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with acute ischemic stroke

Xuemei Qi1, Zhongyan Wang2, Xiaoshuang Xia1, Juanjuan Xue1, Yumeng Gu1, Suqin Han3, Qing Yao3, 
Ziying Cai3, Xiaojia Wang3, Lin Wang2, Sean X. Leng4, Xin Li1^

1Department of Neurology, The Second Hospital of Tianjin Medical University, Tianjin, China; 2Department of Geriatrics, The Second Hospital 

of Tianjin Medical University, Tianjin, China; 3Tianjin Environmental Meteorology Center, Tianjin, China; 4Division of Geriatric Medicine and 

Gerontology, School of Medicine, Johns Hopkins University, Baltimore, MD, USA

Contributions: (I) Conception and design: X Li, SX Leng; (II) Administrative support: None; (III) Provision of study materials or patients: X Li, S 

Han; (IV) Collection and assembly of data: X Qi, Z Wang, X Xia, J Xue, Y Gu, Q Yao, Z Cai, X Wang; (V) Data analysis and interpretation: X Qi, X 

Xia, L Wang; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Sean X. Leng. Division of Geriatric Medicine and Gerontology, Johns Hopkins University School of Medicine, 5501 Hopkins 

Bayview Circle, Baltimore, MD 21224, USA. Email: sleng1@jhmi.edu; Xin Li. Department of Neurology, The Second Hospital of Tianjin Medical 

University, 23 Pingjiang Road, Tianjin 300211, China. Email: lixinsci@126.com.

Background: This study aimed to explore the effects of heatwaves and cold spells on blood pressure, 
thrombus formation, and systemic inflammation at admission in patients with ischemic stroke.
Methods: Data of patients with ischemic stroke who were admitted to the Second Hospital of Tianjin 
Medical University between May 2014 and March 2019 were reviewed, along with meteorological data 
from the same time period. A total of 806 clinically confirmed patients with ischemic stroke (34–97 years 
old) were included in the final analysis. Heatwaves and cold spells were defined as ≥2 consecutive days with 
average temperature >95th percentile (May–August) and <5th percentile (November–March), respectively. 
Coagulation parameters, inflammation indices, blood pressure, and neurological impairment were evaluated 
within 24 hours of admission. General linear and logistic regression models were created to investigate the 
relationships of heatwaves and cold spells with the examination results of patients with ischemic stroke at 
admission.
Results: After adjustment for potential environmental confounders, heatwaves were positively associated 
with high systolic blood pressure (SBP) (β=8.693, P=0.019), diastolic blood pressure (DBP) (β=3.665, 
P=0.040), reduced thrombin time (TT) (β=−0.642, P=0.027), and activated partial thromboplastin time 
(APTT) (β=−1.572, P=0.027) in ischemic stroke patients at admission. Cold spells were positively associated 
with high SBP (β=5.277, P=0.028), DBP (β=4.672, P=0.012), fibrinogen (β=0.315, P=0.011), globulin 
(β=1.523, P=0.011), and reduced TT (β=−0.784, P<0.001) and APTT (β=−1.062, P=0.024). Cold spells were 
also associated with a higher risk of respiratory infection [odds ratio (OR) =2.677, P=0.001].
Conclusions: Exposure to heatwaves or cold spells was associated with blood pressure and coagulation 
at admission in patients with ischemic stroke. Cold spells also resulted in higher levels of inflammation. 
These findings suggest that changes in coagulation, blood pressure, and inflammation may be the potential 
biological mechanisms underlying the cerebrovascular effects of exposure to extreme temperatures.
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Introduction 

Stroke is a leading cause of disability and mortality in  
China (1,2). There are many contributing factors to 
the increasing number of ischemic strokes. Traditional 
cardiovascular risk factors contribute to the occurrence of 
stroke and fundamentally explain the etiology and prognosis 
of ischemic stroke; however, environmental factors should 
not be ignored, and they may contribute to the pathogenesis 
of stroke.

Climate change is considered to be the biggest threat 
to human health in the 21st century. Extreme temperature 
events, including heatwaves and cold spells, are becoming 
more frequent and intense as the climate changes (3). Many 
epidemiological studies have reported associations between 
air temperature and the occurrence of stroke, although 
the exact findings of studies to date have been inconsistent 
(4,5). A strong association between extreme temperatures 
and stroke mortality has been reported (6-11), and extreme 
temperatures have also been shown to increase the risk 
of hospitalization due to ischemic stroke (10,12-14), as 
reported in different climatic regions of China (15-18). 
A recent study in Hefei, China suggested that cold spells 
defined by percentile were associated with an increased risk 
of hospitalization for ischemic stroke (19). However, the 
biological mechanisms underlying the effects of extreme 
temperatures on patients with ischemic stroke are not well 
understood. 

Vasoconstriction, thrombosis, and systemic inflammation 
are among the mechanisms proposed to be involved in 
the initiation and aggravation of cardio-cerebrovascular 
events. For instance, elevated levels of fibrinogen and 
plasma C-reactive protein (CRP) were found to be 
associated with an increased risk and unfavorable prognosis 
of ischemic stroke (20). Furthermore, a few studies have 
reported that changes in temperature affected a number of 
cerebrovascular risk factors and biomarkers, such as blood 
pressure, fibrinogen, and CRP (21,22). However, most of 
these studies were conducted on patients with diabetes, 
cardiovascular, and pulmonary diseases, and the results 
have been inconsistent. Moreover, these associations have 
rarely been examined in patients with ischemic stroke. 
A recent study in subtropical zones of southern China 
found that the blood pressure, coagulation factors, and 
neurological impairment of patients with ischemic stroke 
who had been exposed to average temperatures <13 ℃ 
differed from those of patients admitted during warm spells 
in winter (23). However, studies about the potential effects 

of both heatwaves and cold spells on the mechanistic roles 
of thrombus formation, systemic inflammation, and blood 
pressure in ischemic stroke are scarce. 

Therefore, our study aimed to explore the effects 
of heatwaves and cold spells on risk factors, thrombus 
formation,  systemic inflammation, and degree of 
neurological impairment in patients with ischemic stroke 
admitted to the Second Hospital of Tianjin Medical 
University from 2014 to 2019.

We present the following article in accordance with the 
STrengthening the Reporting of OBservational studies in 
Epidemiology (STROBE) reporting checklist (available at 
http://dx.doi.org/10.21037/atm-20-4256).

Methods

Study participants

We performed a retrospective study on acute ischemic 
patients who were admitted to the stroke unit of the 
Second Hospital of Tianjin Medical University (Tianjin, 
China) between May 2014 and March 2019. Patients who 
were aged ≥34 years old and admitted within 72 hours 
of symptom onset were included. Ischemic stroke was 
diagnosed by neurologists according to the criteria of the 
10th version of the International Classification of Diseases 
(I63.0). Magnetic resonance imaging (MRI) and/or 
computed tomography (CT) was performed on all patients 
after admission to confirm the diagnosis of acute ischemic 
stroke. The neurologists used the National Institutes of 
Health Stroke Scale (NIHSS) to evaluate neurological 
deficits within 8 hours of admission. Patients who met any 
of the following criteria were excluded: (I) NIHSS score ≤1 
at admission (n=230); (II) major systemic diseases including 
malignant tumor (n=22), kidney disease (n=14), liver disease 
(n=10), rheumatic disease (n=8), blood disease including 
anemia and thrombocytopenia (n=3), mental health 
disorder (n=3), systemic lupus disease (n=1), and cognitive 
impairment (n=1); (III) incomplete data (n=15). Finally, 
806 acute ischemic stroke patients with were included in 
the analysis, with 434 patients admitted between May and 
August and 372 patients admitted between November and 
March (Figure 1). 

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of the Second Hospital 
of Tianjin Medical University (KY2020K142), and the 
requirement for individual consent was waived due to the 
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study’s retrospective nature.

Meteorological data

Tianjin (38°34 ′N–40°15 ′N, 116°43 ′E–118°04 ′E), a 
municipality in northern China, is located in a warm-
temperate, semi-humid, monsoon climate zone, with hot 
summers and cold winters. The Tianjin Meteorological 
Bureau provided the meteorological observations and air 
pollution data from during the period of study, including 
the daily mean level of air temperature, barometric pressure, 
relative humidity, wind speed, and air quality index (AQI, 
which was used as a measure of air pollution calculated 
according to the daily level of PM2.5, PM10, SO2, NO2, O3, 
and CO). 

Definition of heatwaves and cold spells 

There is no global standard definition for heatwave or cold 
spell; they are either defined as a few consecutive days with 
temperatures above or below a certain threshold, or are 
defined using exact temperature thresholds (7,19). Many 
studies related to the health effects of extreme temperatures 
have shown that defining a heatwave or cold spell by the 
percentile method might be more appropriate than using 
the absolute threshold (7,24). The mean daily temperature, 
which could reflect the average exposure level of the 
day, was deemed appropriate for use as exposure indices 
considering that the maximum and the minimum daily 
temperature only reflected a short period of exposure (19). 
According to previous studies, heatwaves and cold spells are 
restricted to summer (May to August) and winter seasons 

(November to March), respectively (3,7,19). In our study, 
a heatwave was defined as a daily mean temperature >95th 
percentile (31.7 ℃) and duration ≥2 days from May to 
August. 

Previous studies have also suggested that the health effects 
of heatwaves are usually immediate and last for 3–4 days, 
although they may continue for as long as 7 days in some 
cases (6-8,25). Therefore, we defined patients admitted 
during heatwaves and the following consecutive 7 days as 
the heatwave group; otherwise, patients were assigned to 
the non-heatwave group. A cold spell was defined as a daily 
mean temperature <5th percentile (−3.7 ℃) and duration 
≥2 days from November to March in the following year 
(3,8,19,26). The health effects of cold temperature can last 
longer than those of heat, lasting for as long as 2 weeks (6). 
Therefore, patients admitted during cold spells and the 
following consecutive 14 days were defined as the cold-spell 
group; otherwise, patients were assigned to the non-cold-
spell group (23). 

Patient assessments

Patient medical records were reviewed for demographic 
characteristics and clinical history. Blood pressure 
[including systolic blood pressure (SBP) and diastolic 
blood pressure (DBP)] was measured within 8 hours of 
hospitalization. Neurological impairment of patients was 
assessed using the NIHSS. Measurements of blood cell 
counts (leukocytes, erythrocytes, and platelets), coagulation 
factors [thromboplastin time (TT), prothrombin time (PT), 
activated partial thromboplastin time (APTT), fibrinogen, 
and D-dimer], and inflammation indices (high-sensitivity 

May–August
(n=434)

November–March 
(n=372)

Ischemic stroke patients admitted to the 
stroke unit in summer and winter 

months during 2014–2019 
(n=1,113)

Excluded (n=307):
1) NHSS score ≤1 (n=230);
2) Malignant tumor (n=22),  

kidney disease (n=14), liver disease (n=10), 
blood disease (n=3), rheumatic disease (n=8), 
systemic lupus erythematosus (n=1),  
mental disease (n=3),  
cognitive impairment (n=1); 

3) Patients with missing data (n=15)
Patients included

(n=806)

Figure 1 Flowchart of the study. NIHSS, National Institutes of Health Stroke Scale.
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C-reactive protein (hs-CRP), albumin, and globulin) were 
determined within 24 hours of admission. The presence of 
respiratory infection was also recorded from the medical 
records. 

Statistical analysis

Differences in demographic characteristics, medical 
history, blood pressure, coagulation factors, inflammatory 
indices, and the degree of neurological impairment were 
analyzed among patients in heatwave and cold-spell groups. 
Continuous variables were described as the mean ± standard 
deviation or median (interquartile range). Categorical 
variables were presented as counts (percentage). The t-test 
was used for continuous variables with normal distribution 
and the Mann-Whitney-Wilcoxon test for continuous 
variables without normal distribution. The Chi-square 
test was used for categorical variables (23). General linear 
models were used to analyze the association between 
extreme temperatures and the continuous variables that 
were statistically significant in the inter-group comparison. 
Binary logistic regression was used to study the association 
between cold spells and respiratory infection. The β 
coefficient or the odds ratio (OR) and the corresponding 
95% confidence interval (CI) were used to describe the 
effect estimates of heatwaves and cold spells. Model 1 was 
unadjusted, and model 2 was adjusted for air pressure, 
relative humidity, wind speed, and AQI. A two-tailed P 
value <0.05 was considered to be statistically significant. All 
analyses were performed using the statistical software SPSS 
25.0 (IBM Corp., Armonk, NY, USA). 

Results 

Summary of meteorological variables 

During the study period, there were 7 heatwaves of 2–4 days 
in duration from May to August. The lowest maximum 
temperature and the highest maximum temperature were 
35.4 and 39.6 ℃, respectively. During the study period, 
10 cold spells lasting for 2–7 days were recorded from 
November to March. The lowest minimum and the highest 
minimum temperature were –14.5 and –5.6 ℃, respectively. 
The results also showed that heatwaves and cold spells have 
become more frequent since 2018 (Table 1). 

A summary of the daily mean temperature, air pressure, 
relative humidity, and wind speed for the heatwave group, 
non-heatwave group, cold-spell group, and non-cold-spell 

group is shown in Table 2. Patients in the heatwave group 
were exposed to a much higher temperature (30.1±2.7 ℃) 
than those in the non-heatwave group (26.0±3.5 ℃), and 
patients in the cold-spell group were exposed to a much 
lower temperature (−0.7±4.5 ℃) than those in the non-cold-
spell group (4.7±4.9 ℃).

Patient demographic characteristics and medical history

A total of 806 patients (mean age, 70.9±11.5 years old) with 
acute ischemic stroke were included in the final analysis 
(Figure 1), including 550 (68.2%) men and 256 (31.8%) 
women. A total of 434 patients were admitted to hospital 
from May to August and were divided into the heatwave 
group (n=54) and the non-heatwave group (n=380). A total 
of 372 patients were admitted from November to March 
in the following year and were divided into the cold-spell 
group (n=96) and non-cold-spell group (n=276) (Figure 
1). The baseline demographics and clinical characteristics 
of acute ischemic stroke patients stratified by exposure to 
heatwaves or cold spells are compared in Table 3. The non-
cold-spell group had more patients with diabetes (116, 
42.0%; P=0.001) and a history of stroke (78, 28.3%; P=0.02). 
There was no significant difference among the patients with 
regard to age, sex, smoking, drinking, or medical history 
including hypertension, hypercholesterolemia, coronary 
heart disease, and atrial fibrillation (P>0.05). 

The effects of heatwaves on patients with acute ischemic 
stroke

At admission, the TT and APTT in the heatwave group 
were significantly shorter than those in the non-heatwave 
group (TT, 18.3±1.0 vs. 18.9 ±1.5 s, P=0.02; APTT, 23.9±3.2 
vs. 25.5±3.7 s, P=0.02). There was no difference between 
the two groups concerning other coagulation factors, such 
as platelet count, PT, D-dimer, and fibrinogen level. The 
blood pressure of the patients exposed to heatwaves was 
elevated compared to that of the non-heatwave group (SBP: 
159.4±24.0 vs. 151.0±24.6 mmHg, P=0.02; DBP: 87.6±13.3 
vs. 83.9±11.6 mmHg, P=0.04). However, the proportion 
of patients with respiratory infection and inflammatory 
indices, including white blood cell count, hs-CRP, albumin, 
and globulin levels, did not differ between the two groups. 
Additionally, no inter-group differences were found in red 
blood cell count or NIHSS score at admission (Table 4). 
After adjustment for air pressure, relative humidity, wind 
speed, and AQI, the general linear models demonstrated 
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Table 1 Characteristics of heat waves and cold spells in Tianjin, China during 2013.05–2019.03 

Extreme 
temperatures

Date of start Duration (days)
Lowest minimum 
temperature (℃)

Highest minimum 
temperature (℃)

Lowest maximum 
temperature (℃)

Highest maximum 
temperature (℃)

Heat wavesa June 19, 2014 3 27.7 28.7 35.4 36.4

July 13, 2015 2 27.8 28.7 37.0 38.8

June 16, 2017 2 25.9 26.0 37.2 37.9

July 11, 2017 4 26.5 30.1 37.7 39.3

June 27, 2018 3 25.9 28.8 35.5 39.6

July 19, 2018 3 29.7 29.9 36.4 37.6

July 31, 2018 4 28.6 29.5 35.7 37.9

Cold spellsb November 24, 2015 4 −8.5 −6.2 −3.7 −1.3

February 17, 2016 3 −9.5 −6.9 −3.7 −0.6

January 22, 2016 3 −14.5 −11.3 −11.6 −3.4

January 29, 2016 2 −6.0 −5.6 −2.4 −2.1

January 22, 2018 7 −11.7 −7.7 −5.4 −2.9

December 07, 2018 2 −8.1 −6.8 −4.8 −2

December 27, 2018 7 −10.4 −7.4 −4.3 1.8

January 1, 2019 2 −10.2 −9.2 0.9 1.8

 January 15, 2019 2 −8.8 −8.0 2.6 2.8

February 07, 2019 4 −9.8 −8.2 −2.8 −0.6
a, a heatwave was defined as daily mean temperature >95th percentile & duration ≥2 days from May to August; b, a cold spell was defined 
as daily mean temperature <5th percentile & duration ≥2 days from November to March.

that heatwaves were associated with higher SBP (β=8.693, 
95% CI: 1.448–15.928, P=0.019) and DBP (β=3.665, 95% 
CI: 0.168–7.161, P=0.040), as well as lower TT (β=−0.642, 
95% CI: −1.209 to −0.076], P=0.027) and APTT (β=−1.572, 
95% CI: −2.966 to −0.179, P=0.027) (Table 5). 

The effects of cold spells on patients with acute ischemic 
stroke

Cold spells exerted more remarkable influences on acute 
ischemic stroke patients. Both the TT and APTT of the 
cold-spell group were shorter than those of the non-cold-
spell group (P<0.05). The fibrinogen level was elevated in 
the cold-spell group (3.5±1.0 vs. 3.2±0.9 g/L, P=0.04). No 
difference was found with regard to platelet count, PT, 
or D-dimer between the two groups. The proportion of 
patients with respiratory infection was higher in the cold-
spell group (30.2% vs. 13.8%, P<0.01). The inflammatory 
indices were also elevated among the cold-spell group, 
with an increased white blood cell count and globulin level, 

and a decreased rate of albumin/globulin (A/G) (P<0.05). 
However, the hs-CRP showed no difference between 
the two groups. Patients exposed to cold spells also had 
higher blood pressure at admission than those in the non-
cold-spell group (SBP: 157.0±20.4 vs. 151.1±18.1 mmHg, 
P=0.01; DBP: 88.8±14.4 vs. 84.3±13.9 mmHg, P=0.01). No 
difference was found in blood electrolyte levels or NIHSS 
score at admission between the cold-spell group and non-
cold-spell group (Table 4). After adjustment for air pressure, 
relative humidity, wind speed, and AQI, the general linear 
models showed that cold spells were associated with higher 
SBP (β=5.277, 95% CI: 0.586–9.967, P=0.028), DBP 
(β=4.672, 95% CI: 1.023–8.320, P=0.012), fibrinogen 
(β=0.315, 95% CI: 0.074–0.556, P=0.011), and globulin 
(β=1.523, 95% CI: 0.354–2.692, P=0.011). An association 
was also observed between cold spells and increased white 
blood cell count (β=0.625, 95% CI: 0.097–1.153, P=0.020); 
however, the relationship was not statistically significant 
after adjustment for all confounders. In addition, after 
adjustment for air pressure, relative humidity, wind speed, 
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Table 2 Summary of the daily mean meteorological parameters for the heat-wave group, non-heat-wave group, cold spell group and non-cold 
spell group of patients with ischemic stroke

Variables Mean SD Minimum 5th percentile 25th percentile 75th percentile 95th percentile Maximum

Hot-wave group

Temperature (℃) 30.1 2.7 22.2 24.8 28.2 32.2 33.5 34.3

Air pressure (hPa) 1,003.6 3.9 996.4 997.0 1,001.3 1,005.4 1,010.9 1,014.1

Relative humidity (%) 56.2 15.1 22.9 30.6 46.4 67.6 82.8 85.5

Wind speed (m/s) 1.7 0.4 1.1 1.1 1.4 2.0 2.4 2.8

AQI 116.8 35.6 37.0 56.2 88.0 141.0 176.4 188.0

Non-hot-wave group

Temperature (℃) 26.0 3.5 12.3 19.0 23.9 28.5 30.7 32.6

Air pressure (hPa) 1,006.3 4.4 994.3 999.5 1,003.4 1,008.8 1,014.3 1,020.6

Relative humidity (%) 54.1 16.2 9.3 25.7 43.1 67.3 77.2 90.1

Wind speed (m/s) 1.7 0.4 0.7 1.1 1.4 1.9 2.4 3.8

AQI 96.1 42.7 0 48.0 67.3 118.8 161.5 500.0

Cold-spell group

Temperature (℃) −0.7 4.5 −12.9 −7.2 −3.9 1.7 7.9 10.4

Air pressure (hPa) 1,028.7 6.7 1,013.2 1,018.8 1,023.8 1,033.9 1,040.4 1,043.4

Relative humidity (%) 41.3 18.5 14.5 15.5 25.6 54.7 72.3 90.8

Wind speed (m/s) 1.8 0.9 0.7 0.8 1.2 2.2 3.6 6.3

AQI 99.6 58.7 32.0 39.9 57.0 123.5 242.3 302.0

Non-cold-spell group

Temperature (℃) 4.7 4.9 −4.0 −2.2 1.0 8.1 13.8 21.9

Air pressure (hPa) 1,024.7 6.4 1,004.0 1,013.2 1,020.6 1,029.4 1,034.9 1,038.7

Relative humidity (%) 42.6 18.6 7.6 17.2 27.2 55.1 76.6 94.8

Wind speed (m/s) 1.8 0.7 0.3 0.8 1.2 1.8 2.7 7.3

AQI 120.0 72.0 0 43.0 66.0 158.0 265.8 422.0

SD, standard deviation; AQI, air quality index. 

and AQI, associations between cold spells and shorter TT 
(β=−0.784, 95% CI: −1.111 to −0.457, P<0.001) and APTT 
(β=−1.062, 95% CI: −1.983 to −0140, P=0.024) were also 
apparent. Cold spells were also found to be a risk factor for 
respiratory infection (adjusted OR =2.677, 95% CI: 1.462–
4.901, P<0.001) (Table 6).

Discussion 

This study revealed that heatwaves and cold spells 
had effects on acute ischemic stroke patients, and cold 
spells were shown to exert a more remarkable influence. 

Heatwaves and cold spells were associated with blood 
pressure and coagulation factors. Besides, a higher 
proportion of patients exposed to cold spells had respiratory 
infection and elevated inflammatory indices at admission. 
These findings indicate the possible biological mechanisms 
underlying the cerebrovascular effects of extreme 
temperatures. 

Epidemiological studies have found that exposure to 
extreme temperatures including heatwaves and cold spells 
increases the risk of ischemic stroke hospitalization and 
mortality (15-18). However, the biological mechanisms 
underlying these associations have not been fully elucidated. 
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Table 3 Comparison of the baseline demographics and clinical characteristics of patients with ischemic stroke stratified by heat wave or cold spell

Parameters
Hot-wave group 

(n=54)
Non-hot-wave group 

(n=380)
P value

Cold-spell group 
(n=96)

Non-cold-spell group 
(n=276)

P value

Age (mean ± SD) 71.4±10.8 70.5±11.4 0.56 70.7±10.9 71.6±11.9 0.51

Male, n (%) 37 (68.5) 270 (71.1) 0.70 66 (68.8) 177 (64.1) 0.41

Smoking, n (%) 21 (38.9) 120 (31.6) 0.28 29 (30.2) 96 (34.8) 0.41

Drinking, n (%) 14 (25.9) 70 (18.4) 0.19 23 (24.0) 58 (21.0) 0.55

Hypertension, n (%) 30 (55.6) 213 (56.1) 0.95 68 (70.8) 184 (66.7) 0.45

Diabetes, n (%) 17 (31.5) 115 (30.3) 0.86 22 (22.9) 116 (42.0) 0.001**

Hypercholesterolemia, n (%) 12 (22.2) 75 (19.7) 0.67 31 (32.3) 97 (35.1) 0.61

Coronary heart disease, n (%) 11 (20.4) 110 (28.9) 0.19 26 (27.1) 93 (33.7) 0.23

Atrial fibrillation, n (%) 2 (3.7) 29 (7.6) 0.29 11 (11.5) 34 (12.3) 0.82

Stroke history, n (%) 14 (25.9) 92 (24.2) 0.78 16 (16.7) 78 (28.3) 0.02*

*, P<0.05; **, P<0.01. SD, standard deviation. 

Table 4 Comparison of laboratory data, NIHSS score, hospitalization time and infection of acute ischemic stroke patients stratified by heat wave 
or cold spell

Parameters
Hot-wave group 

(n=54)
Non-hot-wave group 

(n=380)
P value

Cold-spell group 
(n=96)

Non-cold-spell group 
(n=276)

P value

WBC count (109/L), mean ± SD 7.3±1.8 7.6±2.9 0.62 7.6±2.4 6.9±2.0 0.02*

RBC count (109/L), mean ± SD 4.5±0.7 4.5±0.8 0.55 4.3±0.7 4.3±0.7 0.82

Platelet count (109/L), mean ± SD 206.8±64.4 222.7±64.9 0.18 207.2±49.4 213.5±55.7 0.36

TT (s), mean ± SD 18.3±1.0 18.9 ±1.5 0.02* 17.6±1.0 18.4±1.3 <0.01**

PT (s), mean ± SD 11.0±0.9 11.2±1.0 0.19 11.4±0.8 11.4±1.1 0.68

APTT (s), mean ± SD 23.9±3.2 25.5±3.7 0.02* 24.4±3.2 25.4±3.6 0.03*

Fibrinogen (g/L), mean ± SD 3.2±1.0 3.3±1.0 0.41 3.5±1.0 3.2±0.9 0.04*

D-dimer (mg/L), median (IQR) 0.6 (0.3–1.2) 0.5 (0.3–0.9) 0.12 0.5 (0.4–1.2) 0.4 (0.3–1.1) 0.31

Albumin (g/L), mean ± SD 40.2±4.1 40.8±4.9 0.53 39.4±4.6 40.1±5.3 0.27

Globulin (g/L), mean ± SD 24.1±4.9 24.9±4.8 0.39 26.4±4.5 24.7±4.5 <0.01**

A/G, mean ± SD 1.7±0.4 1.7±0.4 0.51 1.5±0.3 1.7±0.4 <0.01**

hs-CRP (mg/L), median (IQR) 3.4 (1.1–6.2) 2.9 (1.5–6.7) 0.77 5.0 (1.5–10.9) 3.0 (1.1–9.3) 0.32

Respiratory infection, n (%) 9 (16.7) 49 (12.9) 0.45 29 (30.2) 38 (13.8) <0.01**

SBP (mmHg), mean ± SD 159.4±24.0 151.0±24.6 0.02* 157.0±20.4 151.1±18.1 0.01*

DBP (mmHg), mean ± SD 87.6±13.3 83.9±11.6 0.04* 88.8±14.4 84.3±13.9 0.01*

NIHSS score, median [IQR] 4 [2–6.5] 4 [3–8] 0.14 4 [3–7.5] 4 [3–7] 0.90

*, P<0.05; **, P<0.01. SD, standard deviation; IQR, interquartile range; WBC, white blood cell; RBC, red blood cell; TT, thrombin time; PT, 
prothrombin time; APTT, activated partial thromboplastin time; A/G, rate of albumin/globulin; hs-CRP, hypersensitive C-reactive protein; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, National Institutes of Health Stroke Scale.
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Table 5 Estimates of effects of heat waves on blood pressure and coagulation factors in the general linear model

Dependent 
variable

Model 1 Model 2

β coefficient (95% CI) P value β coefficient (95% CI) P value

SBP 8.455 (1.385, 15.524) 0.019* 8.693 (1.448, 15.928) 0.019*

DBP 3.678 (0.264, 7.092) 0.035* 3.665 (0.168, 7.161) 0.040*

TT −0.628 (−1.173, −0.083) 0.024* −0.642 (−1.209, −0.076) 0.027*

APTT −1.625 (−2.962, −0.287) 0.017* −1.572 (−2.966, −0.179) 0.027*

*, P<0.05. Model 1 was unadjusted; Model 2 was further adjusted for air pressure, relative humidity, wind speed and air quality index. CI, 
confidential interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; TT, thrombin time; APTT, activated partial thromboplastin 
time.

Previous studies indicated some possible mechanisms. 
During exposure to a hot environment, the body needs to 
increase heat diffusion via sweating, which could engender 
dehydration. Dehydration may increase the risk of 
microvascular thrombosis and subsequent ischemic stroke 
by increasing the blood viscosity (5). In our study, the 
reduced TT and APTT in patients exposed to heatwaves 
suggested that extremely high temperatures affect the 

coagulation system and increase fibrinolysis, which is in 
line with a previous finding that exposure to heat could 
reduce APTT. However, there was no clear description of 
the biological mechanism responsible for the changes in 
the coagulation system (27). It has been considered that 
the platelet activation induced by hot temperatures, which 
leads to secondary activation of coagulation factors or 
endothelial cells, may be responsible for the alterations in 

Table 6 Estimates of effects of cold spell on blood pressure, inflammation and coagulation factors

Dependent variable

General linear model Logistic regression

Model 1 Model 2 Model 1 Model 2

β coefficient  
(95% CI)

P value
β coefficient  

(95% CI)
P value OR (95% CI) P value OR (95% CI) P value

SBP 5.860  
(1.250, 10.471)

0.013* 5.277  
(0.586, 9.967)

0.028* – – – –

DBP 4.493  
(1.110, 7.876)

0.009** 4.672  
(1.023, 8.320)

0.012* – – – –

TT −0.747  
(−1.052, −0.441)

<0.001*** −0.784  
(−1.111, −0.457)

<0.001*** – – – –

APTT −0.992  
(−1.865, −0.119)

0.026* −1.062  
(−1.983, −0.140)

0.024* – – – –

Fibrinogen 0.236  
(0.013, 0.459)

0.038* 0.315  
(0.074, 0.556)

0.011* – – – –

WBC 0.625  
(0.097, 1.153)

0.020* 0.433  
(−0.133, 0.999)

0.133 – – – –

Globulin 1.746  
(0.664, 2.828)

0.013* 1.523  
(0.354, 2.692)

0.011* – – – –

Respiratory infection – – – – 2.711  
(1.558, 4.718)

<0.001*** 2.677  
(1.462, 4.901)

0.001**

*, P<0.05; **, P<0.01; ***, P<0.001. Model 1 was unadjusted; Model 2 was further adjusted for air pressure, relative humidity, wind speed 
and air quality index. CI, confidential interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; TT, thrombin time; APTT, 
activated partial thromboplastin time; WBC, white blood cell; OR, odds ratio. 
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the coagulation system (28). 
Both the long- and short-term effects of temperatures 

on blood pressure have been extensively researched. The 
majority of these studies assumed a linear relationship 
between temperature and blood pressure and found that 
decreased temperatures were associated with increased blood 
pressure (29,30). However, few studies have investigated 
the effect of hot temperatures on blood pressure, and those 
that have done so have produced controversial findings 
(31,32). Different studies exploring the relationship between 
heatwaves and hypertension admissions have also reached 
contradictory conclusions (12,33). 

Our study revealed that heatwaves were associated with 
elevated blood pressure at admission, possibly due to the 
involvement of several biological mechanisms. First, when 
exposed to extremely high temperatures, the body needs to 
increase heat diffusion through sweating. The production of 
large amounts of sweat affects the levels of micronutrients, 
which are closely related to blood pressure (12,34). Second, 
high temperatures can lead to oxidative stress, inflammation, 
and endothelial dysfunction, which are all associated with 
hypertension (6,34). Besides, exposure to heatwaves may 
disrupt human sleep patterns and insufficiency of sleep is 
closely related to elevated blood pressure (5,35).

Cold temperatures could also lead to vasoconstriction 
and subsequent elevation of blood pressure. In our study, 
the elevated blood pressure of participants exposed to cold 
spells was consistent with previous findings (23,30,32). 
Some thrombogenic factors—such as fibrinogen level, 
platelet aggregation, blood cell count, and CRP—increase 
in response to exposure to cold, which increases the risk of 
brain ischemia (6,15). A recent study found that risk factors 
and coagulation factors for ischemic stroke patients admitted 
during cold periods differed from those of patients admitted 
on warmer days (22). The TT refers to the time of blood 
clotting after the addition of standardized thrombin to the 
plasma, indicating the function of the endogenous blood 
coagulation system. Reduced TT is often found in patients 
in a hypercoagulable state (22,36). In our study, cold spells 
were associated with a high level of fibrinogen and shorter 
TT, suggesting that exposure to cold spells promoted 
a hypercoagulable state, which is closely related to the 
occurrence and poor prognosis of ischemic stroke (6,23).

Studies have suggested that ischemic stroke patients 
admitted during winter experience poorer outcomes than 
those admitted in other seasons (37). In our study, ischemic 
stroke patients who were exposed to cold spells displayed 
elevated inflammatory indices (including increased white 

blood cell count and globulin level) at admission, and were 
also more likely to develop respiratory infection during 
hospitalization. The most obvious explanation for this is that 
influenza is more common in cold weather, and ischemic 
stroke patients are particularly vulnerable to complications 
associated with influenza infections such as pneumonia (38). 
A number of randomized control trials and cohort studies 
have demonstrated that influenza vaccination is significantly 
associated with a lower risk and better outcome in ischemic 
stroke patients (38,39). However, compared with that in 
developed countries, the rate of influenza vaccination is 
much lower in mainland China, which could also contribute 
to the high level of respiratory infections after exposure 
to cold (40). Additionally, a cold ambient temperature was 
associated with an increase in circulating biomarkers of 
inflammation, which could result in a hypercoagulable state. 
And in our study we also found that patients exposed to 
cold spells showed reduced TT and increased fibrinogen, 
which strongly predict cardio-cerebrovascular events 
(21,22). As a result, exposure to cold may potentially affect 
vasoconstriction, systemic inflammation, and thrombus 
formation as constituent of mechanisms leading to ischemic 
stroke. Further prospective studies are needed to confirm 
the findings of this study.

Several limitations exist in our study. First, the data were 
from a single center; therefore, there may have been some 
selection biases which impacted the results. For instance, 
the lack of a significant difference in NIHSS scores among 
groups at admission may have been due to selection 
bias. Further multicenter studies are required to more 
comprehensively explore the effects of extreme temperatures 
on ischemic stroke patients. Second, the 24-hour average 
outdoor temperature was used as the definition of a heatwave 
or cold spell. However, during extreme weather conditions, 
people often spent more time indoors. As a result, the 
effect of exposure to heatwaves and cold spells may have 
been underestimated, with the effects actually happening in 
response to a shorter exposure time. Third, we were unable 
to assess all relevant variables, and the candidate variables 
selected in our study were mostly in accordance with those 
used in previous studies (5,23). Last, as our center is located 
in a warm-temperate, semi-humid, monsoon climate zone, 
our results may differ from those of other regions with more 
varied climatic conditions and socio-economic characteristics.

Conclusions

The study explored the effects of exposure to heatwaves 
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and cold spells on the blood pressure, thrombotic factors, 
and inflammatory indices of patients with ischemic stroke 
at admission. The results showed that both heatwaves 
and cold spells had an effect on blood pressure and the 
coagulation system. Besides, a higher proportion of patients 
exposed to cold spells had respiratory infection and a 
higher level of inflammation. These findings suggested that 
extreme temperatures may affect cerebrovascular disease 
by contributing to changes in blood pressure, coagulation, 
and/or inflammation. Further prospective studies are 
needed to confirm these findings. Study of the effects of 
extreme temperatures on ischemic stroke could enable 
better management of patients with ischemic stroke and 
exposure to extreme temperatures. Therefore, it would be 
of great significance to construct a more accurate heatwave 
and cold-spell warning system. 
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