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subject fluctuation in BP for evaluating the effect of change
in season and outdoor temperature on BP.
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Study place: Division of Heart Failure, Rehabilitation and
Preventive Cardiology, Department of Cardiology,
BSMMU, Shahbagh, Dhaka
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Study population: Hypertensive Patients who came to
OPD in department of Cardiology, BSMMU.

2021

A. Study populationa) Sample Size: Total 110 hypertensive patients
b) Age: Between 18 years and above.
Study period: 12th October 2019 to 11th October 2020.
Study design: Prospective longitudinal study.
Inclusion criteria: Hypertensive Patients
Exclusion criteria:
• The patient who was not willing to participate in the
study. (Non-consenting patient)
•

Pregnant patients.

Method of study:
As it is a prospective longitudinal study conducted in
Cardiology OPD of BSMMU. Study population was consist
of hypertensive patients of both the sexes who had
attended Cardiology OPD with age group of 18 years and
above. Patients were randomly selected and their
particulars, detailed history and physical examination and
required investigations including ECG and Echo were done
and recorded in a preformed data collection sheet. These
patients have been followed up in the winter and in the
summer. The demographic characteristics of subject were
age, gender, education were recorded on a predesigned
proforma. Occupation based physical activity, smoking
and alcohol consumption were noted. BP was recorded
using standard protocol by the doctors using
sphygmomanometer. BP was recorded in surrounding
which was comfortable for the patients between 9 am to 2
pm. It was assured that subjects would have sitted in a
comfortable seat with no consumption of caffeine in
preceding one hour or smoking in preceding 15 min, BP
devices were regularly calibrated. BP was recorded twice
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Introduction:
Cardiovascular system is weathered, to some extent, by
the seasonal changes in the environment.1 And one of the
important determinants of cardiovascular diseases, related
disability and death is high blood pressure. But the external
factors that influence blood pressure are yet to be defined
fully, although some studies have shown that BP increases
significantly during winter season as compared to summer
season.2 In this study, whether there is any significant
difference of blood pressure in hypertensive patients in
different seasons will be looked for. Bangladesh is a tropical
country. Although Bangla calendar year is traditionally
divided into six seasons, actually, Bangladesh has three
distinct seasons: the pre-monsoon hot season from March
to May, rainy monsoon season which lasts from June
through October, and a cool dry winter season from
November through February. There is no community based
epidemiological study on the effect of season on blood
pressure (BP) in adult population of Bangladesh. Different
studies have shown that BP increases with decrease in
temperature.3-11 Bangladesh is a tropical country. The
climatic conditions in tropical areas are considerably
different from those in temperate areas, with extremely hot
summers and near zero temparatures during winters,
resulting in an unusually large seasonal variation in
temperature. In addition to geographical location, many
other factors may affect the strength of the association
between temperature and BP in countries like Bangladesh.
A considerable proportion of the population consists of
manual labourers and farmers who work in natural outdoor
conditions. Housing condition and other known risk
factors of hypertension (obesity, age and social stress)
are different as compared to western countries, which can
modify the effect of season on BP. Despite being one of
the most populous areas of the world, no adequately
powered study has been conducted in Bangladesh,
evaluating the effect of temperature variation on BP within
same subjects in general population. Thus, we had
conducted a longitudinal study involving adult (18 year
and above) hypertensive individuals attending the OPD
of BSMMU. The aim of this study was to determine within-
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in right arm and twice in left arm in the sitting position. An
average of two reading in each arm (recorded 5 min apart)
was used for analysis. After the BP measurement, weight,
height and waist hip ratio were measured during each
season. Obesity was defined as body mass index 25 kg/m2
as per the consensus statement of Asian classification12.
An written informed consent was obtained from the
participant.
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Fig.-1: Bar chart showing the difference systolic and
diastolic BP during Summer and Winter.
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Table-I
Demographic characteristics of study subjects, both
rural and urban areas.
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Results:
Results A total of 125 subjects were enrolled in the study.
110 subjects were eligible for current analysis with 52
subjects in rural and 58 subjects in urban areas. Table 1
shows socio-demographic characteristics of study
subjects, both rural and urban areas. Proportion of males
was 55%. Mean age of study population was (43 + 4.50)
years. Mean age in rural was significantly higher than
urban subjects (57+7.0 vs 40+8.21) years, p = 0.04 shows
socio-demographic characteristics of study subjects, both
rural and urban areas. In both genders, season had a
statistically significant effect on SBP and DBP. The
magnitude of the overall seasonal effect on SBP was 5.50
mmHg in women and 6.25 mmHg in men. The effect of
season on DBP was slightly lower in both genders: 3.50
mm Hg in women versus 4.25 mm Hg among men. As
shown in Figure 1, the position of the overall seasonal
peak (and, consequently, the position of the trough,
constrained to be 6 months apart by the analytical form of
the trigonometric spline) showed little variation between
systolic and diastolic values and across genders. All peaks
occurred in 2 weeks range in the winter, during the third
and forth weeks of December, the coldest period in the
year. Maximum temperatures in summer (May to July) are
usually above 380c, and minimum temperatures in winter
(November to January) below 250c. The differences in the
position of the peak were not statistically significant. Agespecific magnitudes of seasonal effects are depicted in
Figure 2. In both genders, seasonal effects on SBP
increased with age, reached a maximum in the 55 to 64
years age category, and then fell among the oldest
participants (65 years and above). Age-related differences
in seasonal effect on DBP were much smaller, and none of
them reached statistical significance. Seasonal effects were
higher among urban dwellers living in informal than formal
settlements, both for SBP and DBP, and for men and women.
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Fig.-2: In both genders, seasonal effects on SBP increased
with age, reached a maximum in the 55 to 64 years age
category, and then fell among the oldest participants
(65 years and above).
Discussions:
The commonly observed positive relationship between
magnitude of the seasonal effect and age has been
confirmed in this study. This result is similar finding of a
greater age effect on SBP than on DBP.13,14 In this study
population, the positive trend seems to be reversed in the
extreme eldest age group (>64 years) which is same as
result of a large cross-sectional study in China, which
found that the average difference between winter and
summer blood pressure increased with age up to about 70
years, and then showed a relative decrease.15 In another
study, seasonal effect among older individuals
(hypertensive subjects 69–91-years old), found a peak in
the blood pressure among the 70 to 75- years old, and a
progressive downward trend in the subsequent age
classes, suggesting that the relative reduction of the
seasonal effect continues in older ages.16 The causal
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results support this hypothesis, providing evidence of an
inverse relationship between magnitude of seasonal effect
and education and household income, both commonly
used indicators of socioeconomic status. The finding that
seasonal effect is lower among urban dwellers living in
formal settlements than those in informal settlements,
lends some support to the hypothesis that housing
conditions contribute to this effect. The effect modification
appears to be stronger in women than in men, and the
reasons of this discrepancy warrant further investigation.
The findings of this study have implications for
epidemiological, clinical, and public health practice. For
epidemiological investigation, the magnitude of the
seasonal effect strongly suggests that – in South Africa
as in the rest of the world – studies involving the estimation
of blood pressure and prevalence of hypertension should
routinely take into account the period of data collection,
especially when comparison with other studies is involved.
Ignoring this phenomenon could bias the results,
particularly if the period of data collection is restricted to
a single season, as was the case of the third wave of the
NIDS, where almost 50% of subjects were interviewed in
winter between June and August, and none between
January and March. In this case, for example, adjustment
for seasonality produced a reduction of the prevalence of
hypertension measured in this way among South African
adults by 2 percentage points (30.9%–28.9%) in males
and 1.3 percentage points (36%–34.7%) in females.
(Adjustment for seasonality was done by randomly
redistributing the period of data collection across the year,
adjusting the individual values of blood pressure
according to the average seasonal effect and recalculating
the proportion of hypertensive subjects with the modified
values of systolic and diastolic blood pressure.) In
absolute numbers, the restriction of the data collection to
the winter season produced an over estimation of the
number of hypertensive adults by almost 600,000, relative
to the projected result were data collection spread across
the seasons. (The estimation is based on the South African
adult population as per Census 2011.50) count during
routine clinical practice may improve the management of
hypertensive (and prehypertensive) patients. The
prevalence of controlled hypertension has been previously
found to have a clear seasonal pattern, deteriorating in
winter, which not surprisingly mirrors the fluctuations in
blood pressure.20 Overall, our data support the existence
of this seasonal pattern, that is, poorer control in winter
than summer, suggesting that average current clinical
practices are not sufficiently responsive to the seasonal
modification of the patient’s blood pressure levels. The

02 - Vol. 17,

mechanism underlying this complex relationship between
age and seasonal effect on blood pressure is unclear, and
it is likely to reflect a combination of factors both biological
and behavioral. Previous studies have shown a decrease
of autonomic response to cold,13 a lower ability to control
deep body temperature,17 and a reduction of the baro reflex
sensitivity with increasing age. These phenomena point
to a reduced ability of older subjects to compensate for
the increase in blood pressure caused by cold-induced
peripheral vasoconstriction. 18 This physiological
‘‘mismatch’’ may thus produce the positive relationship
between age and seasonal effect. Increased arterial wall
rigidity – which has been shown to be correlated with
winter–summer differences in SBP and is strongly
associated with age – could also be an important causal
mediator of this relationship.19 A tentative explanation of
the relative decrease of winter–summer differences in the
oldest age groups could be related to lower exposure to
outdoor temperature by the oldest subjects because of
reduced working activity and deteriorating health. In this
study, the magnitude of the seasonal effect in the
population as a whole was only slightly lower for diastolic
than for SBP. This result is in contrast with the findings of
the systematic review by Marti-Soler and other large
studies, which generally indicated an average seasonal
effects on DBP substantially lower than the corresponding
effect on SBP.13,20,21 This discrepancy is not unexpected,
given that the populations considered in those studies
were, on average, much older that the population analyzed
here. As previously observed, seasonal effects on SBP
increases rapidly with age, while the same trend is less
evident for DBP. Therefore, in older populations the
differences between diastolic and systolic effects tend to
be larger than those observed in younger samples. To test
the validity of this hypothesis, we recalculated seasonal
effects modifying the age structure to approximately match
the population studied by Su et al.20 The study of Su et al
used different cut-offs to define age classes. To recreate a
distribution compatible with the age categories used in
our study, we hypothesized that the ages of the individual
were distributed uniformly within each of the Su’s classes.
As expected, the ratio between seasonal effects on SBP
and DBP increased from 1.1:1 to 1.6:1, closer to the 2.5:1
ratio in their study and the 2:1 in the review by Marti-Soler
et al. Previous studies have observed that the negative
relationship between outdoor temperature and blood
pressure is mitigated in populations with good access to
central heating at work and at home, thus suggesting
socioeconomic status as a plausible effect modifier of the
relationship between season and blood pressure.15,22 Our
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Conclusions:
This study found evidence of substantial seasonal
variation in blood pressure. In both genders, seasonal
variation was slightly larger for systolic than diastolic BP.
Seasonal effects in SBP was significantly greater among
older participants. BP increases significantly during winter
season as compared to summer or rainy season. This result
indicates that seasonal variations in blood pressure have
concrete implications and should be routinely taken into
account both in epidemiological research and in clinical
practice. From a public health perspective, this findings
suggest that dose adjustment of antihypertensive
medication is needed to reduce older subjects’ exposure
to low temperatures may contribute to reduction of the
winter peak in blood pressure observed. These
interventions may prevent the increase cardiovascular risk
in this population. Besides our findings we also suggest
further study to search for possible bio-proactive
component present in environment which may change
their nature and configuration causing vascular endothelial
to constrict or dilate.
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last edition of the South African hypertension guidelines
acknowledges the effects of temperature on blood pressure
measurement, but makes no provision for the modification
of diagnostic criteria and treatment in relation to season.23
The large seasonal variations observed especially in the
older age groups suggest the need for seasonal
modification of diagnostic and therapeutic clinical practice
– not least because of the cited evidence of a direct
correlation between winter increase of blood pressure and
cardiovascular morbidity. Finally, the seasonal variations
in blood pressure translated into non negligible differences
by season in the projected 10-year risk of cardiovascular
disease, especially in elderly subjects with low
socioeconomic status where the excess risk (cumulative
incidence) in winter compared with summer ranges from
2.6% (women, nonsmokers) to 5.7% (men, smokers).
Although the simulations were performed mainly for
illustrative purposes, and the winter increase in blood
pressure may not have the same predictive meaning as
long-term or chronic elevation, at population level the
projection is consistent with the substantial evidence of
higher cardiovascular mortality in colder months.24 In our
study, the pattern of BP increases significantly during
winter season as compared to summer or rainy season.
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