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Background: Significant associations exist between ambient temperature and 
stroke risk, but results in high cardiovascular risk populations are lacking. This 
systemic review summarised current evidence on ambient temperature and 
overall stroke risk in a high cardiovascular risk population.

Methods: We performed a systematic literature search across MEDLINE, 
Embase, PsycINFO, CINAHL, Web of Science, and GEOBASE, from inception to 
3 July 2023, to identify all population-based studies. Eligible studies screened 
by independent reviewers recruited individuals aged 18  years and over, where 
minimum 80% of participants had a high cerebral vascular disease (CVD) risk 
profile. The primary outcomes are stroke morbidity and mortality, while the 
secondary outcomes are morbidity and mortality of ischaemic stroke (IS), 
intracranial cerebral haemorrhage (ICH), and subarachnoid haemorrhage (SH).

Results: The database searches identified 9,025 articles. After removing 
duplicates, 7,647 articles were screened in title and abstract to identify 380 
articles for full-text screening. After the full-text screening of 380 articles by 
two independent reviewers, 23 articles were included in the review.

Conclusion: The evidence for an association between ambient temperature 
and stroke incidence is that lower temperatures were more likely to increase 
morbidity and mortality risk of both haemorrhagic and ischaemic stroke in older 
people. Conversely, higher ambient temperature is significantly associated 
with intracranial haemorrhage risk, but decreased risk with IS. Higher and 
lower ambient temperatures consistently increase stroke risks in patients with 
comorbidities of congestive heart failure and dyslipidaemia. This evidence 
implies the need to establish clinical guidelines for preventive intervention in 
patients with high stroke risks during extreme ambient temperatures.
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Highlights

 • Lower ambient temperatures are more likely to increase the 
morbidity and mortality risk of both ICH and IS in the elderly.

 • Higher ambient temperatures are significantly associated with 
intracranial haemorrhage risk, but decreased risk of 
ischaemic stroke.

 • Higher and lower ambient temperatures consistently increase 
stroke risks in patients with comorbidities of congestive heart 
failure and dyslipidaemia.

 • Increased stroke risk was not observed, as compared to summer, 
in spring, autumn, or winter in stroke patients with comorbidities, 
including hypertension, diabetes, drinking, or smoking.

 • Higher and lower ambient temperatures should be considered 
important influential factors when establishing clinical guidelines 
for preventive intervention in patients with high stroke risks.

Background

Stroke accounts for 6.5 million deaths each year and is the world’s 
second leading cause of mortality (1). Identification of modifiable 
risk factors for stroke is essential to mortality reduction. While risk 
factors, such as hypertension and diabetes, are well established, 
environmental risk factors for stroke remain to be investigated (1, 2). 
Acute stroke is not distributed randomly over time but depends on 
months/seasons of the year. Cold temperature was associated with an 
increased incidence of stroke morbidity and mortality (3–9) that may 
be attributable to the effect of cold temperature on increased blood 
pressure and serum cholesterol (10, 11). Hot temperature was 
associated with an increased risk of ischaemic stroke (IS) mortality 
but a decreased risk of intracerebral haemorrhage (ICH) mortality 
(12). A study by Salam et al. reported an increased incidence of IS 
relative to ICH during the summer months with higher solar 
radiation that cannot be  explained by physiological measures 
suggestive of dehydration or hem-concentration (13). However, in a 
study by Cowperthwaite et al. (14), no significant association between 
weather and stroke incidence was recorded in the USA. A lack of 
evidence was reported in people with a high CVD risk profile, such 
as those with old age or CVD risk factors (e.g., a history of CVD, 
hypertension, and diabetes). Thus, in this systematic review, we aimed 
to investigate the association between extreme temperature and the 
relative risks of stroke morbidity and mortality in a high CVD risk 
population to inform the guidelines for the development of stroke 
preventive interventions.

Methods

Criteria for considering studies

Types of studies: All types of studies with a minimum 1-year 
duration to ensure all seasons were presented.

Types of participants: This review included individuals aged 
18 years and over, where at least 80% of participants who had a high 
CVD risk profile, including the elderly who were 65 years or over, 
diabetes (defined as a previous diagnosis of type 1 or type 2 diabetes 

and/or current treatment with therapies to lower blood glucose levels), 
previous history of CVD (defined as myocardial infarction, angina 
pectoris, coronary bypass surgery, coronary angioplasty, stroke, 
transient ischaemic attack, carotid endarterectomy, surgery for 
peripheral vascular disease, intermittent claudication or renal failure 
determined as creatinine >1.5 times the upper limit of normal or 
chronic kidney diseases determined as eGFR<30 mL/min/1.73 m2), 
high blood pressure (defined as previous diagnosis of high blood 
pressure or on treatment with BP lowering drugs), and high blood 
lipid (defined as a previous diagnosis of high blood lipid or on 
treatment with lipid-lowering drugs).

Types of exposure: This review focused on ambient temperature, 
which is defined as the temperature of the surrounding air. As 
previous studies have shown the relatively same predictive ability of 
different temperature measures for health outcomes (15), we examined 
all available measurements of ambient temperature, such as daily or 
monthly mean, maximum or minimum temperatures, temperature 
change, or variation.

Type of outcome measures

Primary outcomes: Stroke morbidity and mortality.
Secondary outcomes: IS morbidity and mortality, ICH 

morbidity and mortality, subarachnoid haemorrhage (SH) 
morbidity and mortality.

Language: No restriction (English and non-English studies).
Publication type: Published and unpublished studies reported in 

peer-reviewed journals, reports, conference abstracts, and theses.

Search methods for identification of 
studies

We performed a similar search strategy developed by Wang et al. 
(16) in Ovid Medline, Ovid Embase, CINHL, Web of Science, and 
PsycINFO (Ovid). We combined the search terms relating to ‘ambient 
temperature’ and ‘stroke’ based on the strategy used by Wang et al. 
(16). We also searched reference lists of known previous systematic 
reviews and meta-analyses of the association between ambient 
temperature and stroke (17–19). Corresponding authors of relevant 
studies were contacted regarding any further published or unpublished 
study if needed.

Study selection

First, two independent reviewers screened a small sample of 
papers found in the search to revise any unclear or inappropriate 
inclusion criteria. In the full selection process, two reviewers 
independently scanned the results of the search and determined the 
eligibility of the studies. In the initial screening of titles and abstracts, 
the studies were included if they met the inclusion criteria or if they 
did not have enough information for exclusion. Rejected citations 
were recorded and classified as irrelevant studies. All potentially 
relevant articles were screened in full text for a final decision. If a study 
did not have sufficient information to assess eligibility, we attempted 
to contact the authors; the study was classified as a potentially relevant 
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article and checked in sensitivity analyses if authors did reply after 
1 month.

Data extraction and quality assessment

Data extraction forms and quality assessment forms were piloted 
on a small group of studies. Two reviewers independently performed 
data extraction and quality assessment in the prespecified form. If any 
disagreements were raised, the reviewers would discuss consensus or 
consult with the third reviewer. A report of corrections or amendments 
to the prespecified form would be recorded.

Quality assessment

The quality of the included studies was assessed following the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement (20). The quality criteria included 
setting, locations, and dates for the recruitment period; eligibility 
criteria, sources, and methods of selecting participants; consecutive 
or random participant sampling; the proportion of eligible 
participants (participant rate); the number of participants in each 
stage of the study or reasons for ineligibility; a description of the 
included participants; a description of ambient temperature 
measurement and stroke; and sources of funding acknowledgement. 
The bias was assessed as low risk (sufficient data were provided and 
fulfilled the criteria), partial risk (insufficient data were provided), or 
high risk (sufficient data were provided and did not fulfil the criteria). 
Publication bias was judged by observing the asymmetry of funnel 
plots; if they were asymmetric, contour-enhanced funnel plots were 
then analysed to examine whether publication bias alone caused the 
asymmetry (21).

Due to the substantial inconsistencies of the measurement for 
exposure (e.g., ambient temperature), we reviewed and summarised 
findings from included studies and did not process with a 
meta-analysis.

Ethics and dissemination

This systematic review analysed non-identifiable data; thus, a 
formal ethics approval is unlikely to be crucial.

Results

Result of searches

As presented in the flow chart (Figure 1), the database searches 
identified 9,025 articles. After removing duplicates, 7,647 articles were 
screened. A total of 380 articles were screened in full-text, with 65 
potentially appropriate studies for full-text screening to be included 
in the systematic review. A total of 23 articles were included in the 
final systematic review. Most of the articles were excluded due to a lack 
of a high CVD risk cohort, stroke outcomes, exposure to ambient 
temperature, or unclear results.

Characteristics of included studies

As presented in Table  1, most of the included studies were 
conducted in Asian countries, such as China and Japan, and were 
designed as time-series or time-stratified case–crossover study. 
However, a large number of studies did not sufficiently detail their 
study design, as mentioned in Table 1. More results were reported for 
the elderly group (>65 years) than those with CVD risk factors (e.g., 
hypertension, diabetes, and a history of CVD). Data on the high-risk 
population were substantially extracted from subgroup analyses, 
whereas two studies were restricted to the elderly. Diagnosis of stroke 
or stroke sub-type was based on the stratification of ICD-9th or 10th 
except for 10 studies (30, 31, 33–35, 40, 41, 43–45) that confirmed 
stroke by brain imaging, such as CT, MRI, or cerebral angiogram.

Risk of bias

Nine out of the 23 included studies were assessed as having a high 
risk of bias due to a lack of information on eligibility criteria, 
characteristics of study participants, and source of funding. All of the 
studies provided sufficient definitions for stroke assessment. Most of 
the studies utilised admission data or stroke registry data, so 
consecutive samples were recruited. More information is provided in 
Table 2. As studies reported results in different comparisons, we were 
unable to assess publication bias.

Association between ambient temperature 
and stroke in the elderly

As shown in Table 3A, most of the included studies showed a 
significant association between ambient temperature or seasonal 
pattern and stroke in the elderly, except for the studies by Luo et al. (6) 
(Table  3B), Vodonos et  al. (37) (Table  3B), and Lee et  al. (26) 
(Table 3B). Exposure to cold or lower temperature was more likely to 
increase the morbidity and mortality risk of stroke and stroke sub-type 
by a magnitude of 10–50% (22, 23, 29, 30) (Table 3A). An increase in 
mean ambient temperature was associated with a decreased risk of 
morbidity of general stroke and haemorrhagic stroke by a magnitude 
of 1–7% (27, 38). Studies by Zheng et al. (39) (Table 3A), Qi et al. (31) 
(Table 3A), and Lim et al. (28) (Table 3A) showed a positive association 
between a 1°C increase in diurnal temperature range and the risk of 
general stroke and ischaemic stroke morbidity that varied from 1.5 to 
3.1%. In contrast to these observations, Vered et al. (36) (Table 3A) 
reported that a 1°C increase in a diurnal temperature range was 
associated with a reduced risk of general stroke and stroke sub-type 
morbidity by 1–3% and a 1°C increase in mean ambient temperature 
was associated with an increased risk of general stroke and stroke 
sub-type morbidity by a magnitude of 7–10%.

Association between ambient temperature 
and stroke in patients with comorbidities

As shown in Table  4, Vered et  al. (36) reported a significant 
association between a 1°C increase in mean ambient temperature and 
general stroke and ischemic stroke in subgroups with hypertension, 
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diabetes, atrial fibrillation, or hyperlipidaemia, whereas Vodonos et al. 
(Table 4 non-significant results) (37) and Bai et al. (22) did not show 
any significant effect of exposure to a 5°C increase in ambient 
temperature or hot effect on stroke or stroke sub-type in this 
population. However, Bai et al. (22) observed a significant effect of 
exposure to both cold (−16°C vs. −0.6°C) and hot temperatures 
(25.2°C vs. 17°C) on the increased risk of general stroke in those with 
congestive heart failure, with a RR of 1.12 (95%CI 1.89–1.41). 
Shinkawa et al. (33) reported a seasonal pattern of general stroke in 
patients with hypertension and ischemic stroke in patients with high 
total cholesterol. In the study (33), by Turin et  al. (Table  4 
non-significant results), as compared to summer, no significant 
difference in the risk of general stroke was recorded in spring, autumn, 
or winter in patients with hypertension, diabetes, drinking, 
or smoking.

Discussion

In this systemic review, a consistent observation in the elderly 
indicated that lower temperature was more likely to increase the 
morbidity and mortality risk of both haemorrhagic and ischaemic 

strokes in a temperature-dependent manner with a magnitude of 
10–50%. Increased ambient temperature was associated with 
decreased stroke morbidity, especially haemorrhagic stroke, in a 
temperature-dependent manner with a magnitude of 1–7%. An 
increase in the diurnal temperature range was associated with an 
elevated risk of stroke, in particular, ischemic stroke morbidity, which 
varied from 1.5 to 3.1%. However, another study gave the opposite 
finding: raised diurnal temperature range variation was associated 
with reduced stroke, especially ischaemic stroke, while raised mean 
ambient temperature was associated with an increased risk of general 
stroke, in particular, ischaemic stroke by a magnitude of 7–10%.

The mechanisms for the impact of ambient temperature, including 
low and high temperatures on stroke risks, morbidity, and mortality, 
have attracted much literature discussion. Vasoconstriction is 
postulated to divert blood flow to central organs (brain, heart, and 
kidneys) in response to a lower ambient temperature, consequently 
increasing systemic vascular resistance and leading to high blood 
pressure, which is a known risk factor for stroke (47, 48). It is well 
established that mean blood pressure tends to be higher in the colder 
months, and cold exposure can further worsen hypertension in 
predisposed individuals (49). This exacerbated hypertension may 
reflect increasing systemic vascular resistance and oxygen demand 

FIGURE 1

Flow diagram of eligible articles for the review.
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TABLE 1 Characteristics of included studies.

First author (year) Study 
design

Study population City, country, 
data collection 
time

Ambient 
temperature/
seasonal variation

Stroke measurement

Bai et al. (2018) (22) Case-crossover 

study

Ontario residents 

admitted to a hospital

Ontario, Canada, 1996–

2013

Daily mean temp: −33.1°C to 

32.2°C

Stroke hospitalisation based 

on ICD-9 and ICD-10.

Goggin et al. (2012) (23) Time series 

study

Patients registered in 

stroke admission

Hong Kong, China, 

1999–2006

Daily mean temp: 8.2°C to 

31.8°C

Stroke hospitalisation based 

on ICD-9

Guo et al. (2017) (24) Case-crossover 

study

Patients admitted to 

hospital with stroke

Guangzhou, China, 

2013–2015

Daily mean temp: 4.8°C to 

21.9°C

Stroke hospitalisation based 

on ICD-10

Hasegawa et al. (2015) (25) Cross-sectional 

study

Residence in 47 

prefectures aged 65–

89 years

Nationwide, Japan, 2010 Daily mean temp: 

15.5°C ± 2.3°C

Stroke mortality data from 

population census data, stroke 

data based on ICD-10

Lee et al. (2008) (26) Case-crossover 

study

Patients admitted to the 

emergency department for 

stroke

Taiwan, 1998–2003 Daily mean temp: 16.2°C to 

29.3°C

Stroke hospitalisation based 

on ICD-9

Lichtman et al. (2016) (27) Cross-sectional 

study

Hospitalised patients USA, 2009–2011 Daily mean temp: −25°F to 

100°F

Diurnal temperature 

variation: 5–45°F (smallest in 

winter)

Stroke hospitalisation based 

on ICD-9

Lim et al. (2017) (28) Case-crossover 

study

Patients admitted to the 

emergency department for 

stroke

Nationwide, South 

Korea, 1–12/2011

Daily mean temp: −9.8°C to 

29.2°C

Stroke hospitalisation based 

on ICD-10

Luo et al. (2018) (6) Retrospective 

time-series 

study

Patients from 63 hospitals 

with stroke

Beijing, China, 2013–

2014

Daily mean temp: −12.9°C to 

30.1°C

Stroke hospitalisation based 

on ICD-10

Pan et al. (1995) (29) Unclear Residents in selected areas Nationwide, Taiwan, 

1981–1991

NI Stroke mortality based on 

ICD-8

Passero et al. (2000) (30) Unclear Patients admitted to 

neurological, 

neurosurgical, and 

intensive care 

departments of a 

university hospital

Siena, Italy, 1979–1996 Monthly mean temperature: 

3°C to 26.1°C

Intracerebral haemorrhage 

from CT scan or autopsy.

Qi et al. (2020) (31) Unclear Patients admitted to the 

stroke unit of a hospital

Tianjin, China, 2014–

2019

Daily mean temperature: 7.2 

(3.1–11.6°C)

Stroke ischemic diagnosis 

based on MRI or CT

Ravljen et al. (2021) (32) Time-series 

study

Patients admitted to a 

university medical centre 

for stroke

Ljubljana, Slovenia, 

2012–2017

NI Ischemic stroke based on 

ICD-10

Shinkawa et al. (1990) (33) A retrospective 

cohort study 

(FU: 24 years)

Hisayama residents Hisayama, Japan, 1961–

1985

Monthly ambient 

temperature: 6–27°C

Stroke diagnosis based on 

histories, neurologic 

examination, lumbar 

puncture, cerebral 

angiography, CT, and autopsy.

Toyoda et al. (2018) (34) Unclear Patients admitted to the 

emergency department of 

the national cerebral and 

cardiovascular centre

Osaka, Japan, 2011–2015 NI Ischemic stroke diagnosis 

based on neurological and 

radiological examinations 

(MRI, CT)

Turin et al. (2008) (35) Unclear Patients hospitalised with 

stroke in the county 

hospitals

Takashima, Japan, 1988–

2001

Average annual temperature: 

13.5 (2.5–29.5°C)

Stroke diagnosis based on 

clinical symptoms, CT or MRI

(Continued)
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and ineffective cold adaptation due to autonomic neuropathy in 
hypertensive patients (50). Another mechanistic explanation indicated 
that peripheral vasoconstriction may lead to cerebral vasculature 
congestion, which theoretically could increase the risk of haemorrhage 
(51). Dehydration is thought to be the potential mechanism for the 
high ambient temperature associated with increased ischaemic stroke 
risks, which was demonstrated in a study that dehydration in 
hospitalised stroke patients is associated with severe stroke morbidity 
and increased mortality (52).

In reviewing the association between ambient temperature and 
stroke patients with comorbidity, there were contrasting reported 
stroke risks. The ischemic stroke patients with comorbidities of 
hypertension, diabetes, atrial fibrillation, or hyperlipidaemia reported 
a significant association at a 1°C increase versus an insignificant 
association at a 5°C increase in mean ambient temperature. However, 
increased stroke risk was observed with exposure to both low and 
high ambient temperatures in congestive heart failure patients, as well 
as exposure to seasonal patterns in patients with hypertension, 
ischemic stroke, and hypercholesterolemia. In contrast, increased 
stroke risk was not observed, as compared to summer, spring, 
autumn, or winter, in stroke patients with comorbidities including 
hypertension, diabetes, drinking, or smoking.

The mechanism of the contrasted report of significant association 
in terms of ischaemic stroke risks with comorbidity (hypertension, 

diabetes, atrial fibrillation, or hyperlipidaemia) at different mean 
ambient temperatures remains to be  established. The apparent 
observation with 1°C and 5°C increases in mean ambient temperature 
showed an equivalent baseline mean ambient temperature, and the 
1°C increase still made it into the temperature range of below 130C41 
in contrast to the 5°C increase in the temperature range of well above 
130C34 (17–19°C), which is a normal range ambient temperature 
having minimal impacts on stroke risks. The underlying pathology of 
low and high ambient temperatures increasing the risk of stroke in 
patients with congestive heart failure included two aspects: (1) low 
ambient temperature may be mediated by peripheral vasoconstriction 
and cerebral vasculature congestion (51) due to congestive heart 
failure; (2) high ambient temperature may be mediated by peripheral 
vasodilatation, intravascular hypovolemia, and reduced cerebral 
perfusion due to congestive heart failure. The mechanism of seasonal 
change having a minimal impact on increasing stroke risk in patients 
with hypertension, diabetes, drinking, or smoking may be due to a 
relatively normal ambient temperature (35).

The final discussion point lies in the most recent evidence (53) 
evaluating the impact of ambient temperature and altitude exposure 
on stroke burden in a Chinese cohort. This research used data from 
the National Stroke High-Risk Population Screening System 2020 and 
assessed the overall prevalence, incidence, and mortality rate of stroke 
in China by obtaining the annual mean ambient temperature, diurnal 

TABLE 1 (Continued)

First author (year) Study 
design

Study population City, country, 
data collection 
time

Ambient 
temperature/
seasonal variation

Stroke measurement

Vered et al. (2020) (36) Time-stratified 

case-crossover 

study

Patients admitted to 26 

general hospitals in 

summer

Nationwide, Israel, 

2014–2016

Mean ambient temperature: 

26.2 (21.6–31.4°C)

Stroke diagnosis based on 

ICD-9

Vodonos et al. (2017) (37) Time-stratified 

case-crossover 

study

Patients admitted to a 

university medical centre

Southern Negev, Israel, 

2012–2014

Daily ambient temperature: 

19.1 (2.1–38.8)°C

Stroke diagnosis by 

neurologist

Wang et al. (2009) (38) Time-stratified 

case-crossover 

study

Patients admitted to 

hospitals

Brisbane, Australia, 

1996–2005

Mean daily temperature: 

14.7–26.3°C

Stroke diagnosis based on 

ICD-9 and ICD-10

Yang et al. (2016) (7) Time-stratified 

case-crossover 

study

Residents from 16 large 

Chinese cities

Nationwide, China, 

2007–2013

Daily mean temperature: 5.1 

to 21.6°C

Stroke deaths diagnosis from 

the China Information System 

of Death Register and China 

CDC

Zheng et al. (2016) (39) A time-series 

study

Patients ≥65 years 

admitted to three 

comprehensive hospitals

Beijing, China, 2009–

2011

Mean daily temperature: 

13.15 (−12.5 to 34.5°C)

Stroke diagnosis based on 

ICD-10

Chang et al. (2004) (40) Case control 

study

Female patients admitted 

to 160 hospitals

17 countries, 1989–1995 Mean monthly temperature: 

−4.6°C (Beijing) to 30.1°C 

(Thailand)

Stroke diagnosis based on 

clinical signs, CT, MRI, 

cerebral angiogram.

Palm et al. (2013) (41) Time-stratified 

case-crossover 

study

Patients admitted to the 

hospital with stroke

Ludwigshafe, Germany, 

2006–2010

NI Stroke diagnosis based on 

WHO definition and brain 

imaging

Ikefuti et al. (2018) (42) Time-series 

study

Resident in São Paulo with 

stroke

São Paulo, Brazil, 2002–

2011

Mean daily temperature: 

19.45°C (8.4–27.6°C)

Stroke mortality diagnosis 

based on ICD-10

ICD-8, International Classification of Disease Eighth Revision; ICD-9, International Classification of Disease Ninth Revision; ICD-10, International Classification of Disease 10th Revision; CT, 
computer tomography; MRI, magnetic resonance imaging; WHO, World Health Organisation; CDC, Centre of Disease Control and Prevention.
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TABLE 2 Risk of bias.

First author (year) Setting, 
locations, 

and dates for 
recruitment 

provided

Eligibility 
criteria, 

sources, and 
methods of 

selecting 
participants 

provided

Consecutive or 
random 

participant 
sampling

Proportion of 
eligible 
participants 
(participants rate) 
described

Number of 
participants at 
each stage of 

study/reasons for 
ineligibility 
provided

Clear description 
of study 

participants

Clear description 
of stroke 

assessment

Source of funding 
acknowledged

Risk (Low/
Partial/High)

Bai et al. (2018) (22) Y Y Y Y (100%) N Y Y Y Low

Goggin et al. (2012) (23) Y Y Y Y (100%) N N Y Y Low

Guo et al. (2017) (24) Y N Y Y (100%) N Y Y N Low to partial

Hasegawa et al. (2015) 

(25)

Y N Y Y (100%) N N Y N Low to partial

Lee et al. (2008) (26) Y Y Y Y (100%) N N Y N Low to partial

Lichtman et al. (2016) 

(27)

Y Y Y Y (1.7%) N Y Y N Low

Lim et al. (2017) (28) Y Y Y N Y N Y Y Low

Luo et al. (2018) (6) Y N N N N N Y Y High

Pan et al. (1995) (29) Y N N N N N Y N High

Passero et al. (2000) (30) Y Y Y Y (100%) Y Y Y Y Low

Qi et al. (2020) (31) Y Y N N N Y Y Y Low

Ravljen et al. (2021) (32) Y N N N N N Y Y High

Shinkawa et al. (1990) 

(33)

Y Y N N Y Y Y Y Low

Toyoda et al. (2018) (34) Y Y Y N N Y Y Y Low

Turin et al. (2008) (35, 

46)

Y Y Y Y (100%) N Y Y Y Low

Vered et al. (2020) (36) Y Y Y Y (100%) Y Y Y Y Low

Vodonos et al. (2017) 

(37)

Y Y Y Y (100%) Y Y Y N Low

Wang et al. (2009) (38) Y N N N N N Y Y High

Yang et al. (2016) (7) Y N N N N N Y Y High

Zheng et al. (2016) (39) Y Y N N N N Y N High

Chang et al. (2004) (40) Y Y N Y (100%) N N Y Y Low to partial

Palm et al. (2013) (41) Y Y Y Y (100%) N Y Y Y Low

Ikefuti et al. (2018) (42) Y N N N N N Y Y High
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TABLE 3 Association between ambient temperature and stroke in the elderly.

A. Significant results

First author 
(year)

Exposure/lag 
days

Stroke 
morbidity

Stroke 
mortality

Haemorrhage stroke Haemorrhage 
stroke mortality

Ischaemic stroke Ischaemic 
stroke 
mortality

Variables controlled 
for

Hasegawa et al. 

(2015) (25)

“ambient temperature”/

unavailable lag days

Men, 65–69 years: 

Rho = −0.424, 

p < 0.01.

Men, 85–89 years: 

−0.393, p < 0.01.

Women, 65–69 years: 

−0.275, p > 0.05

Women, 85–89 years: 

−0.426, p < 0.01.

65–69 years: 

β = −0.478, p = 0.001.

– – – – Salt intake, BMI, pedometer 

count, altitude, medical cost, 

yearly income, GiNi coefficient, 

and the number of nursing 

homes

Bai et al. (2018) 

(22)

−16 vs. 0.6°C/ 21 days ↑RR 1.1 (95% CI 

1.02–1.19)

– – – – – Relative humidity, NO2, O3, a 

day-of-week indicator, holiday 

status, daily influenza visits, 

seasonality.
25.2 vs. 17°C/ 21 days RR 1.033 (0.94–1.16) – – – – –

Goggin et al. 

(2012) (23)

15.2°C vs. 29.5°C/ 

0–4 days

– – ↑ RR 1.52 (95%CI 1.38–1.67) – – – Humidity, NO2, SO2, RSP, O3, a 

day-of-week indicator, holiday 

status, daily influenza visits, 

seasonality.
15.7°C vs. 22°C/ 

0–13 days

– – – – ↑ RR 1.15 (95%CI 1.11–

1.19)

–

Pan et al. (1995) 

(29)

9 vs. 28°C/unavailable 

lag days

– – – ↑ OR 1.42 (95%CI 1.11–

1.80)

– – –

9 vs. 29°C/ unavailable 

lag days

– – – – – ↑ OR 1.92 (1.50–

2.46)

Passero et al. 

(2000) (30)

<6°C/unavailable lag 

days

– – ↑ RR = 1.25 (p < 0.0035) for 

those aged 60+ years

– – – –

Guo et al. (2017) 

(24)

9.47°C vs. 23.4°C

0–21 days

– – 65–74 year: f-AFtot11.3 (95% 

eCI -11.4–23.0)

75+ year: f-AFtot24.0 (95% eCI 

13.0–29.8)

– 65–74 year: f-AFtot8.5 

(95% eCI -0.5–15.1)

75+ year: f-AFtot11.2 (95% 

eCI 3.6–16.6)

– Day of the week, public 

holidays, long-term and 

seasonal trends of daily strokes, 

air pollution, and 

meteorological variables.

Lichtman et al. 

(2016) (27)

5°F ↑ in average 

temperature/ unavailable 

lag days

↓ OR 0.97 (95%CI 

0.96–0.97)

– – – – – Patient age, sex, race, dew 

point temperature, and the 

following comorbid conditions 

and medical history variables

Ravljen et al. 

(2021) (32)

1°C change in ambient 

temperature/ Lag 7

– – – – ↓ β = −0.006, p = 0.011 – –

(Continued)
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TABLE 3 (Continued)

A. Significant results

First author 
(year)

Exposure/lag 
days

Stroke 
morbidity

Stroke 
mortality

Haemorrhage stroke Haemorrhage 
stroke mortality

Ischaemic stroke Ischaemic 
stroke 
mortality

Variables controlled 
for

Wang et al. 

(2009) (38)

1°C ↑ in minimum 

temperature in winter/ 

lag 3 months

– – ↓ RR 0.94 (0.90–0.98) – RR 0.99 (0.97–1.01) – Humidity, PM10, NO2, O3, SO2

1°C ↑ in minimum 

temperature in summer/ 

lag 3 months

– – RR 0.99 (0.94–1.05) – RR 1.00 (0.97–1.02) –

1°C ↑ in maximum 

temperature in winter/ 

lag 3 months

– – ↓ RR 0.93 (0.89–0.96) – RR 0.97 (0.94–1.00) –

1°C ↑ in maximum 

temperature in summer/ 

lag 3 months

– – ↓ RR 0.93 (0.88–0.99) RR 0.99 (0.96–1.02) –

Vered et al. 

(2020) (36)

1°C ↑ in mean ambient 

temperature/ 0–6 days

↑ OR 1.10 (1.08–1.13) 

for those 75+ years

– OR 1.07 (0.99–1.15) for those 

75+ years

– ↑ OR 1.11 (1.08–1.13) for 

those 75+ years

– Relative humidity and air 

pollution

1°C ↑ in diurnal 

temperature 

range/0–6 days

↓ OR 0.97 (0.95–0.98) 

for those 75+ years

– OR 0.99 (0.93–1.05) for those 

75+ years

– ↓ OR 0.97 (0.95–0.98) for 

those 75+ years

–

Zheng et al. 

(2016) (39)

1°C ↑ in diurnal 

temperature 

range/0–4 days

↑ percentage of ER 

admission 2.13% 

(0.51–3.77) for men

1.55% (0.19–2.93) for 

women

– – – – – Time trend, day of the week, 

holiday, temperature, relative 

humidity, wind speed, 

atmospheric pressure, and air 

pollutants.

Qi et al. (2020) 

(31)

1°C ↑ in diurnal 

variation/ 0–4 days

– – – – ↑ Daily number of 

ischemic stroke onset: 

0.016 (0.005–0.028) for 

those aged 75+ years

– Day of week, public holiday, 

and air pollutants.

Lim et al. (2017) 

(28)

1°C change in diurnal 

temperature/unavailable 

lag days.

Temperature changes 

over preceding 24 h/ 

unavailable lag days.

↑ RR 1.027 (1.008–

1.047)

↓ RR 0.953 (0.921–

0.985)

–

–

RR 0.982 (95%CI 0.91701.052)

RR 0.9837 (95%CI 0.916–1.056)

–

–

↑ RR 1.031 (95%CI 

1.011–1.052)

↑ RR 0.949 (95%CI 

0.916–0.983)

–

–

Diurnal temperature changes, 

diurnal variation of 

atmospheric pressure, PET, 

temperature differences over 

the previous day, and diurnal 

temperature change ≥10°C

(Continued)
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TABLE 3 (Continued)

A. Significant results

First author 
(year)

Exposure/lag 
days

Stroke 
morbidity

Stroke 
mortality

Haemorrhage stroke Haemorrhage 
stroke mortality

Ischaemic stroke Ischaemic 
stroke 
mortality

Variables controlled 
for

Yang et al. (2016) 

(7)

Cold effect/0–14 days – AF 14.9 (10.2–18.2) 

for those 65–74 years

AF 14.0 (10.4–16.7) 

for those 75+ years

– – – – –

Heat effect/unavailable 

lag days

– AF 1.3 (0.9–1.6) for 

those 65–74 years

AF 1.6 (1.3–2.0) for 

those 75+ years

– – – – –

Turin et al. 

(2008) (35)

Spring vs. summer/

unavailable lag days

↑ OR 1.27 (1.09–1.48) – – – – – –

Autumn vs. summer/

unavailable lag days

Non-significant – – – – – –

Winter vs. summer/

unavailable lag days

Non-significant – – – – – –

Shinkawa et al. 

(1990) (33)

Seasonal variation/

unavailable lag days

Roger’s R = 1.18, 

p > 0.05 for those 65–

74 years

+ Roger’s R = 7.03, 

p < 0.05 for those 75+ 

years

– Roger’s R = 5.32, p > 0.05 for 

those 65–74 years

Roger’s R = 5.32, p > 0.05 for 

those 75+ years

– Roger’s R = 4.07, p > 0.05 

for those 65–74 years

Roger’s R = 4.07, p > 0.05 

for those 75+ years

– –

Toyoda et al. 

(2018) (34)

Seasonal variation/

unavailable lag days

↑ incidence rate in 

winter and spring 

(p = 0.026) in those at 

75+ years

– – – – – –

B. Non-significant results

First author 
(year)

Exposure/lag 
days

Stroke 
morbidity

Stroke 
mortality

Haemorrhage stroke Haemorrhage 
stroke mortality

Ischaemic stroke Ischaemic 
stroke 
mortality

Variables controlled 
for

Luo et al. (2018) 

(6)

−9.6 vs. 1.2°C (extreme 

cold)/0–7 days for 

ischemic stroke, 0–3 days 

for haemorrhage stroke

– – RR 1.28 (95%CI 0.94–1.74) – RR 1.28 (95%CI 0.99–1.64) – Air pollution (PM2.5), day of 

the week, holiday.

(Continued)
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TABLE 3 (Continued)

B. Non-significant results

First author 
(year)

Exposure/lag 
days

Stroke 
morbidity

Stroke 
mortality

Haemorrhage stroke Haemorrhage 
stroke mortality

Ischaemic stroke Ischaemic 
stroke 
mortality

Variables controlled 
for

−4.2 vs. 1.2°C (moderate 

cold) / 0–7 days for 

ischemic stroke, 0–3 days 

for haemorrhage stroke

– – RR 1.07 (95%CI 0.97–1.19) – RR 1.06 (95%CI 0.98–1.15) –

25.7 vs. 22.1°C 

(moderate hot) / 

0–7 days for ischemic 

stroke, 0–3 days for 

haemorrhage stroke

– – RR 0.97 (95%CI 0.84–1.11) – RR 1.02 (95%CI 0.92–1.12) –

28.4 vs. 22.1°C (extreme 

hot) / 0–7 days for 

ischemic stroke, 0–3 days 

for haemorrhage stroke

– – RR 0.96 (95%CI 0.77–1.20) – RR1.03 (95%CI 0.88–1.20) –

Vodonos et al. 

(2017) (37)

5°C ↑ in ambient 

temperature/0–4 days

– – – – OR 1.38 (0.83–2.29) for 

those aged 65–74 years

OR 1.01 (0.71–1.45) for 

those aged 75+ years

– –

Lee et al. (2008) 

(26)

Ambient temperature/

unavailable lag days

Monthly stroke 

incidence rate: 65–

74 years: β = −0.526; 

NS.

>74 years: β = −1.067, 

NS.

– – – – – Time-trend and monthly 

effects

BMI, body mass index; NO2, nitrogen dioxide; O3, ozone (trioxygen); SO2, sulphur dioxide; RSP, respirable suspended particulates; RR, relative risk; OR, odds ratio; PM10, particulate matter < 10 μm in diameter; PM2.5, particulate matter < 2.5 μm in diameter; ER, 
emergency room; PET, physiologically equivalent temperature; AFtot, total attributable fraction as computed forward; AF, atrial fibrillation; Roger’s R, Roger test for significance of the seasonal variation; β, beta coefficient; Bold, statistically significant.
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TABLE 4 Association between ambient temperature and stroke in patients with comorbidities.

A. Significant results

First author 
(year)

Exposure/lag days Stroke morbidity Stroke 
mortality

Haemorrhage stroke Haemorrhage stroke 
mortality

Ischaemic stroke Ischaemic stroke 
mortality

Variables 
controlled for

Bai et al. (2018) 
(22)

−16 vs. −0.6°C/21 days ↑ RR 1.12 (1.89–1.41) 
for those with CHF
RR 1.13 (0.99–1.29) for 
those with HTN
RR 0.94 (0.78–1.14) for 
those with DM
RR 1.0 (0.74–1.35) for 
those with acute MI
RR 1.19 (0.97–1.45) for 
those with cardiac 
dysrhythmias

– – – – – Relative humidity, NO2, 
O3, a day-of-week 
indicator, holiday status, 
daily influenza visits, 
seasonality.

25.2 vs. 17°C/21 days ↑ RR 1.12 (1.89–1.41) 
for those with CHF
RR 1.13 (0.99–1.29) for 
those with HTN
RR 0.96 (0.76–1.21) for 
those with DM
RR 0.87 (0.62–1.19) for 
those with acute MI
RR 1.19 (0.97–1.45) for 
those with cardiac 
dysrhythmias

– – – – –

Vered et al. (2020) 
(36)

1°C increase in mean ambient 
temperature/0–6 days

↑ OR 1.09 (1.08–1.11) 
for those with HTN
↑ OR 1.09 (1.07–1.12) 
for those with DM
↑ OR 1.08 (1.03–1.14) 
for those with AF
↑ OR 1.10 (1.08–1.12) 
for those with 
hyperlipidaemia

– ↑ OR 1.08 (1.01–1.16) for 
those with HTN
OR 1.01 (0.92–1.10) for those 
with DM
OR 1.19 (0.93–1.51) for those 
with AF
OR 1.09 (0.99–1.20) for those 
with hyperlipidaemia

– ↑ OR 1.10 (1.08–1.11) 
for those with HTN
↑ OR 1.10 (1.08–1.13) 
for those with DM
↑ OR 1.07 (1.02–1.13) 
for those with AF
↑ OR 1.10 (1.08–1.12) 
for those with 
hyperlipidaemia

– Relative humidity and 
air pollution

1°C increase in diurnal 
temperature range/0–6 days

↓ OR 0.97 (0.95–0.98) 
for those with HTN
↓ OR 0.96 (0.95–0.98) 
for those with DM
↓ OR 0.97 (0.96–0.99) 
for those with 
hyperlipidaemia
OR 0.99 (0.95–1.03) for 
those with AF

– OR 0.96 (0.91–1.02) for those 
with HTN
OR 1.03 (0.95–1.12) for those 
with DM
OR 0.94 (0.79–1.11) for those 
with AF
OR 0.99 (0.91–1.07) for those 
with hyperlipidaemia

– ↓ OR 0.97 (0.95–0.98) 
for those with HTN
↓ OR 0.96 (0.94–0.98) 
for those with DM
↓ OR 0.97 (0.96–0.99) 
for those with 
hyperlipidaemia
OR 0.99 (0.95–1.03) for 
those with AF

–

(Continued)
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A. Significant results

First author 
(year)

Exposure/lag days Stroke morbidity Stroke 
mortality

Haemorrhage stroke Haemorrhage stroke 
mortality

Ischaemic stroke Ischaemic stroke 
mortality

Variables 
controlled for

Shinkawa et al. 
(1990) (33)

Seasonal variation/unavailable 
lag days

Roger’s R = 10.44, 
p < 0.01 for those with 
HTN
± Roger’s R = 3.1, p > 0.05 
for those with high TC

– Roger’s R = 8.57, p < 0.05 for 
those with HTN
Roger’s R = 8.96, p < 0.05 for 
those with high TC

– Roger’s R = 5.07, p > 0.05 
for those with HTN
Roger’s R = 1.41, p > 0.05 
for those with high TC

– –

B. Non-significant results

First author 
(year)

Exposure/lag days Stroke morbidity Stroke mortality Haemorrhage stroke Haemorrhage stroke 
mortality

Ischaemic stroke Ischaemic stroke 
mortality

Variables 
controlled for

Vodonos et al. 

(2017) (37)

5°C increase in ambient 

temperature/0–4 days

– – – – OR 1.07 (0.73–1.56) for 

those with HTN

OR 1.11 (0.82–1.50) for 

those with DM

OR 1.04 (0.62–1.76) for 

those with AF

OR 1.16 (0.81–1.66) for 

those with dyslipidaemia

– –

Turin et al. (2008) 

(35)

Spring vs. summer

Autumn vs. summer/winter vs. 

summer/ / unavailable lag days

Non-significant OR for 

those with HTN, DM, 

drinking or smoking

– – – – –

RR, relative risk; OR, odds ratio; CHF, congestive heart failure; HTN, hypertension; DM, diabetes mellitus; MI, myocardial infarction; AF, atrial fibrillation; NO2, nitrogen dioxide; O3, ozone (trioxygen); Roger’s R, Roger test for significance of the seasonal variation; High 
TC, high total cholesterol. Bold, statistically significant.

TABLE 4 (Continued)
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temperature range, and altitude for each city. To observe stroke burden 
through quantifying the three risk elements, including incidence, 
prevalence, and mortality, the outcome of this research (53) 
demonstrated a negative linear relationship between mean ambient 
temperature and stroke risk (incidence and prevalence) as well as a 
negative association between mean ambient temperature and stroke 
mortality. A non-linear relationship with decreased risk in both high 
and low diurnal temperature ranges is observed for stroke burden. 
Overall, this research outcome (53) is in concert with our systematic 
review research findings in terms of examining the association 
between ambient temperature and stroke risk in high-risk populations.

Limitations

There are three major limitations to this review. First, we have 
assessed the quality of the included articles but have been unable to 
incorporate quality scores into the analysis because of the overall poor 
reporting of results. Second, some of the included studies had small 
sample sizes, and results were not adjusted for confounders such as air 
conditioning and heating systems, together with the direct effect of the 
weather on behaviours, including alcohol intake and activity level, 
which are crucial confounding factors that are virtually impossible to 
adjust for in retrospective analyses. Third, we were not able to pool 
results for the majority of studies due to a lack of crude data and/or 
inconsistent presentation of data.

Conclusion

The convincing evidence for an association between ambient 
temperature and the incidence of stroke lies in the fact that lower 
temperature was more likely to increase the morbidity and mortality 
risk of both haemorrhagic and ischaemic stroke in the elderly. In 
contrast, higher ambient temperature is significantly associated with 
intracranial haemorrhage risk but decreases risk with ischaemic 
stroke. Higher and lower ambient temperatures consistently increase 
stroke risks in patients with comorbidities of congestive heart failure 
and dyslipidaemia. This evidence implies the need to establish clinical 
guidelines for preventive intervention in patients with high stroke 
risks at higher and lower ambient temperatures. Ultimately, further 
research is needed to explore the relationship between temperature 
and stroke in different geographical locations, with different 
assessment tools, such as MRI scans, and with respect to stroke 
subtypes, including ischaemic and haemorrhagic stroke.
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