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Climatic effects on blood pressure in normotensive and
hypertensive subjects

Khalid Abdulla and Maher Taka1

Departments of Medicine and 'Community Medicine, College of Medicine, Mosul University, Mosul, Iraq.

Summary: In a retrospective within-patient study, the arterial pressures of 174 normotensive and
50 hypertensive subjects in winter and summer were compared. Both systolic and diastolic pressures
were higher in winter in the two groups but the differences were small and reached statistical
significance only in the case of systolic pressure in normotensive subjects.

Introduction

Exposure to heat tends to decrease blood
pressure' - due to cutaneous vasodilatation and
water and salt loss through sweating.3'4 Exposure
to cold tends to increase blood pressure' due to
cutaneous vasoconstriction and increased
sympathetic activity.4'5 These effects diminish after
repeated or prolonged exposures as a result of
acclimatisation.
Whether climatic changes in temperature in

different regions or different seasons which are
usually prolonged and accompanied by protective
measures in clothing and living conditions, have
significant effects on the blood pressure of people in
general is less certain. Smirk cited several references
of authors claiming that blood pressure is lower in
tropical climate and of others claiming that tropical
residence has comparatively little effect.2 Blood
pressure has been shown to vary seasonally in
chickens, turkeys and rabbits.7

Iraq is a country with wide climatic variations
between summer which is hot and dry and winter
which is cold and humid (Table I). We undertook
this work to see if these wide climatic variations
have significant effects on blood pressure.

Hypertensive subjects may differ from normo-
tensive subjects in their reaction to environmental
factors. For example they react with a bigger rise in
blood pressure in response to cold pressor test.8
They also experience a bigger rise or fall in blood
pressure on increasing or decreasing sodium in the
diet, the change being more pronounced in those
with more severe hypertension.9 We therefore
studied normotensive and hypertensive subjects
separately.

Table I Average temperature and humidity during July
and December for the years 1974-1982 (Nineva
Meteorological Office)

July December

Average Average Average Average
temp. humidity temp. humidity

Year (OC) (%) (C) (%)

1974 34.3 26 7.5 86
1975 34.3 21 7.0 78
1976 32.0 23 10.0 66
1977 34.3 26 8.1 84
1978 35.5 25 9.5 85
1979 33.8 20 7.7 84
1980 34.6 24 8.7 85
1981 35.0 25 9.2 87
1982 32.8 26 5.6 83

Patients and methods

The records of all patients seen by one of us (K.A.)
in a private clinic from 1971 to 1977 and in the
medical centre of Mosul University from 1978 to
1986, were screened. Patients who had blood
pressure readings both in summer (officially defined
as June 21 to September 21) and in winter
(December 21 to March 21) within 3 years were
identified. The limit of 3 years was to minimise
ageing effects.

Normotensive subjects
Those with systolic blood pressure below
150 mm Hg and a diastolic pressure below
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90mm Hg were classified as normotensive. Patients
who at the time of the visit were suffering from
acute illnesses or taking drugs likely to affect blood
pressure were excluded. One hundred and seventy
four patients, 61 (35%) men and 113 (65%)
women, were thus selected for study. Their ages

ranged from 12 to 80 years with a mean of 41.9
(s.d. 16.6) years. Eight patients were below the age
of 20 years. The patients presented with various
conditions such as musculoskeletal pains and
various dyspepsias.

Hypertensive subjects

Patients with systolic blood pressures of 150mm Hg
or above and diastolic pressures of 90 mmHg or

above in all available readings were classified as

hypertensive. Only patients who had not been on

hypotensive drugs for at least one month and were
not at the time of examination suffering from acute
illnesses or taking drugs likely to affect blood
pressure were selected. Fifty patients, 15 (30%) men

and 35 (70%) women, fulfilled these criteria. Their
ages ranged from 17 to 75 years with a mean of
45.9 (s.d. 13.9) years. They presented because of
hypertension or because of other conditions as in
the normotensive group.

Patients who could not be classified in one of the
two groups because they had either systolic or

diastolic pressure in the hypertensive range or

because their blood pressure fluctuated between the
normotensive and the hypertensive range at
different times were not included in the study.

All blood pressure readings were casual, taken by
one of us (K.A.) at the end of physical examination
in the lying position, in the right arm using a
standard mercury sphygmomanometer. Measure-
ments were made by palpation first then by auscul-
tation, the second being recorded. Phase five
Korotkoff sounds was taken as the diastolic
pressure. The place and time (17.00-20.00 h) of
examination was the same in the two seasons. If a

patient had more than one reading in the same

season, the average was taken.

Statistical analysis

The systolic and diastolic arterial pressures of each
group of patients (normotensive and hypertensive)
during winter were compared with their corre-
sponding pressures in summer using the paired t-
test (within-patient study). The winter-summer
differences in systolic and diastolic pressures
encountered in the normotensive group were then
compared with their corresponding values in the
hypertensive group using the unpaired t-test.

Results

Systolic and diastolic pressures in both normo-
tensive and hypertensive subjects were higher in
winter (Table II) than in summer. The difference in
systolic pressure in the normotensive subjects was
statistically highly significant while that in diastolic
pressure was not significant. There was no
statistically significant difference in values in the
hypertensive subjects.
Winter-summer differences in the hypertensive

patients (1.74 + 23.92 mmHg in systolic and 2.80 +
16.34mm Hg in diastolic pressures) were
statistically not significantly different from those
encountered in normotensive patients (3.82 +
16.07mmHg in systolic and 0.55+11.20mmHg
in diastolic pressures).

Discussion

Casual blood pressure recordings are subject to
various physiological and psychological influences.
They also vary during the 24 hours. In this study
all measurements were made in the same place, by
the same person and at about the same time of the
day. Those suffering from acute illnesses or taking
drugs known to affect blood pressure were
excluded. Furthermore casual blood pressures have
been known to have a high predictive value for
cardiovascular morbidity and there is no evidence
that basal blood pressures are better in this regard
in adults.'0 We therefore felt justified to use these
casual readings in comparing blood pressure in
summer and winter.

Table II Paired comparison of winter and summer blood
pressure in normotensive and hypertensive subjects

Winter Summer
values values 95% Confidence

Blood mean mean interval of the
pressure (± s.d.) (+ s.d.) mean difference P

Normotensives: (n= 174)
Systolic 132.95* 129.17 1.41 to 6.19 <0.01
(mm Hg) (± 20.53) (±19.48)
Diastolic 79.88 79.33 -1.12 to 2.21 NS
(mm Hg) (±10.35) (±9.18)

Hypertensives: (n= 50)
Systolic 163.30 161.56 -5.09 to 8.58 NS
(mm Hg) (± 24.14) (±21.37)
Diastolic 101.18 98.38 -1.86 to 7.46 NS
(mm Hg) (±15.15) (+11.04)

NS = not significant. *Values are means + s.d.
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In a study from this centre on patients on
maintenance haemodialysis, most of whom were
hypertensive, systolic and diastolic blood pressure
was higher in winter but the differences were also
small and failed to reach statistical significance."
Three studies from Britain are of interest. Rose12,
observing 56 men with ischaemic heart disease for 3
years, found the highest blood pressures in spring
and the lowest in September. Brennan et al.13
studying a population of mildly hypertensive people
found a lower blood pressure in summer than in
winter with a difference of 2-7mmHg in systolic
and 2-4mmHg in diastolic pressure. Orchard et
al.14, studying a group of normotensive adolescents
found that systolic pressures were lower in late
autumn and diastolic lower in spring. In Japan,
Hata et al.' reported a lower blood pressure in
summer than in winter in small groups of hyper-
tensive subjects but not in normotensive subjects.

It seems from these studies and from ours, which
was done in a country with wider seasonal dif-
ferences in temperature and humidity (Table I),
that seasonal climatic variations have a generally
small effect on blood pressure. The known effects of
heat and cold seem to be effectively reduced by the
various protective measures in clothing and other
living conditions and by physiological responses of
acclimatisation. Prolonged or repeated exposures to
heat can reduce the salt content of sweat consider-
ably (up to 95%) and decrease renal excretion of
sodium and chloride, seemingly as a result of
increased aldosterone secretion, so that a positive
sodium balance and increased plasma volume is
ultimately achieved.3 5-17 The peripheral vaso-
dilatation produced by higher environmental
temperature is compensated for by changes in other
parts of the cardiovascular system in people whose
sympathetic system is intact.12

What effects such differences in blood pressure as
are shown in this study may have on morbidity and
mortality is difficult to predict. It is known that
risks for cardiovascular disease are proportional to
blood pressure level, both systolic and diastolic."8
The absolute increase in risk for a given rise in
blood pressure is more at higher blood pressure
levels, in older age groups, in men and more for
cerebrovascular than cardiovascular disease. It is
also affected by the presence or absence of other
risk factors (hyperlipidaemia, cigarette smoking,
carbohydrate intolerance, obesity and electrocardio-
graphic evidence of left ventricular hypertrophy) so
that for the same rise in blood pressure there is a
progressively bigger increase in risk as other risk
factors are added.10"19 It may be reasonable
therefore to expect that the small winter-summer
differences found, if they are to exert any effect on
morbidity and mortality, are more likely to do so in
older men with higher blood pressure and other
risk factors. Morbidity and mortality from
ischaemic heart disease and strokes have been
known to be higher in winter and to correlate with
climatic temperature.20-22
The absence of significant differences between

hypertensive and normotensive subjects in their
winter-summer variations of blood pressure should
be interpreted cautiously because of the small
number of hypertensive subjects and the fact that
hypertension was mild in most of them. These
considerations also prevented us from studying the
different grades of hypertension separately as
hypertensives of different severity may respond
differently to various environmental factors,9 a
point which deserves further study.
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