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Abstract

Objective: We examined the association between climatologic parameters and daily admissions for non-fatal acute coronary syndromes
(ACS) to emergency units of hospitals in the greater Athens area, from January 2001 to August 2002. Methods: Daily mean, maximum and
minimum temperatures, relative humidity, wind speed, barometric pressure and a thermo-hydrological index (T.H.I.) were measured at the
meteorological station of the Laboratory of Climatology of the Geology Department of the University of Athens. In addition, the daily
number of admissions for acute myocardial infarction or unstable angina in the five major general hospitals in the greater Athens area was
recorded. Generalized additive models (GAM) were applied to regress-time-series of daily numbers of outpatients with acute cardiac events
against climatological variations, after controlling for possible confounders and adjustment for over dispersion and serial correlation. Results:
Five thousand four hundred fifty-eight Athenians with non-fatal acute cardiac events were admitted to the selected hospitals during the period
of the study, 4093 (75%) males and 1365 (25%) females. There was a negative correlation between hospital admissions and mean daily
temperature (MDT) with a 1 °C decrease in mean air temperature yielding a 5% increase in hospital admissions (£ <0.05). This association
was stronger in females and the elderly (P<0.01). Relative humidity was positively correlated with hospital admissions (P <0.05).
Conclusion: Despite the relatively short study period (<2 years), these findings suggest a significant association between cold weather and
increased coronary heart disease incidence, especially in the elderly and females.
© 2003 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Hippocrates (430 BC), in his treatise “Of Airs, Waters and
Places”, pointed out that environmental conditions play a
role in the pathogenesis of disease. In recent years, several
studies indicated that variations in ambient temperature
correlated with mortality and morbidity rates [1-9]. In
general, increased death rates occur principally in the elderly
[1,2], with the lowest death rates occurring on days of
moderate temperature and highest rates at either end of the
temperature range [10]. However, the strength of the associ-
ation as well as the potential mechanisms to explain the
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association between climatological variations and human
health is still under investigation, with both physiological
and psychological mechanisms being suggested.

We examined the relationship between climatological
indices (average, maximum and minimum daily temperature,
relative humidity, wind speed, and barometric pressure) and
admissions due to non-fatal acute coronary syndromes (ACS)
in cardiology emergency units in the greater Athens area.

2. Methods
2.1. Study population

Between 1 January 2001 and 31 August 2002 we
obtained the daily counts of admissions for non-fatal ACS
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in the emergency units from the five major Hospitals’
(Hippokration, Evangelismos, Tzaneio, Alexandras and
Red Cross) in the greater Athens area. The population in
the investigated area is about 3.5 million (National Statis-
tical Services, census 2001) and the selected hospitals cover
about 77-80% of hospital admissions for cardiac events
(personal information provided by the Ministry of Health).
Study investigators confirmed that admission diagnoses
were in accordance with discharge diagnoses and cases with
discordant diagnoses were excluded. Only Athens residents
were included in the final study population. Acute myocar-
dial infarction was defined by at least two of the following
features: (a) electrocardiographic changes, (b) compatible
clinical symptoms, and/or (c) specific diagnostic enzyme
elevations. Unstable angina was defined by the occurrence
of one or more angina episodes, at rest, within the preceding
48 h, corresponding to class III of the Braunwald classifi-
cation. A cardiologist reviewed and confirmed each clinical
evaluation. Additional information included gender and age
in one of three groups: younger than 35-years-old, middle-
aged (36—64-years-old) and over 65-years-old.

2.2. Climatological data

The studied area shows many climatological variations.
The local climate is “Mediterranean” with wet, mild winters
and long, hot, dry summers [11]. Daily maximum and
minimum air temperatures (°C), wind speed (Beaufort scale),
relative humidity (%) and barometric pressure (mmHg) were
obtained from the Climatological Laboratory of the Univer-
sity campus (longitude=37°58" North, latitude=23°47
East). Mean daily temperature (MDT) was defined as the
average of daily maximum and minimum temperature.

2.3. Statistical analysis

The incidence of ACS is presented as absolute and
relative frequencies. The analysis of the data followed
standard time-series methods. These involved the use of
generalized additive models (GAM) with loess smoothers to
control for seasonal patterns [12]. For the determination of
the optimal amount of smoothing needed, a relatively large
span was initially applied (i.e. 180 days). Afterwards,
reductions in the smoothing window were made, with a
reassessment of model diagnostics at each step. Thus, loess
smoother, with a 90 days time window (smoothing param-
eter is 90/608 = 14%), was finally used. We selected loess
smoother since its local behavior picks up awkward shapes
well [12]. Moreover, according to several investigators [12—
14], the lag effect seems to be important. Thus, each
climatological measure was averaged across lags of 0 and
2 days. Afterwards, each of these terms was included in the
model if statistically significant at the 5% level. In the next
step of the analysis indicator variables were used to allow for
day-of-week (six “dummy” variables), season (November—
March, April-October), Christmas, New Year, Easter,

strikes, bank and summer holidays (25 July to 25 August).
The contribution of each variable was evaluated by the use
of the F-test. Once all the aforementioned indicator variables
were included in the model, as independent variables, the
relationship of daily admissions with climatological param-
eters as well as a special environmental index [15] was
finally assessed. The mathematical formulae of this thermo-
hydrological-index (T.H.L.) is: TH.I.=T7,—-0.55%(1 —0.01
RH)*(T, — 14.5), where T,=mean monthly air temperature
in Celsius degrees, RH=mean monthly relative humidity as
a percentage. This index has been suggested as an appro-
priate measure for the evaluation of the effect of air
temperature on health outcomes [15], since it takes into
account mean air temperature after controlling for the effect
of relative humidity. Goodness-of-fit of each statistical
model was assessed from the residuals against time. The
partial auto-correlation function was applied to determine
the degree of remaining serial-correlation (non-indepen-
dence of adjacent days). All analyses were carried out using
the statistical software SPSS 10.1 (SPSS Inc., Chicago, IL).

3. Results
3.1. Daily hospital admissions

During the study period 5458 subjects were admitted for
a non-fatal ACS in the selected hospitals, 4093 (75%) of
them were males and 1365 (25%) were females. Approxi-
mately one half (n=2823, 51%) were over 65-years-old and
55 (1%) were below 35-years-old. The mean number of
daily admissions was 9.3 & 3.5 persons per day, averaging
6.9 £2.8 male (74%) and 2.4+ 1.5 female (26%).
55.7+ 2.4 were admitted due to unstable angina (61%)
and 3.6 £ 1.5 due to acute myocardial infarction (39%).
Fig. 1 illustrates the series of the daily number of admissions
for ACS in the selected hospitals, during the 20-month study
period. The mean numbers of admissions were higher in the
cold compared to the warm season (Figure 1).

3.2. Climatological variables and hospital admissions for
ACS

Fig. 2 illustrates the daily values of mean air temperature
and humidity. The application of the GAM revealed a
negative correlation between daily hospital admissions and
the mean air temperature, after controlling for gender, age
group, season, day-of-week, number of holidays and strikes
(see Table 1). A 1 °C decrease in MDT was associated with a
5% increase of admissions due to an acute coronary event
(ff=—0.05, risk ratio=1.05, P<0.05). This association was
stronger in females (f=— 0.08, risk ratio=1.08, P=0.058
for females vs. f=—0.04, risk ratio=1.04, P=0.15 for
males) and in the elderly (f=—0.09, risk ratio=1.10,
P=0.032 for >65-years-old vs. f=—0.02, risk ratio=1.02,
P=0.23 for <65-years-old). There was also a negative
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Fig. 1. Time series of observed and predicted daily number of hospital
admissions for ACS, in Athens greater area. The loess smoother expresses
predicted hospital admissions; the studied period is from 1 January 2001 to
31 August 2002.

correlation between hospital admissions for ACS and mini-
mum, maximum daily temperature. A 1 °C decrease in
minimum or maximum air temperature was associated with
a 4% (ff=—0.03, risk ratio=1.04, P=0.048) and 5% (=
—0.05, risk ratio=1.05, P=0.041) increase in the number of
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Fig. 2. Time series of observed and predicted mean air temperature and
relative humidity, in Athens greater area. Mean air temperature (bottom
line) is expressed in Celsius degrees and relative humidity (upper line) as a
percentage; the studied period is from 1 January 2001 to 31 August 2002.

Table 1

Parameter estimates from Poisson autoregressive models and relative risks
(RR) for daily hospital admissions, per 1 unit change in the climatological
variables RR reflects a 1 °C decrease in all temperature measurements and
T.H.IL, and 1% increase in relative humidity, after controlling for day-of-
week, season, Christmas, New Year, Easter, strikes, bank and summer
holidays of the investigated period (January 2001 —August 2002)

f-coefficient + S.E. RR P-value
Mean temperature (°C) —0.050 + 0.0022 1.05 0.030
Maximum temperature (°C) —0.043 £ 0.0020 1.04 0.031
Minimum temperature (°C) —0.058 + 0.0025 1.06 0.020
Relative humidity (%) 0.022 + 0.0010 1.02 0.036
Barometric pressure 0.00005 + 0.0002 1.00 0.831
(1 mmHg)
T.H.I (1 °C) —0.056 + 0.0031 1.06 0.039

hospital admissions, respectively. For relative humidity, a
positive correlation was found with hospital admissions
(p=+0.02, risk ratio per 10% change=1.24, P=0.04) (Fig-
ure 2). This correlation was stronger in females (f=+0.04,
risk ratio per 10% change=1.49, P=0.015) than males
(f=0.01, risk ratio per 10% change=1.11, P=0.35). A
negative correlation was found between T.H.I. and hospital
admissions, in both genders (3). A 1 °C decrease in T.H.IL.
yielded a 6% (f=—0.06, risk ratio=1.06, P=0.039) in-
crease in hospital admissions for ACS (see Table 1). This
correlation was, slightly, stronger in the elderly (f=— 0.09,
risk ratio=1.09, P<0.001). No differences were found when
we stratified our analysis according to the type of syndrome
(unstable angina or acute myocardial infarction) and no
significant interactions between mean temperature and hu-
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Fig. 3. Hospital admissions for ACS in the selected hospitals and the T.H.L.
(°C). Horizontal line represents mean daily hospital admissions for ACS in
the selected hospital, and gradient line represents linear association between
log(daily hospital admissions) and T.H.I., after adjustment for several
confounders.
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midity or with day-of-the-week, holidays and strikes were
observed with respect to hospital admissions.

Regarding the other investigated climatological parame-
ters, wind speed was negatively correlated with hospital
admissions, but this relationship was not statistically signif-
icant (f=—0.10 £ 0.15, risk ratio=1.11, P=0.479). Simi-
lar results were found regarding the mean barometric
pressure (see Table 1).

4. Discussion

We evaluated the association between several climato-
logic parameters (temperature, humidity, wind speed and
barometric pressure) and hospital admissions for non-fatal
ACS (unstable angina or acute myocardial infarction) in the
greater Athens area. Time-series analysis revealed a statis-
tically significant association between ambient temperature
and relative humidity and hospital admissions for ACS.
This relationship was more marked in females and the
elderly.

Several observational studies reported a relationship
between air temperature and mortality, with most of the
excess mortality due to respiratory and cardiovascular
disease [16—22]. For example, in the United Kingdom a
2% increase in mortality has been estimated for every 1 °C
fall in temperature from 18 °C [23]. Other studies examined
the correlation between temperature and humidity and
increased cardio-respiratory morbidity; they reached a vari-
ety of conclusions [24—27]. In general, studies show that
increased death rates occur principally in the elderly, and
that this relationship with temperature takes the form of a
“V’ or a ‘U’ shape [20,28].

In contrast to the aforementioned studies, our study
revealed a linear association between air temperature and
hospital admissions for ACS, with a 1 °C decrease in MDT
resulting in a 5% increase in hospital admissions. These
findings were reinforced when we included in the analysis a
T.H.L, suggesting that the ambient temperature is inversely
related to the investigated cardiac events, when taking into
account the effect of relative humidity. Also, the association
between air temperature and hospital admissions was stron-
ger in females (+8%) and the elderly (+9%). A potential
pathophysiological mechanism is that low air temperatures
produce vasoconstriction, which increases the arterial pres-
sure [21]. Furthermore, an increase in the circulating levels
of catecholamines can increase heart rate and cardiac work
(a similar reaction to bathing in cold water) [21,22]. The
combination of increased cardiac work and peripheral
resistance might lead to a greater oxygen demand and a
potentially ischemic reaction in the vulnerable myocardium.
Furthermore, the higher cardiovascular mortality during
periods of cold weather might be associated with an increase
in blood pressure variability [27].

However, other investigators report a positive association
between air temperature and cardio-respiratory mortality

and morbidity. In particular, a 35% increase in mortality
has been reported in New York during a heat wave in June
1984, mainly due to an increase in mortality of the elderly
living in poorly air-conditioned residences [2]. High temper-
atures during heat waves in 1976, 1995 and 1998 in London
were also associated with a 15% increase in total mortality
[8,10]. The increased temperature during July 1987, in
Athens was also associated with 2000 additional deaths, a
97% increase in daily mortality [4]. Finally, a recent study
involving 44 cities in USA has shown an association
between high variability of daily temperature during sum-
mer and increased mortality [9].

The data studied in this survey consisted only of people
admitted alive in the emergency units of the selected
hospitals and, consequently, do not cover all the major
coronary events. We have not investigated concomitant air
pollution variations and the relatively short duration of the
study period also limits somewhat our confidence in a
cause—effect relationship for the meteorological variables.
Nevertheless, the findings suggest a strong association
between mean air temperature and hospital admissions due
to ACS. Due to the large burden of acute cardiac disease and
its sequelae, this is a matter of some public health impor-
tance. Further studies are needed in order to confirm or
refute our findings and the suggested pathophysiological
mechanisms.
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