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Abstract

Background: Stroke is a serious and potentially life-threaten-
ing condition that requires immediate medical attention. Climate 
change is a pressing global issue with far-reaching implications for 
human health. One area of concern is the potential link between 
climate change and the incidence of ischemic stroke. Understand-
ing the relationship between climate and stroke is crucial for devel-
oping effective strategies to mitigate its impact on public health. 

Objectives: This study aims to investigate this complex relation-
ship in the context of Mashhad, Iran, shedding light on the poten-
tial health consequences of climate change in this region.

Method: This retrospective study conducted on the file records 
of patients admitted with an initial diagnosis of stroke to an insti-
tutional referral hospital in eastern Iran in2019. Patients with the 
confirmed diagnosis based on the physical findings, Computed 
Tomography (CT), or Magnetic Resonance Imaging (MRI) of brain 
were included.

Results: 56,039 patients (52.1% women) were referred (21 
March 2018 to 20 March 2019). 75.4% of them were over 30 years 
old (N: 42245), and 51.5% of them were women. The average age 
of these patients was 58.25 ± 16.51 years. Study showed that acute 
ischemic stroke was more in men, and more strokes occur in au-
tumn and summer than in spring and winter; the highest number 
of patients were recorded in summer (N: 577).

Conclusion: Our study showed the seasons and months in which 
stroke patients are more likely, in order to prepare for a larger num-
ber of patients in the months with an increased risk of stroke.
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Introduction

Stroke is a medical condition that occurs when the blood 
supply to a part of the brain is interrupted or reduced, leading 
to damage or death of brain cells [1]. It is a serious and poten-
tially life-threatening condition that requires immediate medi-
cal attention [2,3]. 

Ischemic stroke is a type of stroke that occurs when a blood 
vessel supplying blood to the brain becomes blocked, lead-
ing to a lack of oxygen and nutrients to brain tissue [3-5]. This 
blockage can be caused by a blood clot or plaque buildup in the 
blood vessels [6]. Ischemic strokes account for the majority of 
all strokes and can result in permanent damage to the brain if 
not treated promptly [7]. Symptoms of an ischemic stroke can 
include sudden weakness or numbness on one side of the body, 
difficulty speaking or understanding speech, and sudden vision 
changes [8,9]. 

Understanding the risk factors, symptoms, and treatment 
options for stroke is crucial in order to prevent and manage this 
debilitating condition [10].

Several risk factors can increase the likelihood of experienc-
ing an ischemic stroke [11,12]. These risk factors include high 
blood pressure, diabetes, high cholesterol, smoking, 

Obesity, physical inactivity, family history, and older age 
[13,14].

Climate change can indirectly impact the risk of ischemic 
stroke through various pathways [15]. One of the key ways in 
which climate change is impacting the risk of ischemic stroke is 
through extreme heat events [16]. As global temperatures rise, 
heatwaves are becoming more frequent and intense [15,17]. 
Prolonged exposure to high temperatures can increase the risk 
of dehydration, heat exhaustion, and heatstroke, all of which 
are risk factors for ischemic stroke. Additionally, extreme heat 
can exacerbate existing health conditions such as high blood 
pressure and diabetes, which are also risk factors for stroke [18].

Climate change is also affecting air quality, another impor-
tant factor in the development of ischemic stroke [19,20]. Ris-
ing temperatures and changing weather patterns are leading 
to increased levels of air pollution, particularly in urban areas 
[21]. Poor air quality has been linked to a higher risk of cardio-
vascular diseases, including stroke. Fine particulate matter and 
other pollutants in the air can trigger inflammation and oxida-
tive stress in the body, leading to damage to blood vessels and 
an increased risk of blood clots [20,22].

Furthermore, climate change is impacting patterns of infec-
tious diseases, which can also contribute to the risk of ischemic 
stroke. Changes in temperature and precipitation can alter the 
distribution and prevalence of vector-borne diseases such as 
Lyme disease and West Nile virus, both of which have been as-
sociated with an increased risk of stroke. In addition, climate 
change is creating conditions that are conducive to the spread 
of certain bacteria and viruses that can cause infections that 
may lead to stroke [18].

To address the growing threat of ischemic stroke in the con-
text of climate change, it is essential for policymakers, health-
care providers, and individuals to take action [19]. This includes 
implementing measures to reduce greenhouse gas emissions 
and mitigate the effects of climate change, such as transitioning 
to renewable energy sources and promoting sustainable trans-
portation options [20]. This study aimed to evaluate climate 

change and incidence of ischemic stroke in patients referring to 
a neurologic center of an academic hospital.

Material and Methods

The present study was a retrospective study of file records 
of patients admitted with an initial diagnosis of stroke to an in-
stitutional referral hospital in eastern Iran in 2019. This study 
was conducted before the covid-19 pandemic because after the 
covid-19 pandemic, studies showed some association between 
infection and vaccination.

 All patients suspected of stroke enrolled in this study, and 
patients with a confirmed diagnosis based on the physical find-
ings, Computed Tomography (CT), or Magnetic Resonance Im-
aging (MRI) of brain were included. So, out of 56039 patients 
admitted in the study period, 2073 people were finally admitted 
with the diagnosis of ischemic stroke. Patients with intra paren-
chymal hemorrhage (CIH), Subarachnoid Hemorrhage (SAH), or 
any occupational mass were excluded from the study. 

As this was a retrospective study on patient health records, 
neither an informed consent was required, nor did we inter-
vene in the treatment of patients.

The demographic information of patients, including main 
signs and symptoms, and the clinical outcome (remission or 
death) were extracted from archived health records.

Daily weather information of "40745-Mashhad" station was 
obtained using the meteorological site of the Meteorological 
Organization of Iran (http://www.irimo.ir). Data included daily 
mean temperature, and minimum and maximum temperature 
(degrees Celsius).

To manage the data, Excel and SPSS Ver 25 software were 
used. The quantitative variables of temperature and age were 
reported using the central indicators of the mean and standard 
deviation and their appropriate graphs. The data related to 
gender variables and outcome/s of patients (qualitative vari-
ables) were reported using percentages. Qualitative data were 
compared using a chi-square test and quantitative data were 
compared between two groups using independent T-test. To 
evaluate the relationship/effect of temperature changes on the 
occurrence of stroke and transient ischemic attacks by control-
ling the effect of age, a logistic regression model was used. P-
value>0.05 was considered significant in all statistical tests.

The study was approved by the National Committee for Eth-
ics in Biomedical Research of Mashhad University of Medical 
science (IR.MUMS.MEDICAL.REC.1400.619).

Results

56,039 patients (52.1% women) were referred to Ghaem 
Hospital during one year (April 1 to March 8, 2016). 75.4% of 
Table 1: Variables between stroke group and other patients.

Ischemic stroke or TIA Other patients
P- value

% %

Sex

Male (30/5) 1089 (70/94) 19388 001/0>

Female (50/4) 984 (50/95) 20784

Spring (70/4) 506 (30/95) 10204

Seasons

Summer (20/5) 577 (80/94) 10492

Autumn (40/5)496 (60/94) 10344 001/0>

Winter (10/4) 394 (90/95) 9132

Standard deviation ± mean

Age (Year) 25/14±22/69 42/16±69/57 001/0>
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them were over 30 years old (N: 42245), and 51.5% of them 
were women. The average age of these patients was 58.25 ± 
16.51 years. 5% (2073) were admitted with the diagnosis of 
stroke and Transient Ischemic Attack (TIA). The diagnosis of TIA 
(450) and stroke (1623) was confirmed by the neurologist treat-
ing the patient. The lowest and the highest number of patients 
were in January and November, respectively. 80% of these pa-
tients were finally discharged from the hospital and 6% of them 
died. About 13% also left the hospital with personal consent.

Study showed that acute ischemic stroke was more in men, 
and it was statistically significant (Table-1). Ischemic stroke was 
also investigated in different seasons of the year. Our study 
showed that more strokes occur in autumn and summer than 
in spring and winter; the highest number of patients were re-
corded in summer (N: 577).

The average age of the patients in our study was higher than 
other patients who were admitted to the hospital with another 
complaint (average age: 69.22).

The analysis of the relationship between average air temper-
ature or time of admission and occurrence of stroke or TIAs by 
controlling the confounding effect of age and gender variables 
using multiple logistic regression model is reported in Tables 2 
and 3. Based on this, the results show that temperature changes 
have a significant relationship with the occurrence of stroke by 
controlling the effect of age and gender variables of the studied 
subjects in the period from April to March 2017, although the 
effect size (OR=1.005, 95% CI=1.001-1.001 ) is very insignificant 
(Table 2).

The results of multiple logistic regression related to the re-
lationship between time of admission (season) and occurrence 
of stroke or TIA showed that the chance of occurrence of stroke 
was compared with controlling the effect of age and gender 
variables in autumn season compared to the spring season, it 
was 1.19 times or equal to 19% more (Table 3).

Discussion

In this study, the relationship between seasonal changes 
and the incidence of acute ischemic stroke was investigated. A 

total of more than 2000 patients who were hospitalized with 
a diagnosis of stroke or TIA during one year were included in 
the study, it was shown that the highest and lowest number of 
patients were admitted in November and January, respectively, 
and November admission was nearly 6.5% of all patients and 
this amount reached 3.6% in January. It was shown that in the 
occurrence of acute ischemic stroke, the highest number (com-
pared to the total number of admitted patients) were admitted 
in the fall season and the lowest number were hospitalized in 
the winter season.

In 2018 [22], Fodor et al investigated seasonal variations in 
the incidence of different types of strokes in Romania. More 
than 1000 patients with different types of strokes (ischemic, 
hemorrhagic, and SAH) were included in this study. They 
showed that the incidence of ischemic stroke has two peaks, 
one peak in summer and one peak in winter [22]. Also, the low-
est rate of ischemic stroke was observed in September and the 
highest rate was observed in January. It should be noted that 
the city where Fodor et al.'s study was conducted is located in 
the center of Europe and has a relatively mild climate, while 
our study was conducted in Mashhad, which has a hot and dry 
climate, which can also lead to to the difference of the results 
of two studies. Mild climates are associated with lower rates 
of hypertension, a major risk factor for ischemic stroke. Addi-
tionally, people in mild climates may be more physically active 
and have better access to fresh fruits and vegetables, which can 
help reduce the risk of stroke [18].

On the other hand, in dry climates, where humidity levels 
are low and temperatures can fluctuate significantly, there may 
be an increased risk of dehydration, which is a known risk factor 
for ischemic stroke [12]. Dehydration can lead to thickening of 
the blood and increased blood viscosity, which can increase the 
risk of blood clots forming and causing a stroke. Dry climates 
are also associated with higher rates of respiratory infections, 
which can increase the risk of stroke through inflammation and 
other mechanisms [11].

In 2022, Fuji et al. [23] reviewed 1.4 million Japanese pa-
tients enrolled in a stroke registry, in which 6688 strokes were 
reported over 3 years, of which 4480 were ischemic strokes. 
The lowest occurrence of stroke was in summer and the highest 
was in winter.

The findings obtained in our study are not consistent with 
this study because the incidence of stroke in winter was lower 
in our study. One reason that may lead to different results is 
that in our study, TIA cases were also evaluated as cerebrovas-
cular events, but Fuji et al. evaluated only stroke. Also, as previ-
ously mentioned, the differences in climate between the two 
countries can lead to differences in results.

Another study in 2021 by Cortez et al. examined seasonal 
changes in the incidence of stroke in Brazil over a 10-year peri-
od. The health system data available in the Brazilian were evalu-
ated and a total of more than 1 million and 400 thousand hos-
pitalizations due to stroke were examined. The results showed 
that the incidence of stroke in the cold months of winter was 
higher than in other months. However, the authors stated that 
the type of stroke (hemorrhagic or ischemic) was not reported 
in more than 70% of cases, and the findings were reported for 
the total number of strokes (excluding ischemic or hemorrhagic) 
[24]. Overall, Iran and Africa have different climates due to their 
geographical locations, with Iran having a mix of arid and sub-
tropical climates, while Africa has a wide range of climates from 

Table 2: Adjusted odds ratio of stroke occurrence (logistic regression 
results).

Variables
Crude P- 

Value
Adjusted P-

ValueOR (95% CI) OR (95% CI)

Mean  
Temperature

(01/1 - 00/1) 00/1 Mar-00 (01/1 - 001/1) 005/1 Feb-00

Age (Year) (05/1 - 04/1) 04/1 001/0> (05/1 - 04/1) 04/1 001/0>

Sex
Female 
(Reference)

1 1
0/25

Male (30/1 - 09/1) 19/1 001/0> (15/1 - 96/0) 05/1
Table 3: Adjusted odds ratio of stroke occurrence (logistic regression 
results).

Variables
Crude P- 

Value
Adjusted P-

ValueOR (95% CI) OR (95% CI)

Age (Year) (05/1 - 04/1) 04/1 001/0> (05/1 - 04/1) 04/1 001/0>

Sex

Female 
(Reference)

1 1 23/0

Male (30/1 - 09/1) 19/1 001/0> (16/1 - 96/0) 06/1

Spring  
(reference)

1 1

Season

Summer (99/0 - 76/0) 87/0 Apr-00 (10/1 - 78/0) 92/0 38/0

Autumn (31/1 - 03/1) 16/1 Feb-00 (37/1 - 04/1) 19/1 Jan-00

Winter (25/1 - 98/0) 11/1 Sep-00 (27/1 - 95/0) 10/1 19/0
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desert to tropical to temperate. These climate differences can 
impact various aspects of disease, including stroke. Of course, 
Kurtz's study has two strengths that have led to an increase in 
the accuracy of their study compared to ours. Firstly, by using 
the coordinated information of hospital systems in this country, 
the authors were able to provide a relatively large sample size, 
and secondly, the duration of the study was 10-years.

In-hospital mortality of our studied patients was equal to 
5.9%. In 2021, Huang et al. [25] investigated the in-hospital 
mortality rate of more than 800,000 patients with ischemic 
stroke in China, and the results showed that the mortality rate 
was less than 1%, which is much lower than the mortality has 
been in the study. On the other hand, Seminario et al. [26] in 
Peru reported in-hospital mortality of ischemic stroke equal to 
6.9%, which is higher than our study.

When comparing in-hospital mortality rates for stroke be-
tween different countries, it is important to consider these fac-
tors and analyze the data in the context of the specific health-
care systems, population characteristics, and socio-economic 
conditions of each country. Research studies and international 
collaborations can provide valuable insights into understanding 
and addressing disparities in stroke outcomes worldwide.

Conclusion

Our study showed the seasons and months in which stroke 
patients are more likely, so physicians can use this information 
to prepare in advance for a larger number of patients in the 
months with an increased risk of stroke. This research sheds 
light on the potential health consequences of climate change 
in this region and underscores the importance of implementing 
mitigation strategies to protect public health.

One of the limitations of the current study was that the sur-
vey was conducted within one year, and if the duration of the 
study was longer, the results would have been more accurate.

Failure to investigate the amount of air pollution and its re-
lationship with the incidence of stroke was another limitation 
of this study. 
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