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INTRODUCTION

The problem of air pollution with various
pollutants is becoming more relevant all over
the world [1]. Major epidemiological studies show
that inhalations of particulate matters are trig-
gers of the development of acute cardiovas-
cular events [2]. According to the data of the
American Heart Association, exposure to in-
creased levels of air pollutants for several hours
a week increases cardiovascular-related death
rate, and the number of nonfatal cardiovas-
cular events. This interconnection is especially
clearly seen at coronary artery disease (CAD),
including hospital admission and mortality rate
due to myocardial infarction (MI) [1�3].

The study objective was to examine the rela-
tionship between hospital admissions for acute my-
ocardial infarction and environmental pollution in a
large industrialised Siberian region (Kemerovo city).
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Abstract

Associations between the increase in the number of hospitalizations for primary myocardial infarction
and increased levels of oxide and nitrogen dioxide in the winter period compared to the summer period
were revealed. It was found that during the entire observation period the increase in the concentration of
nitrogen oxide in 10 % of the MPC increases the number of hospital admissions for MI by 1.4 cases and
excess concentration of nitrogen dioxide by 0.9 cases. In winter period the excess of the average concentra-
tion of nitrogen oxide by 10 % of the MPC was associated with an increase in the number of hospitaliza-
tions by 2.9 cases. Thus,  there is a relationship between the frequency of  hospitalizations of  patients with
primary myocardial infarction and environmental pollution (the increase of the concentrations of oxide and
nitrogen dioxide, phenol in the air). This pattern is more striking manifestation in winter period.
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MATERIALS AND METHODS

The main indicators of environmental pol-
lution (Table 1) in Kemerovo and number of
MI admissions in the Kemerovo Cardiology Cen-
ter (Table 2) were assessed for the period be-
tween December, 2010 and November, 2014.
Additionally,  the annual number of  days with
unfavourable meteorological conditions and their
impact were considered. The regression analy-
sis was used to assess the relationship between
the parameters and to build the equations of
correlation for continuous variables. The num-
ber of MI admissions was considered as a de-
pendent variable; maximum average daily per-
mittable concentration (MPCda), as an indepen-
dent variable. The results were presented as
regression coefficient (Â) and correlation coef-
ficient (R). Differences were considered statis-
tically significant if ð < 0.05.
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RESULTS AND DISCUSSION

Associations between the increase of the
number of hospital admissions for primary acute
myocardial infarction and the elevated levels of
nitrogen oxide and dioxide in the winter time
in comparison with the summer time (Fig. 1)
were revealed.

It was found that, throughout the follow-
up period, the elevation of nitrogen oxide
concentration by 10 % of MPC results in the
increase of MI admissions of 1.4 cases (Â =

14.78, r = 0.3592, ð = 0.0121), and the elevation
of nitrogen dioxide concentration � by 0.9 cases
(Â = 9.01, r = 0.3104, ð = 0.0336). In the winter
season, the elevation of the average monthly
concentration of nitrogen oxide by 10 % from
MPC was associated with the increase of the
hospitalization number by 2.9 cases (Â = 29.41,
r = 0.6668, ð = 0.0066) (Fig. 2, a).

Then the interconnection between the
concentrations of air pollutants and depth of MI
was analyzed. A 10 %  elevation of  nitrogen oxide
concentration results in the increase in the number
of hospital admissions by 1.7 cases throughout
the entire follow-up period (Â = 17.11, r = 0.3834.
ð = 0.0071) and of 2.4 cases in winter (Â = 24.21,
r = 0.6571, ð = 0.0077) (see Fig. 2, b).

When analysing the relationship between
the concentrations of air pollutants and admis-
sions for non-Q-wave MI, it was found that,
as the levels of nitrogen dioxide, carbon mon-
oxide and phenol elevated by 10 %, the num-

Fig. 1. Hospitalizations for the occasion of primary myocardial infarction and the concentration of NO and NO2

during the period of 2011�2014.

TABLE 1

Pollutant concentrations exceeding the average daily
maximum allowable concentration in Kemerovo (MPC,

average annual data)

Substances 2011 2012 2013 2014

Nitrogen dioxide (NO2) 1.5 1.6 1.3 1.5

Ammonia 0.9 0.8 0.6 0.7

Dust 0.5 0.4 0.2 0.2

Hydrogen chloride 0.4 0.4 0.3 0.3

Carbon monoxide (CO) 0.7 0.7 0.4 0.4

Soot 1.2 1.0 0.7 0.7

Sulphur dioxide 0.1 0.1 0.1 0.1

Nitrogen oxide (NO) 0.7 0.8 0.6 0.7

Phenol 0.3 0.3 0.2 0.2

Formaldehyde 2.7 3.3 3.2 3.1

Benzopyrene 3.3 3.1 2.4 2.3

ÒABLE 2

Urgent hospital admissions to the Kemerovo Cardiology
Center in the period from December, 2010 to November, 2014

Characteristics 2011 2012 2013 2014

Total CV admissions 5761 5710 5536 4886

AMI admissions   718   878   816   769

Q-wave MI   489   592   564   541

Recurrent MI   211   263   198   187
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ber of non-Q-wave MI increased by 0.4 
(Â = 4.29, r = 0.2881, ð = 0.0495), by 0.9 (Â = 9.61,
r = 0.3235, ð = 0.0249) and by 1.2 (Â = 11.92,
r = 0.3269, Ð = 0.0265) cases, respectively.

Therefore, there is an association between
the incidence of hospital admissions of patients
for primary myocardial infarction and environ-
mental pollution (elevated concentrations of ni-
trogen oxide, dioxide and phenol in the ambi-
ent air). This regularity has the brightest man-
ifestation during winter seasons.

The results analysis of  a large number of
epidemiological studies have showed that the
effect of pollutants on health is largely deter-
mined by regional,  climatic,  socio-economic
characteristics of the studied groups [1�3, 12].
The climate pattern and the geographical loca-
tion of the Kemerovo Region contribute to the
fact that most part of the industrial emissions
do not disperse in the atmosphere, but rather
settle forming photochemical smog that has an
adverse effect on public health [5].

Probably, precisely this fact explains the
identified in the present study the availability
of associations between a significant increase
in the number of MI and an increase in the
concentration of air pollutants in the winter
time The days, unfavourable for the dispersion
of  contaminants,  which result in changes of
concentrations of air pollutants and their in-
teraction, as well as extremely low tempera-
ture can contribute to this.

K. Metzger et al. [5] also indicated that the
number of hospital admissions in cardiology
clinics in Atlanta, GA, the USA increases in
winter. The same group of authors showed the
existence of significant connections between
emergency admissions and the content of ni-
trogen oxide, carbonic oxide, organic carbon
and oxygen-containing hydrocarbons in the air.
One of the major researches in Germany dis-
covered a correlation between low temperatures
and the increased number of myocardial inf-
arctions [6]. In Taiwan the increase in number
of emergency calls due to cardiovascular dis-
eases was associated with the cold weather and
freezing temperatures [7]. A recent research in
the Netherlands also identified low tempera-
tures as a factor predicting expansion of acute
myocardial infarction and rupture of abdomi-
nal aortic aneurism [8]. Chinese researchers [9]
studying connection between cardiorespiratory
mortality and temperature fluctuations in the
northeastern regions of the country during 3
years showed that the number of cardiovas-
cular diseases resulting in death increased by
2.3 % at when decreasing the air temperature
by each degree.

The connection between the pollutants and
myocardial MI differs depending on their depth.
This research shows the association between
hospital admissions due to Q-wave MI with the
concentration of nitrogen oxide only. It was dis-
covered that there were multiple connections

Fig. 2. Interconnection between the concentration of NO and number of MI admissions (a) and hospitalizations number
in occasion of the forming MI (b).
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between pollutants (nitrogen dioxide, carbon
oxide, phenol) with the incidence of non-Q-
wave MI.  In the winter months, an increase in
the degree of influence of pollutants on the
frequency of MI was found. The rise of nitro-
gen oxide level was associated with the increased
number of the Q-wave MI, while the elevated
level of carbon oxide was associated with the
non-Q-wave MI. At the same time, B. Gardner
et al. [10] from Rochester, NY, the USA showed
that the correlation between the air pollutants
and infarctions is to a greater degree a charac-
teristic of transmural myocardial infarctions.
The researchers found out that the risk of the
Q-wave MI development grows by 18 % when
the air pollutants concentration increases by 7.1
µg/m3. They also underlined that there is no such
correlation for the non-Q-wave infarctions. In the
authors� opinion, it is explained by different
pathogenesis links of  these coronary events.
Besides, it was observed that the air pollutant-
related myocardial infarction risk factor affects
mostly people over 65, non-smokers, women,
Caucasians, and also patients who had had ar-
terial hypertension before MI occurred.

It is assumed that the impact of the inhaled
particles on the cardiovascular system happens
due to their effect on the autonomic nervous
system, direct infiltration of the ultrafine par-
ticles into the systemic blood and initiation of
systemic inflammation processes [30]. Believing
that the effect of air pollutants is a risk factor
in development of cardiovascular diseases, it
is necessary to take into consideration an im-
portant particularity. Thus,  the traditional risk
factors, such as smoking, obesity, etc. have an
effect on a limited population group � those
people with the registered risk factors, while
air pollution affects all the population.

CONCLUSION

Therefore, the acquired data, as well as lit-
erature analysis indicate that the contribution
of environmental pollution in the development
of cardiovascular diseases may vary under the
conditions of various countries and regions;
therefore, it is necessary to assess both popu-
lation and regional risk factors for development
of this pathology.
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Àííîòàöèÿ

Èçó÷åíà âçàèìîñâÿçü ìåæäó ãîñïèòàëèçàöèÿìè ïî ïîâîäó îñòðîãî èíôàðêòà ìèîêàðäà è çàãðÿçíå-
íèåì îêðóæàþùåé ñðåäû â êðóïíîì ïðîìûøëåííîì ðåãèîíå Ñèáèðè (ã. Êåìåðîâî). Çà ïåðèîä ñ äåêàáðÿ
2010 ïî íîÿáðü 2014 ãã. ïðîâåäåí àíàëèç îñíîâíûõ ïîêàçàòåëåé, õàðàêòåðèçóþùèõ çàãðÿçíåíèå îêðóæàþ-
ùåé ñðåäû â ãîðîäå Êåìåðîâî; èçó÷åíî ÷èñëî ãîñïèòàëèçàöèé ïî ïîâîäó èíôàðêòà ìèîêàðäà â Êåìåðîâ-
ñêèé êàðäèîëîãè÷åñêèé öåíòð. Òàêæå îïðåäåëåíî ÷èñëî äíåé â ãîäó ñ íåáëàãîïðèÿòíûìè ïîãîäíûìè óñëî-
âèÿìè. Îöåíêà âçàèìîñâÿçè è ïîñòðîåíèå óðàâíåíèé ïðîâåäåíî ìåòîäîì ðåãðåññèîííîãî àíàëèçà. Ðåçóëü-
òàòû ïðåäñòàâëåíû â âèäå êîýôôèöèåíòà ðåãðåññèè B è êîýôôèöèåíòà êîððåëÿöèè R. Ðàçëè÷èÿ ñ÷èòà-
ëèñü ñòàòèñòè÷åñêè çíà÷èìûìè ïðè ð <0,05. Â õîäå èññëåäîâàíèé óñòàíîâëåíà ñâÿçü ìåæäó óâåëè÷åíèåì
÷èñëà ãîñïèòàëèçàöèé ïî ïîâîäó ïåðâè÷íîãî èíôàðêòà ìèîêàðäà è ïîâûøåíèåì óðîâíÿ îêñèäà è äèîêñè-
äà àçîòà â çèìíèé ïåðèîä ïî ñðàâíåíèþ ñ ëåòíèì. Âûÿâëåíî, ÷òî çà âåñü ïåðèîä íàáëþäåíèé ñ ïîâûøåíè-
åì êîíöåíòðàöèè îêñèäà àçîòà íà 10 % îò ÏÄÊ ÷èñëî ãîñïèòàëèçàöèé ïî ïîâîäó èíôàðêòà ìèîêàðäà
âîçðàñòàåò íà 1.4 ñëó÷àÿ, à ïðåâûøåíèå êîíöåíòðàöèè äèîêñèäà àçîòà äàåò óâåëè÷åíèå íà 0.9 ñëó÷àåâ. Â
çèìíèé ïåðèîä ïðåâûøåíèå ñðåäíåé êîíöåíòðàöèè îêñèäà àçîòà íà 10 % ÏÄÊ ñïîñîáñòâóåò óâåëè÷åíèþ
÷èñëà ãîñïèòàëèçàöèé íà 2.9 ñëó÷àåâ. Ïîêàçàíà âçàèìîñâÿçü ìåæäó ÷àñòîòîé ãîñïèòàëèçàöèé ïî ïîâîäó
îñòðîãî èíôàðêòà ìèîêàðäà è çàãðÿçíåíèåì îêðóæàþùåé ñðåäû (óâåëè÷åíèå îêñèäà è äèîêñèäà àçîòà,
êîíöåíòðàöèåé ôåíîëà â âîçäóõå), êîòîðàÿ íàèáîëåå ÿðêî ïðîÿâëÿåòñÿ â çèìíèé ïåðèîä.
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