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ABSTRACT

Background: The aim of this study has been to examine the association between climate conditions (CC) and hospital admis-
sions for the subcategories of cardiovascular diseases (CVD), according to patients’ age. Material and Methods: From Janu-
ary 2010 through December 2011, the daily number of hospital admissions for angina pectoris (AP), essential hypertension (EH),
acute myocardial infarction (AMI) and ischemic heart diseases (IHD) for adults (19-64 years old) and the elderly (= 65 years old),
as well as for the CC (N = 728 days) was collected for multivariate Poisson regression analysis, confounding with season and week-
ends. The results were expressed by using the relative risk with the corresponding 95% confidence interval. Results: The risk for
the AMI among the adults and the elderly is significantly higher for 41.8% and 38.9%, respectively on the days with lower ambient
temperature and lesser for 32.7% and 29.8%, respectively on the days with lower air pressure values. The risk for the ITHD among
the elderly is significantly higher on the days with lower ambient temperature and lower relative humidity for 50.6% and 37.4%,
respectively. Conclusions: Our findings explain how the CC and subcategories of CVD are associated, which could be used for
adequate public awareness of the risk for hospitalization due to climate conditions. Med Pr 2017;68(2):189-197
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INTRODUCTION

Owing to scientific investigation [1], there is no doubt
that the change of climate conditions has a significant
effect on many health outcomes. A huge amount of
evidence has pointed to the relationship between daily
variations in meteorological parameters and mortali-
ty [2]. The research conducted in Serbia has also shown

heat-related mortality, especially among elderly females
and Roma population [3,4]. On the other hand, the stu-
dy which investigated the short-term effects of air pol-
lution on cardiovascular mortality in the elderly in Nis,
Serbia, did not show the association with the effects of
the time trend, seasonal variations, a day of the week,
temperature, relative humidity and barometric pres-
sure [5]. Even though the most of published literature
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is related to mortality, in the recent decade research
has been followed by cardiovascular morbidity - tem-
perature association [6]. For example, the increase in
hospital admissions, due to total cardiovascular dise-
ases (CVD) among the elderly in New York City, USA,
was reported by Lin et al. [7]. As well as the mentioned
research, most of other morbidity studies used large
aggregated disease groups, such as respiratory diseases
or the CVD as a health outcome [8].

There are very few studies focused only on one [9]
or several specific cardiovascular health outcomes [10].
According to this type of research, some authors found
that while few categories of the CVD, like acute myo-
cardial infarction (AMI) and congestive heart failure,
increased with maximum temperature, the other CVD
(coronary atherosclerosis and pulmonary heart dise-
ases) significantly decreased with temperature [11].
On the other hand, one European study did not find
a significant association between temperature and the
whole group of the CVD and cerebrovascular admis-
sions [8]. These disease-specific subcategories are not
affected solely by the change of weather but are also
age dependent, as indicated by the studies conducted in
Slovenia and Australia [12,13].

However, there has been very little research con-
cerning specific disease subcategories of the CVD and
other meteorological parameters, like relative humidity
and air pressure.

The aim of this study has been to analyze the associa-
tion between the specific disease subcategories of CVD
(angina pectoris (AP), essential hypertension (EH), AMI
and ischemic heart diseases (IHD)) and meteorological
parameters (ambient temperature, relative humidity
and air pressure), according to patients’ age.

MATERIAL AND METHODS

The daily number of hospital admissions of the AP,
according to the International Statistical Classification
of Diseases and Related Health Problems, 10th Revi-
sion Version for 2007 (ICD-10), coding 120, EH co-
ding 110, AMI coding 121 and IHD coding I25 over
a period of 2 years (2010-2011) was related to meteoro-
logical parameters (ambient temperature, relative hu-
midity and air pressure) on a day-to-day basis. Health
data of hospital admissions was obtained by the Center
for the Informatics and Biostatics in the Health Care,
Institute of Public Health of Vojvodina, which is regi-
stered and authorized for evaluating health data. The
data that was used for the purpose of this study was:

available data on discharge diagnose, patients’ home
addresses (only the ones who were residents of the City
of Novi Sad) and the patients’ age, without any other
personal data.

Data on average daily ambient temperatures, rela-
tive humidity and air pressure for the observed period
(728 days of valid data) was obtained from the National
Reference Institution — the Republic Hydrometeorolo-
gical Service of Serbia.

Statistics

Continuous variables were presented as the mean +
standard deviation (M+SD) and categorical variables
as frequencies. The pearson coefficient was applied to
evaluate the correlation between average temperature,
relative humidity and air pressure.

To link data on the incidence of heart diseases and
meteorological parameters, we followed the well-estab-
lished approach of a multivariate analysis based on the
main effect of the generalized linear model, assuming
a loglink function with a Poisson distribution [14]. All the
analyses were performed for the adults (aged 19-64 years
old) and the elderly (aged > 65 years old), considering
the hypothesis that older people may be more vulnerable
to the effects of various meteorological parameters.

Throughout the investigation of the association
between the ambient temperature and daily number
of hospital admissions, none of the used transforma-
tions of independent variables (logarithm and square
root) showed significant B coefficient. Because of the
previously established U-shaped relations between the
ambient temperature and hospital admissions proven
in the other study [15], we decided to observe the tem-
perature in the form of categorical variables, coding as
dummy. Based on the annual average value of ambient
temperature for the whole examined period and SD
(£1 SD), we coded 3 dummy variables. A similar appro-
ach was used for the relative humidity and air pressure.
Accordingly, throughout the observed period we defi-
ned lower, moderate and higher values or levels for ob-
served meteorological parameters (Table 1).

In all statistical analyses, we used moderate values
of meteorological parameters as a reference category
for each one. This was based on the hypothesis that pe-
ople acclimate better to moderate values of meteorolo-
gical parameters in their environment, rather than to
those that are lower or higher in value, which could be
stressful for their CVD health.

All the statistical models include the categorical
variables for the season and weekend days. The sea-
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Table 1. Frequencies of the created dummy variables for meteorological parameters in the study of association between climate
conditions and hospital admissions for the cardiovascular diseases (CVD) in Novi Sad, the Republic of Serbia, 2010-2011

Ambient temperature

Relative humidity

Air pressure

Value or level days days days

°C (N =728) o+ (N =728) hPa (N = 728)
(n] [n] [n]
Lower <27 136 <57.7 119 <1009.2 96
Moderate 2.8-20.5 446 57.8-85.8 468 1009.3-1 024.1 525
Higher >20.6 146 >85.9 141 >1024.2 107

* Classification was done according to established levels, not values.

son 1 was defined as the period from April to Septem-
ber, while the season 2 was calculated from October to
March. Days from Monday to Friday were coded as 1,
while Saturday and Sunday were coded as 2.

For all examined models, tests of over-dispersion
confirmed the Poisson model assumptions. Namely,
the mean deviance (the ratio of deviance to degrees of
freedom) did not surpass 1.18 [16] as well as the Pearson
Chi? to degrees of the freedom ratio. The p-value of the
Omnibus test was also below 0.05 in all the examined
models. The results of the examined association be-
tween meteorological parameters and health data were
expressed throughout the values of beta regression
coefficient (f), relative risk (RR) and corresponding
95% confidence interval (CI) at significance level of
p-value < 0.05. The RR was calculated as:

RR =exp (B) )}

where:
RR - relative risk,
B - regression coefficient.

The corresponded percent increases in the number
of hospital admissions on days with different weather
conditions were calculated as:

% = (RR-1)x100 )

The statistical analyses were performed using
the SPSS statistical software version 21.0.

RESULTS

Descriptive data and correlation

between examined variables

For adults the average daily number of hospital admis-
sions for the AP was 0.28+0.55, for the EH - 0.27+0.51,

for the AMI - 0.58+0.82 and for the IHD - 0.52+0.78,
while for the elderly the average daily number
of hospital admissions was 0.35+0.64 for the AP,
0.36+0.65 for the EH, 0.54+0.80 for the AMI, and
0.45+0.76 for the IHD. The average daily values of am-
bient temperature, relative humidity and air pressure
was 11.64+8.94°C, 71.8+£14.04% and 1016.72+7.43 hPa,
respectively (Table 2).

The pearson correlation coefficients were calculated
between meteorological parameters (Table 3). The am-
bient temperature showed a highly significantly nega-
tive correlation with the relative humidity (r = -0.58,
p < 0.001) as well as with the air pressure (r = -0.36,
p < 0.001). However, no significant correlations were
found between the relative humidity and air pressure
(r =0.07, p > 0.05).

Regression and RR for the CVD subcategories

and meteorological parameters

Through the multivariate Poisson regression model
(Table 4), the daily number of hospital admissions for
the AMI among adults and the elderly was found to be
significantly associated with the ambient temperature
and air pressure.

Among adults (Table 4), the average daily number
of hospital admissions for the AMI on the days with
the lower ambient temperature increased by 41.8%
(95% CI: 1.027-1.959) as compared to days with the
moderate ambient temperature, adjusted for the sea-
son, weekend days, relative humidity and air pressure.
In the same group (adults), the average daily number
of hospital admissions on the days with the lower air
pressure decreased by 32.7% (95% CI: 0.473-0.957), as
compared to days with the moderate air pressure and
adjusted for the ambient temperature, season, weekend
days and relative humidity.

For the daily incidence of the AMI among the elder-
ly (Table 4), the results of the adjusted regression mo-
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Table 2. Daily number of hospital admissions for the cardiovascular diseases (CVD) and the meteorological parameters in Novi Sad,
the Republic of Serbia, 2010-2011

Variable M SD Min. Max P25 P50 P75 Me
Dependent variable
adults
angina pectoris (N = 252) 0.28 0.55 0.00 3.00 0.00 0.00 0.00 0.00
essential hypertension (N = 264) 0.27 0.51 0.00 3.00 0.00 0.00 0.00 0.00
acute myocardial infarction (N = 392) 0.58 0.82 0.00 4.00 0.00 0.00 1.00 0.00
ischemic heart diseases (N = 329) 0.52 0.78 0.00 4.00 0.00 0.00 1.00 0.00
elderly
angina pectoris (N = 206) 0.35 0.64 0.00 3.00 0.00 0.00 1.00 0.00
essential hypertension (N = 200) 0.36 0.65 0.00 3.00 0.00 0.00 1.00 0.00
acute myocardial infarction (N = 424) 0.54 0.80 0.00 4.00 0.00 0.00 1.00 0.00
ischemic heart diseases (N = 380) 0.45 0.76 0.00 4.00 0.00 0.00 1.00 0.00

Independent variable

ambient temperature [°C] 11.64 8.94 -9.00 28.00 4.00 12.00 19.00 12.00
relative humidity [%] 71.80 14.04 23.00 98.00 62.00 73.00 83.00 71.80
air pressure [hPa] 1016.72 7.43 990.00 1 040.00 1011.94 1016.33 1021.10 1016.72

N - daily number of hospital admissions.
M - mean, SD - standard deviation, Min. - minimal values, Max — maximal values, P25, P50 and P75 - quartiles, Me - median.

Table 3. Pearson’s correlation coeflicients between meteorological parameters in Novi Sad, the Republic of Serbia, 2010-2011

Pearson’s correlation coefficients

Meteorological parameter

ambient temperature air pressure relative humidity
Ambient temperature 1
Air pressure -0.357** 1
Relative humidity -0.589** 0.070 1

** Correlation is significant at the 0.01 level.

Table 4. Relative risk for the acute myocardial infarction (AMI) hospital admissions in Novi Sad, the Republic of Serbia, 2010-2011

Daily AMI hospital admissions

adults elderly
Days
95% CI 95% CI
B RR B RR
lower upper lower upper

Ambient temperature

lower* 0.349 1.418 1.027 1.959 0.328 1.389 1.010 1.908

higher -0.070 0.932 0.709 1.226 0.067 1.069 0.829 1.379
Relative humidity

lower -0.011 0.990 0.751 1.303 0.170 1.185 0.923 1.520

higher 0.022 1.022 0.763 1.369 -0.230 0.794 0.587 1.075
Air pressure

lower* -0.396 0.673 0.473 0.957 -0.354 0.702 0.497 0.992

higher -0.233 0.792 0.565 1.111 -0.079 0.924 0.672 1.272

* p value < 0.05. Bolded values are statistically significant.
B - regression coefficient, RR - relative risk, CI - confidence interval.
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del showed that the average daily number of the AMI
arises on days with the lower ambient temperature
by 38.9% (95% CI: 1.010-1.908) as compared to days
with the moderate ambient temperature. In the same
group (the elderly), the daily number of hospital admis-
sions for the AMI decreased by 29.8% on days with the
lower air pressure (95% CI: 0.497-0.992) as compared
to days with the moderate air pressure.

In the adjusted model which analyzed the IHD, the
daily number of hospital admissions among the elderly
as a dependent variable, significant association with the
ambient temperature and relative humidity was found
(Table 5).

Among the elderly, the average daily number of
hospital admissions for the IHD (adjusted for the sea-
son, weekend days, relative humidity and air pressure)
increased by 50.6% (95% CI: 1.090-2.082) on days with
the lower ambient temperature and decreased by 25.9%
(95% CI: 0.554-0.993) on days with the higher ambient
temperature, as compared to the days with the mode-
rate ambient temperature. Daily average admissions for
the IHD (adjusted for the season, weekend days, am-
bient temperature and air pressure) among the elderly
increased by 37.4% on days with the lower relative hu-
midity (95% CI: 1.054-1.792) and decreased by 28.0%
(95% CI: 0.528-0.981) on days with the higher relative
humidity.

The results of the regression models for the daily
number of hospital admissions for the AP and EH
among the adults and the elderly, as well as for the IHD
among the adults were not statistically significant.

DISCUSSION

To our knowledge this is the first undertaken quanti-
tative study that investigates the associations between
meteorological parameters (the ambient temperature,
relative humidity and air pressure) and the daily num-
ber of hospital admissions for several subcategories of
heart disease among the adults and vulnerable subpo-
pulations (the elderly) in the City of Novi Sad.

The obtained results suggest a significant associa-
tion of lower temperatures and the AMI hospital ad-
missions among the adults and the elderly, adjusted
for the relative humidity and air pressure. Similarly,
several authors from Slovenia [12] have also confirmed
a negative correlation between the average daily tempe-
rature and the incidence of the AMI in the context of
the acute coronary syndrome among the entire popu-
lation as well as among the elderly. Considering the se-
asonality and AMI morbidity, some studies published
in Korea, Spain and the U.S. have reported an increa-
sed morbidity from the AMI during the winter among
adults [17-19]. However, only the study from Korea [17]
investigated association adjusted for the relative hu-
midity, wind speed, sunshine duration and a thermo-
hydrological index. On the other hand, the study done
in Copenhagen also reported statistically significant
short-term increased risk of the AMI at lower tempe-
ratures among adults but adjusted this association for
the air pollution [20]. The results from that study and
the Australian study [21] showed that it was reasona-
ble to think that common acute respiratory infections

Table 5. Relative risk for the ischemic heart diseases (IHD) hospital admissions in Novi Sad, the Republic of Serbia, 2010-2011

Daily IHD hospital admissions among the elderly

Days 95% CI
B RR
lower upper

Ambient temperature

lower* 0.410 1.506 1.090 2.082

higher* -0.299 0.741 0.554 0.993
Relative humidity

lower* 0.318 1.374 1.054 1.792

higher* -0.329 0.720 0.528 0.981
Air pressure

lower 0.145 1.156 0.844 1.585

higher 0.158 1.171 0.858 1.600

* p value < 0.05. Bolded values are statistically significant.
Abbreviations as in Table 4.
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on days with lower temperatures may contribute to the
increased AMI.

However, in addition to the fact that temperatu-
re has a major role in the AMI incidence, our results
have also showed that lower air pressure (< 1009 hPa)
adjusted for the temperature and relative humidity are
good predictors of the lower AMI incidence among the
examined population (the adults and the elderly). Yet,
according to the available literature [22,23], conseque-
nces of air pressure on the AMI have not been studied
very often on a daily level. One of the studies that exa-
mined daily effects of air pressure on the AMI events
has reported that a higher occurrence of the AMI is
related to atmospheric pressure below 1000 hPa [24].
Data from a study conducted in Texas showed a sig-
nificant relation between air pressure and the occur-
rence of the AMI, where the decrease in air pressure
for 1.0 IH/h increased the odds of having the AMI on
the next day by 10% [25]. However, a V-shaped rela-
tionship with a minimum at 1016 mbar was reported
by Danet et al. [26]. They found an increase in the AMI
both with the decrease and increase in air pressure.
As a possible reason for the U-shaped curve, Houck
et al. [25] have explained the fact that distribution of
air pressure changes consecutively on a daily level (the
decrease in air pressure on one day is often associated
with the increase in air pressure on the next), known as
a low-pressure weather front passing through the area
that might contribute to the plaque rupture.

Regarding this, our results related to the protec-
tive effect of lower air pressure on the occurrence of
the AMI admissions, could have been anticipated con-
sidering the weather conditions in our city and the
exemption of very high and strong changes of air pres-
sure throughout the observed period. That is probably
one of the reasons why we did not confirm the U-sha-
ped association between the air pressure and AMI. Si-
milarly to air pressure, a possible reason for the lack
of U-shaped temperature - the AMI association in
our research, is the fact that ranges of temperatures
between 20.7-28°C, coded as days with higher tem-
perature, are not sufficient to cause an adverse effect
regarding AMI. On the other hand, the report from
Copenhagen showed insignificant association of 3-h
maximum apparent temperature (Tappmax) (1626°C)
with AMI admissions in the warm period [20].

Cold weather conditions have been shown to have
a stronger influence on increasing morbidity associa-
ted with heart failure, as compared to the morbidi-
ty associated with the IHD [13]. However, our results

confirmed the strongly significant association between
the IHD admissions and lower temperature among the
elderly, adjusted to the relative humidity and air pres-
sure. Similar results are supported by the study from
Scotland [27], with regard to the seasonality and annu-
al rhythm of the IHD admissions. Another interesting
result of this study is that the number of the IHD ad-
missions is reduced on days with higher temperature.
Similarly, an increased rate of all the CVD admissions
as a response to cold weather conditions was reported
among the elderly as well as the reduction in admis-
sions on very hot days [13]. The association of the CVD
admissions with temperature supports the hypothesis
that it is likely, that the elderly were more exposed to
outside activities on days with lower temperature than
on warmer days. However, the results of our study also
show that increases and decreases in the IHD admis-
sions are significantly associated with days with lower
and higher humidity values throughout the observed
period. These results are in line with studies that also
reported [28] the increased IHD admissions in the cool
and dry season and reduced admissions in the warm
and humid season, adjusted with air pollution.

It could be assumed that the elderly reduce their
activities in the environment characterized by a high
percentage of relative humidity and high temperatures,
probably due to the lack of the body’s ability to perspi-
re [29]. That conclusion may be used for interpreting
our results, which showed no association of warm and
humid weather conditions with the IHD admissions
among the elderly. On the other hand, these findings
may amplify the fact that the relative humidity alone
did not show as a major risk factor for temperature-re-
lated diseases but combined with temperature, it could
increase the number of admissions [30].

All of the results among the studies regarding the
temperature, air pressure, relative humidity and heart
disease could be contemplated not only as a conseque-
nce of a differential methodology approach [31] but also
as an impact of different climate areas, the ability of the
human body to acclimate and its adaptive behavior pat-
terns [32]. This could be one of the reasons why our re-
sults did not confirm the association between the exa-
mined meteorological parameters and AP or EH mor-
bidity.

Still, different results could also be due to several
limitations of our study. Because of the computer data-
bases used for the health data, we were not able to con-
sider all of the risk factors for the CVD, like smoking
status, alcohol consumption, obesity, physical activity
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and socioeconomic status. Because of the age specific
results in this study, with the vision of defining the
most vulnerable population, it might have been advis-
able to define more than 2 age groups (e.g., 25-35 years
old, 36-55 years old, or > 80 years old) as well as gender
specific groups according to the results of some other
authors [33]. The use of the hospital admissions as he-
alth data does not represent the real state of morbidi-
ty, too because some cases were linked only to medical
examination, without admission. Similarly, we did not
have the opportunity to distinguish the cases arising
from emergency hospitalization. One of the recognized
limitations could also be the lack of adjustment of we-
ather conditions for ambient air pollution. On the other
hand, in the association between meteorological para-
meters and health outcome, we used only lag 0 (current
effects). The results of many studies [34,35] report that
delayed effects (i.e., lag 3, lag 4, lag 7, lag 14 etc.) of me-
teorological parameters, especially temperature, could
be very important for the observed health outcome.
However, our results could be the introduction for simi-
lar research where we can examine the lag effects, too.

In spite of mentioned limitations, this study co-
uld be useful for healthcare and individual protec-
tion planning. Namely, we confirmed that sensitivity
of the CVD to temperature varies by subcategories of
the CVD as well as by age of the exposed population.
Although we found more vulnerability among the el-
derly related to the lower temperature, relative humi-
dity and air pressure, special attention should be paid
to adults aged 18-64 years old, according to our results
and results from other studies [12].

CONCLUSIONS

The results of this study explain the climate condi-
tions and heart morbidity association in the City of
Novi Sad. They suggest that the AMI and IHD hospi-
tal admissions among the adults and the elderly are
associated with meteorological parameters, contrary
to the AP and EH. The days with lower temperature
and lower relative humidity are the riskiest days for
the AMI and IHD hospitalization, for adults as well
as for the elderly, and only for the elderly, respecti-
vely, while the days with the lower air pressure carry
the smallest risk for the AMI hospitalization, both for
adults and the elderly. These findings could be used
for raising public awareness of the risk of hospitaliza-
tion from the CVD subcategories due to weather con-
ditions.

REFERENCES

1. Vaneckova P, Bambrick H. Cause-specific hospital ad-
missions on hot days in Sydney, Australia. PLoS ONE.
2013;8(2):e55459, https://doi.org/10.1371/journal.pone.
0055459.

2. Burkarta K, Khanb MM, Schneiderc A, Breitnerc S, Lang-
nera M, Krame A, et al. The effects of season and meteorol-
ogy on human mortality in tropical climates: A systematic
review. Trans R Soc Trop Med Hyg. 2014;108:1-9, https://
doi.org/10.1093/trstmh/tru055.

3. Stankovic A, Nikc D, Nikolic M, Bogdanovic D. Short-
term effects of air pollution on cardiovascular mortality
in elderly in Ni§, Serbia. Cent Eur J Public Health. 2007;
15(3):95-8.

4. Bogdanovic D, Milosevic Z, Lazarevic K, Dolicanin Z,
Ranelovic D, Bogdanovic SD. The impact of the July 2007
heat wave on daily mortality in Belgrade, Serbia. Cent Eur
J Public Health. 2013;21(3):140-5.

5. Blagojevi¢ LM, Bogdanovi¢ D, Jovi¢ S, Milosevi¢ Z,
Doli¢anin Z. Excess winter mortality of Roma popula-
tion in Serbia 1992-2007. Cent Eur ] Public Health.
2012;20(2):135-8.

6. Ye X, Wolff R, Yu W, Vaneckova P, Pan X, Tong S. Ambi-
ent temperature and morbidity: A review of epidemiolo-
gical evidence. Environ Health Perspect. 2012;120:19-28,
https://doi.org/10.1289/ehp.1003198.

7.Lin S, Luo M, Walker RJ, Liu X, Hwang SA, Chin-
ery R. Extreme high temperatures and hospital admis-
sions for respiratory and cardiovascular diseases. Epi-
demiology. 2009;20(5):738-46, https://doi.org/10.1097/
EDE.0b013e3181ad5522.

8. Michelozzi P, Accetta G, de Sario M, D’Ippoliti D, Mari-
no C, Baccini M, et al. High temperature and hospitaliza-
tions for cardiovascular and respiratory causes in 12 Eu-
ropean cities. Am J Resp Crit Care. 2009;179(5):383-9,
https://doi.org/10.1164/rccm.200802-2170C.

9. Wichmann J, Rosengren A, Sjéberg K, Barregard L, Sall-
sten G. Association between ambient temperature and
acute myocardial infarction hospitalisations in Gothen-
burg, Sweden: 1985-2010. PLoS ONE. 2013;8(4):€62059,
https://doi.org/10.1371/journal.pone.0062059.

10. Khan RC, Halder D. Effect of seasonal variation on hospital
admission due to cardiovascular disease — Findings from
an observational study in a divisional hospital in Bangla-
desh. BMC Cardiovasc Disord. 2014;14:76, https://doi.
org/10.1186/1471-2261-14-76.

11. Koken PJ, Piver WT, Ye E Elixhauser A, Olsen LM, Port-
ier CJ. Temperature, air pollution, and hospitalization for
cardiovascular diseases among elderly people in Denver.


https://doi.org/10.1371/journal.pone.
0055459
https://doi.org/10.1371/journal.pone.
0055459
https://doi.org/10.1093/trstmh/tru055
https://doi.org/10.1093/trstmh/tru055
https://doi.org/10.1289/ehp.1003198
https://doi.org/10.1097/EDE.0b013e3181ad5522
https://doi.org/10.1097/EDE.0b013e3181ad5522
https://doi.org/10.1164/rccm.200802-217OC
https://doi.org/10.1371/journal.pone.0062059
https://doi.org/10.1186/1471-2261-14-76
https://doi.org/10.1186/1471-2261-14-76

196

S. Bijelovi¢ et al.

Nr2

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Environ Health Perspect. 2003;111(10):1312-7, https://doi.
org/10.1289/ehp.5957.

Ravljen M, Bilban M, Kajfez-Bogataj L, Hovelja T, Vav-
poti¢ D. Influence of daily individual meteorological pa-
rameters on the incidence of acute coronary syndrome.
Int ] Environ Res Public Health. 2014;11(11):11616-26,
https://doi.org/10.3390/ijerph111111616.

Webb L, Bambrick H, Tait P, Green D, Alexander L. Effect
of ambient temperature on Australian Northern Terri-
tory public hospital admissions for cardiovascular disease
among Indigenous and non-Indigenous populations. Int
J Environ Res Public Health. 2014;11(2):1942-59, https://
doi.org/10.3390/ijerph110201942.

Bhaskaran K, Gasparrini A, Hajat S, Smeeth L, Arm-
strong B. Time series regression studies in environmental
epidemiology. Int ] Epidemiol. 2013;42(4):1187-95, https://
doi.org/10.1093/ije/dyt092.

Turner LR, Connell D, Tong S. Exposure to hot and cold
temperatures and ambulance attendances in Brisbane,
Australia: A time-series study. BMJ Open. 2012;2:¢001074,
https://doi.org/10.1136/bmjopen-2012-001074.

Mohebbi M, Wolfe R, Forbes A. Disease mapping and re-
gression with count data in the presence of overdispersion
and spatial autocorrelation: A Bayesian model averaging
approach. Int J Environ Res Public Health. 2014;11(1):
883-902, https://doi.org/10.3390/ijerph110100883.

Lee JH, Chae SC, Yang DH, Park HS, Cho Y, Jun JE, et al.
Korea Acute Myocardial Infarction Registry Investigators:
Influence of weather on daily hospital admissions for acute
myocardial infarction (from the Korea Acute Myocar-
dial Infarction Registry). Int J Cardiol. 2010;144(1):16-21,
https://doi.org/10.1016/j.ijjcard.2009.03.122.

Hernandez EG, O’Callaghan AC, Domenech JC, Meri-
no VL, Manez RS, Errazti IE, et al. Seasonal variations in
admissions for acute myocardial infarction. The PRIM-
VAC study. Rev Esp Cardiol. 2004;57:12-9, https://doi.
0rg/10.1016/S1885-5857(06)60082-0.

Spencer FA, Goldberg R], Becker RC, Gore JM. Seasonal
distribution of acute myocardial infarction in the second
National Registry of Myocardial Infarction. ] Am Coll
Cardiol. 1998;31:1226-33, https://doi.org/10.1016/S0735-
1097(98)00098-9.

Wichmann J, Ketzel M, Ellermann T, Loft S. Apparent tem-
perature and acute myocardial infarction hospital admis-
sions in Copenhagen, Denmark: A case-crossover study.
Environ Health. 2012;11:19, https://doi.org/10.1186/1476-
069X-11-19.

Barnes M, Heywood AE, Mahimbo A, Rahman B, Ne-
wall AT, Macintyre CR. Acute myocardial infarction and
influenza: A meta-analysis of case-control studies. Heart.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

2015;101(21):1738-47, https://doi.org/10.1136/heartjnl-
2015-307691.

Radisauskas R, Vaic¢iulis V, Ustinavic¢iené R, Bernotiené G.
The effect of atmospheric temperature and pressure on
the occurrence of acute myocardial infarction in Kau-
nas. Medicina (Kaunas). 2013;49(10):447-52, https://doi.
0rg/10.1016/j.medici.2014.08.003.

Goerre S, Egli C, Gerber S, Defila C, Minder C, Richner H,
et al. Impact of weather and climate on the incidence of
acute coronary syndromes. Int J Cardiol. 2007;118(1):36-
40, https://doi.org/10.1016/j.ijcard.2006.06.015.

Sarna S, Romo M, Siltanen P. Myocardial infarction and
weather. Ann Clin Res. 1977;9(4):222-32.

Houck PD, Lethen JE, Riggs MW, Gantt DS, Dehmer GJ.
Relation of atmospheric pressure changes and the oc-
currences of acute myocardial infarction and stroke. Am
J Cardiol. 2005;96:45-51, https://doi.org/10.1016/j.amj-
card.2005.02.042.

Danet S, Richard E Montaye M, Beauchant S, Lemaire B,
Graux C, et al. Unhealthy effects of atmospheric tempera-
ture and pressure on the occurrence of myocardial infarc-
tion and coronary deaths. A 10-year survey: The Lille-
World Health Organization MONICA project (Monitor-
ing trends and determinants in cardiovascular disease).
Circulation. 1999;100(1):E1-7, https://doi.org/10.1161/01.
CIR.100.1.el.

Douglas AS, Dunnigan MG, Allan TM, Rawles JM. Sea-
sonal variation in coronary heart disease in Scotland. J Epi-
demiol Community Health. 1995;49(6):575-82, https://
doi.org/10.1136/jech.49.6.575.

Qiu H, Yu ITS, Wang XR, Tian LW, Tse LA, Wong TW.
Cool and dry weather enhances the effects of air pollu-
tion on emergency IHD hospital admissions. Int J Car-
diol. 2013;168(1):500-5, https://doi.org/10.1016/j.ijcard.
2012.09.199.

Kalkstein LS, Valimont KM. Climate effects on human
health. In: Tirpak D, editor. Potential effects of future cli-
mate changes on forests and vegetation, agriculture, water
resources, and human health. Washington D.C.: U.S. Envi-
ronmental Protection Agency; 1987. p. 122-52.

Basu R. Disorder related to heat waves. In: Levy BS, Patz JA,
editors. Climate change and public health. New York: Ox-
ford University Press; 2015. p. 87-104.

Xun WW, Khan AE, Michael E, Vineis P. Climate change
epidemiology: Methodological challenges. Int J Public
Health. 2010;55:85-96, https://doi.org/10.1007/s00038-
009-0091-1.

Vardoulakis S, Dear K, Hajat S, Heaviside C, Eggen B,
McMichael AJ]. Comparative assessment of the effects of
climate change on heat- and cold-related mortality in the


https://doi.org/10.1289/ehp.5957
https://doi.org/10.1289/ehp.5957
https://doi.org/10.3390/ijerph111111616
https://doi.org/10.3390/ijerph110201942
https://doi.org/10.3390/ijerph110201942
https://doi.org/10.1093/ije/dyt092
https://doi.org/10.1093/ije/dyt092
https://doi.org/10.1136/bmjopen-2012-001074
https://doi.org/10.3390/ijerph110100883
https://doi.org/10.1016/j.ijcard.2009.03.122
https://doi.org/10.1016/S1885-5857(06)60082-0
https://doi.org/10.1016/S1885-5857(06)60082-0
https://doi.org/10.1016/S0735-1097(98)00098-9
https://doi.org/10.1016/S0735-1097(98)00098-9
https://doi.org/10.1186/1476-069X-11-19
https://doi.org/10.1186/1476-069X-11-19
https://doi.org/10.1136/heartjnl-2015-307691
https://doi.org/10.1136/heartjnl-2015-307691
https://doi.org/10.1016/j.medici.2014.08.003
https://doi.org/10.1016/j.medici.2014.08.003
https://doi.org/10.1016/j.ijcard.2006.06.015
https://doi.org/10.1016/j.amjcard.2005.02.042
https://doi.org/10.1016/j.amjcard.2005.02.042
https://doi.org/10.1161/01.CIR.100.1.e1
https://doi.org/10.1161/01.CIR.100.1.e1
https://doi.org/10.1136/jech.49.6.575
https://doi.org/10.1136/jech.49.6.575
https://doi.org/10.1016/j.ijcard.2012.09.199
https://doi.org/10.1016/j.ijcard.2012.09.199
https://doi.org/10.1007/s00038-009-0091-1
https://doi.org/10.1007/s00038-009-0091-1

Nr 2

Climate conditions and cardiovascular diseases

197

33.

34.

United Kingdom and Australia. Environ Health Perspect.
2014;122:1285-92, https://doi.org/10.1289/ehp.1307524.
Bortkiewicz A, Gadzicka E, Szymczak W, Szyjkowska A,
Koszada-Wlodarczyk W, Makowiec-Dabrowska T. Physi-
ological reaction to work in cold microclimate. Int J Oc-
cup Med Environ Health. 2006;19(2):123-31, https://doi.
org/10.2478/v10001-006-0020-y.

Giang PN, Dung DV, Bao Giang K, Vinhc HV, Rockl6v J.
The effect of temperature on cardiovascular disease hos-

35.

pital admissions among elderly people in Thai Nguyen
Province, Vietnam. Global Health Action. 2014;7:23649,
https://doi.org/10.3402/gha.v7.23649.

Chan EY, Goggins WB, Yue JS, Lee P. Hospital admis-
sions as a function of temperature, other weather phe-
nomena and pollution levels in an urban setting in China.
Bull World Health Organ. 2013;91(8):576-84, https://doi.
org/10.2471/BLT.12.113035.

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License / Ten utwor jest
dostepny w modelu open access na licencji Creative Commons Uznanie autorstwa — Uzycie niekomercyjne 3.0 Polska — http://creativecommons.org/
licenses/by-nc/3.0/pl/deed.en.

Publisher / Wydawca: Nofer Institute of Occupational Medicine, £6dz, Poland


https://doi.org/10.1289/ehp.1307524
https://doi.org/10.2478/v10001-006-0020-y
https://doi.org/10.2478/v10001-006-0020-y
https://doi.org/10.3402/gha.v7.23649
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
https://doi.org/10.2471/BLT.12.113035
https://doi.org/10.2471/BLT.12.113035



