while others derive from
photochemical reactions that occur in the air
under the influence of ultraviolet radiation. In
recent years, the following components of air
pollution that are commonly associated with
the development of coronary artery disease
have gained attention: sulfur dioxide (SO,), ni-
trogen dioxide (NO,), carbon monoxide (CO),
benzo(a)pyrenes, particulate matter (PM) with
a diameter of 2.5 ym or less (PM, ), PM with
a diameter of 10 pym or less (PM,;), and ultra-
fine particles (size <0.1 pg). Moreover, a grow-
ing body of evidence confirms their harmful ef-
fects on human health.569-15

According to the European Environment
Agency, air pollution contributes to the prema-
ture death of approximately 500 000 citizens of
the European Union (EU) every year.'® However,
the influence of air pollution on the occurrence
of acute coronary syndrome (ACS) has not been
thoroughly investigated, especially in the elder-
ly population. Therefore, this study aimed to an-
alyze this relationship using the data recorded in
the city of Bialystok, Poland. The objective was
specifically to assess the effect of air pollution on
the number of hospital admissions for ACS in el-
derly patients.

PATIENTS AND METHODS The study was con-
ducted at the Clinical Hospital of the Medical
University of Bialystok, which was the only cen-
ter in the city with 24-hour services available for
cases related to invasive cardiology during the en-
tire follow-up (2008-2017). Based on the medi-
cal records, a total of 1618 men and women, aged
above 65 years, and hospitalized for ACS were se-
lected for further analysis. All patients lived with-
in the borders of Bialystok (an area of 102 km?),
with the maximal distance from the measuring sta-
tion of 6 km. The demographic and clinical data of

the patients and their type of ACS were evaluat-
ed. Data on mortality that were recorded on No-
vember 9, 2018, were obtained from the registry
of the Ministry of Digital Affairs.

Patients with ACS were divided into 3 groups
based on hospitalization for the following condi-
tions: ST-segment elevation myocardial infarction
(STEMI), non-ST-segment elevation myocardial
infarction (NSTEMI), and unstable angina (UA).
The diagnosis of STEMI, NSTEMI, and UA was
made by physicians on the basis of symptoms,
levels of biochemical markers of myocardial ne-
crosis, and electrocardiographic results.

The exceedance of PM concentrations was de-
termined based on the Directive of the Europe-
an Parliament 2008/50/EC (May 21, 2008) on
ambient air quality and cleaner air for Europe
(OJEUL152 of June 11, 2008, p. 1) and Regula-
tion of the Minister of Environment of the Repub-
lic of Poland (August 24, 2012)."” Furthermore,
the PM concentrations were analyzed in refer-
ence to the guidelines of the 2005 World Health
Organization (WHO) concerning air quality.'®

The EU has limited the concentration levels
of PM,, to 50 pg/m? (24-hour mean, exceed-
ance permitted for a maximum of 35 times per
year) and 40 pg/m?® (annual mean) and those
of PM, ; to 20 pg/m3 (annual mean). However,
the 24-hour and annual mean concentration lev-
els recommended by the WHO for PM,; are 50
pg/m3 and 20 pg/m?, respectively, and for PM,
25 pg/m?® and 10 pg/m3, respectively. The EU lim-
it for the 24-hour mean concentration level of
SO, is 125 ug/m?, whereas the WHO limit is 20
pg/m3. For NO,, the annual mean concentration
level fixed by both the WHO and EU is the same
(40 pg/m3). The permitted hourly NO, standard
fixed by the WHO and EU is 200 pg/m?, and that
of SO,, 350 pug/m?3.

The mean daily and weekly concentrations
were determined for all physical components,
and the number of 1- and 2-day hospitalizations
due to STEMI, NSTEMI, and UA was obtained
from the medical records.

The study protocol was approved by the ethics
committee of the Medical University of Bialystok
(R-1-002/18/2019).

Data collection The measurements of stan-
dardized air quality in Podlaskie Voivodeship
were carried out in 5 stationary and 1 mobile
measuring stations. The analysis conducted in
the present study included fine PM, ;, PM,, SO,,
and NO, as pollutants with a proven effect on
the circulatory and respiratory systems. The re-
sults of measurements taken from 2 stations of
the Voivodeship Inspectorate for Environmental
Protection in Bialystok, that is, at ul. Waszyn-
gtona 16 (Environment AF22E—SO,, Teledyne
API T200—NO,, MetOne BAM 1020—PM, )
and Warszawska street (75 TEOM 1405F—
PM,,), between January 2008 and December
2017 were used in the analysis. Data on daily
meteorological factors and the levels of relative
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TABLE 1 Demographic and clinical characteristics of the study population

Parameter ACS

(n=1618)

STEMI NSTEMI UA P value
(n = 444) (n=673) (n = 501)

Age, y, mean (SD) 75.0 (6.4) 74.5 (6.4) 75.7 (6.2) 73.8 (6.6) <0.001
Male sex 851 (52.6) 239 (53.8) 390 (57.9) 222 (44.3) <0.001
Obesity 495 (30.6) 112 (25.2) 232 (34.5) 151 (30.1) 0.004
Arterial hypertension 1304 (80.6) 315(70.9) 560 (83.2) 429 (85.6) <0.001
Hyperlipidemia 890 (55) 230 (51.8) 372 (55.3) 288 (57.4) 0.19
Type 2 diabetes mellitus 447 (27.6) 98 (22.1) 175 (26.0) 174 (34.7) <0.001
Atrial fibrillation 304 (18.8) 89 (20.0) 140 (20.8) 75 (15) 0.02
COPD 92 (5.7) 14 (3.2) 35(5.2) 43 (8.5) 0.002
Lower respiratory tract infections 159 (9.8) 49 (10.8) 94 (14.9) 17 (3.4) <0.001
Previous PCI 223 (13.8) 22 (5) 98 (14.6) 103 (20.6) <0.001
Previous CABG 61(3.8) 8(1.8) 18(2.7) 35(6.9) <0.001
Previous Ml 261 (16.7) 70 (15.7) 101 (15) 99 (19.7) 0.61
Invasive treatment 1594 (98.5) 444 (100) 657 (97.6) 493 (98.4) 0.005
In-hospital mortality 70 (4.3) 33(7.4) 31 (4.6) 6(1.2) <0.001
30-day mortality 121 (7.5) 62(13.9) 53(7.8) 6(1.2) <0.001

Data are prsented as number (percentage) of patients unless otherwise indicated.

Abbreviations: ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; COPD, chronic obstructive
pulmonary disease; MI, myocardial infarction; NSTEMI, non—ST-segment myocardial infarction; PCI, percutaneous
coronary intervention; STEMI, ST-segment elevation myocardial infarction; UA, unstable angina

humidity, temperature, and atmospheric pres-
sure for the study period were obtained from
the Institute of Meteorology and Water Manage-
ment. Around 1.66% of the observations were
missing during the study period, and these data
were excluded from the analysis.

Statistical analysis The distribution of variables
was evaluated using the Kolmogorov-Smirnov
test. The 2-tailed Mann-Whitney test and anal-
ysis of variance were used for comparative anal-
ysis. The Spearman rank correlation test was
applied to evaluate the relationships between
the levels of air pollution and the number of
recorded cardiovascular events. Multivariate
Poisson regression with a delay time of 0 to 6
days was used to assess the delayed effect of
the particles, the concentration levels of gases,
and the weather conditions. To exclude the im-
pact of seasonal variations, the time-stratified
model was used (simple indicator variables). As-
sociations were considered significant at a P val-
ue of less than 0.05. All analyses were performed
using the Statistica 12 software (StatSoft, 2017,
Krakéw, Poland).

RESULTS A total of 1618 patients, aged above
65 years, were eligible for the study. The majority
of the study population were male (851, 52.6%),
with a mean (SD) age of 75 (6.4) years. Among
the patients, 444 (27.4%) were hospitalized for
STEMI, 673 (41.6%) for NSTEMI, and 501 (31%)
for UA (TABLE 1).

Hospital admissions due to ACS were not
normally distributed. Of all the analyzed days,
the days with 1 hospitalization accounted for
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26.8%, while those with 2 hospitalizations or
more, for 8.2%. The mean daily number of hos-
pitalizations for ACS during the follow-up was
0.44. The average number of hospitalizations
for the fourth quarter of the year (October-De-
cember) was 0.48, while it was the lowest (0.38;
P <0.001) for the third quarter (July-September).
Data are presented in TABLE 2.

Patients with NSTEMI were the oldest in
the study population (mean [SD] age, 75.7 [6.2]
years). The subgroup hospitalized due to UA was
found to be the most burdened with the risk fac-
tors for coronary artery disease such as arterial
hypertension, hyperlipidemia, and diabetes mel-
litus. Every fifth patient in this subgroup had un-
dergone percutaneous coronary intervention in
the past, and 35 patients (6.9%) had a history of
coronary artery bypass grafting (TABLE 1).

The total in-hospital mortality rate was 4.3%.
The highest mortality rate was observed in pa-
tients hospitalized for STEMI (TABLE 1).

In the analysis, the mean concentrations of
SO,,NO,, PM, ,, and PM, ; as well as the levels of
humidity, temperature, and atmospheric pres-
sure over 10 consecutive years beginning from
2008 were taken into account. A detailed anal-
ysis based on the norms for 2020 established by
the EU revealed that no hourly or annual norms
of SO, and NO, concentrations were exceeded. In
the analysis based on the WHO guidelines, SO,
was rarely observed to exceed the 1-day norm
(18 days, 0.49% of the analyzed days; TABLE 3).

The highest daily concentration of PM,
(139.20 pg/m3 WHO norm exceeded 5-fold)
was noted on February 14, 2012, and of PM,
(192.50 pg/m3; EU and WHO norm exceeded by



TABLE 2 Acute coronary syndrome in patients aged above 65 years, hospitalized in

the years 2008-2017

Parameter

Annual statistics

ACS STEMI

(n = 444)

NSTEMI
(n = 673)

(n=1618)

2008 205 69 65 Al

2009 176 46 75 55

2010 160 56 62 42

2011 138 41 55 42

2012 129 40 53 36

2013 116 24 58 34

2014 142 34 62 46

2015 169 50 73 46

2016 169 39 Al 59

2017 214 45 99 70

Total 1618 444 673 501

Daily statistics

Days with 1 979 (26.8) 390(10.7) 528(14.5) 425(11.6)
hospitalization, n (%)

Days with 2 225 (6.2) 27(0.7) 118 (3.2) 33(0.9)
hospitalizations, n (%)

Days with 3 47 (1.3) 0(0.0) 27(0.7) 2 (0.05)
hospitalizations, n (%)

Days with 4 12 (0.3) 0(0.0) 0(0.0) 1(0.02)
hospitalizations, n (%)

All time, mean, median, 0.44,0(1) 0.12,0(0) 0.18,0(0) 0.14,0(0)
(IQR)

January—March, mean, 0.46, 0 (1) 0.13,0(0) 0.18,0(0) 0.15,0(0)
median (IQR)

April-June, mean, median  0.45, 0 (1) 0.13,0(0) 0.18,0(0) 0.14,0(0)
(1aR)

July—September, mean, 0.38,0(1) 0.09,0(0) 0.17,0(0) 0.12,0(0)
median (IQR)

October—December, mean,  0.48, 0 (1) 0.14,0(0) 0.20.0(0) 0.13,0(0)
median (IQR)

Abbreviations: 1QR, interquartile range; others, see TABLE 1

nearly 4-fold), on January 6, 2009. According to
the analysis based on the WHO guidelines, ex-
ceedance of the daily norm for PM, ; occurred
on 688 days (23.5%). The daily norm for PM, is
50 pg/m?, which is the same both in the EU and
WHO guidelines. During the follow-up, this norm
was exceeded on 172 days (5.30%). Data are pre-
sented in TABLE 3.

A very strong positive correlation was found
between the concentration of PM, ;and PM,,
and a strong positive correlation was observed
between the concentrations of particulates and
gases. On the other hand, a moderate negative
correlation was found between the values of tem-
perature and the concentration of PM, ; and PM,,
(TABLE 4).

In the analysis of correlations between the
mean daily concentration of PM and gases and
the number of hospitalizations due to ACS, a weak
positive correlation was noted between the con-
centration of NO, and the number of hospital-
izations due to UA. A weak positive correlation
was also observed between the NO, concentration

and the number of hospitalizations due to ACS,
as well as between the PM, concentration and
the number of hospitalizations due to ACS, UA,
and STEMI. However, these results were not sig-
nificant. In addition, a strong negative correla-
tion was found between the values of tempera-
ture and the number of hospitalizations due to
STEMI (TABLE 5).

On the days when the norm for the PM, ; con-
centration was exceeded, a higher number of hos-
pitalizations due to ACS was noted in the popula-
tion of patients over 65 years old (mean [SD], 0.61
[0.78] vs 0.44 [0.69]; P <0.001), and this effect
was also noted on the following day (mean [SD],
1.07 [1.07] vs 0.88 [1.00]; P = 0.02). In the analysis
of patients hospitalized due to UA, an increase in
the number of hospitalizations was observed af-
ter the norm for the PM, | concentration was ex-
ceeded (0.22 [0.49] vs 0.13 [0.37]; P = 0.002), and
this effect was also significant for 2-day hospital-
izations (mean [SD], 0.40 [0.64] vs 0.27 [0.53]; P
= 0.002; 1aBLE 6). However, no such influence of
elevated PM,, concentrations on the number of
hospitalizations due to ACS was noted in the case
of PM,  (TABLE 6).

The delayed effect of air pollution for alag of 0
to 6 days was assessed using Poisson regression.
Excluding the season effect, no significant impact
on ACS admissions was noted for PM, ;, NO,, and
SO, (Ficure 1). For UA, the increase in the PM,
concentration was associated with an increase in
the number of hospitalizations on the day of ex-
posure, and this effect also persisted in the follow-
ing days. The relationship between the increase of
PM,, concentrations and the number of hospital-
izations was significant on day 6 (rate ratio, 1.16;
95% CI, 1.03-1.32; P = 0.02) (FIGURE 2).

DISCUSSION Three independent processes are
involved in the pathogenesis of cardiovascu-
lar incidents induced by air pollution: gener-
alized inflammatory response, activation of
the sympathetic system, and direct impact of
the components of air pollution on the circula-
tory system.?®1920 In the cited studies, an ele-
vated concentration of lymphocytes, mast cells,
and inflammatory cytokines in lung tissue and
an elevated concentration of leukocytes and
thrombocytes in systemic circulation were ob-
served in individuals who were exposed to poor-
-quality air. Irritation of nerve endings in lung
tissue may lead to the stimulation of the sympa-
thetic nervous system, while an elevated concen-
tration of inflammatory mediators, along with
chronic stimulation of the sympathetic nervous
system, accelerates the progression of athero-
sclerotic changes in the arteries, probably in-
cluding the coronary arteries.'*?' Exposure to
air pollution also increases blood coagulability
and platelet count. The rise in platelet count oc-
curs after exposure to small particles and also
results from the influence of inflammatory me-
diators released from the lung tissue following
exposure to particulates and gases. An increase
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TABLE 3 Daily and annual concentrations of components of air pollution and weather conditions in the years 2008-2017

Parameter S0,, pg/mé PM, ,, pg/m? Temperature, °C  Humidity, %  Barometric
pressure, hPa

2008 annual mean 14.508 2.636 ND 23.922 8.2 81.9 997.0

2009 annual mean 14.370 1.564 18.833 25.948 1.2 83.2 996.5

2010 annual mean 15.155 3.607 23.929 27.825 6.8 81.2 995.2

2011 annual mean 16.039 3.757 20.853 27.831 1.6 83.7 998.7

2012 annual mean 14.539 3.321 22.289 21.785 7.1 82.0 996.9

2013 annual mean 14.406 3.217 19.288 22.902 1.6 79.0 997.0

2014 annual mean 13.662 4.244 21.895 24.889 8.1 71.6 998.1

2015 annual mean 14.871 4107 21.309 25.006 8.7 79.6 998.9

2016 annual mean 13.456 3.172 17.485 19.776 8.0 81.3 997.4

2017 annual mean 13.093 3.461 17.687 21.066 1.9 78.3 996.7

Daily minimum 1.40 0.004 1.16 2.68 -29.9 38.3 959.6

Daily maximum 70.05 37.60 139.20 192.50 34.6 100 1025.5

Daily mean, (SD) 14.398 (6.5) 3.286 (3.1) 20.354 (15.1)  24.531(15.2) 7.8(8.7) 81.1(12.0)  997.3(8.5)

Daily median 13.135 2.622 15.900 21.000 7.9 82.9 997.4

Exceeded hours mean 0 0 NA NA NA NA NA

Exceeded daily mean EU NA 0 NA 172 NA NA NA

2020 norm, no. of days

Exceeded daily mean WHO  NA 18 688 172 NA NA NA

guideline, no. of days

Exceeded annual meanEU 0 NA 5 0 NA NA NA

2020 norm, no. of years

Exceeded annual mean 0 NA 9 9 NA NA NA

WHO guideline, no. of

years

Abbreviations: EU, European Union, NA, not applicable; ND, no data; NO,, nitrogen dioxide; PM, ., particulate matter with a diameter of 2.5 um or less;

PM,,, particulate matter with a diameter of 10 um or less; S0,, sulfur dioxide; WHO, World Health Organization

TABLE 4 Spearman correlations between components of air pollution and other physical variables

Parameter NO, pg/m?, SO, pg/m?,  PM,, pg/m’, PM,, pg/m?,  Temperature, °C, Humidity, %,  Barometric
daily mean daily mean daily mean daily mean daily mean daily mean pressure, hPa,
(n = 3620) (n = 3597) (n = 2929) (n = 3240) (n = 3653) (n = 3653) daily mean

(n = 3653)

NO,, ug/m?, daily mean 1 0.278 0.529 0.494 -0.409 0.145 0.222

(n = 3620)

S0,, pg/m?®, daily mean 0.278 1 0.454 0.404 -0.326 0.093 -0.062

(n = 3597)

PM, ,, pg/m?, daily mean ~ 0.529 0.454 1 0.843 -0.475 0.167 0.219

(n = 2929)

PM,,, pg/m?, daily mean  0.494 0.404 0.843 1 -0.32 0.027 0.221

(n = 3240)

Temperature, °C, daily -0.409 -0.326 -0.475 -0.32 1 —-0.356 -0.257

mean (n = 3653)

Humidity, %, daily mean ~ 0.145 0.093 0.167 0.027 -0.356 1 -0.178

(n = 3653)

Barometric pressure, 0.222 —-0.062 0.219 0.221 —-0.257 -0.178 1

hPa, daily mean

(n = 3653)

A P value of less than 0.05 was considered significant.

Abbreviations: see TABLE 3

of fine PM suspended in the air also raises  concentrations of air pollutants also lead to va-
the concentration of fibrinogen, which increas-  soconstriction, impairment of capillary function,
es the coagulability and reduces blood fibrynol-  and an increase in arterial blood pressure.??2* In
ysis. Due to the mechanisms that are dependent ~ addition, studies on human and animal models
on and independent of the endothelium, high  showed that exposure to air pollution leads to
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TABLE 5 Spearman correlations between types of acute coronary syndrome and components of air pollution

Parameter ACS, daily UA, daily STEMI, daily NSTEMI, daily
number number number number
(n = 3653) (n = 3653) (n = 3653) (n = 3653)
NO,, pg/m?, daily mean (n = 3620) 0.032 0.044 0.016 -0.001
S0,, pg/m®, daily mean (n = 3597) -0.001 -0.014 0.022 -0.008
PM, ., pg/m?, daily mean (n = 2929) 0.019 0.031 0.018 -0.009
PM,,, ug/m?, daily mean (n = 3240) 0.026 0.027 0.026 0.001
Temperature, °C, daily mean (n = 3653) -0.026 -0.030 -0.05 -0.01
Humidity, %, daily mean (n = 3653) -0.002 -0.008 0.013 0.001
Barometric pressure, hPa, daily mean -0.021 -0.02 0.01 -0.022
(n = 3653)

A P value of less than 0.05 was considered significant.

Abbreviations: see TABLES 1 and 3.
TABLE 6 Comparison of the frequency of hospitalizations due to acute coronary syndrome on the days with and without exceeded daily norms
recommended by the World Health Organization for particulate matter with a diameter of 10 um or less and of 2.5 um or less

Parameter

Days with exceeded
daily limit values for

Days without
exceeded daily limit

Days with exceeded
daily limit values for

Days without
exceeded daily limit

values for PM,; (n = PM, values for PM, . (n =

3068) (n = 688) 2241)
ACS 0.61,0(1) 0.4,0(1) <0.001 0.41.0(1) 0.45,0 (1) 0.18
ACS, the next 2 1.07,1(2) 0.88.1(1) 0.02 0.81,1(1) 0.89, 1 (1) 0.07
days (48 h)
UA 0.22,0(0) 0.13.0(0) 0.002 0.14,0(0) 0.13,0(0) 0.55
UA, the next 2 0.40,0 (1) 0.27,0(0) 0.002 0.27,0(0) 0.28, 0 (0) 0.66
days
STEMI 0.15, 0 (0) 0.12,0(0) 0.27 0.11,0(0) 0.12,0(0) 0.50
STEMI, thenext2  0.26, 0 (1) 0.24,0(0) 0.61 0.22,0(0) 0.25, 0 (0) 0.16
days (48 h)
NSTEMI 0.24,0(0) 0.18,0(0) 0.08 0.16, 0 (0) 0.19,0(0) 0.12
NSTEMI, the next  0.41,0(1) 0.37,0(1) 0.42 0.32,0(1) 0.37,0(1) 0.07
2 days (48 h)

Data are presented as mean, median (interquartile range).
a Days with vs without exceeded daily limit values for PM,,

b Days with vs without exceeded daily limit values for PM, .

Abbreviations: see TABLES 1 and 3

areduction in the parasympathetic activity, con-
tributing to vasoconstriction, which may impair
the coronary blood flow in patients with exist-
ing coronary artery disease or the occurrence
of ACS through the instability of atheroscle-
rotic plaque.?®

Air pollution contributes to the premature
death of 45000 Poles every year. According to
the European Environment Agency, people who
are at the greatest risk of death due to air pol-
lution are the residents of poorer regions and
the elderly.'®

Bialystok is the capital of Podlaskie Voivodeship.
In the past, there was a number of textile man-
ufactories, built in the second half of the 19th
century. Hence, the city was once even known
as Manchester of the North. Currently, there are
only a few factories in Bialystok, the dominant
branch of the city’s economy being commerce

and services, and the main sources of air pollu-
tion emission are household furnaces and boilers
as well as road traffic. This is a consequence of in-
sufficient ecological education provided to people
along with poor fuel quality and socioeconomic
conditions. Burning landfills is also a significant
source of air pollution. This is confirmed by our
results, as a strong positive correlation was ob-
served between the NO, concentration and PM.
Oxygen and nitrogen poorly react at low temper-
ature, while they combine much faster to form ni-
trogen oxides at high temperature. In urban con-
ditions, this process takes place, for example, in
furnaces and boilers, as well as during the com-
bustion of fuels in the engine chambers, main-
ly diesel. Car traffic is also an important source
of NO, pollution, which does not come from fuel
combustion and is related to the wear of tires
and brake pads.
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FIGURE 1  Multivariate

Poisson regression model:

the impact of air pollution
and temperature on

the number of hospital
admissions due to acute
coronary syndrome.

The data are presented as
rate ratios (95% Cls).
Abbreviations: Temp,
temperature; others, see
TABLES 1 and 3

FIGURE 2 Multivariate

Poisson regression model:

the impact of an increase
in the concentration of
particulate matter with

a diameter of 10 pm or
less by 10 pg/mé on

the number of hospital
admissions due to
unstable angina. The data
are presented as rate
ratios (95% Cls).
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The highest mean annual concentration of
PM, ; was noted in 2010, whereas the highest
concentration of PM,  was observed in 2011. Since
that time, a gradual reduction in the average an-
nual concentrations of these particles has been
observed. The detailed analysis of annual PM,
concentrations revealed that the EU norms were
exceeded every 5 years, while the norms included
in the WHO guidelines were exceeded every year.
Similar to PM, , high concentrations were not-
ed for PM, , but no exceedances of the EU norm
were observed. However, it is worth noting that
the WHO norm, which is twice as low as the EU
norm, was exceeded in 9 out of the 10 years cov-
ered by the study.

On the days when the norm for PM,; concen-
tration was exceeded, a greater number of hospi-
talizations for ACS was noted in the population of
patients over 65 years old, and this effect persist-
ed on the following day. In the analysis of patients
hospitalized due to UA, an increased number of
hospitalizations was also noted after the norm
for PM,, concentrations was exceeded. The corre-
lation was significant only for UA out of all types
of ACS, which may be explained by the fact that
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patients who had suffered from UA had the high-
est rate of coronary artery disease burden. Previ-
ous studies determined that not only long-term
exposure to air pollution has a negative impact
on the respiratory and circulatory systems and
enhances the risk of cancer, but also short-term
exposure may increase the prevalence of ACS.
In a meta-analysis by Mustafic et al,?% a signif-
icant correlation was found between the rise in
the concentration of the most frequently evalu-
ated components of air pollution and the occur-
rence of myocardial infarction. Numerous subse-
quent studies conducted in Europe and the United
States also confirmed this hypothesis.?’-3°

Of note, the UA group showed the highest fre-
quency of chronic obstructive pulmonary disease
(COPD). Respiratory insufficiency might have
worsened myocardial hypoxia in these patients.
Moreover, numerous publications have report-
ed a higher risk of ACS following COPD exacer-
bation.?'*? It was also demonstrated that an in-
crease in PM,, was linked to a greater number
of hospitalizations due to COPD exacerbations
and pneumonia.®® These findings confirm the in-
fluence of air pollution on COPD exacerbation.



The relationship between increased concen-
trations of PM, ., NO,, SO,, and CO and the fre-
quency of hospitalizations due to arrhythmia
and total mortality was described in a report ti-
tled “Short-term exposure to air pollution and
cardiac arrhythmia.”® An Asian study, AIRCMD-
-China, reported that an increase in PM, ; levels
was linked to a higher systolic arterial pressure,
deterioration of glucose metabolism, and vascular
endothelial function.** A meta-analysis by Teng
et al® demonstrated that the effects of exposure
to elevated PM, . concentrations such as an in-
creased incidence of ACS and higher mortality
can be observed for up to 4 days after exposure.
An increase in the number of deaths related to
elevated PM, ; concentrations was also noted in
an Iranian study, which analyzed the data con-
cerning air quality during 2017 and 2018 in Teh-
ran. The study proved that the number of deaths
in the population increased along with an eleva-
tion in the PM, ; concentration in the city.*®

A majority of studies?® indicate the contri-
bution of PM, , to the etiology of ACS. The re-
sults of our study also demonstrated the greater
contribution of PM,; to ACS, which may be due
to the city’s specific environment. Additionally,
it should be emphasized that the composition
of suspended PM depends on geographic con-
ditions. The absence of industries means that
the exceedance of PM, ; and PM, norms is mainly
due to the burning of solid fuels and road traffic,
as shown in this study. The highest daily concen-
tration of PM, , (139.20 pg/m? WHO norm ex-
ceeded over 5-fold) was noted in February 2012,
which we can link to the burning of a landfill near
Bialystok at the time.

Numerous studies also confirmed the effect
of PM,, on the frequency of hospitalization for
cardiopulmonary conditions, particularly among
elderly people. In a meta-analysis by Bhaskaran
et al'!, which analyzed the results of 26 studies,
a significant adverse effect of both PM, . and PM, |
was identified. In an American study conducted
in the urban areas of Utah, a relationship was ob-
served between the concentrations of PM, , and
PM,, and the number of hospitalizations for all
types of ACS, with the greatest effect noted for
STEMIL.?*? Similar results were obtained in a Bel-
gian study on patients with STEMI, which re-
vealed that an increase in the concentration of
PM, ., PM,, and NO, alike was linked to an in-
crease in the number of hospitalizations due to
STEML. This effect was mostly found in the group
of patients over 75 years old. In a study by Romieu
et al*® conducted in South America in 2012, an in-
creased number of hospitalizations was observed
for both pulmonary and cardiovascular events re-
lated to an increase in PM,, concentrations, par-
ticularly in patients aged above 65 years.*¢

Similar studies on the topic of air pollution
in Poland are underway. Preliminary results of
the studies by investigators from Silesian Center
for Heart Diseases in Zabrze confirmed that dur-
ing the period when the norms for air pollution
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were exceeded, the number of cases of myocar-
dial infarction raised by approximately 12%, and
the mortality rate of residents, by 6%. An increase
in the number of hospitalizations for ACS was also
reported in a study by Buszman et al* conduct-
ed in southern Poland. An association between
the concentrations of PM, .and PM, together
with a decrease in temperature and the number
of admissions for ACS was also reported by Kon-
duracka et al*’ in Krakéw. In our study, the mul-
tifactorial Poisson regression analysis also con-
firmed the above results, and in line with the cur-
rent knowledge on the effect of temperature on
the frequency of hospitalizations due to ACS,
the increase in temperature was associated with
a decrease in the frequency of ACS.

Although there is a limited number of studies
that failed to demonstrate the impact of air pol-
lution on the frequency of cardiac events, the re-
lationship between suspended PM and ACS ap-
pears to be unquestionable.'?38

The implementation of effective strategies for
the prevention of the adverse effects of air pollu-
tion should be a priority for the local and nation-
al authorities. In particular, such activities should
be specifically oriented towards the groups at the
greatest risk, including the elderly, children, and
people with a high cardiovascular burden. Be-
sides the standard areas of public health activi-
ty, it seems necessary to expand the network of
air quality monitoring stations.

Limitations The effect of smoking was not as-
sessed in the study population, which may be
the main limitation of our study. Smoking is
the second leading risk factor for myocardial in-
farction, and the effect of air pollution may also
cover the outcomes of smoking.*® Additionally, it
has been documented that the history of smok-
ing was associated with greater estimated effects
of PM, ; on the frequency of ACS.30%°

The underdeveloped air pollution monitoring
system in the city is also a significant limitation.
Air pollution is characterized by high fluctuations
in the levels of pollutants in urban areas, which
might have affected the results.*’

Previous studies demonstrated that the influ-
ence of air pollution on ACS may be associated
with the destabilization and rupture of athero-
sclerotic plaques as a result of oxidative stress,
inflammation, endothelial dysfunction, and im-
balance of the autonomic nervous system. How-
ever, further studies are required to understand
the mechanism that triggers the rupture of coro-
nary plaque by exposure to air pollution.

Conclusion Increased exposure to air pollution
is linked to a greater number of ACS incidents.
The main air pollutant that is associated with ACS
in elderly people in the city of Biatystok is PM, .
The effect of increased concentrations of PM,,
was observed on the day of exposure and also
persisted in the following days. The reduction of
pollution sources and the expansion of air quality
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monitoring networks should become a priority in
social and health policy of the government at the
local and national levels.
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