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Summary:

A prospective study was contemplated with 155 patients of acute stroke in.the
Department of Neurology, Bangabandhu Sheikh Mujib Medical University
(BSMMU), Dhaka, from March 1996 to February 1997. The objective of the
study was to find out seasonal variation of stroke occurrence. An attempt was
also made to find out the association of hypertension with ischaemic and
haemorrhagic stroke during summer and winter.

The number ofsubjects during summer and winter were 121and 34,respectively.
In summer, out of 121 subjects, 87(71.9%) were ischaemic stroke and
34(28.1 %) haemorrhagic stroke, of which 32 were intracerebral haemorrhage
(ICH) and 2 subarachnoid haemorrhage (SAH). There were 18 (52.9%)
ischaemic stroke and 16(47.06%) haemorrhagic stroke (all ICH) among total
34 subjects during winter. The frequency ofischaemic stroke during summer
was significantly greater than that during winter (p<0.05). The frequency of
haemorrhagic stroke during winter was significantly greater than that during
summer (p<0.05). Temperature was positively correlated to ischaemic stroke
(p<O.OI) and negatively correlated to haemorrhagic stroke (p<O.l).
Hypertension was significantly more associated with haemorrhagic stroke
than with ischaemic stroke irrespective of season (p<0.05).

Introduction type. It remains as a major cause of mortal ity,

After coronary artery disease (CAD) and morbidity and great burden to the family
cancer, stroke is the third commonest cause members, society and hospital manpower.

of death in the developed countries.' It The morbidity and mortality fromcerebrovas-

predominates in the middle and late years of cular diseases has been diminishing in recent
life. The incidence of stroke increases with years, due largely to better recognition and

age and affects many PeQple in their "golden treatment of underlying risk factors, including
ages", a rapidly growing segment of hypertension.2.3Intheunderdevelopedworld,

population. Among all the neurologic diseases the picture may be different. With better
of adult life, only the cerebrovascular disease control of infectious diseases and with
clearly ranks first in frequency and increase in life-expectancy as well as relative
importance. At least 50% of neurologic growth of elderly population, the incidence
disorders in a general population are of this of stroke is likely to increase.

1. Deptt. of Neurology, Bangabandhu Sheikh Mujib Medical University (BSMMU), Dhaka, 2. Deptt. of
Neurology, Sylhet. MAG Osmani Medical College, Sylhet.
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Many factors, including seasonal variation,

have been incriminated as aetiological factors
for stroke. Hindfelt and Nilsson found that a

seasonal variation of stroke was present in

patients lacking predisposing factors of
stroke.4 Derick et at. stated that there was a

definite association between season and rate

of stroke. Usually, there was higher rate in
colder months.5

Bangladesh is a tropical country. Owing to
its geographical location, very hot and humid

climate prevails throughout most of the year.
The short-lived winter starts in December

and ends in February. There is significant
differences of temperature between summer
and winter. This marked temperature
difference during summer and winter in our

country may affect the haemorheological

mechanisms and blood pressure which may
contribute to the causation of different types
of stroke.

Due to socioeconomic conditions, a large

percentage of population is exposed to
extremes of temperature during summer and
winter in Bangladesh. They are thus

vulnerable to stroke. A hospital based study

. reveals that stroke is the third major cause of
death in adults.6 About 50% of admitted

patients in the Department of Neurology,

Bangabandhu Sheikh Mujib Medical

University (BSMMU) are stroke patients.
About 70%ofdeathsamongadmittedpatients
are due to stroke.?"Prevention is better than

cure" is applicable as a strategy to get rid of
all sufferings from stroke as no definite
curative treatment is yet available. No
research has yet been done on seasonal

variation of stroke in our country.
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Materials and methods

This prospective study was carried out in
the Deptt. of Neurology, BSMMU, Dhaka,

from 1st March 1996 to 28th February 1997.
A total 155 consecutive patients with acute
stroke (diagnosed by CT Scan) of either sex

were studied in the department of Neurology ,

BSMMU. Difference in sample size during
summer and winter was statistically
insignificant (p<O.l). Informed consent was
obtained from each of the patient or attendant.

Emphasis was laid to find out the risk factors
during history taking and clinical
examination. All relevant information and

findings were recorded on predesigned data
sheet.

Patients were grouped monthly according to

the date of occurrence of stroke; not according
to the date of admission.

Patients fulfilling the WHO definition of
acute stroke but without CT scan evidence of

either infarction or haemorrhage; or patients
with CT evidence of .infarction or

haemorrhage or both not fulfilling the WHO
definition ofacutestrokewereexcluded from

the study.

A patient was labelled as hypertensive if (a)
he/she had history of hypertension; (b) there
was persistent rise in blood pressure above
160/95mm of Hg, at least in three occasions
during a period of at least 15 days without
history of hypertension; and (c) high blood
pressure in one occasion without history of
hypertension but with target-organ effect of
hypertension like LVH on ECG excluding
other causes, hypertensive retinopathy or
significant proteinuria unless proved
otherwise.
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Monthly temperature record of 1996 and
1997 was obtained from the Bangladesh
Meteorological Department. According to
Bangladesh Meteorological Department,
Dhaka, the season of Bangladesh is broadly
divided into summer and winter depending
on variation in ambient temperature.There
isnostatisticallysignificantdifferenceamong
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the temperature of six divisions of the
country (p<O.I) (Table-I). The duration of
summer was from March to November and
that of winter was from December to

February. This was confirmed by statistical
analysis (coefficient of variation/CV) of
lowestand highesttemperatureof thecountry
(Table-II).

Table-I: Monthly average temperature ("C) of six divisions of Bangladesh (March /996 to
February /997)

Months Dhaka Chittagong Rajshahi Khulna Bansal Sylhet

1996

1997

p<O.1 (Not significant)

Table-II: Summer and winter confirmation from proposed summer and winter by statistical
analysis (coefficient of variation - C.V.) of temperature"- - -

Highest temperature (nC)
CV Difference of CV Mean:tSDMean:tSD

SUMMER (proposed)
'Mar-Nov 33.05:tl.53
Mar-Oct 33.4O:t1.20
Mar-Dee 32.50:t2.27
Feb-Nov 32.47:t2.34
Feb-Oct 32.17:t2.35

4.61
2.59
6.99
7.22
7.19

Lowest temperature (nC)
CV Difference ofCV

WINTER (proposed)
Dec-Feb 26.63:t1.25 4.69
Nov-Feb 27.55:t2.09 7.62
Jan-Feb 26.2O:t1.41 5.30
Dec-Jan 26.2O:t1.4I 5.40
Nov-Jan 27.66:t2.55 9.23~ -- ---

"Theperiod from March to November and period from December to February may be stated as
summer and winter respectively by comparing the difference in CVamong lowest temperature of
proposed summer and winter.
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March 28.3 26.4 27.05 28.35 27.7 25.35
April 29.5 28.1 29.8 29.35 28.8 26.5
May 30.1 29.35 30.3 30.3 29.8 27.0
June 28.95 29.0 29.25 29.05 28.75 27.9
July 29.75 28.85 29.7 29.5 28.85 28.05

Aug 29.0 28.1 29.4 28.35 28.15 28.25
Sept 30.0 29.05 29.75 29.75 29.15 29.16
Oct 27.6 28.05 27.05 27.6 27.5 26.9
Nov 24.25 25.65 23.5 24.4 24.3 24.3
Dec 20.75 22.75 19.65 20.0 20.25 2\.3
Jan 18.35 19.75 17.6 18.2 18.15 18.6
Feb 2\.1 21.5 20.1 21.35 20.7 19.5

1.02 24.l6:t2.72 11.28 4.59
0 24.9O:tl.67 6.69 0
3.40 23.14:t4.11 17.77 11.08
3.63 23. 19:t3.98 17.20 10.51
3.60 23.74:t3.80 16.00 9.31

0 13.33:t1.61 12.05 0
2.93 14.55:t2.76 19.00 6.95
0.61 13.00:t2.12 16.32 4.28
0.71 12.75:t1.77 13.86 1.81
4.54 14.57:t3.38 23.24 11.19_. ._.- - -_.
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Results:

Total one hundred and fifty-five subjects
were studied.

Age of the patients ranged from 25-90 years,

with mean (SD) age 56.18:t12.86 years.
Maximum (76.1 %) patients were in the age
group of 41-70 years. There were 111 (71.6%)
male and 44 (28.4%) female. Male to female
ratio was 2.53:1.

Hypertension was the commonest risk factor.

There were 91 (58.7%) cases of hypertension
of which 61 (67.0%) were male and 30 (33%)
were female. Male to female ratio was 2.03: 1.
Risk factors have been shown in Table-III.

Table-III: Distribution of risk factors for all
stroke cases (n=155)

Risk factors Number Percentage
of patients

Hypertension
Increasing age
(>55 years)
Smoking 60 38.71
Family history of stroke 33 21.29
Diabetes mellitus 22 14.20
Ischaemic heart disease 20 12.91
History of stroke 9 5.81
Atrial fibrillation 8 5.17

. Cardiomyopathy 2 1.30
Oralcontraceptive I 0.65

Among the smokers, there were 55(91.7%)
male and 5(8.3%) female. Among the 20
IHD patients, there were 10(50%) old
myocardial infarction and 1O(50%) angina
pectoris.

Out of total 155 patients, there were 105
(67.7%) ischaemic stroke, 48(31.0%)
intracerebral haemorrhage (ICH) and 2
(1.3%) subarachnoid haemorrhage (SAH).

Out of total 121 subjects during summer, 87
(71.9%) were ischaemic stroke and 34

91
79

58.70
50.97
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(28.10%) haemorrhagic stroke (Fig.-l). The
monthlydistributionof strokeduringsummer
has been shown in Fig.-2.

Out of total 34 subjects during winter, there
were 18 (52.9%) ischaemic stroke and 16
(47.1%) haemorrhagic stroke (all ICH) (Fig.
1).The monthlydistribution of stroke during
winter has been shown in Fig. 2.
Ischaemic stroke:summer and winter:- The

frequencyof ischaemicstrokeduring summer
was significantly greater than that during
winter (X2=4.38, p<0.05).

Haemorrhagic stroke:summer and winter:-
The frequencyofhaemorrhagic strokeduring
winter was significantly greater than that
during summer (X2=4.43,p<0.05).

Temperature:ischaemic stroke:- Correlation
of monthly average temperature to monthly
ischaemicstroke, wasmoderatelysignificant
(r=0.735, p<O.OI),(Fig. 3). Thus, ischaemic
stroke was positively correlated to
temperature.

Temperature:haemorrhagic stroke:- There
was negative correlation of haemorrhagic
stroke to temperature (r=-0.315, p<O.I)
(Fig.-4).
During summer, there were total 70 (57.9%)
hypertensive subjects, of which 45 (51.7%)
belonged to ischaemic stroke and 25 (73.5%)
belonged to haemorrhagic stroke. During
winter, there were total 21 (71.8%)
hypertensive subjects, of which 8 (44.5%)
belonged to ischaemic stroke and 13(81.3%)
belonged to haemorrhagic stroke.

Hypertension:ischaemic and haemorrhagic
stroke during summer:- Analysis between
frequencies of hypertensive ischaemic and
hypertensive haemorrhagic stroke during
summer showed significant result (X2=4.77,
p<0.05).
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Hypertension:ischaemic and haemorrhagic
stroke during winter:- Analysis between
frequencies of hypertensive ischaemic and
hypertensive haemorrhagic stroke during
winter showed significant result (X2=4.86,
p<0.05).

Hypertension:ischaemic stroke during
summer and winter:- Analysis between
frequenciesofhypertensiveischaemicstroke
during summer and those of hypertensive
ischaemic stroke during winter showed
insignificant result (X2=0.325,p<O.l).

HAEMORRHAGIC

1~
~ 1'----------

ISCHAEMIC
STROKE
(71.9'"

HAEMORRHAQIC

~~
ISCHAEMIC
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(&2.8'"
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Fig.-!: Season wise (summer and winter)

distribution of total ischaemic and haemorrhagic
stroke cases.
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Fig.-3: Correlatioll of monthly average
temperature to monthly all ischaemic stroke.
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Hypertension:haemorrhagic stroke during
summer and winter:- Analysis between
frequencies of hypertensive haemorrhagic
stroke during summer and those of
hypertensive haemorrhagic stroke during
winter showed insignificant result (X2=0.350,

p<O.l).

Thus, it may be stated that hypertension was
significantly more associated with
haemorrhagic stroke than with ischaemic
stroke irrespective of season.

.00

1801... +- ., 1-+ + ....

Fig.-2: Monthly percentagewise distribution of
all ischaemic and haemorrhagic stroke and
correlation to monthly average maximum and
minimum temperature (March 1996 to February
1997).
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Fig.-4: Correlation of monthly average
temperature to monthly all haemorrhagic stroke.
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Discussion

This hospital-based study wasaccomplished
with a view to determine whether there was

any seasonal variation of stroke. It also tried
to find out any association of hypertension
with ischaemic and haemorrhagic stroke
during summer and winter.

In the present study, hypertension was the
commonest risk factor (58.7%). Other
common risk factors were increasing age
(50.9%), smoking (28.7%), familyhistory of
stroke (21.29%), followed by diabetes
mellitus (14.2%). Anwarullah et a/.Nfound

hypertensionin65%,smokingin44%, family
history of stroke in 26%, diabetes mellitus in
21%, IHD in 27%, past history of stroke in
22%, rheumatic heart disease (RHD) with
atrial fibrillation (AF) in 6% and use ofOCP
in 2%. Those results were similar with those

of present study. Mohammed et aU found
hypertension and diabetes mellitus as 50%
and 16.7%, respectively, as risk factor for
stroke.

Hypertension was the most principal risk
factor for both ischaemic and haemorrhagic
stroke.10.11 These observations are in

conformity with that of the present study.
Rozenthul et at. found smoking (53.6%),
hypertension (43.4%), hyperlipidaemia
(22%) and diabetes mellitus (21%) as main
risk factors for stroke.12

There were 67.7% ischaemic stroke, 30.98%

ICH and 1.3% SAH in the present study.
Jovanovic found 77.3% ischaemic stroke,
20.12% ICH and 2.5% SAH.13 Yano et at.

found 74% ischaemic stroke, 20% ICH, 6%

SAH and 2% unknown type.lOThe cause of

increased ICH in the present study may be
explained by hypertension which was the

August 200 1

principal risk factor. Black et a/.14found
untreated hypertension as a risk factor for
haemorrhagicstrokeandtreatedhypertension
as risk factor for ischaemic stroke.

Hypertensionisfirstdiagnosedinasignificant
numberofcasesaftertheoccurrenceof stroke

in our country. On the other hand, known
hypertension is not regularly treated due to
poverty and ignorance.

The frequency of ischaemic stroke was
significantly greater (X2=4.38,p<0.05) in
summer than that in winter in the present'
study (Fig. 2). Temperature was positively
correlated to ischaemic stroke (r=0.735,

p<O.OI)which was statistically significant
(Fig. 3).

In the present study, the frequency of
haemorrhagicstrokewassignificantlygreater
(X2=4.43,p<0.05) in winter than in summer.
Temperature was negatively correlated to
haemorrhagicstroke(r=-0.315,p<O.I)which
was not statistically significant (Fig. 4).
Association between hypertension and
haemorrhagicstrokewassignificantlygreater
thanthatbetweenhypertensionandischaemic
stroke (X2=4.77,p<0.05) during summer.
Similarly, association between hypertension
and haemorrhagic stroke was significantly
greater than between hypertension and
ischaemic stroke (X2=4.86,p<0.05) during
winter. There was no significant difference
between the association of hypertensive
ischaemic stroke during summer with
hypertensive ischaemic stroke during winter
(X2=0.325, p<O.I). There was also no
significantdifferencebetweenthe association
of hypertensive haemorrhagic stroke during
summer with hypertensive haemorrhagic
stroke during winter (X20.350, p<O.I). From
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all of these observations, it may be concluded

that association between hypertension and
haemorrhagic stroke was significantly
stronger than that between hypertension and
ischaemic stroke irrespective of season.

The seasonal variation of ischaemic and

haemorrhagic strokeof the present studyis in
conformity with that of Rothwell et al.15who
foundincreasedincidenceofischaemicstroke
in summer and increased incidence ofICH in
winter. Pan et al.16found that the risk of

cerebral infarction at 32"C was 60% higher
than the risk at 27.29"C. They also opined
that observation made by western authors
might not be similar to that in Taiwan where
95% of temperature lies between 13-30"C
throughout the year.This statement mayalso
be applicable to the context of climate of
Bangladesh, where prolonged summer
prevails with very hot and humid weather
and short-livedwinterhas temperaturehardly
below 10''C(Fig. 2).

Keatinge et al.17recorded the rise in RBC
count by 9%,bloodviscosityby 24%,platelet
count by 18%, plasma cholesterol by 14%
after exposure of volunteers to morningair at
40"C for 6 hours. This caused the core

temperature to rise 0.84''C, weight to fall
1.83 kg due to sweating despite access to
water; heart rate to increase 32 beats per
minute, and arterial pressure to fall. These
changes seemedable to explain the increased
mortality from coronary and cerebral
thrombosis in hot weather. Most of the

changes in blood composition produced by
exposure to heat would promote arterial
thrombosis,earlystagesof whichwerecaused
by depositionofplateletswhichwasfavoured
by increased platelet count. An increase in
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RBC count promotes adhesion of platelets to
arterial walls.IK.19The disproportionate rise
in platelet count could be explained by release
of sequestered ones from spleen which were

larger in size. Larger platelet have more
tendency to adhere to arterial waIFO-22.

Increased cholesterol levels were reported to
increase platelet reactivity. within a few
minutes in addition to their better known

effect on atherosclerosis when acting over

months to years.23.24All these mechanisms
could influence the process of
thrombogenesis during summer resulting in
cerebral thrombosis to the subjects at risk.

Heller et aU5 and Hata et al.26documented an

inverse relationship between diastolic blood
pressure and temperature. The latter also

found higher plasma noradrenaline
concentration in winter than in summer which

resulted in increase in blood pressure due to
increased sympathetic activity. Brennan et
aU7 and Woodhouse et aUK found inverse

relationship of both systolic and diastolic

blood pressure with temperature. These
observations simulated with those ofRose.29
Woodhouse et al.2Kdetected that 1"C decrease

in living-room temperature was associated
with 1.3mmHgrise in systolicbloodpressure
and 0.6 mmHg in diastolic blood pressure.

Pan et al.16 found that risk of cerebral

haemorrhage decreased with increasing
temperature at a rate of 3.3 percent per I"c.
As stated before, Rothwell et al.15observed

increased incidence of haemorrhagic stroke
during winter. Capon et a[,3o stated that
cerebral haemorrhage was inversely
correlatedtoambienttemperatureirrespective
of hypertensive or normotensive subjects.
All these observations are congruous with
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that of present series. The statistically
insignificant negative correlation of
haemorrhagic stroke to temperature in the
present series may be due to small sample
size.

It was previously stated that association
between hypertension and haemorrhagic
stroke was stronger than the association
between the same and ischaemic stroke

irrespective of season in the present study,
which is in conformity withthe statementsof
Liu and Chia31and Thrift et a/.32Thus,

sustained hypertension cannot be solely
incriminated for causation of increased

cerebral haemorrhage during winter in the
present study. It is to be stated here that
neitherquantificationofbloodpressurebefore
orduringoccurrenceof strokenorquantitative
correlation of the same to either type of
stroke was made in the present studyas these
were beyond the scope of objectives.
Moreover, no patient was followed up
throughout the two seasons to observe the
seasonal variation of blood pressure. Thus,
explanation for increased frequency of
haemorrhagic stroke during winter appears
to be dubious. It may be due to transient rise

. in blood pressure after exposure to cold in
persons at risk, e.g. rupture of Bouchard
aneurysm or vascular malformation; amyloid
angiopathy.26-2&

Bangabandhu Sheikh Mujib Medical
University Hospital, is one of the leading
tertiary level hospital of Bangladesh.
Significantnumberofpatientsgetthemselves
admitted into this hospitals from different
districts of all divisions throughout the year.
Patients were grouped during summer and
winter according to the date of stroke
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occurrence in the respective locality within a
specified period. As stated before, there was

no statistically significant difference among
the temperature of six divisions of ourcountry
(p<O.I) (Table- I). Thus, this study may reflect

stroke occurrence in our community at least
to some extent. But preliminary observations
in this small study may not be generalised.
Large-scale community-based studies on

seasonal variation of (i) hypertension, (ii)
formed elements of blood, and (iii) cholesterol
level are needed to arrive at a concrete decisio{1

so that scientific measures may be adopted
for prevention of stroke during summer.and
winter.
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