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Abstract
The current study investigated the correlation between stroke mortality and temperature. Monthly and seasonal variations in
stroke mortality were plotted and daily stroke-related deaths were calculated. The lag times were calculated using the time series
analysis. The correlation between stroke incidence and the diurnal temperature range (DTR) was analyzed using case-crossover
analysis. Global stroke mortality was described in five latitudes. In the eastern region of Inner Mongolia, the stroke mortality was
174.18/105, about twice of that of the midwestern regions (87.07/105), and temperature was negatively correlated with stroke
mortality. Mortality peaked in the winter and troughed in the summer (χ2 = 13.634, P < 0.001). The days in which stroke-related
deaths were greater than ten occurred between late October and early April. The effect of temperature on stroke incidence
occurred during a lag time of 1 (P = 0.024) or 2 months (P = 0.039). A DTR over 13 °C was positively correlated (r = 0.95,
P = 0.004) with stroke with a lag time of 1 day. The effect of temperature on stroke was shown to be the same for various
populations. As the latitude increases, strokemortality also increases with latitudes > 40°; the highest mortality was 188.05/105 at
the highest latitude. Only in relatively cold regions as the temperature decreases does stroke mortality increase for various
populations. Differences in the time lag as well as in the DTR lag and DTR critical point vary for both the temperature and region.
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Introduction

Stroke is one of the leading causes of death and disability
worldwide (Kim and Johnston 2011). A few epidemiological
studies have described a correlation between stroke incidence
and environment, with a primary focus on variations in tem-
perature (Bi et al. 2012; Pasqualetti et al. 1990; Dawson et al.
2010). Stroke mortality has been reported to vary with tem-
perature (Alperovitch et al. 2009; Barnett 2007; Yang et al.
2003). In some countries, the incidence of strokes or stroke
mortality has been shown to have a seasonal pattern, with a
peak during winter months (Capon et al. 1992; Lanska and
Hoffmann 1999;Wang et al. 2013; Yang et al. 2003), although
a few studies have also shown peaks during the spring and
autumn months (Alter et al. 1970; Chyatte et al. 1994). The
resulting conclusion has been that the majority of strokes oc-
cur in colder temperatures (Wang et al. 2013), which has been
confirmed in numerous studies from the last century. Diurnal
temperature range (DTR) is a meteorological indicator asso-
ciated with global climate change and urbanization (Easterling
et al. 1997). A number of studies regarding the correlation
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between temperature and stroke have also addressed the cor-
relation between DTR and stroke. A greater than average an-
nual DTR has been associated with an increased stroke risk in
Japan (Matsumoto et al. 2010) and in the USA (Lichtman
et al. 2016). In addition to temperature, the correlation be-
tween stroke incidence and other climatic parameters such as
humidity, sunshine, and precipitation is still controversial
(Capon et al. 1992; Goggins et al. 2012).

Stroke is the second most common cause of death among
both urban and rural residents in China. The mortality from
stroke was 116.63 per 100,000 individuals per year in cities
and 111.74 per 100,000 individuals in rural populations. A
study showed a marked geographical variation in incidence,
mortality, and prevalence of stroke. Harbin, a northeast city in
China, had the highest incidence of stroke, 441–486 per
100,000 individuals per year, whereas Shanghai and
Chengdu, two southern cities, had incidences of 81 and 136
per 100,000 individuals per year, respectively (Liu et al.
2007). Inner Mongolia located in northern of China is one of
the five autonomous regions in China. Inner Mongolia has the
longest longitude, from 97° E to 126° E, and the second larg-
est latitude, from 37° N to 53° N, in China. Inner Mongolia
encompasses 1.183 million square kilometers of land area,
accounting for one eighth of China, and is equivalent to the
area of Britain, France, and Italy combined. The topography
of InnerMongolia is long and narrow, stretching approximate-
ly 2400 km from west to east (Tian et al. 2014). The length is
twice the length of the Rhine, from the Alps to Beihai. The
difference in the total amount of solar radiation between the
North and South regions is 1085MJM−2 •A−1, which leads to
changes in temperature with obvious differences between the
East and Midwest regions (Chen et al. 2009). The unique
geographical and climatic conditions found throughout Inner
Mongolia make it an ideal area for our research. This study
extensively investigates and characterizes the correlation be-
tween stroke and temperature using data from InnerMongolia,
and latitude research. The results of this study provide theo-
retical support for a more in-depth study regarding the corre-
lation between stroke and temperature as well as insights into
preventive measures that could be undertaken to reduce the
incidence of stroke.

Methods

Data source

The collected data included the total population, total number
of deaths, and the number of deaths due to stroke in Inner
Mongolia from 2008 to 2012. These data were obtained from
the Death Registry System (DRS), which is maintained by the
Chinese Ministry of Health and executed by the Inner
Mongolia Autonomous Region Centers for Disease Control

and Prevention (CDC). The Chinese Ministry of Health set up
five Death Registry monitoring points, while the CDC set up
three Death Registry monitoring points in 102 cities and
counties throughout Inner Mongolia. A total of eight monitor-
ing points were set up to cover a population of 2.4 million
individuals, which accounted for about 10% of the total pop-
ulation of Inner Mongolia. Five of eight monitoring points
were from the DRS established by the Chinese Ministry of
Health. Another three monitoring points were established by
the Inner Mongolia CDC. The sampling was performed using
a multistage cluster probability sampling strategy with strati-
fication according to the classification of eastern, central, and
western of China, the local gross domestic product (GDP),
proportion of rural dwellers, and the total population of local
areas (Xin et al. 2014a). The eight monitoring points were
divided into the eastern and midwestern regions, which were
classified by the administrators (officials) according to unique
historical background, genetic characteristics, and geographi-
cal environment for eastern of Inner Mongolian. The eastern
three monitoring points are Yakeshi City, Kailu County, and
Bairin Youqi, while the midwestern five monitoring points are
Sonid Youqi, Muslims District, Tumd Youqi, Ejin Horo Qi,
and Linhe District. Geographic and population size of eastern
region were about 39,000 km2 and 0.9 million individuals,
respectively, and in midwestern region, the values were about
33,000 km2 and 1.5 million individuals, respectively. The
term Bstroke^ in the present study denotes cerebrovascular
disease (codes I60–I69) according to the Tenth Revision of
the International Classification of Diseases (ICD-10) includ-
ing I60, subarachnoid hemorrhage (SAH); I61, intracerebral
hemorrhage (ICH); and I63, cerebral infarction (CI). Hospitals
that are qualified to diagnose stroke were divided into four
levels: provincial, municipal, county, and township.
Diagnostic methods included pathological, clinical, surgical,
and postmortem. A clinical diagnosis included an imaging
diagnosis, pathological anatomy, surgical diagnosis, and a
pathophysiology diagnosis (Xin et al. 2014b). Imaging diag-
nostic techniques included cranial computed tomography and
magnetic resonance imaging in all cases. All data were
checked for eligibility and validity prior to analysis. The data
collected in the DRS included information on gender, age,
ethnicity, marital status, educational situation, and region.
Age was divided into < 50 years and ≥ 50 years. Ethnicity
was divided into Mongolian, Han, and other nationalities.
Marital status was divided into married and unmarried.
Unmarried included unmarried, widowed, and divorced.
Educational situation was divided into low and high educa-
tion. Low education included illiterate and primary school;
high education included middle school, college, and universi-
ty. Regions were divided into rural and urban.

Four meteorological parameters were collected from the
Inner Mongolia Statistical Yearbook yearly and included the
average ambient temperature (AT; °C), average hours of
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sunshine (AS; h), average relative humidity (AH; %), and
average monthly precipitation (AP; mm). Means for each pa-
rameter were based on 3-year data (2009, 2010, 2011) from
the 2010, 2011, and 2012 yearbooks (Inner Mongolian
Autonomous Regional Bureau of Statistics 2010, 2011,
2012). Inner Mongolia has four distinct seasons, i.e., spring
(March, April, May), summer (June, July, August), fall
(September, October, November), and winter (December,
January, and February).

Global data describing stroke death number and population
denominators from 192 countries in 2002 were obtained from
theWorld Health Organization website (WHO 2002). We divid-
ed the globe into five temperature zones based on the following
latitude ranges: 0–10, 10–23.5, 23.5–40, 40–50, and > 50° in the
northern and southern hemispheres and allotted a zone to each
country. The nine countries spanning the equator and those span-
ning the four zones of Chile (latitude18–57°) were not used.

Statistical analysis

Pearson’s correlation coefficients were used to assess the cor-
relations between the meteorological data and stroke mortality
in Inner Mongolia. Variations in the seasonal stroke mortality
for the four seasons every 12 months were plotted graphically.
Monthly variations were plotted as histograms separately
from seasonal linear graphs. The annual percentage change
(APC) was used to examine the annual change trends of stroke
mortality. In addition, daily aggregation analysis and the per-
centage of stroke-related deaths in relation to the
sociodemographic characteristics of the population in Inner
Mongolia’s eastern region were examined.

A time series analysis was used to measure the temporal
correlation between temperature and stroke using an average
monthly temperature and monthly mortality in 2009–2011.
The pairwise Granger causality (PGC) test was used to ana-
lyze whether there was a causal correlation between the two
time series variables (temperature and stroke-related death).
Lagged effects of temperature on stroke were also studied
using the Granger causality tests of time series analysis. The
premise of the Granger causality test is that the time series are
stationary. Before the Granger test, the time series was verified
as stationary. In our study, the augmented Dickey–Fuller
(ADF) unit root test was used to examine series stability.
The co-integration test was used to examine the long-term
trend of two time series with the same order using a regression
model to establish the regression equation.

We measured the daily number of stroke deaths in Inner
Mongolia’s eastern region. We collected the highest and low-
est daily temperature in order to calculate the DTR (Easterling
et al. 1997) over a period of 24 h in the weather website
(Tianqi) in 2011–2012. We used a case-crossover analysis to
assess the correlation between DTR and the number of daily
deaths from stroke. We considered the possibility of a time lag

in stroke when a great change in the DTR was observed. The
cases we selected were the number of stroke deaths in 1 day
before death (B1), 2 days ago (B2), 3 days ago (B3), B4, B5,
B6, B7, and B14; the corresponding control groups were the
number of stroke deaths in day after death (A1), 2 days after
(A2), 3 days after (A3), A4, A5, A6, A7, and A14,
respectively.

The data were managed and analyzed using Microsoft
Excel and SPSS 16.0 statistical software. The APC was cal-
culated, Pearson’s correlation analysis, and the data were plot-
ted. EViews 6.0 was used for the time series analysis. A sig-
nificance level of P ≤ 0.05 was considered statistically signif-
icant throughout this study.

Results

Average stroke mortality was calculated to be 123.56/105/year
from 2008 to 2012 at eight monitoring points in which the
SAH mortality was 3.27/105 individuals (2.27%) in all
stroke-related deaths, ICH mortality was 77.61/105 individ-
uals (53.94%), and CI mortality was 59.33/105 individuals
(41.24%). The total stroke data was used in the following
analysis.

The stroke mortality in the eastern region was 174.18/105

individuals (95% confidence interval [CI], 170.47–177.90),
which was twice as that in the midwestern regions, which
was 87.07/105 individuals (95% CI, 84.84–89.30). An in-
crease was observed in mortality for the eastern region
(P < 0.001), with an APC of 5.8% during a 5-year period
(P < 0.05), while it was not observed for the midwestern re-
gion (P = 0.154). The average temperature in the eastern re-
gion during the winter months was 7 °C lower than in the
midwestern region (t = − 3.46, P < 0.001). The correlations
between the meteorological parameters and stroke mortality
in both regions of Inner Mongolia are shown in Table 1. AT
was negatively correlated with stroke mortality for both bivar-
iate and partial correlation analyses for the eastern region from
2008 to 2012. AT, AP, AH, and AS were all shown to have no
correlations with stroke mortality for the midwestern region in
both bivariate and partial correlation analyses (Supplemental
material Fig. 1). The temperature in eastern region declined
year by year from 2008 to 2012, fluctuating around 2.2 °C; the
temperature in midwestern region was relatively stable, fluc-
tuating around 0.8 °C (Fig. 1).

The time series included three steps. The ADF test showed
that the two variables of stroke-related deaths (P = 0.012) and
temperature (P = 0.0011) were fitted to the zero-order integra-
tion, indicating that the two variables were stable. PGC tests
indicated that temperature was correlated with stroke-related
deaths and that a 1- (P = 0.024) or 2-month (P = 0.039) lag in
temperature could affect stroke-related deaths. The co-
integration test showed that R2 = 0.34 after the exclusion of a
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one-order autocorrelation. The regression equation is y^ =
5.40–0.04Х (Supplemental material Tables 1, 2, and 3).

Seasonal and monthly stroke mortalities for the eastern and
midwestern regions of Inner Mongolia are shown in Fig. 2.
The mortality was 45.99/105 individuals in the spring, 35.65/
105 individuals in the summer, 42.12/105 individuals in au-
tumn, and 50.42/105 individuals in the winter in the eastern
region. Mortality was observed to peak in the winter and
trough in the summer (chi-square, 13.634; P < 0.001). In the
midwestern region, the stroke mortality was 23.37/105 indi-
viduals in the spring, 23.30/105 individuals in the summer,
18.24/105 individuals in autumn, and 22.16/105 individuals
in the winter. Mortality was shown to peak in the spring and
trough in autumn (chi-square 53.93; P < 0.001).

In a graphic analysis of the seasonal data, a stroke mortality
trend began in March and ended in February. A description of
the monthly trend started at the beginning of January. In the
eastern region, a decrease in stroke mortality was observed
from January to August, whereas an increase in mortality
was observed from August to December, with a trough in
August. A general decline in stroke mortality was observed
for the midwestern region from January to December.

A daily aggregation analysis indicates that the days in which
there were ten or more stroke-related deaths occurred during
late October to the following early April in the three banners in
the eastern region from 2008 to 2012 (data not shown).

The percentage of stroke-related deaths by season in rela-
tion to the sociodemographic characteristics of the population
in Inner Mongolia’s eastern region in 2008–2012 is shown in
Table 2. The highest percentage of stroke-related deaths oc-
curred in the winter months and the lowest percentage oc-
curred in the summer months, regardless of the
sociodemographic characteristics of the population. The sea-
sonal pattern of the effect of temperature on stroke was not
significantly different among various populations (P < 0.05).

The exposure–response correlation between DTR and the
OR of stroke-related death at 1 day before death lagged day
was determined using the case-crossover analysis and is
shown in Fig. 3. DTR was positively correlated (r = 0.95,
P = 0.004) with stroke-related death when the DTR was great-
er than 13 °C. No association was observed when the DTR
was less than 13 °C.

The global stroke mortality within the five temperature
zones is shown in Fig. 4. The stroke mortality in the southern
hemisphere has a relatively smaller impact on global mortality
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Fig. 1 Temperature changes in
eastern and midwestern of Inner
Mongolia from 2008 to 2012

Table 1 Pearson’s correlation coefficients for stroke andmeteorological
parameters analyzed for the two regions of Inner Mongolia

Bivariate Partial

r P r P

Eastern

AT − 0.899 0.000 − 0.857 0.003

AP − 0.687 0.014 − 0.572 0.108

AH − 0.202 0.529 − 0.596 0.090

AS − 0.51 0.090 0.21 0.588

Midwestern

AT 0.065 0.841 − 0.182 0.639

AP − 0.141 0.663 − 0.098 0.803

AH − 0.427 0.166 − 0.029 0.941

AS 0.307 0.331 0.209 0.589
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as compared with that of the northern hemisphere, as evi-
denced by the almost overlapping mortality curve for the
northern hemisphere with the global mortality curve. The
stroke mortality curve was relatively smooth within the lati-
tude range of 0–40° in the northern hemisphere, representing
48.41–55.62/105 individuals. The same latitude in the south-
ern hemisphere showed a similar mortality curve despite the
seemingly linear upward trend in mortality. Stroke mortality
has an obvious linear upward trend at latitudes > 40°. The

maximummortality included a total of 188.05/105 individuals
at the highest northern latitude (> 50°) and 89.43/105 individ-
uals in the southern latitude range of 40–50°; this range was
used due to a lack of countries located in the southern hemi-
sphere with a latitude > 50° (Supplemental material Fig. 2).

The effect of temperature on stroke was not correlated to
the characteristics of a specific population, including gender,
age, ethnicity, marital status, educational status, and the region
in eastern of Inner Mongolian.
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Fig. 2 Stroke mortality in eastern
and midwestern of Inner
Mongolia by seasons and months

Table 2 Percentage of stroke
death by season for various
populations in Inner Mongolia’s
eastern region from 2008 to 2012

Factors Spring (%) Summer (%) Autumn (%) Winter (%) χ2 P

Gender 2.16 0.54

Male 26.59 20.64 24.14 28.63

Female 26.16 19.67 24.23 29.93

Age 4.16 0.25

< 50 27.93 20.38 21.51 30.18

≥ 50 26.25 20.27 24.49 28.99

Ethnicity 8.66 0.19

Han 26.52 20.26 24.30 28.92

Mongolian 26.09 19.48 22.84 31.58

Other 23.39 27.42 26.61 22.58

Marital status 1.04 0.79

Unmarried 26.28 19.65 24.61 29.46

Married 26.44 20.53 24.06 28.98

Educational status 2.76 0.43

Low 26.70 20.02 24.64 28.64

High 25.62 20.32 23.78 30.28

Regions 5.24 0.15

Rural 27.01 19.87 23.20 29.91

Urban 25.87 20.60 24.94 28.59
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Discussion

The results of our study using data from Inner Mongolia indi-
cate that temperature is the key climatic variable for stroke
occurrence and that as temperatures decrease, stroke-related
deaths increase (Kyobutungi et al. 2005; Díaz et al. 2005;
Donaldson 1997; Phung et al. 2016; Wang et al. 2016; Yang
et al. 2016).

In this study, the temperature during the winter months in
the eastern region is 7 °C lower than that observed for the
midwestern region. Thus, the lower temperature in the eastern
region significantly correlates with an increase in stroke mor-
tality by twice the extent of that for the midwestern region, in
which no correlation was found between temperature and
stroke. Furthermore, temperature was negatively correlated
with stroke mortality in the eastern region. This difference
has also been reported for Sheffield and Norfolk, which are

located at the north and east of England, respectively (Myint
et al. 2007; Talbot 1973). These results suggest that lower
temperatures have a greater effect on stroke-related mortality,
whereas higher temperatures do not.

Using data from the five temperature zones, we found a
negative effect of temperature on stroke mortality at latitudes
> 40°, i.e., the higher the latitude, the higher the stroke mor-
tality. In other words, the lower the temperature, the higher the
stroke mortality in temperate or boreal regions. Lower tem-
peratures in the temperate and boreal regions were associated
with a stroke mortality that was twice as high as what was
observed for the tropical and subtropical regions (126/105

individuals vs. 58/105 individuals). Stroke mortality in the
tropical and subtropical regions of the southern hemisphere
was found to be similar to that of the northern hemisphere.
In the southern hemisphere, an upward trend was observed in
only two countries within the temperate and boreal regions.

Fig. 4 Stroke mortality at five
latitudes in 2002

Fig. 3 The exposure–response
relationships between DTR and
the number of stroke in B1 by the
case-crossover analysis
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Thus, the impact of temperature on stroke in both hemispheres
was found to be consistent. The global data used in our anal-
ysis were derived from stroke deaths from the population
worldwide (rather than regional or sampling). We found min-
imal sampling error and considered the calculated results to be
reliable. Thus, stroke was ultimately associated with low tem-
peratures worldwide. Analysis of the five temperature zones
worldwide also demonstrated that the mortality peaked in the
coldest regions. Temperatures in the tropical and subtropical
regions did not affect stroke mortality. This result suggested
that stroke mortality peaked at the coldest temperatures.

Our analysis of stroke mortality by season revealed that
stroke mortality peaks in the winter in Inner Mongolia. Our
daily aggregation analysis showed that the days in which
stroke-related deaths were greater than ten occurred during a
period in which the coldest temperatures were being
experienced.

Thus, the above findings suggested that cold temperatures
were a factor for stroke mortality, and further strengthened the
hypothesis that the negative correlation between temperature
and stroke is conditional, i.e., temperature affects stroke mor-
tality only in cold regions. Moreover, the effect of temperature
on stroke was not correlated to the characteristics of a specific
population, including gender, age, ethnicity, marital status,
educational status, and the region.

In our current study, the time series analysis also confirmed
that lower temperatures were a reason for stroke-related
deaths, even after a 1- or 2-month lag period. Many studies
have reported a several-day-long lag between temperature var-
iation and stroke occurrence (Díaz et al. 2005; Morabito et al.
2011), while only one study reported a lag of 1 month between
temperature variation and stroke occurrence (Analitis et al.
2008). This lag time reached 2 months in our study. The lag
interval for stroke is generally related to effects on blood vis-
cosity or coagulation (Hong et al. 2003). In more prolonged
periods of cold weather, the lag time also resulted in an in-
crease in cholesterol (Bull et al. 1979). Nevertheless, high
arterial pressure and an increased cholesterol level over a pe-
riod of months or years are also well known to result in an
increase in atheroma. Therefore, increased arterial pressure is
likely to contribute to the slower effects of cold weather–
related cerebral thrombosis (Keatinge et al. 1984; Kannel
et al. 1971). This can explain the lag time of 1–2 months in
mortality detected in this study.

We also found that temperature fluctuations impacted
stroke mortality. It was a reflection of lower temperature in
the colder regions. The influence of DTR on stroke mortality
also had a time lag. A larger DTR in B1 was correlated with an
increase in stroke-related deaths. Our result was consistent
with what was reported from Hong Kong (Tam et al. 2009).
Different lag times of 3–4 days were reported for Shanghai in
China (Chen et al. 2007) and within hours in Boston
(Mostofsky et al. 2014). DTR was correlated with the risk of

stroke-related death and the critical point of DTR differed,
depending on the local climate characteristics. The risk of
stroke-related death increases with an increase in the DTR
when the DTR was greater than 13 °C. Thus, 13 °C was a
critical point in our study of climate conditions, with the DTR
ranging from 2 to 21 °C and the greatest difference in temper-
ature for a year ranging from − 37 to 28.5 °C. The critical
point was 5 °C in Germany (Kyobutungi et al. 2005) with
the greatest difference in temperature for a year ranging from
− 10 to 30 °C. Thus, different temperatures in various regions
have a different lag time with different critical points.

Connor et al. noted that one possible reason for the incon-
sistent findings might be the omission of other meteorological
factors, such as humidity and solar activity (Connor 2002).
Thus, our current study included AH, AS, and AP; however,
no correlation was found between these factors and stroke
mortality. In the last decade, investigations regarding the im-
pact of AH, AS, and AP on stroke showed that these meteo-
rological parameters are not primary contributing factors.

In summary, temperature affected stroke in cold regions in
cold months or seasons. With the increase of temperature, the
influence of temperature on stroke weakened or disappeared
based on the results obtained in Inner Mongolian and at five
latitudes. The effect characteristics of temperature on stroke
death had no crowd specificity. The lag time between the
observed temperature and the stroke death was as long as
2 months. The DTR was below 13 °C with a 1-day lag.
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