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Background: The incidence of ischemic stroke increases in winter. This study aimed to explore the effect of winter temper-
atures on the risk factors, etiology, coagulation, and degree of neurological impairment in patients with isch-
emic stroke using temperature and rainfall data from the Guangzhou Meteorological Bureau during the win-
ter months of December, January, and February.

Material/Methods: We divided 112 patients with ischemic stroke into low-temperature and non-low-temperature groups. The low-
temperature group experienced an average daily winter temperature of <13°C for five consecutive days within
the 14 days before hospital admission and an average temperature of <13°C on admission. The non-low-tem-
perature group experienced an average daily temperature of >13°C in the 14 days before hospital admission
and an average daily temperature of >13°C on admission. Neurological deficits were scored and monitored us-
ing the National Institutes of Health Stroke Scale (NIHSS) and the modified Rankin Scale (mRS) for disability
in stroke. Blood pressure and coagulation indices of prothrombin time (PT) and thromboplastin time (TT) were
recorded.

Results: Compared with the non-low-temperature group, the low-temperature group showed a significantly increased
proportion of patients with hypertension and large artery atherosclerotic stroke, more prolonged PT, and higher
NIHSS scores. However, TT was reduced in the low-temperature group (P<0.05).

Conclusions: When the average winter temperature was <13°C, the risk factors, etiology, coagulation factors, and degree of
neurological impairment of patients with ischemic stroke were significantly different from patients with isch-
emic stroke during warmer temperature.
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Background

Worldwide, hemorrhagic and ischemic stroke results in disabil-
ity and high mortality. Ischemic stroke accounts for between
60-80% of all cases of stroke [1]. According to a World Health
Organization (WHO) report, on average, one person in the United
States dies of a stroke every four minutes [2]. In China, stroke has
become the leading cause of death among urban residents, and
the annual incidence of ischemic stroke is increasing by 8.7% [3].
Currently, risk factors for ischemic stroke include increased age,
hypertension, diabetes, hyperlipidemia, coronary heart disease,
atrial fibrillation, valvular heart disease, obesity, and lack of
physical exercise [4]. Hypertension, defined as a blood pressure
>140/90 mmHg, is the most important risk factor for ischemic
stroke [5]. Epidemiological studies have shown that between
70-80% of patients with ischemic stroke have hypertension [6].

Clinically, prothrombin time (PT) and thromboplastin time (TT)
indicate the function of the coagulation and fibrinolytic sys-
tems. The PT reflects the activity of exogenous coagulation
factors I, II, V, VII, and X, and is the preferred indicator for de-
tecting the effect of oral anticoagulants [7]. A decrease in the
PT can be associated with a congenital increase in coagulation
factor V, hypercoagulable states, thrombotic disease, and the
use of oral contraceptives [8]. The TT is the time required for
blood coagulation after the addition of standardized throm-
bin to the plasma and is mainly used to reflect the function of
the fibrinolytic system. The TT is used as a screening test to
monitor the function of the fibrinolytic system, and a reduced
TT is common in patients with a hypercoagulable state [9].

The incidence of ischemic stroke is significantly increased in
winter, especially when the temperature drops sharply in a cold
period [10,11]. Currently, the pathogenesis of ischemic stroke
remains unclear, but one of the causes may involve a cold-in-
duced increase in blood pressure, hypercoagulation, and fibri-
nolysis. Currently, studies on the relationship between ischemic
stroke and temperature have mainly been epidemiological stud-
ies and have not included studies on the effect of temperature.
Therefore, this study aimed to explore the effect of winter tem-
peratures on the risk factors, etiology, coagulation, and degree of
neurological impairment in patients with ischemic stroke at the
First Affiliated Hospital of Sun Yat-sen University using tempera-
ture and rainfall data from the Guangzhou Meteorological Bureau
during the winter months of December, January, and February.

Material and Methods

Study inclusion and exclusion criteria and study groups

The study was approved by the Medical Ethics Committee of the
First Affiliated Hospital of Sun Yat-sen University. All patients
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included in the study provided consent to participate. The inclu-
sion criteria included patients with a confirmed diagnosis of isch-
emic stroke in accordance with the Fourth National Conference
on Cerebrovascular Diseases, 1995 [12], with focal neurological
signs confirmed using cranial computed tomography (CT) and/or
magnetic resonance imaging (MRI). Patients were admitted to the
hospital for no more than 14 days and completed all the required
clinical examinations. Neurological deficits were scored and moni-
tored using the National Institutes of Health Stroke Scale (NIHSS)
and the modified Rankin Scale (mRS) for disability in stroke.

Patients were excluded from the study if they had a NIHSS
of <1, loss of consciousness, aphasia, or cognitive impairment,
a previous history of stroke or transient cerebral ischemic at-
tack (TIA), cerebral arteritis, aneurysm, or vascular malforma-
tion, acute angina or myocardial infarction, malignant tumor,
chronic renal insufficiency, liver cirrhosis, blood disease, rheu-
matic disease, or other major systems diseases. Patients who
were unwilling to cooperate with the study were excluded.

There were 112 patients with ischemic stroke who were divided
into the low-temperature group and the non-low-tempera-
ture group. The low-temperature group experienced an av-
erage daily winter temperature of <13°C for five consecutive
days within the 14 days before hospital admission and an av-
erage temperature of <13°C on admission. The non-low-tem-
perature group experienced an average daily temperature of
>13°C in the 14 days before hospital admission and an aver-
age daily temperature of >13°C on admission.

Meteorological data

Guangzhou Meteorological Bureau provides specific meteo-
rological data for the nine years from December 1, 2006, to
February 28, 2015, including the average daily temperature,
maximum daily temperature, minimum daily temperature, the
difference in daily temperature, precipitation at 20.00 hours,
average pressure, average relative humidity, and the number
of hours of sunshine. The extent to which the temperature de-
creased or increased from the previous day and two days was
determined according to the differences between the aver-
age daily temperature, maximum daily temperature, and min-
imum daily temperature. Guangzhou is situated in a subtropi-
cal coastal area, with the Tropic of Cancer running through its
central and southern zones. Based on analysis of the criteria for
dividing seasons [13] with winter from December to March and
the traditional Chinese winter of the three months of December,
January, and February, this study assessed patients during the
winter period of the months of December, January, and February.

Previous studies had shown that the incidence of ischemic stroke
increased significantly in autumn and winter when the aver-
age daily temperature was <12.79°C [14]. A three-year study
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conducted between 1998 and 2000 that included 735 patients
with ischemic stroke [15] showed that the incidence of stroke
in winter and spring was significantly higher than in summer
and autumn when the temperature was below the annual av-
erage of 12.8°C. Therefore, for this study, 13°C was chosen as
the cutoff for defining low temperature, an average daily tem-
perature <13°C was defined as low temperature and an average
daily temperature >13°C was defined as a non-low-temperature.

Subtypes of ischemic stroke according to the Trial of Org
10172 in Acute Stroke Treatment (TOAST)

According to the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification [16], the patients were classified into five
types of ischemic stroke: large-artery atherosclerosis (LAA);
cardioembolism (CE); small-vessel occlusion (SVO); stroke of
other determined etiology (SOD); stroke of undetermined eti-
ology (SUD). Patients with CE, SAO, SOD, SUD subtypes were
combined into a non-large artery atherosclerosis (NLAA) group.

Patient assessment methods

The demographic and clinical history of the patients were ob-
tained by reviewing the medical records. Data on the average
daily temperature at the onset of ischemic stroke were col-
lected from the meteorological data. The degree of neurologi-
cal impairment was assessed using the NIHSS, and the modi-
fied Rankin Scale (mRS) for disability in stroke were used. The
blood pressure of the patients was recorded within eight hours
of hospital admission and measurement of coagulation factors
thromboplastin time (TT) and prothrombin time (PT) were de-
termined within 24 hours of hospital admission.

Statistical analysis

Data were analyzed using SPSS version 22.0 software.
Meteorological data, the NIHSS, TT, and PT of each group did
not conform to normal distribution. The median (M) and quar-
tiles (P,,, P,.) were used to describe the risk factors and the
TOAST classification. Meteorological information, NIHSS, TT, PT,
and systolic and diastolic blood pressures were analyzed us-
ing the Mann-Whitney U test because these did not conform
to normal distribution. Risk factors and TOAST classification
were tested using the chi-squared (y?) test. A P-value <0.05
was considered to be statistically significant.

Results

Characteristics of the patients

Among the 112 patients with ischemic stroke who were ad-
mitted to the First Affiliated Hospital of Sun Yat-sen University
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between January 1, 2007, and February 28, 2015, 72 patients
were men, and 40 were women (mean age, 63.59+11.72 years).
They were divided into a low-temperature group (85 cases from
67 days) and a non-low-temperature group (27 cases from
23 days). The neurologists of our hospital scored the degree of
neurological deficit within eight hours of admission according
to the National Institutes of Health Stroke Scale (NIHSS). No
significant differences were found in gender or age between
the two groups (P>0.05).

Clinical and demographic findings

There were no significant differences in the medical history
between the patients in the two study groups for hyperlipid-
emia, diabetes, coronary heart disease, and atrial fibrillation,
and no difference in smoking or drinking behavior between
the patients, indicating that the two groups of patients in this
study were comparable (Table 1). Comparing the daily weather
experienced by the different temperature groups, there was
no statistical differences in daily temperature, temperature
drop from the previous day, temperature drop from the pre-
vious two days, temperature rise from the previous day, tem-
perature rise from the previous two days, the precipitation
at 20.00 hours, the average air pressure, the average relative
humidity, or the number of hours of sunshine. The results are
shown in Table 2.

Risk factors, etiological types, coagulation factors, and
degree of neurological impairment

According to the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification [16], the patients were classified into five
types of ischemic stroke: large-artery atherosclerosis (LAA);
cardioembolism(CE); small-vessel occlusion (SVO); stroke of
other determined etiology (SOD); stroke of undetermined etiol-
ogy (SUD). The proportion of patients with hypertension in the
low-temperature group was 65 (76.5%), which was greater than
that in the non-low-temperature group, which was 14 (51.9%).
The systolic blood pressure of 155 mmHg (140, 169) mmHg
in the low-temperature group was higher than in the non-
low-temperature group of 135 mmHg (120, 150) mmHg. The
diastolic blood pressure of 89 mmHg (80, 96) mmHg in the
low-temperature group was higher than in the non-low-tem-
perature group of 80 mmHg (72, 82) mmHg. The proportion
of cases of LAA in the low-temperature group was higher than
that in the non-low-temperature group (P<0.05), and the pro-
portion of modified Rankin Scale (mRS) scores for disability
in stroke of 0-2 in the low-temperature group was 22 (25.9)
compared with 22 (81.5) for the non-low-temperature group
(P<0.05). The thromboplastin time (TT) in the low-temperature
group was significantly lower than that in the non-low-tem-
perature group (P<0.05). Compared with the non-low-temper-
ature group, the prothrombin time (PT), NIHSS score, systolic
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Table 1. Comparison of the clinical information of the patients with ischemic stroke in the low-temperature group and the non-
low-temperature group.

Parameters Low-temperature group (n=85)  Non-low-temperature group (n=27) P-value

Risk factor (n, %)

Hypertension 65 (76.5) 14 (51.9) 0.02
"""" Diabetes 29 @4y 8 (98 06
"""" Hyperlipidemia 25 (94 7 @s9 o073
"""" Coronary heart disease 7 82 1 @n 04
"""" Atrial fibrilation 2 @& 2 @& o2
"""" Smokng 29 Gan 14 (19 o010
"""" Drinking 20 @5 6 @2 08
CTOAST classification (n,%) 002
"""" w e @9 13 @y
"""" NAA 23 @y o1& sl
CmRSscores (n,%) 001
"""" 2 2@ 25
"""" s e (@av 5.8

Data are expressed as number (%). LAA — large artery atherosclerosis; NLAA — non-large artery atherosclerosis; mRS — modified Rankin
Scale; TOAST — Trial of Org 10172 in Acute Stroke Treatment classification [16].

Table 2. Comparison of the weather information for the low-temperature group and the non-low-temperature group of patients with
ischemic stroke.

Low-temperature group Non-low-temperature group

Parameters (n=85) (n=27) P-value
Mean daily temperature on admission (°C) (P,, P,,) 11.00 (9.20, 12.10) 19.00 (16.70, 20.60) <0.01
Mean daily temperature difference (°C) (P,,, P,,) 8.40 (5.50, 12.55) 7.10 (4.90, 10.40) 0.23
Mearl temperature drop difference with the previous 8.70 (5.20, 11.50) 8.70 (470, 9.90) 0.25
dayCQCyP T T
Mean temEerature drop difference with the previous 8.60 (4.90, 10.90) 8.20 (5.50, 10.00) 073
two days (°C) (P,,, P,,)
Meano temperature rise difference with the previous 8.80 (5.40, 12.75) 720 (5.50, 8.60) 0.09
dayCoCyP T T
Mean temEerature rise difference with the previous 8.40 (5.50, 12.55) 270 (6.40, 9.20) 021
two days (°C) (P,,, P,,)
Mean rainfall at 20: 00 hrs (0.1 mm) (P,,, P,.) 0 (0, 16) 0 (0, 5) 0.82
Mean pressure (0.1 hPa) (st' P..) 10146 (10121, 10169) 10123 (10103, 10161) 0.07
Mean relative humidity (%) (P,,, P,.) 68 (59, 80) 69 (60, 82) 0.59
Mean hours of sunshine (0.1 h) (P,,, P,,) 29.0 (0.0, 81.5) 64.0 (9.0, 86.0) 0.07

Data are expressed as median (M) and quartiles (P,,, P,.). Temperature drop difference with the previous day=the previous day
maximum temperature—present day minimum temperature. Temperature drop difference with the previous two days=the previous
two day’s maximum temperature—present day’s minimum temperature. Temperature rise difference with the previous day=present
day’s maximum temperature—previous day’s minimum temperature. Temperature rise difference with the previous two days=present
day’s maximum temperature—previous two day’s minimum temperature.
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Table 3. Comparison of systolic blood pressure (mmHg), diastolic blood pressure (mmHg), National Institutes of Health Stroke Scale
(NIHSS), thromboplastin time (TT), and prothrombin time (PT) for the low-temperature group and the non-low-temperature
group of patients with ischemic stroke.

Low-temperature group Non-low-temperature group

Parameters (n=85) (n=27) P-value

Median systolic blood pressure (mmHg) (P,,, P..) 155 (140, 169) 135 (120, 150) <0.01
 Median diastolic blood pressure (mmHg) (P, P,) 89 @9 80 (o8 001
Median NHSS score (P, P) 60 (40,105 50 (2590 0o0a
MedanTI®) ®P) 173 (61,183 187 (176195 001
Median PT@M) PP 120 (14126 113 (105121 001

Data are expressed as median (M) and quartile (P,,, P,.); NIHSS — National Institutes of Health Stroke Scale; TT — thromboplastin time;

PT — prothrombin time.

blood pressure, and diastolic blood pressure in the low-tem-
perature group were significantly higher (P<0.05). These re-
sults are shown in Tables 1 and 3.

Discussion

Ischemic stroke, also known as cerebral infarction, is mainly
caused by insufficient blood and oxygen supply to the brain,
and the resulting damage to brain tissues results in structural
and functional disorders as well as in neurological impairment.
The incidence and mortality rates of ischemic stroke increase
significantly in cold winter [17,18]. A three-year study conducted
in the Biya River, Poland, included 1,173 patients with ischemic
stroke and showed that the incidence increased significantly
in December and was lowest in August and September [17].
In 2007, a review of the incidence of ischemic stroke and mete-
orological data in Shenzhen, China from 2003 to 2005 showed
that cold was the main meteorological association in Shenzhen
residents, and with the decrease in temperature, the incidence
of ischemic stroke increased, especially among women and pa-
tients <65 years [20]. Ischemic stroke has been previously re-
ported to be associated with low temperatures, and every 1°C
fall in temperature below the average daily temperature was
associated with a 3.9% increase in incidence [21].

The findings of the present study showed that, when com-
pared with the non-low-temperature group, the low-temper-
ature group showed significantly more severe neurological
impairment (P<0.05). Also, low temperatures increased the in-
cidence of stroke. However, the pathogenesis of the relation-
ship between low temperature and ischemic stroke remains
unclear, but it may be due to vasoconstriction and increased
blood pressure vascular congestion and edema that results
from the cold [22]. Long-term hypertension can lead to reduced
blood coagulation and fibrinolysis and resulting in intravascular
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thrombosis [23]. Chronic hypertension is also a cause of ce-
rebral artery atherosclerosis leading to ischemic stroke [24].

There is evidence that low temperature can lead to hyperten-
sion. A two-year observational study that included 57,375 peo-
ple showed that blood pressure in January was significantly
higher than that in July (P<0.05), and the average blood pres-
sure increased by 6.9/2.9 mmHg with the decrease of ambient
temperature by 10°C [25]. A study of blood pressure in 213 vol-
unteers for three consecutive years showed that systolic blood
pressure decreased by 0.4 mmHg and the diastolic blood pres-
sure decreased by 0.28 mmHg for each temperature increase
of 1°C when the ambient temperature was »>10°C [26]. An an-
imal study showed that blood pressure, heart rate, and blood
viscosity of spontaneous hypertensive rats (SHR) increased af-
ter cold stimulation (P<0.05) [27].

The findings of the present study showed that the blood pres-
sure of the low-temperature group was higher than that of
the non-low-temperature group (P<0.05). [28] There are sev-
eral possible explanations for these findings. Cold can lead to
the upregulation of vasoconstriction-associated molecules,
including adrenaline, noradrenaline, and renin, which induce
peripheral vasoconstriction, increase peripheral vascular resis-
tance, and increase blood pressure [28]. Also, cold can lead to
decreased production of vasodilator molecules, including ni-
tric oxide (NO), which results in increased blood pressure [28].

In 1993, the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification [16], identified five types of ischemic
stroke, which were used to group the patients in this study
as large-artery atherosclerosis (LAA). The TOAST subgroups
included cardioembolism (CE); small-vessel occlusion (SVO);
stroke of other determined etiology (SOD); stroke of undeter-
mined etiology (SUD) [16]. The findings from a four-year ret-
rospective study involving 442 patients with ischemic stroke
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with an average follow-up time of 3.2 years showed that the
recurrence rate of stroke at 30 days was significantly differ-
ent in the LAA group (P<0.001), who had the highest recur-
rence rate of 18.5% (95% Cl, 9.4-27.5%) [29]. A study con-
ducted between 2011 to 2014 showed that the proportion of
LAA in patients with ischemic stroke was significantly greater
than in other types of stroke (P<0.05), and the incidence of hy-
pertension in patients with LAA was higher than that in other
types of stroke [30]. Our results showed that the proportion
of patients with LAA in the low-temperature group was sig-
nificantly higher than that in the non-low-temperature group
(P<0.05), which was consistent with previously published find-
ings. It is possible that low temperature can induce the in-
crease of red blood cells and platelets, promote the increase
of blood viscosity, platelet adherence and activation, leading
to thrombosis [31].

The prothrombin time (PT) not only reflects the activity of ex-
ogenous coagulation factors I, II, V, VI, and X but can also re-
flect the level and activity of prothrombin in the plasma [32,33].
PT is a screening test used to examine the function of the ex-
ogenous coagulation system and is also an important detec-
tion index for clinical anticoagulation therapy. Ischemic stroke
is a thrombotic disease, and PT can be expected to be reduced
at low temperatures. However, the increase in PT in patients
with ischemic stroke may be explained by several mechanisms.
First, during thrombosis, a large number of exogenous coagula-
tion factors that included factors I, Il, V, VII, and X are consumed
and the rate of synthesis of blood coagulation factors is lower
than the consumption in the liver. The plasma of patients with
exogenous coagulation factors is therefore decreased, resulting
in a prolonged PT. Second, there is a fibrinolytic system in the
body that opposes the coagulation system, and after the forma-
tion of thrombus, the fibrinolytic system plays a protective role.
Platelets can accumulate at sites of vascular disease, and the
activity of the fibrinolytic system releases thrombin releasing
into the blood that enhances coagulation activity and promotes
thrombosis. In a previously published study of 120 patients with
ischemic stroke that compared the blood coagulation indicators
with 30 healthy people, the results showed that among the pa-
tients with ischemic stroke, the PT was significantly higher than
that in the normal control group [34]. These previous findings
were consistent with the results of the present study.

The thromboplastin time (TT) is a screening test that measures
the time to convert fibrinogen to fibrin. The TT of patients
with cerebral infarction was previously shown to be signifi-
cantly reduced, and levels of fibrinogen were significantly in-
creased (P<0.01) [35]. In the present study, the TT in the low-
temperature group was significantly lower than that in the
non-low-temperature group (P<0.05), and the degree of neu-
rological impairment was significantly greater (P<0.05), indi-
cating that TT could be used as an additional clinical index in
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ischemic stroke. Timely measurement of coagulation factors
in patients with ischemic stroke is helpful in the early iden-
tification of a hypercoagulable state, to monitor active treat-
ment, and may be a prognostic marker of disease severity.

Low temperatures can affect the coagulation and fibrinoly-
sis systems and promote the formation of a hypercoagulable
state. A previously published animal study [36] showed that
low temperature could significantly reduce the TT in mice and
increase platelet aggregation (P<0.05). Other animal experi-
ments [37] have shown that low temperature can alter the reg-
ulation of the balance between coagulation and fibrinolysis.
A change in the levels of the thrombin-antithrombin complex
and the balance between fibrinolytic and antifibrinolytic fac-
tors may promote the occurrence of stroke. The results of this
study showed that the TT in the low-temperature group was
significantly reduced compared with the non-low-tempera-
ture group (P<0.05), which was consistent with the findings
from previous studies.

This study had several limitations. First, the patient data in this
study were obtained from a single center, the First Affiliated
Hospital of Sun Yat-sen University, which may have introduced
study bias. Second, this study measured coagulation factors
in the patients on hospital admission but did not follow-up
the changes in coagulation through the course of the disease.
Therefore, the findings from this study require validation with
large-scale multicenter controlled studies.

Conclusions

The aim of this study was to investigate the effect of winter tem-
peratures on the risk factors, etiology, coagulation, and degree
of neurological impairment in patients with ischemic stroke us-
ing temperature and rainfall data during the winter months of
December, January, and February. The findings showed that when
the average winter temperature was <13°C, the risk factors, eti-
ology, coagulation factors, and degree of neurological impair-
ment of patients with ischemic stroke were significantly different
from patients with ischemic stroke during warmer temperature.
Temperature is an important factor to consider in the management
of patients with ischemic stroke, and low temperature should be
considered as a risk factor associated with reduced prognosis.
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