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Sex-related differences in the clinical presentation and outcomes of stroke patients are
issues that have attracted increased interest from the scientific community. The present
study aimed to investigate sex-related differences in the risk factors for in-hospital mortality
and outcome in ischemic stroke patients.

Methods
A total of 4278 acute ischemic stroke patients admitted to a stroke unit between January 1,
2007 and December 31, 2014 were included in the study. We considered demographic
characteristics, clinical characteristics, co-morbidities, and complications, among others, as
factors that may affect clinical presentation and in-hospital mortality. Good and poor outcomes were defined as modified Ranking Score (mRS)≦2 and mRS>2. Neurological deterioration (ND) was defined as an increase of National Institutes of Health Stroke Score
(NIHSS)  4 points. Hemorrhagic transformation (HT) was defined as signs of hemorrhage
in cranial CT or MRI scans. Transtentorial herniation was defined by brain edema, as seen
in cranial CT or MRI scans, associated with the onset of acute unilateral or bilateral papillary
dilation, loss of reactivity to light, and decline of  2 points in the Glasgow coma scale score.

Results
Of 4278 ischemic stroke patients (women 1757, 41.1%), 269 (6.3%) received thrombolytic
therapy. The in hospital mortality rate was 3.35% (139/4278) [4.45% (80/1757) for women
and 2.34% (59/2521) for men, p < 0.01]. At discharge, 41.2% (1761/4278) of the patients
showed good outcomes [35.4% (622/1757) for women and 45.2% (1139/2521) for men]. Six
months after stroke, 56.1% (1813/3231) showed good outcomes [47.4% (629/1328) for
women and 62.2% (1184/1903) for men, p < 0.01]. Atrial fibrillation (AF), diabetes mellitus,
stroke history, and old age were factors contributing to poor outcomes in men and women.
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Hypertension was associated with poor outcomes in women but not in men in comparison
with patients without hypertension. Stroke severity and increased intracranial pressure were
associated with increased in-hospital mortality in men and women. AF was associated with
increased in-hospital mortality in women but not in men compared with patients without AF.

Conclusion
The in-hospital mortality rate was not significantly different between women and men. Functional outcomes at discharge and six months after stroke were poorer in women than in
men. Hypertension is an independent factor causing poorer outcomes in women than in
men. AF is an independent factor affecting sex differences in hospital mortality in women.

Introduction
Stroke is one of the leading causes of death and disability in the world. Even in developed
countries, the in-hospital mortality in stroke patients is 3%–11% [1–3]. The in-hospital death
rate and poor outcome rate in hemorrhage stroke patients is significant higher than in ischemic stroke patients. However, the in-hospital death rate still 4.7% and poor outcome rate is
43.8% in ischemic stroke patients[2].
Current treatments for stroke have evolved from being fairly conservative to very active
[4, 5]. Despite advances in the treatment of stroke patients, however, the mortality rate of the
disease remains high [5]. Identifying a patient’s risk of mortality at admission could help physicians provide valuable prognostic information to patients and their families and identify
patients who are at high risk for poor outcomes and may thus require more intensive treatment
[6]. Several studies have reported sex differences in the management of patients with ischemic
stroke. Compared with men, women have been found to be more likely to receive, in the acute
phase, less aggressive therapy and, in general, reduced diagnostic and therapeutic procedures
[7–9]. Recent research has also reported racial and gender differences in stroke severity and
clinical outcomes [10]. Females suffered from more severe strokes, had higher short-term mortality [7, 11, 12], and were subjected to different management techniques in comparison with
males. Thus, poor outcomes in women may be related to differences in stroke management in
the acute phase. However, other studies found no differences in outcomes based on sex after
controlling for other factors [13–15]. A few studies revealed that female patients had lower mortality rates than men [16, 17]. While most studies included covariates in their analyses, the factors attributed to sex differences in terms of outcomes and fatality remain unknown, and
further investigation of sex differences in factor affecting the outcomes of stroke patients is warranted. Because women have longer life expectancies and much higher incidence rates of stroke
at an older age than men, the number of strokes in the former is higher than that in the latter
[7]. As the impact of stroke is higher in women than that in men, investigating differences in
strokes between men and women is necessary. In this work, we aimed to investigate sex differences in the risk factors for in-hospital fatality and the factors affected clinical outcome.

Method
Data collection
Data were collected during stroke registration from patients with acute ischemic stroke admitted to the stroke unit of a teaching hospital between January 1, 2007 and December 31, 2014.
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Our hospital is a 1000-bed acute-care teaching hospital in southern Taiwan. The hospital has a
stroke unit helmed by a neurologist with expertise in strokes. The study was approved by the
research ethics board of the hospital, and written informed consent was obtained from the
patients or their families before data collection. Trained neurology research nurses recruited
and registered the data of consecutive patients with acute stroke or transient ischemic attack
based on chart reviews and patient or family interviews. All patients with acute neurological
symptoms were initially attended to in the emergency department. After neurological evaluation, cranial computed tomography (CT) scan, or magnetic resonance imaging (MRI), the
patients were admitted to the stroke unit, which is part of the Department of Neurology. Fasting blood sugar, cholesterol, and triglycerides were recorded on the day following admission,
and neurological examinations were performed every day.
During hospitalization, stroke management was performed according to the guidelines of
stroke management in Taiwan[18]. The National Institutes of Health Stroke Score (NIHSS)
and the modified Rankin score (mRS) were used to evaluate stroke severity and functional
outcomes, respectively. CHADS2 Score was used for stroke risk evaluation [19]. We evaluated functional outcomes at discharge and six months after stroke onset. Neurological deterioration (ND) was defined as an increase of  4 points in the NIHSS [20], and good and
poor outcomes were defined as mRS  2 and mRS > 2, respectively. Stroke was classified as
large-artery atherosclerosis (LAA), cardioembolic stroke (CE), small vessel occlusion (SVO),
undetermined etiology (UN), and other determined etiology (OD) according to the Trial of
Org 10172 in Acute Stroke Treatment (TOAST) criteria [21]. The five subtypes of strokes
included LAA (n = 1141), SVO (n = 1485), CE (n = 604), UN (n = 1039), and OD (n = 9).
Only patients with ischemic stroke were included in the current study, and patients presenting transient ischemic attack, intracerebral hemorrhage, or subarachnoid hemorrhage were
excluded. Other exclusion criteria were not applied during patient selection in the present
study. The following information was recorded for each patient: demographic data (age, sex,
and body mass index), vascular risk factors [hypertension, diabetes mellitus, atrial fibrillation
(AF), hyperlipidemia, smoking, and heart disease], stroke score (NIHSS), neuroimaging,
carotid duplex, and outcome. Variables affecting stroke outcome were assessed. Age was categorized as < 65, 65–74, 75–84, or > 85 years. Hypertension was defined by a systolic blood
pressure of  140 mmHg, diastolic blood pressure of > 90 mmHg, self-reported history of
hypertension, or use of an antihypertensive agent. Diabetes mellitus was defined in terms
of elevated fasting blood glucose over 126mg/dl or hemoglobin A1C level over 6.5%, selfreported patient history of diabetes mellitus, or regular use of anti-diabetic medications. AF
was defined in terms of history or identification of AF from an electrocardiogram. Hyperlipidemia was defined in terms of total serum cholesterol levels of > 200 mg/dL or low-density
lipoprotein levels of > 130 mg/dL, as measured during the acute stage of stroke. Heart disease was defined by a history of ischemic heart disease or congestive heart failure. Increased
intracranial pressure (IICP) was defined by the evidence of brain edema, mass effect, or
brain shift syndrome in cranial CT or MRI scans, showing association with clinical deterioration [16]. Transtentorial herniation was defined by brain edema, as seen in cranial CT or
MRI scans, associated with the onset of acute unilateral or bilateral papillary dilation, loss of
reactivity to light, and decline of  2 points in the Glasgow coma scale score [7]. Hemorrhagic transformation (HT) was defined as signs of hemorrhage in cranial CT or MRI scans
[13]. Outcome variables included infection, cardiac or vascular events, and respiratory disease. The study was approved by the research ethics board of the hospital (CYCH-IRB:
096022) and written informed consent was obtained from the patients or their families
before data collection.
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Statistical analyses
Chi-square and independent (student’s) t-tests were employed for univariate analysis, MannWhitney U test was used for CHADS2 analysis; a p value of < 0.05 was considered statistically
significant. Logistic regression was used to identify independent risk factors of in-hospital
mortality. Multivariable logistic regression was used as the independent risk factor for stroke
severity, ND, HT, and stroke outcome. Analysis was performed using MedCalc statistical software version 12.3 (MedCalc Software, Ostend, Belgium).

Results
Background characteristics
From January 1, 2007 to December 31, 2014, 4278 stroke patients were admitted to the hospital. The characteristics of these patients are presented in Table 1. The mean age was 69.9 years
(men, 68.29 years; women, 72.18 years), and 1757 (41.1%) of the patients were women. Female
patients were generally older than males. Comorbid conditions and stroke severity, as defined
by the NIHSS, are given in Table 1. While women were more likely than men to have diabetes,
hypertension, AF, and hyperlipidemia, men were more likely than women to report a history
of smoking and stroke. On admission, women presented more severe neurological deficits
than men. Severe stroke (NIHSS score > 15 on admission) was more prevalent in women than
in men (20.9% vs. 13.1%, p < 0.01), and women had a higher frequency of CE and lower frequency of LAA than men. In the patients with atrial fibrillation, the CHADS2 Score was higher
in women then in men [Median 2 (2–3) in women, 2 (1–3) in men, p < 0.01]. During hospitalization, no sex difference was observed in terms of frequency of thrombolytic therapy (6.4%
vs. 6.1%, p = 0.7). In-hospital mortality rates were higher in women than in men [4.55% (80/
1757) vs. 2.34% (59/2521), p < 0.0001], and neurological deterioration was more frequent in
the former than in the latter (9.9% vs. 6.0%, p < 0.01). The risk of IICP was significantly higher
in patients with AF than in patients without AF [13.2% (101/766) vs. 1.7% (59/3512), p <
0.001]. In the patients with LAA, the risk of IICP was not different between male and female
patients [3.0% (21/710) for men and 3.5% (15/431) for women, p = 0.61]. In patients with CE,
the risk of IICP did not differ between male and female patients [11.5% (35/304) for males and
16.0% (48/300) for females, p = 0.12]. However, the risk of IICP was significantly higher in CE
patients than in LAA patients [13.7% (83/604) for CE and 3.2% (36/1141) for LAA, p < 0.001].

Sex difference in clinical outcomes
Univariate analysis revealed that in-hospitality mortality rates were higher in women than in
men (P < 0.01). After adjusting for age, stroke severity, and stroke risk factor, in-hospital mortality rates were similar between women and men (odds ratio 1.13, 95% CI 0.66–1.93). Univariate analysis further revealed that an age greater than 75 years increased the risk of in hospital
mortality in women but not in men. AF, stroke severity (NIHSS > 15), and IICP increased the
risk of in-hospital mortality in both sexes. Cardioembolism stroke increased the risk of in-hospital mortality in women but not in men (Table 2). In patients with AF, female patients had a
higher risk of IICP than their male counterparts [15.9% (62/391) in women and 10% (37/369)
in men, p = 0.02]. At discharge, 41.2% (1761/4278) of the patients showed good outcomes
[35.4% (622/1757) of women and 45.2% (1139/2521) of men] (Fig 1, S1 Table). Six months
after stroke, 56.1% (1813/3231) of the patients showed good outcomes [47.4% (629/1328) for
women and 62.2% (1184/1903) for men, p < 0.01] (Fig 2, S2 Table). After adjust age and stroke
risk factors, multivariate analysis showed that severe stroke (NIHSS > 15) and IICP increased
the risk of in-hospital mortality in both men and women. AF increased the risk of in-hospital
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Table 1. Patient characteristics stratified by sex.
Characteristics

Total (n = 4278)

Women (n = 1757)

Men(n = 2521)

P

69.89 (12.12)

72.18 (12.18)

68.29 (11.81)

<0.01

<65

1348 (31.5%)

430 (24.5%)

918 (36.4%)

<0.01

65–74

1243 (29.1%)

483 (27.5%)

760 (30.1%)

75–84

1273 (29.8%)

603 (34.3%)

670 (26.6%)

>85

414 (9.7%)

241 (13.7%)

173 (6.9%)

Smoking

1825 (42.7%)

39 (2.21%)

1786 (70.8%)

<0.01

Age, mean(SD), years
Age (years)

Comorbidity
Diabetes mellitus

1877 (43.9%)

818 (46.6%)

1059 (42.1%)

<0.01

Hypertension

3447 (80.8%)

1488 (84.9%)

1959 (77.9%)

<0.01

Atrial fibrillation

766 (17.9%)

393 (22.4%)

373 (14.8%)

<0.01

Previous stroke

1180 (27.6%)

453 (25.8%)

727 (28.9%)

0.03

Hyperlipidemia

1847 (43.5%)

814 (46.9%)

1033 (41.2%)

<0.01

2 (1–3)

2 (1–3)

2 (1–3)

<0.01

<5

1908 (44.6%)

718 (40.9%)

1190 (47.2%)

<0.01

5–15

1673 (39.1%)

673 (38.3%)

1000 (39.7%)

16–25

444 (10.4%)

219 (12.5%)

225 (8.9%)

>25

253 (5.9%)

147 (8.4%)

106 (4.2%)

160 (3.7%)

81 (4.6%)

79 (3.1%)

CHADS2 score
Median (IQR)
Stroke severity (NIHSS)

IICP
Rt-pa

269(6.3%)

107(6.1%)

162(6.4%)

0.01
0.65

Stroke subtype
LAA

1141 (26.7%)

431 (24.5%)

710 (28.2%)

CE

604 (14.1%)

300 (17.1%)

304 (12.1%)

SVO

1485 (34.7%)

592 (33.7%)

<0.01

893 (35.4%)

UN

1039 (24.3%)

428 (24.4%)

611 (24.2%)

OD

9 (0.2%)

6 (0.3%)

3 (0.1%)

HT

206 (4.8%)

94 (5.4%)

112 (4.4%)

0.17

ND

327 (7.6%)

174 (9.9%)

152 (6.0%)

<0.01

Fatality

139(3.35%)

80(4.55%)

59 (2.34%)

<0.01

Functional outcome
Good (NIHSS≦2)
Poor (NIHSS>2)

1761(41.2%)
2517(58.8%)

622 (35.4%)
1135 (64.6%)

1139 (45.2%)
1382 (54.8%)

<0.01

SD: standard deviation, NIHSS: National Institutes of Health Stroke Score, IICP: increase intracranial pressure, Rt-Pa: thrombolytic therapy with
recombined tissue plasminogen, LAA: large-artery atherosclerosis, CE: cardioembolic stroke, SVO: small vessel occlusion, UN: undetermined etiology, OD:
other determined etiology, HT: hemorrhagic transformation, ND: neurological deterioration, IQR: interquartile range.
https://doi.org/10.1371/journal.pone.0185361.t001

mortality in women but not in men. Compared with LAA patients, female CE patients had
lower risks of in-hospital mortality but not male CE patients (Table 2). AF increased the risk of
stroke severity, ND, HT, and poor outcomes in both sexes. Patients with a history of stroke
showed increased risks of severe stroke and poor outcomes, regardless of sex, as well as increased risk of HT in men but not in women. Patients older than 75 years were demonstrated
increased risk of ND and poor outcome in both sexes. Old age was also associated with
increased stroke severity in women. Diabetes mellitus was associated with increased risk of HT
in men and poor outcomes in both men and women. Hypertension was associated with poor
outcomes in women but not in men (Table 3).
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Table 2. Risk factors for in-hospital mortality: Multivariate analysis stratified by sex.
Total (n = 4278)
Characteristics
Total

% died at
discharge

OR (95%CI)

Women (n = 1756)
P

3.2

% died at
discharge

OR (95%CI)

Men (n = 2521)
P

4.6

% died at
discharge

OR (95%CI)

P

2.3

Age group, y
<65

1.8

1

1.9

1

65–74

2.6

1.19 (0.61–
2.14)

0.59

2.7

1.09 (0.38–
3.14)

0.88

2.5

1.28 (0.57–2.89) 0.55

75–84

4.2

1.64 (0.90–
2.99)

0.14

6.0

1.80 (0.70–
4.61)

0.22

2.5

1.34 (0.58–3.08) 0.50

>85

7.2

1.35 (2.49–
7.46)

0.40

9.5

1.28 (0.06–
3.56)

0.64

4.0

1.24 (0.42–3.68) 0.70

1.7

1

Smoking
No

4.1

1

Yes

2.1

0.94 (0.60–
1.48)

4.6

1

0.8

1.7

0.33 (0.04–
3.04)

4.9

1

0.77

4.0

0.85 (0.48–
1.50)

3.8

1

0.94

4.7

1.52 (0.62–
3.72)

2.1

1

0.01

13.0

2.84 (1.38–
5.85)

4.2

1

0.05

5.3

0.64 (0.35–
1.18)

5.1

1

0.23

3.2

0.89 (0.50–
1.59)

2.8
0.30

2.2

1
1.10 (0.61–2.21) 0.66

Comorbidity
Diabetes
mellitus
No

3.3

1

Yes

3.2

0.94 (0.62–
1.43)

2.2
0.58

2.5

1
1.02 (0.54–1.94) 0.94

Hypertension
No

3.3

1

Yes

3.2

0.98 (0.58–
1.66)

No

1.8

1

Yes

9.7

1.95 (1.16–
3.30)

3.1
0.36

2.1

1
0.73 (0.36–1.45) 0.36

Atrial fibrillation
1.7
<0.01

6.2

1
1.39 (0.63–3.08) 0.42

Stroke history
No

3.2

1

Yes

3.4

0.64 (0.40–
1.00)

2.4
0.15

2.2

1
0.59 (0.29–1.17) 0.13

Hyperlipidemia
No

3.8

1

Yes

2.2

0.77 (0.50–
1.19)

2.9
0.69

1.5

1
0.60 (0.30–1.22) 0.16

NIHSS
≦5

0.6

1

0.8

1

6–15

1.0

1.35 (0.59–
3.06)

0.50

1.2

1.20 (0.37–
3.87)

0.76

0.8

16–25

9.7

7.79 (3.68–
16.48)

<0.01

10.0

6.07 (2.080–
17.70)

<0.01

9.3

10.10 (3.39–
30.07)

<0.01

>25

27.3

22.24 (10.17–
47.52)

<0.01

29.9

17.9 (6.09–
52.67)

<0.01

23.6

24.48 (9.46–
85.78)

<0.01

2.8

1

1.5

1

40.7

4.76 (2.43–
9.36)

29.1

7.12 (3.48–
14.58)

5.1

1

3.0

1

0.4

1
1.42 (0.44–4.70) 0.55

IICP
No

2.0

1

Yes

35.0

5.94 (3.66–
9.62)

3.8

1

<0.01

<0.01

<0.01

Stroke type
LAA

(Continued)
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Table 2. (Continued)
Total (n = 4278)
Characteristics

Women (n = 1756)

% died at
discharge

OR (95%CI)

P

CE

7.6

0.46 (0.25–
0.86)

0.01

SVO

0.2

0.12 (0.03–
0.53)

<0.01

UN

4.4

0.91 (0.55–
1.50)

0.70

OD

11.1

10.14 (1.16–
96.89)

0.04

% died at
discharge

Men (n = 2521)

OR (95%CI)

P

% died at
discharge

0.35 (0.15–
0.81)

0.01

5.3

0.59 (0.23–1.51) 0.27

0.3

0.23 (0.05–
1.06)

0.06

0.1

<0.01
(<0.01-NA)

6.1

0.76 (0.37–
1.58)

0.46

3.3

1.04 (0.51–2.13) < .01

10.0

0

0.01<
(<0.01-NA)

1

33.3

OR (95%CI)

56.30(4.32–
734.59)

P

0.99

<0.01

IICP: increase intracranial pressure, LAA: large-artery atherosclerosis, CE: cardioembolic stroke, SVO: small vessel occlusion, UN: undetermined etiology,
OD: other determined etiology, RO: odds ratio, CI: confidence interval.
https://doi.org/10.1371/journal.pone.0185361.t002

Discussion
In this study, stroke onset occurred at an older age in women compared with that in men. The
mean ages of stroke onset were 72.18 years for women and 68.29 years for men. While the
mean age of stroke onset and the age difference between men and women were consistent
with the results in the literature [8, 11–13, 22], our results differed from those of a study conducted in China, which demonstrated stroke onset occurring at an older age in men compared
with that in women [14]. A study by Wang et al. showed that the mean age of stroke onset in
women was 64 ± 12 years, but our study revealed the mean age of stroke onset in women to be
72.18 ± 12.18 years. The age of stroke onset in men did not differ significantly between these

Fig 1. Functional outcome at discharge, according to score on the modified Rankin scale. The figure
shows the distribution of Scores on the modified Ranking Scale at discharge. Scores on the Modified Ranking
Scale range from 0 to 6, with 0 indicating no symptoms, 1 without clinical disability, 2.mild disability, 3.
moderate disability, 4. moderately severe disability, 5. severe disability, 6. death.
https://doi.org/10.1371/journal.pone.0185361.g001
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Fig 2. Functional outcome at discharge, according to score on the modified Rankin scale. The figure
shows the distribution of Scores on the modified Ranking Scale at 6 months after stroke. Scores on the
Modified Ranking Scale range from 0 to 6, with 0 indicating no symptoms, 1 without clinical disability, 2.mild
disability, 3. moderate disability, 4. moderately severe disability, 5. severe disability, 6. death.
https://doi.org/10.1371/journal.pone.0185361.g002

two studies (68.29 ± 11.81 vs. 68 ± 11). According to the TOAST criteria, previous studies
report that women are more likely to have cardioembolic stroke and that men are more likely
to have large artery atherosclerosis or small vessel disease [9, 23]. Similar to previous studies,
in our study, CE accounted for 17.1% of all strokes among women (vs. 12.1% among men).
Our findings show that stroke severity was higher in women than in men. The proportion of
severe strokes (NIHSS > 15) in women was 20.9% (228/1757) while that in men was 13.1%
(185/2521). This result is identical to findings in previous studies [11, 12, 22, 24]. In our study,
female patients were more likely to show risk factors of stroke, such as diabetes mellitus,
Table 3. Factors affect clinical course in ischemic stroke patients: Multivariate analysis stratified by sex.
Variable
(Patient
number)

Severity (p, 95% CI)

ND (p, 95% CI)

HT (p, 95% CI)

F

M

F

DM (F:818,
M:1059)

0.17
(0.92*1.55)

0.04
(1.01*1.67)

0.17
(0.92*1.55)

0.04
(1.01*1.67)

0.87
(0.66*1.61)

0.03
(1.22*2.76)

<0.01
(0.59*0.91)

<0.01
(0.68*0.85)

HTN (F:1488,
M:1959)

0.13
(0.53*1.08)

0.47
(0.66*1.20)

0.13
(0.53*1.08)

0.47
(0.66*1.20)

0.03
(1.06*4.89)

0.10
(0.43*1.07)

0.05
(0.56*1.0)

0.57
(0.77*1.15)

Lipid (F:814,
M:1033)

0.09
(0.61*1.03)

0.31
(0.68*1.13)

0.09
(0.01*1.03)

0.31
(0.68*1.13)

0.02
(0.37*0.94)

0.17
(0.88*1.99)

0.71
(0.83*1.28)

0.53
(0.80*1.12)

Af (F:393,
M:373)

<0.01
(3.72*6.34)

<0.01
(3.44*5.88)

<0.01
(3.72*6.34)

<0.01
(3.44*5.88)

<0.01
(3.56*8.90)

<0.01
(3.98*8.99)

<0.01
(0.28*0.52)

<0.01
(0.44*0.73)

Prior stroke
(F:453, M:727)

<0.01
(1.34*2.31)

0.01
(1.17*1.94)

<0.01
(1.34*2.31)

0.01
(1.17*1.94)

0.40
(0.76*1.92)

0.28
(0.37*0.94)

<0.01
(0.43*0.73)

<0.01
(0.36*0.53)

Age (>75 Y/o)
(F:844, M:843)

<0.01
(1.78*3.07)

0.14
(0.93*1.56)

<0.01
(1.78*3.07)

0.14
(0.93*1.56)

0.99
(0.62*1.59)

0.02
(1.05*2.40)

<0.01
(0.26*0.41)

<0.01
(0.35*0.51)

M

F

Poor outcome (p, 95% CI)
M

F

M

ND: neurological deterioration, HT: hemorrhagic transformation, CI: confidence interval, DM: diabetes mellitus, HTN: hypertension, Af: atrial fibrillation.
CI: confidence interval.
https://doi.org/10.1371/journal.pone.0185361.t003
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hypertension, hyperlipidemia, and AF (Table 1), than their male counterparts. However,
according to Santalucia et al., the presentation of stroke risk factors does not differ significantly
between men and women [22]. The same group found that in hospital mortality rates between
male and female patients were not significantly different. Further investigation is necessary to
determine whether more severe strokes in women are related to the effect of co-morbidities.
In this study, women had higher fatality rates at discharge than men. The background characteristics of male and female patients with ischemic stroke significantly differed. Women
were older at stroke onset and suffered from diabetes mellitus, hypertension, hyperlipidemia,
and AF more frequently than men. By contrast, men were more likely to have a smoking history. Women also experienced CE more frequently than men, and stroke severity was higher
in women than in men. This finding is comparable with those of previous studies [7, 21, 25].
Gender differences in stroke incidence and mortality rates have been reported [7]. In the present study, we found that the risk of in-hospitality mortality was higher in LAA patients that
that in CE patients and that AF increased the risk of in hospital mortality in women. This
result is inconsistent with the results of Arboix et al [26], who found that in-hospital mortality
in patients with AF were significantly higher than that in patients without AF for both CE and
atherothrombotic stroke.
Factors related to in-hospital mortality and secondary outcomes differed between men and
women. In the present study, the HT rate was not significantly different between men and
women, but women were at higher risk of ND. Multivariate analysis revealed that old age
increased stroke severity in women but not in men and that stroke history and AF increased
stroke severity in both sexes. Differences in stroke severity may be related to the fact that the
female stroke patients were older than male stroke patients. Old age and AF increased the risk
of ND in both sexes, while diabetes mellitus increased risk of ND in men but not in women.
The higher risk of ND observed in women in this study may be related to the fact that our
female patients were older and a large proportion of them presented AF and diabetes mellitus.
Old age, AF, diabetes mellitus, and stroke history were causes of poor outcomes in both men
and women, and hypertension was related to poor outcomes in both sexes. In the present
study, poorer outcomes in women than in men were related to the fact that the women were
older, suffered from severe stroke, and generally had diabetes mellitus, hypertension, and AF.
Differences in-hospital mortality rates between men and women were related to the fact that
the women in the study population suffered from more severe strokes and a larger proportion
of them had AF and CE compared with men. In consistent with Martin et, al study, our study
also showed in the patients with atrial fibrillation, women is less likely CHADS2 score 0 or 1
and is associated with higher risk of severe disable or fetal ischemic stroke than men [27].
Yoshida et al study found that in patients with atrial fibrillation, women were older and had
larger atrial volume and low left atrial mechanics than men [28]. Our patients with atrial fibrillation, women were older than men and had higher CHADS2 score which most related to
women were older and more patients had congestive heart failure. In the study, IICP increased
the risk of in-hospital mortality (Table 1), and AF increased the risk of IICP. Among patients
with AF, females had a higher risk of IICP than males. As in our previous study, AF was found
to be a predictor of in-hospital mortality in stroke patients [29]. The result indicates that AF
increases in-hospital mortality in women but not in men. This study presents several limitations. First, our work is a one-hospital based study; most of our stroke patients lived in rural
areas in central Taiwan, and they may not represent all patients in Taiwan, particularly patients
from urban areas. Second, we did not collect information regarding several important prestoke conditions, such as pre-stroke dependency and time from stroke onset to hospital admission. Third, the loss follow up rate 1 year after discharge was about 25%. However, the loss follow up rate did not differ between men and women.
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Conclusions
We assessed the factors affecting sex differences in in-hospital mortality and clinical outcomes
of stroke patients at discharge and 6 months and found significant differences in terms of
stroke severity and stroke risk factors. Women were more likely to have diabetes mellitus,
hypertension, AF, and hyperlipidemia than men, and stroke severity was higher in the former
than in the latter. While outcomes were poorer in women than in men, this difference can be
ascribed to higher stroke severity in women. Our study found that hypertension is an independent factor causing poorer outcomes in women than in men. AF is an independent factor
affecting sex differences in hospital mortality in women.

Supporting information
S1 Table. The functional outcome at discharge in 4278 patients. mRS: modified Rankin
Scale. 0 indicating no symptoms. 1-without clinical disability. 2-mild disability. 3-moderate
disability. 4-moderately severe disability. 5-severe disability. 6-death.
(TIF)
S2 Table. The functional outcome at 6 months in 4278 patients. mRS: modified Rankin
Scale. 0 indicating no symptoms. 1-without clinical disability. 2-mild disability. 3-moderate
disability. 4-moderately severe disability. 5-severe disability. 6-death.
(TIF)

Acknowledgments
We sincerely thank Mrs. Ching-Fang Tsai for her statistical analysis. We thank Enago (www.
enago.tw) for their contribution to English editing.

Author Contributions
Conceptualization: Cheung-Ter Ong.
Data curation: Sheng-Feng Sung, Yung-Chu Hsu, Yu-Hsiang Su, Ling-Chien Hung.
Formal analysis: Yi-Sin Wong.
Investigation: Sheng-Feng Sung.
Methodology: Cheung-Ter Ong.
Project administration: Cheung-Ter Ong, Chi-Shun Wu.
Software: Yi-Sin Wong.
Validation: Yu-Hsiang Su, Ling-Chien Hung.
Visualization: Yung-Chu Hsu, Ling-Chien Hung.
Writing – original draft: Cheung-Ter Ong.
Writing – review & editing: Cheung-Ter Ong.

References
1.

Heuschmann PU, Kolominsky-Rabas PL, Misselwitz B, Hermanek P, Leffmann C, Janzen RW, et al.
Predictors of in-hospital mortality and attributable risks of death after ischemic stroke: the German
Stroke Registers Study Group. Arc Intern Med. 2004; 164 (16):1761–8.

PLOS ONE | https://doi.org/10.1371/journal.pone.0185361 September 21, 2017

10 / 12

Sex-related difference in in-hospital mortality of stroke patients

2.

Koennecke HC, Belz W, Berfelde D, Endres M, Fitzek S, Hamilton F, et al. Factors influencing in-hospital mortality and morbidity in patients treated on a stroke unit. Neurology. 77(10):965–72. https://doi.org/
10.1212/WNL.0b013e31822dc795 PMID: 21865573

3.

Candelise L, Gattinoni M, Bersano A, Micieli G, Sterzi R, Morabito A. Stroke-unit care for acute stroke
patients: an observational follow-up study. Lancet (London, England). 2007; 369(9558):299–305.

4.

Heuschmann PU, Kolominsky-Rabas PL, Roether J, Misselwitz B, Lowitzsch K, Heidrich J, et al. Predictors of in-hospital mortality in patients with acute ischemic stroke treated with thrombolytic therapy.
Jama. 2004; 292(15):1831–8. https://doi.org/10.1001/jama.292.15.1831 PMID: 15494580

5.

Chen CJ, Ding D, Starke RM, Mehndiratta P, Crowley RW, Liu KC, et al. Endovascular vs medical management of acute ischemic stroke. Neurology2015; 85(22):1980–1990. https://doi.org/10.1212/WNL.
0000000000002176 PMID: 26537058

6.

Smith EE, Shobha N, Dai D, Olson DM, Reeves MJ, Saver JL, et al. Risk score for in-hospital ischemic
stroke mortality derived and validated within the Get With the Guidelines-Stroke Program. Circulation.
2010; 122(15):1496–504. https://doi.org/10.1161/CIRCULATIONAHA.109.932822 PMID: 20876438

7.

Reeves MJ, Bushnell CD, Howard G, Gargano JW, Duncan PW, Lynch G, et al. Sex differences in
stroke: epidemiology, clinical presentation, medical care, and outcomes. Lancet Neurol. 2008; 7
(10):915–26. https://doi.org/10.1016/S1474-4422(08)70193-5 PMID: 18722812

8.

Di Carlo A, Lamassa M, Baldereschi M, Pracucci G, Basile AM, Wolfe CD, et al. Sex differences in the
clinical presentation, resource use, and 3-month outcome of acute stroke in Europe: data from a multicenter multinational hospital-based registry. Stroke 2003; 34(5): 1114–9. https://doi.org/10.1161/01.
STR.0000068410.07397.D7 PMID: 12690218

9.

Stuart-Shor EMPANP Wellenius GAS, DelloIacono DMPRN Mittleman MAMDD. Gender Differences in
Presenting and Prodromal Stroke Symptoms. Stroke 2009; 40(4):1121–6. https://doi.org/10.1161/
STROKEAHA.108.543371 PMID: 19211480

10.

Boehme AK, Siegler JE, Mullen MT, Albright KC, Lyerly MJ, Monlezun DJ, et al. Racial and gender differences in stroke severity, outcomes, and treatment in patients with acute ischemic stroke. J Stroke
Cerebrovasc Dis 2014; 23(4): e255–61. https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.11.003
PMID: 24468069

11.

Gall SL, Donnan G, Dewey HM, Macdonell R, Sturm J, Gilligan A, et al. Sex differences in presentation,
severity, and management of stroke in a population-based study. Neurology. 2010; 74(12):975–81.
https://doi.org/10.1212/WNL.0b013e3181d5a48f PMID: 20181922

12.

Irie F, Kamouchi M, Hata J, Matsuo R, Wakisaka Y, Kuroda J, et al. Sex differences in short-term outcomes after acute ischemic stroke: the fukuoka stroke registry. Stroke. 2015; 46(2):471–6. https://doi.
org/10.1161/STROKEAHA.114.006739 PMID: 25550372

13.

Kapral MK, Fang J, Hill MD, Silver F, Richards J, Jaigobin C, et al. Sex differences in stroke care and
outcomes: results from the Registry of the Canadian Stroke Network. Stroke 2005; 36(4):809–14.
https://doi.org/10.1161/01.STR.0000157662.09551.e5 PMID: 15731476

14.

Wang J, Ning X, Yang L, Tu J, Gu H, Zhan C, et al. Sex differences in trends of incidence and mortality
of first-ever stroke in rural Tianjin, China, from 1992 to 2012. Stroke 2014; 45(6):1626–31. https://doi.
org/10.1161/STROKEAHA.113.003899 PMID: 24736241

15.

Koton S, Telman G, Kimiagar I, Tanne D. Gender differences in characteristics, management and outcome at discharge and three months after stroke in a national acute stroke registry. Int J Cardiol. 2013;
168(4): 4081–4. https://doi.org/10.1016/j.ijcard.2013.07.019 PMID: 23871354

16.

Li OLB, Silver FLMD, Lichtman JPMPH, Fang JP, Stamplecoski MB, Wengle RSB, et al. Sex Differences in the Presentation, Care, and Outcomes of Transient Ischemic Attack: Results From the Ontario
Stroke Registry. Stroke. 2016; 47(1):255–7. https://doi.org/10.1161/STROKEAHA.115.010485 PMID:
26556821

17.

Lewsey JDP, Gillies MM, Jhund PSM, Chalmers JWTM, Redpath AMA, Briggs AD, et al. Sex Differences in Incidence, Mortality, and Survival in Individuals With Stroke in Scotland, 1986 to 2005. Stroke;
2009; 40(4):1038–43. https://doi.org/10.1161/STROKEAHA.108.542787 PMID: 19211485

18.

Chang YJ, Ryu SJ, Chen JR, Hu HH, Yip PK, Chiu TF. [Guidelines for the general management of
patients with acute ischemic stroke]. Acta neurol Taiwan. 2008; 17(4):275–94. PMID: 19280874

19.

Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ. Validation of clinical
schemes for predicting stroke: results from the National Registry of Atrial Fibrillation. JAMA. 2001;
258:2864–2870.

20.

Ong CT, Sung SF, Wu CS, Hsu YC, Su YH, Li CH, et al. Early neurological improvement after intravenous tissue plasminogen activator infusion in patients with ischemic stroke aged 80 years or older.
JCMA. 2014; 77(4):179–83. https://doi.org/10.1016/j.jcma.2014.02.002 PMID: 24657175

PLOS ONE | https://doi.org/10.1371/journal.pone.0185361 September 21, 2017

11 / 12

Sex-related difference in in-hospital mortality of stroke patients

21.

Adams HPJMD, Bendixen BHPMD, Kappelle LJMD, Biller JMD, Love BBMD, Lee Gordon DMD, et al.
Classification of Subtype of Acute Ischemic Stroke: Definitions for Use in a Multicenter Clinical Trial.
Stroke 1993; 24(1):35–41 PMID: 7678184

22.

Santalucia P, Pezzella FR, Sessa M, Monaco S, Torgano G, Anticoli S, et al. Sex differences in clinical
presentation, severity and outcome of stroke: results from a hospital-based registry. Eur J Intern Med.
2013; 24(2):167–71. https://doi.org/10.1016/j.ejim.2012.10.004 PMID: 23167980

23.

Gray LJM, Sprigg NM, Bath PMWMD, Boysen GMD, De Deyn PPMD, Leys DMD, et al. Sex Differences
in Quality of Life in Stroke Survivors: Data From the Tinzaparin in Acute Ischaemic Stroke Trial (TAIST).
Stroke 2007; 38(11):2960–4. https://doi.org/10.1161/STROKEAHA.107.488304 PMID: 17901387

24.

Appelros PMDP, Stegmayr BP, Terent AMDP. Sex Differences in Stroke Epidemiology: A Systematic
Review. Stroke 2009; 40(4):1082–90. https://doi.org/10.1161/STROKEAHA.108.540781 PMID:
19211488

25.

Yu C, An Z, Zhao W, Wang W, Gao C, Liu S, et al. Sex Differences in Stroke Subtypes, Severity, Risk
Factors, and Outcomes among Elderly Patients with Acute Ischemic Stroke. Front Aging Neurosci.
2015 Sep 8; 7:174. https://doi.org/10.3389/fnagi.2015.00174 PMID: 26441636

26.

Arboix A, Garcia-Eroles L, Massons J, Oliveres M. Predictive clinical factors of in-hospital mortality in
231 consecutive patients with cardioembolic cerebral infarction. Cerebrovasc Dis. 1998; 8(1):8–13.
PMID: 9645975

27.

Martin RC, Burgin WS, Schabath MB, Kirby B, Chae SH, Fradley MG, et al. Gender-specific difference
for risk of disability and death in atrial fibrillation-related stroke. Am J Cardiol 2017; 119:256–261.
https://doi.org/10.1016/j.amjcard.2016.09.049 PMID: 27846983

28.

Yoshida K, Obokata M, Kurosawa K, Sorimachi H, Kurabayashi M, Negishi K. Effect of sex difference
on the association between stroke risk and left atrial anatomy or mechanics in patients with atrial fibrillation. Circ Cardiovasc Imaging. 2016; 9:e004999. https://doi.org/10.1161/CIRCIMAGING.116.004999
PMID: 27729360

29.

Ong CT, Wong YS, Wu CS, Su YH. Atrial fibrillation is a predictor of in-hospital mortality in ischemic
stroke patients. Ther Clin Risk Manag. 2016 Jun 29; 12: 1057–64. https://doi.org/10.2147/TCRM.
S105703 PMID: 27418830

PLOS ONE | https://doi.org/10.1371/journal.pone.0185361 September 21, 2017

12 / 12

