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Background: Stroke is a medical condition that leads to major disability and mortality

worldwide. Some evidence suggests that weather and seasonal variations could have an

impact on stroke incidence and outcome. However, the current evidence is inconclusive.

Therefore, this study examines the seasonal variations and meteorological influences on

stroke incidence and outcome in the largest city in Saudi Arabia.

Methods: From February 2016 to July 2019, we retrospectively reviewed data from all

patients with acute ischemic (AIS) or hemorrhagic stroke (HS) admitted to the stroke unit

in a tertiary academic center in Saudi Arabia. The corresponding daily meteorological

data were obtained for the same period. We considered the months from November to

March as the cold season and April to October as the hot season.

Results: The final cohort included 1,271 stroke patients; 60.89% (n = 774) cases

occurred in the hot season, while 39.1% (n = 497) in the cold season. Males accounted

for 69.6% (n = 884) of the cases. The proportion of ischemic stroke was 83.2%

[hot season 83.9% (n = 649) vs. cold season 82.3% (n = 409)]. We found no

statistically significant difference between seasons (hot or cold) in stroke incidence,

severity [National Institutes of Health Stroke Scale (NIHSS)], hospital course (pneumonia,

thromboembolism, intensive care stay, or length of stay), or outcome [modified Rankin

scale (mRS) on discharge and death].

Conclusions: In Riyadh, Saudi Arabia, our study found no impact of weather or seasonal

variations on stroke incidence, hospital course, or outcomes. However, our findings

warrant further research in different country regions.
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INTRODUCTION

Stroke accounts for over 13 million cases and 5.5 million
deaths annually (1). Globally, the overall age-standardized
stroke incidence rates, deaths, disability-adjusted life years
(DALYs) have decreased (1). However, absolute stroke numbers
are increasing significantly in developing countries, like the
Kingdom of Saudi Arabia (KSA) (1, 2). In KSA, stroke is highly
prevalent, with an estimated 26,000 cases in 2016 (1). Moreover,
an epidemiological model predicted an increase of 67% in the
first stroke in the upcoming 10 years (3). The expected increase in
stroke incidence shows how stroke directly impacts people’s lives
and the nation’s economic prospects. Therefore, understanding
the modifiable factors that influence stroke incidence is vital to
understand and, if possible, formulate preventive measures.

Several modifiable risk factors are known to influence the
stroke onset, such as hypertension (HTN) and diabetes mellitus
(DM); however, a large and growing body of literature has
investigated the relationship between environmental factors
such as weather, meteorological factors, seasonal variations, air
pollution, and stroke incidence (4–8).

Researchers were unable to produce consistent results if
the weather can directly impact a person’s health condition.
However, some studies showed a link between weather and stroke
risk (4–6, 9–16). On the other hand, different observational
studies and a meta-analysis showed the opposite (7, 9, 16, 17).
Data are scarce in the Arabian Gulf Cooperation Council (GCC)
countries; however, Salam et al. reported a significant relationship
between seasonal variation and stroke incidence in Qatar (4).

To the best of our knowledge, no similar studies about
seasonality and stroke incidence have been done in KSA. Hereby,
we study the seasonal variations and meteorological influences
on stroke incidence by measuring the minimum, average, and
maximum temperatures the day before the index event. We
also investigate if atmospheric pressure, wind speed, and relative
humidity in the hot and cold seasons impact stroke incidence.

MATERIALS AND METHODS

Study Setting and Geographic Area
The study was conducted at King Abdulaziz Medical City,
Riyadh, Saudi Arabia (KAMC-RYD) between February 2016 and
July 2019. Riyadh is the capital city of Saudi Arabia (24.7136◦N,
46.6753◦E). It is located in the center of the country and the
Arabian Peninsula, with more than 8 million inhabitants (18).
The city has a hot desert climate with a long extreme dry and
hot summer and short cool winter. Therefore, we considered the
months from November 1 to March 31 as the cold season and
from April 1 to October 31 as the hot season.

Study Population
We screened all patients with ischemic stroke (IS) or
intracerebral hemorrhage (ICH) who were admitted to the
stroke unit. For this study, we included all patients who fulfilled
the following criteria: (1) sudden neurological deficit resembling
stroke within 24 h before arrival to the emergency department
and (2) evidence of acute brain infarct or hemorrhage detected

by brain computed tomography (CT) or magnetic resonance
imaging (MRI) corresponding to the neurological deficit. A
stroke neurologist confirmed the final diagnosis. We excluded
all patients with transient ischemic attack (TIA), traumatic
brain hemorrhage, and patients older than 80 years age who
were bedridden, had a prior disabling stroke, had dementia, or
had terminal cancer, as they are ineligible to admission to the
stroke unit.

Data Collection
We reviewed all electronic medical records for patients who
fit the inclusion criteria for the following variables: date of
admission, demographic data, vascular risk factors, treatment
with reperfusion therapy [tissue plasminogen activator (tPA)] or
endovascular treatment (EVT), modified Rankin scale (mRS) on
admission, National Institutes of Health Stroke Scale (NIHSS)
on admission and discharge, length of stay (LOS), and in-
hospital complications and death. NIHSS, mRS, and in-hospital
complications were collected at presentation and during the
hospital stay by the treating team.

Meteorological Data
Daily minimum/maximum/mean temperature (◦C),
atmospheric pressure (hPa), wind speed (m/s), and relative
humidity (%) data were obtained from the Presidency of
Meteorology and Environment (PME) in KSA between January
1, 2016, and December 31, 2019. In the analysis, we used the
mean value of the meteorological variable on the month of the
incident stroke.

Statistical Analysis
Data analysis was conducted using STATA version 14.0 for
Windows. Continuous variables were presented as means
± standard deviation or median (interquartile range). The
categorical variables were presented as counts and percentages.
A chi-square test was applied to examine the differences between
frequencies. t-test, ANOVA, and Kruskal–Wallis test were used
for testing continuous variables. Multivariate logistic regression
was applied for predicting stroke presentation and outcomes
after adjusting for weather and clinical characteristics of the
patients. Predictor variables were included in the model based
on the literature review and the bivariate analysis. Differences
were considered statistically significant if p-value < 0.05 with
two-sided testing.

Ethical Approval
The study received approval from the Institutional Review Board
(IRB) committee (RC19/384/R) at King Abdullah International
Medical Research Center (KAIMRC), the Ministry of National
Guard Health Affairs.

RESULTS

The final cohort included 1,271 stroke patients between February
2016 and July 2019. The demographic and clinical characteristics
are presented in Table 1. Among all the cases, 60.89% (n = 774)
strokes occurred in the hot season, while 39.1% (n = 497) in the
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TABLE 1 | The demographic and clinical characteristics of patients with ischemic and hemorrhagic stroke in hot and cold seasons.

Variable All stroke

(N = 1,271)

N (%)

Hot season

(N = 774)

N (%)

Cold season

(N = 497)

N (%)

P

Mean age (years) (SD) 60 ± 12 60 ± 12 61 ± 13 0.596

Gender

- Male 884 (69.6) 546 (70.5) 338 (68) 0.338

- Female 387 (30.4) 228 (29.5) 159 (32)

Medical history

- Ischemic heart disease 132 (10.4) 85 (11) 47 (9.5) 0.384

- Hypertension 933 (73.4) 569 (73.5) 364 (73.2) 0.914

- Diabetes mellitus 796 (62.6) 475 (61.4) 321 (64.6) 0.247

- Dyslipidemia 360 (28.3) 220 (28.4) 140 (28.2) 0.922

- Atrial fibrillation on admission 85 (6.7) 43 (5.6) 42 (8.5) 0.044

- Smoking/history of smoking 204 (16.1) 111 (14.3) 93 (18.7) 0.038

Mean BMI (kg/m2 ) (SD) 29.05 ± 5.88 29.09 ± 6.03 28.99 ± 5.64 0.626

Median NIHSS score at admission (0–42) (IQR) 3 (0–100) 3 (0–65) 4 (0–100) 0.049

Mean SBP on admission (SD) 155.5 ± 28.5 155.4 ± 28.4 155.6 ± 28.5 0.868

Mean DBP on admission (SD) 83.9 ± 26.7 83.7 ± 30.8 84.2 ± 18.4 0.239

Median mRS before stroke (0–6) (IQR) 0 (0–1) 0 (0–1) 0 (0–1) 0.405

Stroke subtype

- Ischemic stroke 1,058 (83.2) 649 (83.9) 409 (82.3) 0.468

- hemorrhagic stroke 213 (16.8) 125 (16.1) 88 (17.7)

Sudden neurological symptoms

- Speech and language 584 (45.9) 301 (38.8) 283 (56.9) <0.001

- Motor weakness 877 (69) 517 (66.8) 360 (72.4) 0.052

- Sensory symptoms 425 (41.2) 274 (35.4) 151 (30.4) 0.023

- Gait imbalance 403 (31.7) 259 (33.5) 144 (28.9) 0.035

Meteorological factors

Mean temperature (◦C) (SD) 26.73 ± 8.14 32.73 ± 4.28 18.27 ± 3.09

Mean atmospheric pressure (hPa) (SD) 1,010.46 ± 7.34 1,017.58 ± 2.78 1,005.41 ± 4.91

Mean wind speed (m/s) (SD) 5.46 ± 1.2 4.94 ± 0.967 5.83 ± 1.24

Mean humidity (%) (SD) 24.9 ± 13.71 37.41 ± 9.81 16.04 ± 7.89

Laboratory findings

Mean hematocrit (Hct%) (SD) 0.436 ± 0.059 0.434 ± 0.06 0.438 ± 0.063 0.533

Mean sodium (mmol/L) (SD) 136.4 ± 3.8 136.6 ± 0.056 136.2 ± 3.7 0.063

Mean BUN (mg/dl) (SD) 6.4 ± 3.6 6.3 ± 3.4 6.7 ± 4.0 0.431

Mean creatinine (µmol/L) (SD) 93.9 ± 65.0 94.9 ± 70.7 92.5 ± 55.1 0.720

Treatment given

Thrombolysis (tPA) 104 (8.2) 64 (8.3) 40 (8.0) 0.889

Endovascular thrombectomy 44 (3.5) 25 (3.2) 19 (3.8) 0.568

The bold p-value of <0.05 was considered statistically significant.

BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; mRS, modified Rankin scale; IS, ischemic stroke;

ICH, intracranial hemorrhage; tPA, tissue plasminogen activator; BUN, blood urea nitrogen.

cold season. Male gender accounted for 69.6% (n = 884), with
no statistically significant difference in gender between seasons.
Regarding the risk factors, HTN was the commonest at 73.4% (n
= 933), followed by diabetes at 62.6% (n= 796) and dyslipidemia
at 28.3% (n = 360), with no statistically significant difference
in risk factors between seasons. The median NIHSS score at
admission was 3 (0–42) in the hot season and 4 (0–42) in the cold
season, with no statistically significant difference. The incidence
of IS was 83.2% in the hot season (n = 649) vs. 82.3% in the

cold season (n = 409), while hemorrhagic stroke accounted for
16.8% in the hot season (n= 125) vs. 17.7% in the cold season (n
= 88). Among all cases, the commonest presenting neurological
symptom was a motor weakness at 69% (n = 877), with no
statistically significant difference between seasons. Speech and/or
language complaint accounted for 45.9% (n = 584) of all cases,
with statistically significant difference found between the two
seasons [hot 38.8% (n = 301); cold 56.9% (n = 283); p ≤ 0.001].
Regarding meteorological factors, the mean temperature was
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TABLE 2 | Effect of seasons (hot or cold) on stroke outcomes.

Outcome All stroke

N (%)

(n = 1,271)

Hot

N (%)

(n = 774)

Cold

N (%)

(n = 497)

P

Median NIHSS score on discharge (0–42) (IQR) 3.0 (1.0–8.0) 3.0 (1.0–9.0) 4.0 (1.0–8.0) 0.816

Dependent on discharge* 378 (29.7) 230 (29.7) 148 (29.8) 0.981

ICU admission 140 (11.0) 84 (10.9) 56 (11.3) 0.795

Median LOS (days) 6.0 (3.0–15.0) 6.0 (3.0–15.0) 7.0 (4.0–15.0) 0.528

Medical complications

- Pneumonia 73 (5.7) 37 (4.8) 36 (7.2) 0.066

- Urinary tract infection 95 (7.5) 57 (7.4) 38 (7.6) 0.852

- Deep vein thrombosis/pulmonary embolism 20 (1.6) 16 (2.1) 4 (0.8) 0.078

- Death 91 (7.2) 54 (7.0) 37 (7.4) 0.752

A p-value of <0.05 was considered statistically significant.

NIHSS, National Institutes of Health Stroke Scale; ICU, intensive care unit; LOS, length of stay; mRS, modified Rankin scale.
*Check only those with mRS (3–5) on discharge and compare among seasons.

32.73 ± 4.28◦C in the hot season and 18.27 ± 3.09◦C in the cold
season. Moreover, the mean atmospheric pressure was 1017.58±
2.78 hPa in the hot season and 1005.41 ± 4.91 hPa in the cold
season. The mean wind speed was 4.94 ± 0.967 m/s in the hot
season and 5.83 ± 1.24 m/s in the cold season, and the relative
humidity was 37.41± 9.81% in the hot season and 16.04± 7.89%
in the cold season. The laboratory findings in our cohort showed
a mean hematocrit (0.436± 0.059 hct%), mean sodium (136.4±
3.8 mmol/L), mean blood urea nitrogen (BUN) (6.4± 3.6 mg/dl),
and mean creatinine (93.9 ± 65.0 µmol/L), with no statistically
significant difference found between the laboratory findings in
both seasons. Among all, thrombolysis was given in 8.2% (n =

104); and 3.5% (n= 44) were treated with EVT.
We examined the effect of hot or cold seasons on stroke

outcome; see Table 2. The median NIHSS score on discharge
was 3 (1–9) in the hot season and 4 (1–8) in the cold season.
Dependency on discharge, which is defined as mRS = 3–5,
happened in 29.7% (n = 230) in the hot season and 29.8% (n
= 148) in the cold season. Admission to the intensive care unit
(ICU) was needed for 10.9% (n= 84) in the hot season and 11.3%
(n= 56) in the cold season. Median LOS was 6 (3–15) days in the
hot season and 7 (4–15) days in the cold season. Regarding the in-
hospital complications, pneumonia happened in 4.8% (n = 37)
in the hot season and 7.2% (n = 36) in the cold season; urinary
tract infection in 7.4% (n = 57) in the hot season and 7.6% (n
= 38) in the cold season; thromboembolism in 2.1% (n = 16) in
the hot season and 0.8% (n = 4) in the cold season; and death
in 7% (n = 54) in the hot season and 7.4% (n = 37) in the cold
season. None of these outcome variables showed any statistically
significant difference between seasons.

Table 3 shows a multivariate logistic regression model to
examine the impact of a 1-unit increase in the temperature,
relative humidity, wind speed, and atmospheric pressure on
stroke outcomes. Adjusted odds ratios (AORs) with confidence
interval were reported. One-unit increase in mean relative
humidity resulted in statistically significant odds of change in
NIHSS on discharge (mean relative humidity 21.3%: AOR 0.98;
95% CI: 0.96–0.99; p = 0.041). Also, a 1-unit increase in mean

atmospheric pressure resulted in statistically significant odds of
a different outcome in ICU admission (mean atmosp. 1009.5
hPa; AOR: 0.93; 95% CI: 0.87–0.99; p = 0.045) and death (mean
atmosp. 1009.0 hPa; AOR: 0.9; 95% CI: 0.83–0.99; p = 0.022).
Table 4 presents the incidence of stroke according to the month.
Again, there was no significant difference in stroke incidence
among all months of the year (p= 0.897).

DISCUSSION

The present study was designed to examine the relationship
between weather and stroke incidence and outcome. The study
cohort had 1,271 patients with ischemic and hemorrhagic strokes.
The majority of the cases occurred in the hot season (60.89%).
Our data suggest but does not confirm that season does not
affect stroke outcomes. We found a negative correlation between
meteorological factors, including daily mean temperature,
atmospheric pressure, and stroke incidence.

Nevertheless, we examined the impact of a 1-unit increase
in all chosen weather variables after adjusting for demographic
variables and potential risk factors. We found a statistically
significant weather impact on stroke outcome with relative
humidity on NIHSS and atmospheric pressure on ICU admission
and death. There was a marginal significance and a trend
of atmospheric pressure influence on thromboembolism. We
cannot formulate a scientifically sound hypothesis to explain
these findings. The intuitive idea that dehydration in the summer
season and its impact on blood viscosity, electrolytes, and
sodium levels might have contributed to these findings are
not supported by significant differences between groups in our
cohort in hematocrit or sodium levels. Therefore, we think
that these statistical differences are merely driven by chance,
poor generalizability with a single-center cohort, or a relatively
small sample.

The discrepancy between seasonal variations and stroke
incidence and outcome in many published papers makes it
difficult to conclude the potential relationship. In our study, we
found no such relationship. This is also the case in previously
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TABLE 3 | Multivariate regression analysis to examine the impact of 1-unit increase in the temperature, relative humidity, wind speed, and atmospheric pressure on

stroke outcomes.

Independent variable Temp. (◦C)

(Mean)

Adjusted odds

ratio (95% CI)

P

Relative

humidity

(%)

(Mean)

Adjusted odds

ratio (95% CI)

P

Wind speed

(m/s)

(Mean)

Adjusted odds

ratio (95% CI)

P

Atmosp.

pressure

(hPa)

(mean)

Adjusted odds

ratio (95% CI)

p

NIHSS score on discharge

(>7)

27.1 0.94 (0.89–1.01)

p = 0.091

21.3 0.98 (0.96–0.99)

p = 0.041*

5.0 0.94 (0.87–1.015)

p = 0.121

1,010.2 0.95 (0.89–1.01)

p = 0.102

mRS on discharge (>2) 26.7 0.98 (0.93–1.03)

p = 0.414

23.2 0.99 (0.98–1.01)

p = 0.716

5.4 0.95 (0.89–1.01)

p = 0.083

1,009.9 0.97 (0.92–1.02)

p = 0.180

ICU admission 27.3 0.96 (0.89–1.03)

p = 0.209

25.0 1.01 (0.99–1.02)

p = 0.218

5.6 0.99 (0.91–1.07)

p = 0.776

1,009.5 0.93 (0.87–0.99)

p = 0. 045*

LOS (>1 day) 26.8 0.98 (0.91–1.07)

p = 0.716

24.3 1.01 (0.99–1.04)

p = 0.229

5.5 1.02 (0.93–1.12)

p = 0.668

1,010.3 1.01 (0.93–1.1)

p = 0.827

Medical complications

- Pneumonia 25.4 0.93 (0.84–1.02)

p = 0.122

26.9 1.0 (0.98–1.02)

p = 0.803

5.5 1.0 (0.91–1.12)

p = 0.856

1,011.2 0.95 (0.86–1.04)

p = 0.236

- UTI 26.7 1.0 (0.92–1.09)

p = 0.912

25.0 1.0 (0.99–1.02)

p = 0.671

5.5 1.01 (0.92–1.11)

p = 0.879

1,010.5 1.0 (0.93-1.09)

p = 0.877

- DVT/PE 31.8 0.89 (0.73–1.09)

p = 0.262

16.4 0.98 (0.92–1.04)

p = 0.518

6.0 0.98 (0.81–1.18)

p = 0.812

1,004.8 0.83 (0.68–0.99)

p = 0.05

- Death 27.7 0.935 (0.86–1.02)

p = 0.129

23.7 1.0 (0.99–1.02)

p = 0.614

5.4 0.95 (0.86–1.05)

p = 0.278

1,009.0 0.90 (0.83–0.99)

p = 0.022*

The bold p-value of <0.05 was considered statistically significant.

CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin scale; ICU, intensive care unit; LOS, length of stay; UTI, urinary tract infection; DVT,

deep vein thrombosis; PE, pulmonary embolism.

TABLE 4 | The incidence of ischemic and hemorrhagic stroke in Riyadh, Saudi

Arabia, by months between 2016 and 2019.

Month Incidence of

stroke N (%)

(n = 1,271)

Stroke classification

Ischemic N (%)

(n = 1,058)

Hemorrhagic N

(%) (n = 213)

January 90 (7.1) 73 (6.9) 17 (8)

February 143 (11.3) 116 (11.0) 27 (12.7)

March 107 (8.4) 92 (8.7) 15 (7.0)

April 140 (11.0) 120 (11.3) 20 (9.4)

May 126 (9.9) 100 (9.5) 26 (12.2)

June 117 (9.2) 101 (9.5) 16 (7.5)

July 120 (9.4) 99 (9.4) 21 (9.9)

August 89 (7.0) 73 (6.9) 16 (7.5)

September 93 (7.3) 81 (7.7) 12 (5.6)

October 89 (7.0) 75 (7.1) 14 (6.6)

November 82 (6.5) 67 (6.3) 15 (7.0)

December 75 (5.9) 61 (5.8) 14 (6.6)

published papers (7, 9, 16, 17, 19–22). A large study with data
extending up to 40 years, and more than 300,000 ischemic and
hemorrhagic strokes, found neither seasonal nor meteorological
association with stroke incidence (7). Moreover, a recent meta-
analysis analyzed the data from 33 studies with more than
200,000 participants found unremarkable seasonal variation (17).

On the other hand, several studies linked the weather or
seasonal variations with stroke incidence (4–6, 9, 10, 13–15,
23, 24). Locally, in Qatar, Salam et al. reported a significant
relationship between seasonal variation and incidence of IS
relative to ICH in summer (4). Nevertheless, a systematic review
with 20 studies found that short-term ambient temperature
changes are significantly associated with increased stroke
incidence (25). Collectively, these studies outline inconsistent
conclusions where most of them found an observational
relationship only; this is possibly explained by different factors,
including the number and characteristics of patients, geographic
area, meteorological factors used, metabolic factors, and
environmental factors. Hypothetically, dehydration, especially in
summer, increases blood viscosity, making the risk of stroke
greater (26, 27). However, applying this hypothesis to our sample
through sodium, hematocrit, BUN, and creatinine found no
statistically significant difference among seasons.

Some other environmental factors were investigated for a
possible influence of stroke incidence and mortality, such as air
pollution, particulate matter (PM), and carbon monoxide (CO)
(8, 28). Surprisingly, Zhang et al. found PM to be positively
correlated with IS only (8). The relationship might be explained
at the cellular level, where air pollution and PM can induce
inflammation, endothelial injury, atherosclerosis, and decreased
cerebral blood velocity (29–32). Unfortunately, this was beyond
the scope of our study and could not be examined in our sample.

Finally, our study has several important limitations. It is a
retrospective cohort with the potential to miss some cases and
data on several variables. We did not include air pollution and
other toxicological factors such as CO. Also, this is a single-center
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study with a short time span that cannot be generalized to all
KSA regions, as it has major variations in weather characteristics.
In the data analysis, we choose dichotomous variables with their
limitations for a reason. It is easier to interpret and analyze, and
the daily variations in meteorological variables within a season
in this part of KSA are minimal, as indicated in the standard
deviations reported on all these variables.

CONCLUSION

In Riyadh, Saudi Arabia, neither weather nor seasonal variations
impact stroke incidence or outcome. Thus, our study might
explain the cause–effect results in the previous observational
studies, requiring an adjustment for the confounding factors.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

SAlg and MAld wrote the introduction and results and helped
with statistical analysis. BA did the statistical analysis. MAld,
MAlh, SAls, WA, FA, and MAls collected the data, reviewed
the literature, and co-wrote the results. NA and AA reviewed
and edited the final manuscript. SAlg wrote the discussion and
reviewed the literature. All authors contributed to the article and
approved the submitted version.

REFERENCES

1. Johnson CO, Nguyen M, Roth GA, Nichols E, Alam T, Abate D, et al.

Global, regional, and national burden of stroke, 1990–2016: a systematic

analysis for the Global Burden of Disease Study 2016. Lancet Neurol. (2019)

18:439–58. doi: 10.1016/S1474-4422(19)30034-1

2. Feigin VL, Krishnamurthi RV., Parmar P, Norrving B, Mensah GA, Bennett

DA, et al. Update on the global burden of ischemic and hemorrhagic

stroke in 1990-2013: the GBD 2013 study. Neuroepidemiology. (2015) 45:161–

76. doi: 10.1159/000441085

3. Al-Senani F, Al-Johani M, Salawati M, Alhazzani A, Morgenstern

LB, Seguel Ravest V, et al. An epidemiological model for

first stroke in Saudi Arabia. J Stroke Cerebrovasc Dis. (2020)

29:104465. doi: 10.1016/j.jstrokecerebrovasdis.2019.104465

4. Salam A, Kamran S, Bibi R, Korashy HM, Parray A, Mannai A

Al, et al. Meteorological factors and seasonal stroke rates: a four-

year comprehensive study. J Stroke Cerebrovasc Dis. (2019) 28:2324–

31. doi: 10.1016/j.jstrokecerebrovasdis.2019.05.032

5. Jimenez-Conde J, Ois A, Gomis M, Rodriguez-Campello A, Cuadrado-Godia

E, Subirana I, et al. Weather as a trigger of stroke: daily meteorological

factors and incidence of stroke subtypes. Cerebrovasc Dis. (2008) 26:348–

54. doi: 10.1159/000151637

6. Polcaro-Pichet S, Kosatsky T, Potter BJ, Bilodeau-Bertrand M, Auger N.

Effects of cold temperature and snowfall on stroke mortality: a case-crossover

analysis. Environ Int. (2019) 126:89–95. doi: 10.1016/j.envint.2019.02.031

7. Skajaa N, Horváth-Puhó E, Sundbøll J, Adelborg K, Rothman KJ, Sørensen

HT. Forty-year seasonality trends in occurrence of myocardial infarction,

ischemic stroke, and hemorrhagic stroke. Epidemiology. (2018) 29:777–

83. doi: 10.1097/EDE.0000000000000892

8. Zhang R, Liu G, Jiang Y, Li G, Pan Y, Wang Y, et al. Acute effects of particulate

air pollution on ischemic stroke and hemorrhagic stroke mortality. Front

Neurol. (2018) 9:1–7. doi: 10.3389/fneur.2018.00827

9. Garg RK, Ouyang B, Pandya V, Garcia-Cano R, Da Silva I, Hall

D, et al. The influence of weather on the incidence of primary

spontaneous intracerebral hemorrhage. J Stroke Cerebrovasc Dis. (2019)

28:405–11. doi: 10.1016/j.jstrokecerebrovasdis.2018.10.011

10. Lavados PM, Olavarría VV, Hoffmeister L. Ambient temperature

and stroke risk: evidence supporting a short-term effect at a

population level from acute environmental exposures. Stroke. (2018)

49:255–61. doi: 10.1161/STROKEAHA.117.017838

11. Lichtman JH, Leifheit-Limson EC, Jones SB, Wang Y, Goldstein

LB. Average temperature, diurnal temperature variation, and

stroke hospitalizations. J Stroke Cerebrovasc Dis. (2016) 25:1489–

94. doi: 10.1016/j.jstrokecerebrovasdis.2016.02.037

12. Zheng Y, Wang X, Liu J, Zhao F, Zhang J, Feng H. A community-

based study of the correlation of hemorrhagic stroke occurrence

with meteorologic factors. J Stroke Cerebrovasc Dis. (2016)

25:2323–30. doi: 10.1016/j.jstrokecerebrovasdis.2014.12.028

13. Huang Q, Lin S-W, Hu WP, Li HY, Yao P-S, Sun Y, et al. Meteorological

variation is a predisposing factor for aneurismal subarachnoid hemorrhage:

a 5-year multicenter study in Fuzhou, China. World Neurosurg. (2019)

132:e687–95. doi: 10.1016/j.wneu.2019.08.048

14. Matsumaru N, Okada H, Suzuki K, Nachi S, Yoshida T, Tsukamoto K,

et al. Weather fluctuations may have an impact on stroke occurrence in

a society: a population-based cohort study. Cerebrovasc Dis Extra. (2020)

10:1–10. doi: 10.1159/000505122

15. Han MH, Kim J, Choi KS, Kim CH, Kim JM, Cheong JH, et al.

Monthly variations in aneurysmal subarachnoid hemorrhage incidence and

mortality: correlation with weather and pollution. PLoS ONE. (2017) 12:1–

16. doi: 10.1371/journal.pone.0186973

16. Han M-H, Yi H-J, Kim Y-S, Kim Y-S. Effect of seasonal and monthly

variation in weather and air pollution factors on stroke incidence in

Seoul, Korea. Stroke. (2015) 46:927–35. doi: 10.1161/STROKEAHA.114.0

07950

17. Li Y, Zhou Z, Chen N, He L, Zhou M. Seasonal variation in the occurrence

of ischemic stroke: a meta-analysis. Environ Geochem Health. (2019) 41:2113–

30. doi: 10.1007/s10653-019-00265-y

18. The General Authority for Statistics (GASTAT) Is the Official Source of

Statistical Data in the Kingdom of Saudi Arabia. Available online at: https://

www.stats.gov.sa/en/43 (accessed May 10, 2021).

19. Vodonos A, Novack V, Horev A, Abu Salameh I, Lotan Y, Ifergane

G. Do gender and season modify the triggering effect of ambient

temperature on ischemic stroke? Womens Health Issues. (2017) 27:245–

51. doi: 10.1016/j.whi.2016.11.002

20. Lim J-S, Kwon H-M, Kim S-E, Lee J, Lee Y-S, Yoon B-W. Effects

of temperature and pressure on acute stroke incidence assessed

using a Korean nationwide insurance database. J Stroke. (2017)

19:295–303. doi: 10.5853/jos.2017.00045

21. Field TS, Hill MD. Weather, chinook, and stroke occurrence. Stroke.

(2002) 33:1751–7.doi: 10.1161/01.STR.0000020384.92499.59

22. AlmekhlafiMA. Trends in one-year mortality for stroke in a tertiary academic

center in Saudi Arabia: a 5-year retrospective analysis. Ann Saudi Med. (2016)

36:197–202. doi: 10.5144/0256-4947.2016.197

23. Zheng Y, Wang X, Liu J, Zhao F, Zhang J, Feng H. A community-based

study of the correlation of hemorrhagic stroke occurrence with meteorologic

factors. J Stroke Cerebrovasc Dis. (2016) 25:2323–30. doi: 10.1016/j.jocn.2010.

08.035

24. Matsumoto M, Ishikawa S, Kajii E. Cumulative effects of weather on stroke

incidence: a multi-community cohort study in Japan. J Epidemiol. (2010)

20:136–42. doi: 10.2188/jea.JE20090103

25. Lian H, Ruan Y, Liang R, Liu X, Fan Z. Short-term effect of ambient

temperature and the risk of stroke: a systematic review and meta-analysis.

Int J Environ Res Public Health. (2015) 12:9068–88. doi: 10.3390/ijerph1208

09068

26. Gasparrini A, Guo Y, Hashizume M, Lavigne E, Zanobetti A,

Schwartz J, et al. Mortality risk attributable to high and low ambient

Frontiers in Neurology | www.frontiersin.org 6 October 2021 | Volume 12 | Article 707420

https://doi.org/10.1016/S1474-4422(19)30034-1
https://doi.org/10.1159/000441085
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104465
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.05.032
https://doi.org/10.1159/000151637
https://doi.org/10.1016/j.envint.2019.02.031
https://doi.org/10.1097/EDE.0000000000000892
https://doi.org/10.3389/fneur.2018.00827
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.10.011
https://doi.org/10.1161/STROKEAHA.117.017838
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.02.037
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.12.028
https://doi.org/10.1016/j.wneu.2019.08.048
https://doi.org/10.1159/000505122
https://doi.org/10.1371/journal.pone.0186973
https://doi.org/10.1161/STROKEAHA.114.007950
https://doi.org/10.1007/s10653-019-00265-y
https://www.stats.gov.sa/en/43
https://www.stats.gov.sa/en/43
https://doi.org/10.1016/j.whi.2016.11.002
https://doi.org/10.5853/jos.2017.00045
https://doi.org/10.1161/01.STR.0000020384.92499.59
https://doi.org/10.5144/0256-4947.2016.197
https://doi.org/10.1016/j.jocn.2010.08.035
https://doi.org/10.2188/jea.JE20090103
https://doi.org/10.3390/ijerph120809068
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Alghamdi et al. Stroke Seasonality in Saudi Arabia

temperature: a multicountry observational study. Lancet. (2015)

386:369–75. doi: 10.1016/S0140-6736(14)62114-0

27. Keatinge WR, Coleshaw SRK, Easton JC, Cotter F, Mattock MB, Chelliah

R. Increased platelet and red cell counts, blood viscosity, and plasma

cholesterol levels during heat stress, and mortality from coronary and cerebral

thrombosis. Am J Med. (1986) 81:795–800. doi: 10.1016/0002-9343(86)9

0348-7

28. Huang F, Luo Y, Guo Y, Tao L, Xu Q, Wang C, et al. Particulate

matter and hospital admissions for stroke in Beijing, China:

modification effects by ambient temperature. J Am Heart Assoc. (2016)

5:1–11. doi: 10.1161/JAHA.116.003437

29. Suwa T, Hogg JC, Quinlan KB, Ohgami A, Vincent R, van Eeden SF.

Particulate air pollution induces progression of atherosclerosis. J Am Coll

Cardiol. (2002) 39:935–42. doi: 10.1016/S0735-1097(02)01715-1

30. Poursafa P, Kelishadi R. Air pollution, platelet activation and

atherosclerosis. Inflamm Allergy Drug Targets. (2010) 9:387–

92. doi: 10.2174/187152810793937982

31. Hong Y-C, Lee J-T, Kim H, Kwon H-J. Air pollution. Stroke. (2002)

33:2165–9. doi: 10.1161/01.STR.0000026865.52610.5B

32. Tamagawa E, Bai N, Morimoto K, Gray C, Mui T, Yatera K, et

al. Particulate matter exposure induces persistent lung inflammation

and endothelial dysfunction. Am J Physiol Cell Mol Physiol. (2008)

295:L79–85. doi: 10.1152/ajplung.00048.2007

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Alghamdi, Aldriweesh, Al Bdah, Alhasson, Alsaif, Alluhidan,

Almutairi, Alskaini, Alotaibi and Al Khathaami. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 7 October 2021 | Volume 12 | Article 707420

https://doi.org/10.1016/S0140-6736(14)62114-0
https://doi.org/10.1016/0002-9343(86)90348-7
https://doi.org/10.1161/JAHA.116.003437
https://doi.org/10.1016/S0735-1097(02)01715-1
https://doi.org/10.2174/187152810793937982
https://doi.org/10.1161/01.STR.0000026865.52610.5B
https://doi.org/10.1152/ajplung.00048.2007
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Stroke Seasonality and Weather Association in a Middle East Country: A Single Tertiary Center Experience
	Introduction
	Materials and Methods
	Study Setting and Geographic Area
	Study Population
	Data Collection
	Meteorological Data
	Statistical Analysis
	Ethical Approval

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	References


