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Abstract: The percentage of stroke deaths attributable to low temperature was 7.23% in 2019, ac-
counting for 474,002 stroke deaths globally, while about 48,030 of the stroke deaths were attributed
to high temperature. Joinpoint regression analysis was applied to calculate the average annual
percent change (AAPC) with 95% confidence interval (CI) to evaluate stroke mortality trends in
1990-2019. Trend from global stroke mortality attributed to low temperature significantly declined
(AAPC=-2.5%; 95%CI=-2.6 to -2.3) in both sexes together. A significantly increased trend for stroke
mortality attributed to high temperature was observed in both sexes together (AAPC= +1.0%;
95%CI= 0.6 to 1.3).
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1. Introduction

Stroke is the second most common cause of death worldwide, after ischemic heart
disease [1-3]. Stroke was responsible for approximately 11% of the world’s total deaths in
2019 [1, 2]. The Global Burden of Disease (GBD) 2019 study estimated that the total
number of stroke deaths increased between 1990 and 2019 by 43.5% (or 2.0 million
deaths, i.e. from 4.6 million to 6.6 million deaths, respectively) [1, 3]. Ischemic stroke
constituted 50.0% of all stroke deaths in 2019 (3.3 million), while intracerebral hemor-
rhage constituted 43.9% (2.9 million) and subarachnoid hemorrhage constituted 6.1% (0.4
million) [3]. The tremendous increasing number of stroke deaths could be due to ageing
and increase of global populations, as well as the exposure to cardiovascular risk factors
[3, 4].

On the other hand, age-standardized rates of global stroke mortality decreased
sharply from 1990 to 2019 (by 36.0%) [1, 3]. The percentage change of age-standardized
rates of deaths from stroke globally in the same period by pathological types of stroke
were -34.0% for ischemic stroke, -36.0% for intracerebral hemorrhage and -57.0% for
subarachnoid hemorrhage [1, 3]. Decreasing trend in global stroke mortality may be ex-
plained by better accessibility to improved treatment and implementation of strategies
for prevention of non-communicable diseases (that led to decreasing prevalence of cer-
tain environmental, occupational, behavioral and metabolic risk factors for stroke) [4-6].

Some previous studies have indicated that the large increase in the global burden of
stroke can be due to the increase in exposure not only to well-established risk factors, but
perhaps also to some still insufficiently known risk factors, and suggested potential role
of the effects of ambient temperature on the risk of stroke [3, 7-9]. This study aimed to
assess the link between stroke mortality and non-optimal temperature at the global level.
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2. Materials and Methods

2.1. Study design

An ecological trend study was conducted.

2.2. Data source

Data on deaths due to overall stroke and stroke subtypes (ischemic stroke, intrac-
erebral and subarachnoid hemorrhage) were derived from the GBD 2019 study database
for the years 1990 to 2019 [10]. Age-standardized rates (ASRs) for stroke mortality were
calculated by method of direct standardization and expressed per 100,000 persons. Also,
data about the effects of non-optimal temperature on stroke mortality was extracted from
the GBD 2019 study: non-optimal temperature included low temperature (daily temper-
atures below the theoretical minimum risk exposure level) and high temperature (daily
temperatures above the theoretical minimum risk exposure level).

2.3. Statistical analysis

Changes in stroke mortality between 1990 and 2019 were determined by using
joinpoint regression analysis software [11]. Joinpoint regression analysis was applied to
calculate the average annual percent change (AAPC) with 95% confidence interval (CI) to
evaluate trends in 1990-2019. The joinpoint regression model is consisting of segments
joining at points (i.e. joinpoints) where a significant change in the trend occurs. The
changes in temporal trends include changes in intensity and/or direction of stroke mor-
tality trends. As the statistically significant level, p < 0.05 was taken.

3. Results

Globally, the percentage of stroke deaths attributable to non-optimal temperature
was 7.95% in 2019, accounting for 521,031 stroke deaths in both sexes together (Figure 1).
Globally, 401,624 stroke deaths (8.78% of total stroke deaths in the world) were attributed
to non-optimal temperature in 1990.

In both sexes together, the number of deaths for ischemic stroke, intracerebral
hemorrhage and subarachnoid hemorrhage attributable to non-optimal temperature was
279.644, 212.194 and 29.194, respectively (Figure 2).
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Figure 1. Global stroke deaths attributed to non-optimal temperature (number of deaths
and percentage contribution in total stroke) in both sexes together, 1990-2019.
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Figure 2. Number of global stroke deaths attributed to non-optimal temperature in both
sexes together, by stroke types, 1990-2019.

Trend from global stroke mortality attributed to low temperature significantly de-
clined (AAPC= -2.5%; 95%ClI= -2.6 to -2.3) in both sexes together, with five joinpoints
(Figures 3 and 4). A significantly increasing trend for stroke mortality attributed to high
temperature was observed in both sexes together (AAPC=+1.0%; 95%CI= 0.6 to 1.3).
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Figure 3. Global stroke mortality attributed to non-optimal temperature, in both sexes
together, 1990-2019; a joinpoint regression analysis
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Globally, a significantly decreasing trend for total stroke mortality attributed to low
temperature was observed in both sexes together in 1990-2019 (by -2.5% per year), as well
as decreasing trends that were observed for all stroke types: ischemic stroke (by -2.5% per
year), intracerebral hemorrhage (by -2.1% per year), and subarachnoid hemorrhage (by
-4.4% per year) (Figure 4). Globally, a significantly increasing trend for total stroke mor-
tality attributed to high temperature was observed in both sexes together in 1990-2019
(by +1.0% per year); increasing trends were observed for ischemic stroke (by +1.5% per
year) and intracerebral hemorrhage (by +0.7% per year), but not for subarachnoid hem-
orrhage, where a stable trend was observed.
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Figure 4. Global trends of stroke mortality attributed to low and high temperatute in both
sexes together, by stroke types, 1990-2019; a joinpoint regression analysis

4. Discussion

Stroke deaths attributed to the non-optimal temperature are a substantial issue
worldwide, because they contribute by participation of about 8% to the global stroke
mortality in the last decades. Rising temperature showed a substantial effect on total
stroke mortality at the global level in 1990-2019, with a substantial increase in ASRs of
mortality due to high temperature described for ischemic stroke and intracerebral hem-
orrhage.

Similar to our results, some other ecological studies suggested association between
non-optimal temperature and stroke burden [7, 12, 13]. But, to the best of our knowledge,
the GBD 2019 study is the first systematic analysis to estimate the global effect of
non-optimal temperature on stroke burden and its subtypes and added high and low
non-optimal temperatures as risk factors [3, 5]. Some previous studies indicated that low
temperature was one of the top ten risks in the oldest age group [13] and that older age
seems to increase vulnerability to low temperature for both ischemic stroke and intrac-
erebral hemorrhage [7]. Our results showed that the global burden of stroke (as meas-
ured by ASRs of mortality) attributable to low temperature was 10 times greater than the
burden attributable to high temperature in 2019. On the other hand, a rise of temperature
had a substantial effect in population with less ability to adapt to temperature changes,
especially in countries with limited socio-economic resources, which can worsen health
inequalities in the world [14, 15]. Among other, based on the link between non-optimal
temperature and stroke mortality, the Lancet Countdown on health and climate change
concluded that the response to climate change could be "the greatest global health op-
portunity of the 21t century” [16].
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