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ABSTRACT

A few studies have performed to evaluate the temperature variation influences over on the
stroke rates in Brazil. Method: 176 medical records of inpatients were analyzed after having
had a stroke between 2004 and 2006 at Hospital Israelita Albert Einstein. The temperature
preceding the occurrence of the symptoms was recorded, as well as the temperature 6,
12 and 24 hours before the symptoms in 6 different weather substations, closest to their
houses in Sdo Paulo. Results: Strokes occurred more frequently after a variation of 3°C
between 6 and 24 hours before the symptoms. There were most hospitalizations between
23-24°C. Conclusion: Incidence of stroke on these patients was increased after a variation
of 3° Celsius within 24 hours before the ictus. The temperature variations could be an
important factor in the occurrence of strokes in this population.
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Variagdo da temperatura nas 24 horas anteriores aos sintomas iniciais do acidente
vascular cerebral

RESUMO

Poucos trabalhos tém estudado a variacdo sazonal e de temperatura em acidente vascular
cerebral (AVC) no Brasil. Método: Foram analisados 176 registros de pacientes com AVC
no Hospital Israelita Albert Einstein entre 2004 e 2006. Foram anotadas as temperaturas
ambientes do inicio dos sintomas, bem como as temperaturas de 6, 12 e 24 horas antes dos
sintomas, em 6 diferentes subestacbes metereoldgicas mais proximas da casa do paciente
em S&o Paulo. Resultados: Houve aumento da incidéncia do AVC com a variacéo de 3°C
entre 6 e 24 horas antes do inicio dos sintomas. Houve um pico de internacdo entre 23-
24°C. Conclusao: A variacdo de temperatura de 3°C nas 24 horas que antecederam o inicio
dos sintomas pode ter sido um fator importante na ocorréncia do AVC.

Palavras-chave: acidente vascular cerebral, temperatura, risco cardiovascular, sazonal.

The correlation between strokes and  of the relation between changes of weather

seasonal variations have been studied in
various places'®. Some studies around the
world have reported an increase of inci-
dence, mortality, and stroke hospitaliza-
tion during the coldest months of winter.

The authors suggest that the tempera-
ture variations may trigger responses of va-
soconstriction with increase in cardiovas-
cular events. However, the understanding

and cardiovascular events is limited’". The
variation of temperatures before the occur-
rence of ictus has not been frequently ob-
served. The change in temperature before
a stroke could has play a more important
role than the season it self. Authors show
that the incidence of hemorrhagic stroke
(HS) was higher on those days during
which the temperature varied significantly™.

"Hospital Israelita Albert Einstein, S3o Paulo SP, Brazil; 2UNICAMP, Campinas SP, Brail.
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A few studies have been performed to evaluate
seasonal and temperature variation in the Southern
Hemisphere'®'. Since Brazil is a tropical country, we be-
lieve that the seasons have less influence on the incidence
of cerebral vascular disease than thermal changes. It is
known that the seasons in tropical countries are not as
distinctive as in the temperate climate countries. There-
fore, it becomes difficult to compare the influence of the
environmental aspects on different parts of the world".
The effects of the temperature variation on risk factors in
stroke incidence have not been easily shown.

Especially in a great metropolitan area as Sao Paulo,
there is a substantial heterogeneity of temperature depend-
ing on the part of the city. This piece information stresses
the importance of checking the local temperatures depend-
ing on which part of the city each patient lives or works.

The goal of this study is to describe the temperature
variation during the 24 hours before the occurrence of the
stroke such the measurement was recorded by weather
substations in the city, depending on their proximity to
the patient’s location.

The purpose of this study is to analyze the tempera-
ture variation during the 24 hours before the beginning of
symptoms of stroke on the inpatients at Hospital Albert
Einstein between August 2004 and December 2006.

METHOD

This is a retrospective study that has used data from
the medical records of inpatients with stroke, admitted
to the Hospital Israelita Albert Einstein. All patients were
monitored by the stroke protocol between August 2004
and December 2006. The study was approved by Hospi-
tals Ethics Committee under number 411-08.

Table. Number of hospitalizations of patients with stroke.

Stroke temperature variations
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Since July 2004 Hospital Israelita Albert Einstein has
haven a stroke team. (Joint Commission Certificated —
Stroke Center — 2007 May).

A total of 176 medical records of inpatients have been
reviewed with cerebral vascular disease. The patients were
separated into groups according to the aetiology of the
ischemic stroke (149 patients) or hemorrhagic stroke (27
patients). Patients with ischemic strokes were subdivid-
ed in thrombotic stroke (101 patients) and embolic stroke
(48 patients) according to TOAST criteria.

Inclusion criteria

All patients between 50 and 80 years old who had
acute stroke confirmed. Exclusion criteria: All patients
younger than 50 years old and older than 80 years old and
whose symptoms began while sleeping.

The temperature at the beginning of the symptoms on
the date of hospitalisation was noted, as well as the tem-
perature 6, 12 and 24 hours before the initial symptoms in
6 different weather substations in the city, depending on
their proximity to the patient’s address by team of CEP-
AGRI (Centre for Weather and Climate Research).

Continuous variable data were expressed as number
of hospitalizations (n) mean value, standard deviation
(STD Dev) median, lower quartile (Q1), upper quartile
(Q3), minimum and maximum values. Categorical vari-
ables were expressed as frequency.

The number of inpatients was presented after apply-
ing the Poisson random variables, where each hospitali-
sation was assumed to be a function of temperature, year
and month. The Generalized Additive Model (GAM) was
used to fit both a reduced categorical model and a non-
parametric spline model.

Thrombotic Haemorrhagic Embolic

Month 2004 2005 2006 2004 2005 2006 2004 2005 2006 Total
Jan 1 6 3 2 12
Feb 5 3 1 2 11
Mar 7 5 3 4 1 9 29
Apr 6 2 1 1 3 4 17
May 6 6 4 2 18
Jun 3 3 2 8
Jul 6 6 2 1 1 1 17
Aug 1 10 4 3 18
Sep 1 3 2 1 2 2 1 2 14
Oct 3 3 2 3 2 1 14
Nov 6 1 7
Dec 3 3 1 3 1 1
Total 13 48 40 5 11 11 8 16 24 176
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25 4

n 144.00
Mean 22.527
2. StD 4446

Percent

125 15 175 20 225 25 215 30 325
Temperature at the beginning of the symptoms (BOS) - Celsius Degree

Figure. Histogram of temperature at the beginning of symptoms
before the beginning of symptom:s.

RESULTS

There were no differences in the numbers of hospital-
isations among types of stroke after analysis of the sea-
sonal factors. There was an increase of stroke inpatients
in March (Summer-Autumn) (Table).

The numbers of hospitalisations were low bellow the
temperature of 20°C, increasing until it reached a maxi-
mum between 23-24°C, and decreasing again. The hospi-
talisations after ischemic and haemorrhagic strokes were
more frequent at an average temperature that is more prev-
alent temperature at Sdo Paulo (22.52+4.44°C) (Figure).

DISCUSSION

The highest prevalence of cerebral vascular disease
hospitalisations occurred in March, a period that corre-
sponds to the end of Summer in Brazil. This data differs
from other studies that show a higher predominance of
cerebral vascular disease during the Winter. Our study
demonstrates that the variation of 3°C, measured close
to the patient’s address, during 24 hours before the oc-
currence of a stroke was an important factor for these pa-
tients in Sdo Paulo. There was an increase in the hospital-
ization of patients with stroke between 23-24°C, which is
the range most common temperature of the city. How-
ever, the differences between environmental and room
temperature exposition could be a bias for our study. On
the other hand, the association among daily variation of
temperature in the environment, pollution and cardio-
vascular mortality has been demonstrated in epidemio-
logical studies' . An interesting study found out some
factors that have increased the cardiovascular risk, such
as the variation of environmental temperature, drier air,
upper respiratory infections, grass pollen, SO2, and par-
ticulate air pollution®.

It is known that the variation of temperature plays an
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important role in risk factors of cardiovascular diseases,
such as respiratory infections, concentration of particu-
late air and agglomeration of people with a high possibil-
ity of having had contact with the influenza virus, for ex-
ample. Likewise, another interesting study has shown that
a decrease in air temperature over a few days is associated
with an increase among C-reactive protein, interleukin-6,
and fibrinogen with increased cardiovascular risk®.

Previous studies carried out in England have analyzed
the variation of temperature before the occurrence of a
stroke and it noted five days between the decreased in
temperature and the incidence of the stroke*,

The new and interesting finding of our study is that
almost all of our patients started to show the symptoms
during a comfortable range of temperature (23-24°C) af-
ter a variation of 3°C.

In this way, a new study has reported that the daily
average of HS for the group aged <65 increased by 15%
and 12% for a 1°C increase in daily maximum tempera-
ture and minimum temperature in the Summer and that
the daily average of IS for the group aged =65 decreased
by 3% for a 1°C increase in daily maximum temperature
in the Winter, after the adjustment of confounding fac-
tors'. Such study has not analyzed in detail the 24 hours
prior to the event and the authors didn’t use the temper-
ature that was closest to the patient’s location. Unfortu-
nately, the general analysis of the temperature variation
can contain mistakes.

The bottom line is that temperature variations were an
important factor for the occurrence of Stroke and that the
events were more frequent after the normalization of the
local temperature during the 24 hours before it occurred.
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