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SUMMARY - In recent years, there is ever more awareness about the impact of polluted air on
the incidence of acute and chronic cardiac disease. The aim of this study was to evaluate the corre-
lation of certain meteorological factors, NO, concentration in the air and number of patients pre-
senting to Emergency Department of Internal Medicine, Sestre milosrdnice University Hospital
Center (ED), during a two-year period, with special reference to the incidence of patients with a
cardiac referral diagnosis according to the International Classification of Diseases (ICD-10). The to-
tal number of patients was 44,245, of which 12,946 with a cardiac referral diagnosis. Meteorological
parameters (temperature and air pressure) during the warm and cool periods of the year and NO,
concentrations during the study period were recorded. Study results showed the total number of
patients presenting to ED to be greatest in summer, while the number of cardiac patients was hi-
ghest in winter. There was positive correlation between the number of ED patients with cardiac
referral diagnosis and increasing NO, concentrations in the air. Despite the fact that the highest
concentrations of NO, were recorded in the cool period of the year when there were more traffic
jams, the influence of the air NO, concentration on the number of patients with cardiac diagnoses
was statistically most significant in the warm period of the year when the slightest increase in the
concentration of NO, in the air significantly increased the number of cardiac patients presenting to
ED. These results indicate the need for further research of the importance of photochemical proce-
sses and their impact on cardiovascular patients.
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Introduction

Recent reviews indicate that environmental pol-
lution has important short- and long-term effects on
human health. The exposure to air pollutants (PMlo,
PM,. NO2’ 50,, CO, O,) is directly related to higher
morbidity and mortality of cardiovascular patients
and to a higher number of patients examined at Emer-

gency Department (ED)"3.
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'The exact pathophysiological mechanisms respon-
sible for the acute and chronic effects of air pollutants
have not yet been clarified, but inflammation, changes
in the function of autonomic nervous system and vas-
cular dysfunction are thought to be some of the pos-
sible mechanisms*.

Nitrogen dioxide (NO,) is adverse aerosol wide-
spread all over the world because of the high number
of natural and artificial origins. NO, precipitates in
the lower layers of the atmosphere due to the mass
higher than air mass, which makes it an easily acces-
sible inhalant toxin®”.
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'The correlation between the concentration of NO,
in the air and the higher number of patients with
stroke and asthma has already been established and
reported, but the correlation between NO, and the
exacerbation of symptoms in cardiovascular patients
has not yet been described®.

'The aim of this study was to evaluate the correla-
tion of particular meteorological parameters, i.e. tem-
perature (°C), air pressure (hPa), relative air humidity
(%) and NO, concentration (pg/m?®) in the air with the
number of patients presenting to ED during a 2-year
period, with special reference to the incidence of pa-
tients with a cardiac referral diagnosis according to the
International Classification of Diseases (ICD-10).

Patients and Methods

During a 2-year period, from June 30, 2008
until July 1, 2010, a total of 44,245 patients, of
which 12,946 patients with a cardiac referral diagno-
sis according to the ICD-10 (100-199) presented to
Emergency Department of Internal Medicine, Sestre
milosrdnice University Hospital Center. Due to the
summer migration in July and August, the number of
patients was increased by 20%.

The total number of patients and the number of
patients with a cardiac referral diagnosis were com-
pared with meteorological conditions and NO,
concentration in the air throughout the study pe-
riod and across all seasons. The seasons were ob-
served by weather conditions, not calendar divi-
sion (spring = March to May; summer = June to
August; autumn = September to November; winter =
December to February).

The concentration of NO, was measured daily by
the method of chemical luminescence at the height
of 3 meters and data were taken from the Nation-
al Monitoring Stations Zagreb-1 (Environmental
Protection Agency). The concentrations of other air
pollutants, i.e. sulfur dioxide (SO,), particles of di-
mensions ~10 micrometers or less (PM, ) and ozone
(O,) were also measured by the National Monitoring
Stations Zagreb-1. SO,, PM, and O, were statistical-
ly analyzed to exclude synergistic effect on the number
of patients at ED.
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The average air temperature (°C), the relative air
humidity (%) and the average values of air pressure
(hPa) were based on the data obtained from the Me-
teorological and Hydrological Service of Croatia.

Statistics

The mean values of individual variables were
tested by nonparametric Mann-Whitney test which
included two samples and a non-parametric analy-
sis of Kruskal-Wallis ANOVA for multiple samples.
'The relation between the number of patients and each
of the meteorological variables and air pollution was
tested by non-parametric Spearman’s rank cor-
relation. The influence of the group of variables on
the number of patients examined at ED was tested by
multiple regression. The level of statistical signifi-
cance was set at P<0.05. Statistical analysis was made
with Statistica 6.0.

Results

During the period from June 30, 2008 un-
til July 1, 2010, a total of 44,245 patients, of
which 12,946 (29.3%) with a cardiac diagnosis, were
admitted to ED. The largest number of admitted pa-
tients were recorded in summer (n=11,689; 26.4%),
while the largest number of cardiac patients were ad-
mitted in winter (n=3345; 25.8%). The average num-
ber of patients admitted to ED was 60 (range, 29-
96), while the average number of cardiac patients was
18 (range, 4-35) per day. The total number of patients
examined in ED was highest in spring (mean 63.5,
range 39-83), while the highest number of patients

Table 1. Number of patients examined at Emergency De-

partment from June 30, 2008 until July 1, 2010 according
to seasons (the number of patients examined in summer
was corrected by 20%)

Number of cardiac
patients

Total number of
patients

Total 44245 (100.0%) 12 946 (100.0%)
Spring 11 561 (26.1%) 3320 (25.7%)
Summer 11 689 (26.4%) 3055 (23.6%)
Autumn 10503 (23.8%) 3226 (24.9%)
Winter 10492 (23.7%) 3345 (25.8%)
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Fig. 1. Number of patients with cardiac symptomatology at
Emergency Department according to seasons.

with a cardiac diagnosis was recorded in winter (mean
19, range 7-33) per day (Table 1, Fig. 1).

The highest concentrations of NO, were observed in
winter (130.4 ng/m?), whereas the lowest concentra-
tions of NO, were recorded in spring (3.6 ug/m?) (Fig.
2). The mean daily concentrations of NO, were high-
estin fall (44.7 ng/m?) and lowest in summer (31.5 pg/
m?®, P=0.0000).

Temperature median was 22.5 °C (13.3 to 28.5)
in summer and 2.6 °C (-7.9 to 14.5) in winter, while
in spring and fall the medians of air temperature were
almost equal, i.e. 13.4 °C (-1.2 to 26.5) in spring and
13.8 °C (1.0 to 25.4) in autumn (P=0.0000). Rela-
tive air humidity was highest in winter (mean 78.9%,
range 43.6% to 94.0%) and lowest in spring (mean
60.7%, range 37.7% to 91.4%; P=0.0000) (Table 2).
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Fig. 2. Average NO , concentrations according to seasons.

The correlation of the number of patients admit-
ted to ED (N=44,245) with meteorological conditions
and air pollution parameters showed that the total
number of patients admitted to ED was proportionally
higher with higher temperature (P=0.0000, R=0.1638)
and NO, concentration (P=0.0000, R=0.2195), and in-
versely proportional with the average daily humidity
(P=0.0017, R=-0.1160) and average daily air pres-
sure (P=0.0091, R=-0.0965). Considering the time of
the year, during summer months more patients were
admitted to ED, especially on the days when the
NO, value was high (P=0.000, R=0.5699 (Fig.
3) as well as when there were high air tempera-
tures (P=0.0081, R=0.1947). It is interesting that
spring weather conditions were not statistically sig-
nificant factors associated with the frequency of pa-
tients presenting to ED (temperature P=0.4377; hu-
midity P=0.1133; pressure P=0.2682), whereas the
high concentration of NO, was found to be a signifi-

Table 2. Medians of meteorological characteristics according to seasons

Number of days Temperature Relat'ive humidity Press.ure

Median (range) Median (range) Median (range)
Total 730 13.4 (-7.9-28.5) 68.9 (37.7-95.3) 996 (966-1020)
Spring 184 13.8 (-1.2-26.5) 60.7 (37.7-91.4) 997 (966-1009)
Summer 184 22.5(13.3-28.5) 61.5 (41.0-89.5) 996 (984-1004)
Autumn 182 13.4 (1.0-25.4) 73.5 (44.4-95.3) 998 (979-1013)
Winter 180 2.6 (-7.9-14.5) 78.9 (43.6-94.0) 994 (971-1020)
Kruskal-Wallis ANOVA P=0.0000 P=0.0000 P=0.0000
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Fig. 3. Correlation of the number of patients at Emergency
Department and NO, concentration in summer (Spearman’s
rank correlation: R=0.5699; P=0.0000).

cant parameter (P=0.0001, R=0.2932). The increased
number of patients examined at ED correlated in-
versely with air pressure (P=0.0493, R=-0.1460) and
proportionally with NO, (P=0.0256, R=0.1893) in
autumn. Likewise, in winter air pressure correlated
inversely (P=0.0192, R=-0.1745) and NO, concentra-
tion proportionally (P=0.0000, R=0.3253) with the
increased number of ED patients.

The number of examined patientswithapronounced
cardiac symptomatology correlated proportionally
with the concentration of NO, (P=0.0000, R=0.2714)
and inversely with air temperature (P=0.0001, R=-
0.1464), while humidity and air pressure were not sta-
tistically significant variables for the number of car-
diac patients admitted to ED. The same results were
observed in spring and autumn, whereas in sum-
mer and winter the number of patients with a refer-
ral cardiac diagnosis proportionally depended on air
temperature (P=0.0000, R=0.3763) and concentra-
tion of NO, (P=0.0000, R=0.3763) in summer (Fig.
4) and winter (P=0.05494, R=0.0449 and P=0.0057,
R=0.2095, respectively).

Considering all the variables investigated, the
results recorded throughout the study period and
across all four seasons indicated the increased air
concentration of NO, to be directly associated with
an increased number of cardiac patients admitted to
ED. Although the highest concentrations of NO, were
recorded in the cooler part of the year when there
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Fig. 4. Correlation of the number of patients with car-
diac symptomatology at Emergency Department and N Oz

concentration in summer (Spearman’s rank correlation:
R=0.3763; P=0.0000).

were more traffic jams, the influence of the air con-
centration of NO, on the number of patients with car-
diac diagnoses was statistically most important in the
warmer period of the year when the slightest increase
in the air concentration of NO, significantly increased
the number of cardiac patients admitted to ED.

Discussion

In this study, we tried to provide answers to
the question if there any relations between the air pol-
lution by NO, in different weather conditions and the
number of patients presenting to ED, with special ref-
erence to cardiovascular patients (ICD-10: 100-199).

Air pollutants are a heterogeneous, complex mix-
ture of gases, liquids and particulate matter, which ac-
cording to the epidemiological studies, are connected
with an increased risk of cardiovascular events. Inha-
lation of air pollutants interferes with cardiac activ-
ity and causes heart rate variability, an increased ten-
dency to thrombosis, influences blood pressure
and accelerates atherosclerotic process™” ™. Nu-
merous studies conducted in large European and
American cities have shown negative impact of air
pollutants (PM_, PM, ., NO,, SO,, CO, O,)*" and
meteorological conditions on cardiac function and au-
tonomic nervous system function''™. The effect of
NO, on cardiovascular patients and the connec-
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tion between air concentrations of NO, and the in-
cidence of ED patients have not been so thoroughly
investigated.

There are very few studies demonstrating correla-
tion between air pollution and the incidence of car-
diovascular patients in ED. The results of study con-
ducted in 31 hospitals in Atlanta, Georgia, including
4,407,535 patients during a 7-year period (1993-
2000) showed a statistically significant correlation be-
tween air pollution and the number of people with
cardiovascular symptomatology examined at EDS,
and these results are consistent with those obtained in
the present study.

Our results showed the number of patients with
cardiovascular symptomatology examined at ED to
be directly dependent on the air concentrations
of NO, throughout the study period.

Due to the possible interference of NO, with the
autonomic nervous system, a high number of patients
had palpitations and the feeling of increased heart
rate. 'The higher incidence of heart attacks and an-
gina pectoris exacerbations is explained by the pos-
sible prothrombotic and proatherosclerotic effects of
NO,. These results confirmed the results of a study
conducted in five European cities, Augsburg, Barce-
lona, Helsinki, Rome and Stockholm, which demon-
strated strong influence of air pollutants on the mor-
bidity and mortality of cardiovascular patients (higher
incidence of heart attacks, angina pectoris, arrhyth-
mias, heart failure and strokes)'"*.

A study from eastern Massachusetts revealed re-
peated implantable cardioverter defibrillator inter-
ventions two days after extreme air concentrations
of NO,". There is a high possibility that NO, directly
affects the cardiac conduction system and thus in-
creases the risk of arrhythmias. On the other hand,
NO, might affect the action potential and the excit-
ability of morphologically altered heart muscle that
might be the sources of malignant arrhythmias.

Our results showed NO, to be a statistically signif-
icant variable that appeared in all four seasons and af-
fected the number of admitted patients (total and
cardiac). Even the smallest increase in the air con-
centration of NO, caused a rise in the number of pa-
tients admitted to ED, including cardiac patients.

The highest concentrations of NO, were measured
during autumn and winter, probably due to the in-
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creased use of motor vehicles and their exhaust gases.
'The number of patients with cardiovascular symptom-
atology was highest during that period. Due to the
lowest concentrations of NO, in summer, the number
of cardiac patients was lowest in this season. The re-
sults obtained are confirmed by a few studies showing
that the number of hospitalized cardiovascular pa-
tients increased in the autumn and winter months
when the levels of air pollutants were higher!1620,

'The influence of NO, concentration on the symp-
tomatology of cardiovascular patients was significant-
ly more pronounced in summer than in winter due to
the higher values of air temperature. Despite the aver-
age low values of NO, concentration in summer, espe-
cially on the days when they were slightly higher, the
number of cardiac patients in ED was significantly
higher. The previously mentioned synergistic effect of
the increased air temperature and NO, on the coagula-
tion system might be the reason for this phenomenon.
Due to the increased respiration rate and sweating,
people are more prone to dehydration because of fluid
loss. Fluid loss increases blood viscosity and heart rate
and decreases cardiac input. The combination of dehy-
dration and the procoagulant effect of NO, could be
the cause of exacerbations of heart diseases.

The limitations of our study were related to the
impact of NO, concentrations on patients with cer-
tain cardiac diagnoses within overall cardiac diagno-
ses (e.g., acute coronary syndrome, arrhythmia, heart
failure). We believe that such a study could provide
answers about particular risk groups that are vulner-
able to elevated concentrations of NO,. Also, further
investigations of the importance of photochemical
processes and of other air pollutants such as ozone
(O,), and their impact on cardiovascular patients

should be performed.
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Sazetak

UCINAK DUSIKOVA DIOKSIDA I VREMENSKIH UVJETA NA BROJ BOLESNIKA NA ODJELU HITNE
MEDICINE

8. Pintari¢, T! Bodrozic-Dzakic, H. Pintarié, Z. Rusan i S. Ljubici¢

Posljednjih godina sve je vise spoznaja o utjecaju onei§¢éenog zraka na pojavnost akutnih i kroni¢nih kardioloskih bo-
lesti. Cilj ove studije bila je procjena ovisnosti nekih meteorologkih parametara, koncentracije dusikova dioksida (NO,) u
zraku i broja bolesnika koji su se javili u hitnu sluzbu (HS) Interne klinike Klini¢koga bolni¢kog centra Sestre milosrdnice
u razdoblju od dvije godine, uz poseban naglasak na incidenciju bolesnika s kardioloskom uputnom dijagnozom prema
Medunarodnoj klasifikaciji bolesti (MKB-10). Ukupno je pregledano 44.245 bolesnika, od toga 12.946 s kardioloskom
uputnom dijagnozom. U obzir su uzeti promatrani meteorologki parametri (temperatura i tlak zraka) tijekom toplijeg i
hladnijeg dijela godine i koncentracije NO, tijekom razdoblja pracenja. Rezultati pokazuju kako je ukupan broj bolesnika
koji se javljaju u HS najveéi ljeti, dok je broj kardioloskih bolesnika najveci zimi. Broj bolesnika s uputnom kardioloskom
dijagnozom u HS bio je u korelaciji s pove¢anjem koncentracija NO, u zraku. Unatoc¢ ¢injenici da su najvece koncentracije
NO, zabiljezene u hladnijem dijelu godine kada su najvece prometne guzve, utjecaj koncentracije NO, u zraku na broj
bolesnika s kardioloskim dijagnozama bio je statisticki znacajniji u toplijem dijelu godine. Tada se ve¢ pri najmanjem po-
vecanju koncentracija NO, u zraku znacajno povecava broj kardioloskih bolesnika u HS. Ovi rezultati ukazuju na potrebu
dodatnog istrazivanja vaznosti fotokemijskih procesa i njihovog utjecaja na kardiovaskularne bolesnike.

Kljuéne rije¢i: Dusikov dioksid, koncentracija; Srcani bolesnici; Oneciséenje zraka; Viemenski uvjeti; Odjel hitne medicine
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