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Abstract
Objectives: To calculate threshold values of weather discomfort which increase the risk of hospital admissions for myocardial infarction in
winter and summer.
Background: Notwithstanding heat waves were reported to acutely increase hospital admissions for cardiovascular diseases, large surveys
failed to reveal any increase of event rates with increasing air temperature. However, the assessment of air temperature does not allow
evaluation of the actual discomfort perception caused by the combination of different meteorological parameters.
Methods: Hospital admissions for myocardial infarction for the period 1998–2002 in Florence, Italy, were considered. The percentages
of variation of daily event rates according to daily mean air temperature variations were preliminary derived by using a regression
analysis. An alternative biometeorological approach, considering the Apparent Temperature Index (ATI) in summer, and the New U.S./
Canada Wind Chill Temperature Index (NWCTI) in winter, which combine air temperature, relative humidity and wind velocity, was
then used.
Results: The traditional approach showed that daily event rates significantly increased with daily mean air temperature decrease (10 8C
decrease were associated with 19% increase in daily event rates for people older than 65 years), but failed to show any negative effect
caused by hot climatic conditions. Conversely the biometeorological approach allowed to show that at least 9 h per day of severe
discomfort caused by hot conditions significantly increased the rate of admission ( P b 0.01).
Conclusions: This approach might be useful for the development of an operative weather watch/warning system for population and for
hospital professional care.
D 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Cardiovascular diseases, in particular myocardial infarction (MI), have been consistently reported to be more
frequent during winter [1–4]. Studies performed to
evaluate the effects of weather conditions investigated
the influence of a single meteorological parameter [5–8]
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and revealed that the increase in hospital admission rates
for MI in winter was related with low temperature [9,10].
Indeed Marchant et al. [11] found that MI was more
common on colder days, independently of the season.
More recently, a large 10-year longitudinal survey [12] and
a study performed in the Athens area [13], confirmed the
effects of low temperature showing a linear increase in
event rates with decreasing mean daily air temperature
[12].
All these studies observed no effects on hospitalizations caused by high air temperatures. Conversely,
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studies performed in tropical regions reported that also
hot climate may increase the incidence of MI [14–16].
The occurrence of heat waves was repeatedly reported to
be associated with an increase in cardiovascular mortality
also in temperate regions [17–19]. The heat wave of
summer 2003 revealed that the effects of hot conditions
might be particularly relevant in Europe where, differently
from USA, air conditioning systems have a low diffusion
including public buildings and retirement homes [18].
During summer 2003, Italy was the second (after France)
most affected European country [20]. However the effect
of hot weather conditions may not be well appreciated by
considering only the mean daily air temperature. Indeed
the combination of air temperature, relative humidity and
wind velocity, provides apparent temperature values which
allow better appreciation of the increase in human
discomfort perception caused by the compromised efficiency of sweating. Therefore, to obtain useful information for the development of an adequate weather/health
warning system, we studied the influence of biometeorological indices on hospitalizations for MI in an Italian city
characterized by a mild climate and generally without
temperature extremes, Florence (E = 11811V E; U = 438 47V
N). Hospital discharge data for MI were considered and
threshold values for the hours of severe discomfort per
day (values of apparent temperature higher or lower than
90th or 10th percentile respectively for hot and cold
conditions) associated with an increase of admission rate
for MI were calculated.

2. Materials and methods
2.1. Meteorological data
Hourly meteorological data, for the period 1998–2002, of
air temperature (8C), relative humidity (%) and wind
velocity (m s 1), were obtained from the urban weather
station located in the centre of Florence and managed by the
Regional Office for Environmental Protection in Tuscany.
Mean daily temperatures were calculated over the whole
years.
Apparent temperature values for winter and summer
were calculated on an hourly basis, by applying two
biometeorological indices used by the main weather
forecast services of United States (National Weather
Service and National Oceanic and Atmospheric Administration) and Canada (Meteorological Service of Canada):
1) The Apparent Temperature Index (ATI) [21], which
combines air temperature, relative humidity and wind
velocity, allowing evaluation of human weather discomfort
due to hot conditions; 2) The New U.S./Canada Wind
Chill Temperature Index (NWCTI) [22], employed to
assess human weather discomfort due to the combination
of low temperatures and different intensities of wind.
These indices ignore the effects of radiation and are
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suitable for describing potential discomfort conditions in
shade.
The 90th and the 10th percentile for ATI and NWCTI
respectively for the summer and winter season were
considered as threshold values for severe discomfort.
Astronomical seasons were considered.
2.2. Hospital discharge data
Computerized inpatient hospital discharge data for MI,
over a 5-year period, 1998–2002, was provided by the
Administration of Careggi Hospital (source Azienda
Ospedaliera di Careggi), the biggest and the main Regional
hospital. Only data of people residents in the Florentine
area were considered. Discharge diagnoses were coded by
professional nosologists according to International Classification of Diseases, Ninth Revision Clinical Modification
(ICD-9-CM: 410–410.92). For each patient admitted, up to
five discharge diagnoses can be recorded. Only one of
these is listed as the primary health condition for which the
patient was hospitalized, while the remaining are secondary discharge diagnoses accounting for existing or
comorbid conditions.
2.3. Statistical analyses
Statistical analyses were performed using SPSS for
Windows version 9.0.
A first preliminary and exploratory statistical analysis
was carried out by a traditional approach, evaluating the
relationships between daily event rates and mean daily air
temperatures by using a regression analysis. This examination was performed for the overall group of 2683 patients
and for two different age subjects: younger than 65 and
older than 65 years of age.
Chi-square test for goodness of fit for the distribution
of hospital admissions for MI was performed to analyze
differences between age groups, sex and seasonal
fluctuations.
A second statistical analysis was concentrated in winter
and in summer, the two seasons with most of the extreme
weather conditions, causing discomfort for people. This
analysis was carried out for the overall group of 1222
patients, as well as for sex and age groups.
To establish if the number of hours with severe
discomfort conditions per day affected admissions for
myocardial infarction, statistical analysis of linear regression
was performed. All the bpotential Discomfort DaysQ (pDDs)
with at least 1 h of severe discomfort were evaluated in
summer and winter for the 5-year period. The pDDs were
divided into six classes according to the different number of
hours with biometeorological discomfort: class 1 with 1–2
h; class 2 with 3–4 h; class 3 with 5–6 h; class 4 with 7–8 h;
class 5 with 9–10 h; class 6 with N 10 h. For the pDDs
classes so obtained, patients were counted and divided by
sex and age.
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The admission rate occurring in a specific class of pDDs
was determined by the following expression: Admission
rate = Number of admissions / Number of pDDs.
In this way different admission rates for specific classes
of pDDs were obtained.
The linear regression of admission rates versus pDDs
was carried out on these values, assessing the Pearson’s
correlation coefficient (r). The statistical significance of r
was tested using the Student t-test.
When a statistically significant linear regression was
observed, bDiscomfort DaysQ (DDs) were identified as those
days, with threshold number of hours of severe discomfort,
which increase the admission rate over the daily average rate
of hospital admissions for the season. The rate of increase in
event rates per hour of severe discomfort was then
calculated.
Correlation between severe discomfort conditions and
hospitalization for MI were investigated on that same day
(lag = 0) and up to three following days to detect the possible
time-lag phenomenon (lag = 1–3).

3. Results
3.1. Preliminary and exploratory statistical analysis
During the 5 years of the survey 2683 events were
recorded, 804 (30%) occurring in patients younger than 65
years of age and 1879 (70%) in patients older than 65 years
of age. Daily event rates were significantly related with
daily mean air temperature in patients z 65 ( P b 0.001). For
a 10 8C decrease in air temperature, the increase in event
rates was 19% for patients older than 65 years of age and
only 4% for the youngest age group (Fig. 1).
3.2. Seasonal distribution of hospital admissions by sex and
age
Maximum peaks of hospitalization for MI were observed
in autumn and winter, while the minimum value was

Fig. 2. Age groups, sex and seasonal fluctuation for myocardial infarction.
Legend: black bar = males; grey bar = females.

reached in summer (Fig. 2). The statistical analysis of the
total sample of patients showed a highly significant seasonal
fluctuation (v 2 = 69.9, P b 0.001).
Hospital admissions for MI showed a higher prevalence
in men than in women, in both age groups and in all seasons
(Fig. 2). The ratio males/females, evaluated on the total
sample was 2.1 / 1.0 and this variation was statistically
significant (v 2 = 286.7, P b 0.001). Ratios were higher for
patients b 65 than for z 65, in all seasons. The highest ratio
was observed for patients b65 during summer, with almost
seven males for one female.
On the other hand, hospital admissions of people z65
were always higher than for people b65, in both males and
females. A statistically significant fluctuation of the total
sample of patients between different age groups was also
found (v 2 = 430.7, P b 0.001).
3.3. Relationships between pDDs caused by hot conditions
and hospital admissions during summer
A significant relationship between potential severe
discomfort caused by hot conditions and hospital admissions on that same day (lag = 0) was found for males b65
(r = 0.90, P b 0.01), whereas no effect was observed in
subjects z 65 years. In particular the rate of hospital
admission of males increased by 3% every 2 h per day
increase of severe discomfort (Fig. 3) and the threshold level
was reached on days with at least 9 h of severe discomfort
conditions (DDs). When the whole group of subjects was
considered (without difference of age and sex) a significant
increase in admission rate was also showed three days after
severe discomfort conditions (lag = 3) (r = 0.81, P b 0.05). In
this case the rate of hospital admission significantly
increased by 10% every 2 h per day increase of severe
discomfort conditions (Fig. 4).
3.4. Relationships between pDDs caused by cold conditions
and hospital admissions during winter

Fig. 1. Daily event rates according to daily mean air temperature by age
groups. Legend: o indicates patients z 65 years of age; . indicates patients
younger than 65 years of age; continuous line = linear regression.

Significant relationships between severe discomfort
caused by cold conditions and hospitalization on that
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Fig. 3. Admission rates for myocardial infarction of males b65 on the same
potential Discomfort Days in summer. Legend: dotted line = daily average
rate of hospital admissions; continuous line = linear regression of pDD;
**P b 0.01 significant.

same day (lag = 0) were found considering the total
sample (without difference of age and sex) (r = 0.74,
P b 0.05) and patients z65 (without difference of sex)
(r = 0.84, P b 0.01). Regarding the sex of patients, males
did not show any significant associations, on the other
hand females showed the highest correlation coefficients
in both the total sample of females (without difference of
age) (r = 0.85, P b 0.01) and females z 65 (r = 0.84,
P b 0.01). During DDs with more than 4 h of severe
discomfort conditions the admission rate significantly
increased by 6% every 2 h per day increase of severe
discomfort (Fig. 5). Statistically significant relationships
were also found correlating hospitalizations occurred two
days after a day with severe discomfort conditions
(lag = 2). These relationships concerned the total sample
of patients (without differences of age and sex) (r = 0.84,
P b 0.01) and above all males z65 (r = 0.97, P b 0.001).
The maximum increase in the admission rate of males
was observed two days after a day with at least 11 h of

Fig. 4. Admission rates for myocardial infarction of the total sample 3 days
after potential Discomfort Days in summer. Legend: dotted line = daily
average rate of hospital admissions; continuous line = linear regression of
pDD; *P b 0.05 significant.
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Fig. 5. Admission rates for myocardial infarction of females z 65 on the
same potential Discomfort Days in winter. Legend: dotted line = daily
average rate of hospital admissions; continuous line = linear regression of
pDD; **P b 0.01 significant.

discomfort, while, for females, days with at least 5 h were
needed (figure not shown).

4. Discussion
The main findings of this study are:
1. The effect of hot weather conditions is well appreciate by
considering bDiscomfort DaysQ with at least 9 h of
apparent temperature values over 90th percentile. On
these days discomfort conditions should also persist
during the night-time hours.
2. The effect of hot weather conditions is particularly
marked considering hospitalization for MI 3 days after
discomfort conditions (lag = 3). This time-lag phenomenon causes more than three-fold increase in the rate of
admission, in fact the rate of hospitalization significantly
increased by 10% every 2 h per day increase of severe
discomfort conditions against the increase of 3%
observed considering the rate of hospitalization on the
same day.
3. Hot weather conditions increase the rate of admission
especially in young people, while cold weather conditions increase above the average rate of hospitalization
of elderly.
In the present study, the analysis based on bDiscomfort
DaysQ allows to evaluate the relationship between severe
discomfort, caused by both cold and hot conditions, and
hospital admissions for MI better and in detail than the
traditional approach based on the mean daily air
temperature.
Many studies, in particular those based on mortality
events, indicate that low temperatures are associated with an
increase of cardiovascular events [1,4,12,23,24]. Cold conditions have different effects mediated by the activation of
both the sympathetic nervous activity and the coagulation
system. Cold induced vasoconstriction causes a significant
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increase in arterial pressure and heart workload [6] which are
balanced by coronary vasodilatation in healthy subjects, but
may result in myocardial ischemia in patients with coronary
disease [25]. On the other hand the increase of fibrinogenemia during the cold months could contribute to increase the
occurrence of cardiovascular diseases in winter [8,26,27].
Large epidemiological studies revealed that the effects of
cold weather conditions are particularly relevant in subjects
aged 55–64 when compared to the youngest groups [12]. In
our study the mean daily air temperature was related to a
progressive increase in hospital admissions for MI also in
the elderly. In this age group the increase in the event rate
for a 10 8C decrease in air temperature (19%) was similar to
that observed by Danet et al. [12] in subjects aged 55–65
years (18%). In recent study carried out in another
Mediterranean country (Greece), authors showed a negative
correlation between hospital admissions and mean daily
temperature [13]. In this case 1 8C decrease in mean air
temperature was associated with a 5% increase in hospital
admissions ( P b 0.05).
On the other hand, notwithstanding heat waves are
known to increase cardiovascular diseases mortality, no
effects of hot conditions were observed on hospitalization
for myocardial infarction. The difficulty in the evaluation of
the impact of heat is particularly manifest in regions with
mild climate, without temperature extremes [28,29]. This
might be due to some limitations of considering only the
effects of mean daily temperature. First, the effects of
weather conditions on the perception of discomfort are
related also to other parameters, such as relative humidity
and wind velocity. Changes of relative humidity and wind
velocity values can influence discomfort conditions during
summer because directly affect sweat evaporation which
represents the most effective physiological cooling system.
Second, the use of mean daily temperature, which averages
values measured during diurnal and nocturnal hours, cannot
allow to consider the role of a sharp sustained increase in
temperature during day time. The occurrence of MI might
indeed be caused by short lasting exposition to extreme
weather conditions.
The application of a biometeorological index, combining
several meteorological variables simultaneously, enhances
the evaluation and the comprehension of the relationships
between severe discomfort conditions and hospital admissions for myocardial infarction, even in regions with mild
climate, where discomfort conditions may occur also with
no very high air temperatures, but with high values of
relative humidity and without wind. In a recent study, which
took place in Argentina, the authors found that the
application of biometeorological indices well represent the
prevailing meteorological conditions [16].
Moreover the approach based on bDiscomfort DaysQ,
quantifying the daily number of hours with severe discomfort caused by cold and hot conditions, has greatly
contributed in the evaluation of the weather impact on
hospital admissions for MI. In this way it was possible to

evaluate the threshold number of hours per day with severe
discomfort conditions over which the admission rate
significantly increases in comparison to the daily average
rate in the season.
During summer, when only admissions of younger males
(age group b 65) showed a statistically significant relationship on DDs with at least 9 h of severe discomfort. A
possible explanation is that younger people may be more
exposed to severe hot conditions, because of working
outdoors and other physical activities. Furthermore, in this
season, about 30% of resident inhabitants are on holiday,
and the elderly people, if not alone and unhealthy, are often
away from the city.
Regarding the increase of admission rate several days
after a DD, this is also confirmed by other authors [16,30].
During winter, especially admissions of elderly people
showed statistically significant increases in the admission
rate when DDs occurred. These increases have been found
on the DDs themselves or 2 days after. In this latter case a
different impact on patients z65 of females and males was
observed. Males seem to be more resistant to severe
discomfort caused by cold conditions than females. In fact
it was seen that for females, to increase the admission rate, a
lesser number of hours of discomfort conditions were
needed (DDs with at least 5 h) than for males (DDs with
at least 11 h).
Nevertheless these results have shown that also hot
weather conditions may be dangerous for people, increasing
hospitalization for MI, but it is necessary that these
discomfort conditions should persist during night-time
hours, when generally the body needs physiological rest.
The knowledge of the daily number of hours with
discomfort over which significantly increase the rate of
hospitalization for MI (days with at least 9 h of discomfort)
will permit to inform and eventually to alert people at high
risk when weather discomfort conditions are forecast. In this
way it will be also possible to improve hospital assistance.
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