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Abstract

Background

Intracerebral hemorrhage (ICH) accounts for 10–15% of all first time strokes and with inci-

dence twice as high in the Asian compared to Western population. This study aims to inves-

tigate gender differences in ICH patient outcomes in a multi-ethnic Asian population.

Method

Data for 1,192 patients admitted for ICH were collected over a four-year period. Multivariate

logistic regression was used to identify independent predictors and odds ratios were com-

puted for 30-day mortality and Glasgow Outcome Scale (GOS) comparing males and

females.

Result

Males suffered ICH at a younger age than females (62.2 ± 13.2 years vs. 66.3 ± 15.3 years;

P<0.001). The occurrence of ICH was higher among males than females at all ages until 80

years old, beyond which the trend was reversed. Females exhibited increased severity on

admission as measured by Glasgow Coma Scale compared to males (10.9 ± 4.03 vs. 11.4

± 4.04; P = 0.030). No difference was found in 30-day mortality between females and males

(F: 30.5% [155/508] vs. M: 27.0% [186/688]), with unadjusted and adjusted odds ratio (F/M)

of 1.19 (P = 0.188) and 1.21 (P = 0.300). At discharge, there was a non-statistically signifi-

cant but potentially clinically relevant morbidity difference between the genders as mea-

sured by GOS (dichotomized GOS of 4–5: F: 23.7% [119/503] vs. M: 28.7% [194/677]), with

unadjusted and adjusted odds ratio (F/M) of 0.77 (P = 0.055) and 0.87 (P = 0.434).

Conclusion

In our multi-ethnic Asian population, males developed ICH at a younger age and were more

susceptible to ICH than women at all ages other than the beyond 80-year old age group. In

contrast to the Western population, neurological status of female ICH patients at admission
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was poorer and their 30-day mortality was not reduced. Although the study was not powered

to detect significance, female showed a trend toward worse 30-day morbidity at discharge.

Introduction
Intracerebral hemorrhage (ICH) accounts for 10–15% of all first time strokes [1, 2]. It is associ-
ated with a one-month mortality of 40% and significant morbidity as compared to other types
of stroke [3, 4]. There have been various studies looking into the epidemiology of such a devas-
tating disease, but the effect of gender on incidence and mortality is not well characterized.
Research findings from different parts of the world have demonstrated that women may have a
lower incidence of ICH [5–7], less perihematomal edema, and lower mortality [8–11]. In par-
ticular, it has been suggested that old age interact with female gender to worsen outcome [10].

The incidence of ICH amongst Asians has been found to be 51.8 per 100,000 person-years,
which is two-fold higher than in other parts of the world [4]. Therefore, it is important that we
gain a better understanding of gender differences in this population, data of which has been
very scant, particularly for the Southeast Asian group. In this retrospective study, we reviewed
the epidemiology and clinical presentation of ICH in Singapore. We investigated the incidence
of ICH relative to gender differences, age, ethnicity, clinical presentation, radiological findings,
and cerebrovascular risk factors. Further, we compared morbidity and mortality in ICH
patients according to gender.

Methods
The Singapore Centralized Institutional Review Board (CIRB) of SingHealth granted a waiver
of informed consent for this retrospective observational study. The decision was based on an
understanding that the study posed minimal risk and would not adversely affect the rights and
welfares of the research subjects.

Study population
With Singapore CIRB of SingHealth approval, data were collected on all consecutive patients
admitted to the National Neuroscience Institute during the 4-year period July 2004 to July
2008. A total of 1196 patients were admitted during this time period, 688 (58%) of whom were
male. The study population was multi-ethnic including Chinese, Malay, Indian, and others. To
protect patients’ right to privacy, all patient records were anonymized and de-identified prior
to data analysis.

Interventions
All patients were treated in accordance with the AHA/ASA guidelines on intracerebral hemor-
rhage in our institution.

Data collection and computation
All clinical data on the acute presentation (Glasgow Coma Scale and blood pressure) were
taken from information obtained at the initial evaluation in the emergency department. The
initial head computed tomography (CT) images and reports were used to derive radiological
information, including presence of intraventricular hemorrhage (IVH), presence of hydro-
cephalus (as reported by the duty radiologist), location of ICH and ICH clot size (using the
ABC/2 method). Patient demographic data, medical history (background cerebrovascular risk
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factors), and in-hospital intervention were extracted from medical records. Background cere-
brovascular risk factors included smoking history, hypertension, diabetes, hyperlipidemia,
statin, warfarin and anti-platelet use. Glasgow Coma Scale (GCS) was used to assess severity of
morbidity on admission. Mild GCS impairment was defined as GCS>12, moderate
impairment as 9–12 and severe as� 8. Thirty-day mortality rates were obtained from data
held on a centrally updated online electronic patient record. Glasgow Outcome Scale (GOS)
was collected on discharge. GOS of 5 denotes low disability, 4 moderate disability, 3 severe dis-
ability, 2 persistently vegetative state, and 1 denotes death.

Statistical analysis
Patient demographics and clinical characteristics were summarized as mean ± standard devia-
tion for continuous data, and frequency counts and percentages for categorical data. Patient
demographic and clinical characteristic variables were compared using a two-sample t-test in
the case of continuous variables and a chi-square test for categorical variables. Stepwise logistic
regression (SLE = SLS = 0.05) on 30-day mortality (Y/N) and GOS (1–3 vs 4–5) was used to
identify significant confounders. In the stepwise analysis, gender was forced into the model
and significant confounders among baseline variables were identified. These confounders
included GCS on admission, warfarin, antiplatelet use, fixed pupils on presentation, clot loca-
tion, hydrocephalus, age and volume of clot. These were included in a multivariate logistic
regression analysis to assess the independent effects of gender on 30-day mortality and GOS
following intracranial hemorrhage. Statistical significance was declared at p<0.05. All analyses
were performed using SAS V9.2 (SAS, Inc, Cary, NC, USA)

Results
A total of 1196 patients were admitted to our center from July 2004 to July 2008 for ICH. 688
(58%) were male. Patient demographics by gender are summarized in Table 1 and clinical char-
acteristics at admission in Table 2. The study population was multi-ethnic and comprised of
Chinese, Malay, Indian and others. Ethnicity distributions between genders did not differ sig-
nificantly. Males suffer ICH at a younger age with 62.2 years for males versus 66.3 years for
females (P<0.001). ICH occurrence was proportionally higher in males than females for all age
groups considered, except for the>80 years old group, for which the trend was reversed
(P<0.0001).

At admission, there were no statistically significant differences in clot size, clot location,
cerebrovascular risk factors (smoking history, hypertension, diabetes, hyperlipidemia, statin,
warfarin and antiplatelet use), and categorized GCS between genders. GCS on admission dif-
fered between males and females relative to eye, verbal and overall (P<0.05), but not motor
(P = 0.201) scores (Table 2). Diastolic blood pressure on admission was significantly higher in
males versus females (98.3 ± 21.0 vs. 93.1 ± 21.3, P<0.001; Table 2). Significant confounders
identified via the stepwise selection algorithm were GCS on admission, age, clot volume, warfa-
rin use, anti-platelet drug use, fixed pupils on presentation, clot location and hydrocephalus.
There were no statistically significant differences between genders for the CT scan parameters
(clot size, clot location profile, hydrocephalus) or the background cardiovascular risk factor
profile. The percentage of patients with ICH by age category and gender at admission is plotted
in Fig 1A. The percentage of patients in each GCS severity category by gender at admission is
plotted in Fig 1B.

The effects of gender on patient outcomes following ICH are summarized in Table 3.
The difference in 30-day mortality rate between males (27.0%) and females (30.5%) was not
statistically significant (p = 0.188) (AOR = 1.21; 95% CI, 0.84–1.75). As measured by the
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dichotomized GOS (4–5 vs. 1–3), females exhibited a slightly worse functional outcome on dis-
charge (23.7%) compared to males (28.7%) but the difference was not statistically significant
(P = 0.434) (Adjusted odds ratio = 0.87; 95% CI, 0.62–1.23). Our study was not powered to
detect this difference in GOS-measured morbidity. A graphical comparison of the GOS
between males and females at discharge is given in Fig 2.

Discussion
While the effect of gender on several acute brain injuries (including ischemic stroke, traumatic
brain injury, and spinal cord injury) have been well established, less is known about ICH [12–
15]. In this relatively large cohort of Southeast Asian ICH patients, we showed that males were
more susceptible to ICH than women for all groups under 80 years old. This is consistent with
studies from other regions of the world including Europe, Australia, and Japan [6, 16–20].
Beyond 80 years of age, occurrence of ICH in female patients increased. Contrary to findings in
the Western population, lowered mortality in females was not demonstrated in our study pop-
ulation [7, 8, 14, 21]. Age as an effect modifier on gender in determining ICH outcome is con-
sistent with a previous study in a North American context [10].

While ICH occurrences were lower in females, neurologic symptoms on admission were
more severe, as demonstrated by lower admission GCS score. This phenomenon was not asso-
ciated with any specific haemorrhage location or background cerebrovascular risk. It was, how-
ever, associated with lower diastolic blood pressure on admission in female patients; the cause
and consequence of this observation with regards to ICH progression remain unclear. This
early neurological deficit was associated with a statistically non-significant, but clinically

Table 1. Demographics of intracranial hemorrhage patients by gender. Males developed ICH at a younger age than females (62.2 ± 13.2 vs.
66.3 ± 15.3; P<0.001). Males had a higher occurrence for ICH at all age groups up to 80 years old, beyond which there was a higher occurrence in females.
Gender did not interact with ethnicity to cause a difference in ICH.

Male (n = 688) Female (n = 508) P-value1

Ethnic group, n (%)

Chinese 572 (83.1) 423 (83.6) 0.991

Malay 75 (10.9) 55 (10.9)

Indian 23 (3.3) 16 (3.2)

Others 18 (2.6) 12 (2.4)

Age (yr), mean ± SD 62.2 ± 13.2 66.3 ± 15.3 <0.001

Age group, n (%)

< 40 35 (5.1) 23 (4.5) <0.0001*

40–49 82 (11.9) 45 (8.9)

50–59 177 (25.7) 106 (20.9)

60–69 180 (26.2) 109 (21.5)

70–79 149 (21.7) 116 (22.8)

> 80 65 (9.5) 109 (21.5)

GCS on admission#, n (%)

Mild 363 (53.4) 232 (45.8) 0.486

Moderate 153 (22.6) 135 (26.7)

Severe 164 (24.1) 140 (27.6)

1Statistical tests: ethnic and age group, chi-square test; age, 2-sample t-test

*Statistical significance due to gender disparity in >80 group.
#Mild GCS impairment is defined as GCS >12, moderate impairment as 9–12 and severe as � 8

doi:10.1371/journal.pone.0152945.t001
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intriguing GOS trend towards greater morbidity in women at discharge. Our study was not
powered to detect this difference in GOS-measured morbidity. There were, however, no signifi-
cant differences in mortality between the genders.

In addition to informing the impact of gender on ICH epidemiology and disease progres-
sion, our current study has a pertinent impact on therapeutic decision-making. There has been
recent interest in female gonadal hormones as a neuroprotective agent, as they have demon-
strated efficacy in ICH and several other pre-clinical models of neurological diseases, including
traumatic brain injury, ischemic stroke, and subarachnoid hemorrhage [22–33]. In our popula-
tion, morbidity was worse in females than males after ICH, congruent with previous studies of
traumatic brain injury in the same population [14]. This finding is also consistent with several
other smaller-scale reports of detrimental interaction between female gender and ICH in other
Asian populations [34–37]. Together, the evidence suggests that female gonadal hormone is
unlikely to be neuroprotective in the Asian population.

In contrast to the Asian population, several Western studies showed reduced morbidity and
mortality in female ICH patients compared to their male counterparts [6–8, 10, 11]. The basis

Table 2. Clinical characteristics at admission by gender. Females had lower eye and verbal components of GCS, overall GCS, and diastolic blood pres-
sure on admission when compared to males. There was otherwise no difference between the genders for clot size, clot location, and background cerebrovas-
cular risk factors (including smoking history, hypertension, diabetes, hyperlipidemia, statin, warfarin and anti-platelet use).

Parameters Male (n = 688) Female (n = 508) P-value1

Admission parameters

GCS, mean ± SD

Eye 3.23 ± 1.2 (n = 680) 2.95 ± 1.27 (n = 507) 0.016

Verbal 3.24 ± 3.10 (n = 680) 3.00 ± 2.84 (n = 507) 0.022

Motor 5.07 ± 1.52 (n = 680) 4.96 ± 1.52 (n = 507) 0.201

Overall 11.4 ± 4.04 (n = 680) 10.9 ± 4.03 (507) 0.030

Fixed pupils, n (%) 63 (9.2) (n = 683) 51 (10.0) (n = 508) 0.636

Blood/Pulse pressure, mean ± SD

SBP 180.1 ± 33.6 (n = 524) 180.9 ± 37.2 (n = 409) 0.732

DBP 98.3 ± 21.0 (n = 522) 93.1 ± 21.3 (n = 408) < 0.0001

CT scan characteristics

Clot size (cm3) 29.1 ± 40.0 (n = 636) 26.1 ± 22.7 (n = 481) 0.216

Clot location, n (%) 0.548

Deep 456 (66.3) 319 (63.2)

Lobar 98 (14.2) 84 (16.6)

Brainstem 53 (7.7) 37 (7.3)

Cerebellar 55 (8.0) 45 (8.9)

Intraventricular 16 (2.3) 8 (1.6)

Multiple clots 10 (1.5) 12 (2.4)

Hydrocephalus, n (%) 188 (27.3) 127 (25.0) 0.369

Background cerebrovascular risk factors, n (%)

Hypertension 538 (40.9) 374 (39.1) 0.548

Diabetes 170 (12.9) 131 (13.7)

Hyperlipidaemia 293 (22.3) 219 (22.9)

Statin use 137 (10.4) 108 (11.3)

Warfarin 40 (3.0) 39 (4.1)

Anti-platelet agent 139 (10.6) 85 (8.9)

1Chi-square test for categorical variables, 2-sample t-test for continuous variable

doi:10.1371/journal.pone.0152945.t002
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Fig 1. Percentage of patients with ICH by age and GlasgowComa Scale (GCS) severity categories in relation to gender at admission. (A) Males
were more likely to get ICH than females in all age groups, except for the age group >80 years. (B) There were no statistically significant gender differences
when GCS was categorized into mild, moderate, and severe. Mild GCS impairment is defined as GCS >12, moderate impairment as 9–12 and severe as� 8.

doi:10.1371/journal.pone.0152945.g001

Table 3. Effects of gender on patient outcomes following intracranial haemorrhage. There were no differences, even after adjustment, for 30-day mor-
tality and dichotomized GOS score between the genders.

Outcome Variables Male (n = 688) Female (n = 508) Unadjusted OR P-
value

Adjusted OR2 P-
value

Mortality (%)

� 30-days (%) 27.0 (186/688) 30.5 (155/508) 1.19a (0.92, 1.53) 0.188† 1.21a (0.84, 1.75) 0.300†

Glasgow Outcome Scale
Dichotomized GOS

GOS 4–5 (%) 28.7 (194/677) 23.7 (119/503) 0.77a (0.59, 1.00) 0.055† 0.87a (0.62, 1.23) 0.434†

GOS 1–3 (%) 71.3 76.3 — — — —

GOS, mean ± SD 2.71 ± 1.35
(n = 677)

2.58 ± 1.29
(n = 503)

Unadj. Diff. 0.13 (-0.02,
0.28)

0.096‡ Adj. Diff. 1,2 0.03 (-0.08,
0.15)

0.569††

† Wald chi-square from logistic regression
‡ two-sample t-test
††Analysis of covariance
1Adjusted for gender, GCS on admission, warfarin, anti-platelet use, fixed pupils on presentation, clot location, hydrocephalus, age and volume of clot
2 Least squares means: Male, 2.16; Female, 2.13
a Odds ratio calculated as Females/Males

doi:10.1371/journal.pone.0152945.t003

Fig 2. GlasgowOutcome Scale (GOS) on discharge. Differences between the genders for GOS on discharge were not statistically significant. However,
females exhibited a trend of poorer GOS scores that could be clinically relevant, even though our study was not powered to detect significance.

doi:10.1371/journal.pone.0152945.g002

Gender Differences in ICH in an Asian Population

PLOS ONE | DOI:10.1371/journal.pone.0152945 April 6, 2016 7 / 10



for this difference remains unclear and requires clarification. It is also interesting to note that
females demonstrate more severe functional morbidity after ischemic stroke, similar to our
findings in ICH [38–40]. That ICH and ischemic stroke, two neurological diseases with differ-
ent underlying mechanisms, show a similar trend renders it worthwhile to further investigate
the pathophysiologic interaction between female gender and stroke.

Taken together, findings from our current study suggest that in our Southeast Asian popula-
tion, female gender, particularly in younger women, can reduce occurrence of ICH. However,
once ICH has occurred, females tend to have poorer neurological status on admission and
worse morbidity than males at discharge. The mechanisms underlying the current observa-
tions, however, remain unclear. Additional mechanistic studies to investigate the observed dif-
ferences in pathophysiology between gender and ICH progression is warranted.

There are several limitations to the current study. One is that we need longer-term outcome
of this large cohort of patients. The differences in ICH outcome between the genders may not
become apparent until beyond discharge. Another limitation is that while we used GOS as an
accepted functional outcome metric, we did not have other relevant scores such as National
Institute of Health Stroke Scale (NIHSS) for additional correlation. Finally, due to the retro-
spective nature of the study, we were not able to measure relevant factors such as hematoma
expansion, cerebral edema, and cerebral perfusion to correlate gender with the underlying
pathophysiology of ICH.

Conclusion
In our multi-ethnic Asian population, males were more susceptible to developing ICH than
females at all ages other than those in the>80 year-old age group. In contrast to the Western
population, neurological status of female ICH patients at admission was poorer and their
30-day mortality was not reduced. Although the study was not powered to detect significance,
female showed a trend toward worse 30-day morbidity at discharge.

Supporting Information
S1 Dataset. Intracerebral Hemorrhage data set from National Neuroscience Institute, Sin-
gapore.
(XLSX)

Author Contributions
Conceived and designed the experiments: BTA YPN NK. Performed the experiments: JH NK
BTA YPN. Analyzed the data: JH JA. Contributed reagents/materials/analysis tools: BTA YPN
NK. Wrote the paper: JH JA NK.

References
1. Broderick J, Connolly S, Feldmann E, Hanley D, Kase C, Krieger D, et al. Guidelines for the management

of spontaneous intracerebral hemorrhage in adults: 2007 update: a guideline from the American Heart
Association/American Stroke Association Stroke Council, High Blood Pressure Research Council, and
the Quality of Care and Outcomes in Research Interdisciplinary Working Group. Stroke; a journal of cere-
bral circulation. 2007; 38(6):2001–23. doi: 10.1161/STROKEAHA.107.183689 PMID: 17478736.

2. Hemphill JC 3rd, Greenberg SM, Anderson CS, Becker K, Bendok BR, CushmanM, et al. Guidelines
for the Management of Spontaneous Intracerebral Hemorrhage: A Guideline for Healthcare Profession-
als From the American Heart Association/American Stroke Association. Stroke; a journal of cerebral cir-
culation. 2015; 46(7):2032–60. doi: 10.1161/STR.0000000000000069 PMID: 26022637.

3. Feigin VL, Lawes CM, Bennett DA, Anderson CS. Stroke epidemiology: a review of population-based
studies of incidence, prevalence, and case-fatality in the late 20th century. Lancet neurology. 2003; 2
(1):43–53. PMID: 12849300.

Gender Differences in ICH in an Asian Population

PLOS ONE | DOI:10.1371/journal.pone.0152945 April 6, 2016 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0152945.s001
http://dx.doi.org/10.1161/STROKEAHA.107.183689
http://www.ncbi.nlm.nih.gov/pubmed/17478736
http://dx.doi.org/10.1161/STR.0000000000000069
http://www.ncbi.nlm.nih.gov/pubmed/26022637
http://www.ncbi.nlm.nih.gov/pubmed/12849300


4. van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I, Algra A, Klijn CJ. Incidence, case fatality, and func-
tional outcome of intracerebral haemorrhage over time, according to age, sex, and ethnic origin: a sys-
tematic review and meta-analysis. Lancet neurology. 2010; 9(2):167–76. doi: 10.1016/S1474-4422(09)
70340-0 PMID: 20056489.

5. Ishikawa S, Kayaba K, Gotoh T, Nago N, Nakamura Y, Tsutsumi A, et al. Incidence of total stroke,
stroke subtypes, and myocardial infarction in the Japanese population: the JMS Cohort Study. Journal
of epidemiology / Japan Epidemiological Association. 2008; 18(4):144–50. PMID: 18603825.

6. Thrift AG, Dewey HM, Sturm JW, Srikanth VK, Gilligan AK, Gall SL, et al. Incidence of stroke subtypes
in the North East Melbourne Stroke Incidence Study (NEMESIS): differences between men and
women. Neuroepidemiology. 2009; 32(1):11–8. doi: 10.1159/000170086 PMID: 18997472.

7. Tveiten A, Ljostad U, Mygland A, Thomassen L, Pripp AH, Naess H. Intracerebral hemorrhage in south-
ern Norway—a hospital-based incidence study. European neurology. 2012; 67(4):240–5. doi: 10.1159/
000336299 PMID: 22433160.

8. Vaartjes I, Reitsma JB, Berger-van Sijl M, Bots ML. Gender differences in mortality after hospital admis-
sion for stroke. Cerebrovascular diseases. 2009; 28(6):564–71. doi: 10.1159/000247600 PMID:
19844096.

9. Wagner I, Volbers B, Kloska S, Doerfler A, Schwab S, Staykov D. Sex differences in perihemorrhagic
edema evolution after spontaneous intracerebral hemorrhage. European journal of neurology: the offi-
cial journal of the European Federation of Neurological Societies. 2012; 19(11):1477–81. doi: 10.1111/
j.1468-1331.2011.03628.x PMID: 22221591.

10. Umeano O, Phillips-Bute B, Hailey CE, SunW, Gray MC, Roulhac-Wilson B, et al. Gender and age
interact to affect early outcome after intracerebral hemorrhage. PloS one. 2013; 8(11):e81664. doi: 10.
1371/journal.pone.0081664 PMID: 24312335; PubMed Central PMCID: PMC3842307.

11. Zia E, Engstrom G, Svensson PJ, Norrving B, Pessah-Rasmussen H. Three-year survival and stroke
recurrence rates in patients with primary intracerebral hemorrhage. Stroke; a journal of cerebral circula-
tion. 2009; 40(11):3567–73. doi: 10.1161/STROKEAHA.109.556324 PMID: 19729603.

12. Simon JA, Hsia J, Cauley JA, Richards C, Harris F, Fong J, et al. Postmenopausal hormone therapy
and risk of stroke: The Heart and Estrogen-progestin Replacement Study (HERS). Circulation. 2001;
103(5):638–42. PMID: 11156873.

13. Appelros P, Stegmayr B, Terent A. Sex differences in stroke epidemiology: a systematic review. Stroke;
a journal of cerebral circulation. 2009; 40(4):1082–90. doi: 10.1161/STROKEAHA.108.540781 PMID:
19211488.

14. Ng I, Lee KK, Lim JH, Wong HB, Yan XY. Investigating gender differences in outcome following severe
traumatic brain injury in a predominantly Asian population. Br J Neurosurg. 2006; 20(2):73–8. doi: 10.
1080/02688690600682259 PMID: 16753620.

15. Furlan JC, Krassioukov AV, Fehlings MG. The effects of gender on clinical and neurological outcomes
after acute cervical spinal cord injury. Journal of neurotrauma. 2005; 22(3):368–81. doi: 10.1089/neu.
2005.22.368 PMID: 15785232.

16. Flaherty ML, Woo D, Haverbusch M, Sekar P, Khoury J, Sauerbeck L, et al. Racial variations in location
and risk of intracerebral hemorrhage. Stroke; a journal of cerebral circulation. 2005; 36(5):934–7. doi:
10.1161/01.STR.0000160756.72109.95 PMID: 15790947.

17. Morikawa Y, Nakagawa H, Naruse Y, Nishijo M, Miura K, Tabata M, et al. Trends in stroke incidence
and acute case fatality in a Japanese rural area: the Oyabe study. Stroke; a journal of cerebral circula-
tion. 2000; 31(7):1583–7. PMID: 10884458.

18. Inagawa T, Ohbayashi N, Takechi A, Shibukawa M, Yahara K. Primary intracerebral hemorrhage in
Izumo City, Japan: incidence rates and outcome in relation to the site of hemorrhage. Neurosurgery.
2003; 53(6):1283–97; discussion 97–8. PMID: 14633295.

19. Kubo M, Kiyohara Y, Kato I, Tanizaki Y, Arima H, Tanaka K, et al. Trends in the incidence, mortality,
and survival rate of cardiovascular disease in a Japanese community: the Hisayama study. Stroke; a
journal of cerebral circulation. 2003; 34(10):2349–54. doi: 10.1161/01.STR.0000090348.52943.A2
PMID: 12958323.

20. Gokhale S, Caplan LR, James ML. Sex differences in incidence, pathophysiology, and outcome of pri-
mary intracerebral hemorrhage. Stroke; a journal of cerebral circulation. 2015; 46(3):886–92. doi: 10.
1161/STROKEAHA.114.007682 PMID: 25657181.

21. Vemmos KN, Bots ML, Tsibouris PK, Zis VP, Grobbee DE, Stranjalis GS, et al. Stroke incidence and
case fatality in southern Greece: the Arcadia stroke registry. Stroke; a journal of cerebral circulation.
1999; 30(2):363–70. PMID: 9933272.

22. Wright DW, Yeatts SD, Silbergleit R, Palesch YY, Hertzberg VS, Frankel M, et al. Very early administra-
tion of progesterone for acute traumatic brain injury. The New England journal of medicine. 2014; 371

Gender Differences in ICH in an Asian Population

PLOS ONE | DOI:10.1371/journal.pone.0152945 April 6, 2016 9 / 10

http://dx.doi.org/10.1016/S1474-4422(09)70340-0
http://dx.doi.org/10.1016/S1474-4422(09)70340-0
http://www.ncbi.nlm.nih.gov/pubmed/20056489
http://www.ncbi.nlm.nih.gov/pubmed/18603825
http://dx.doi.org/10.1159/000170086
http://www.ncbi.nlm.nih.gov/pubmed/18997472
http://dx.doi.org/10.1159/000336299
http://dx.doi.org/10.1159/000336299
http://www.ncbi.nlm.nih.gov/pubmed/22433160
http://dx.doi.org/10.1159/000247600
http://www.ncbi.nlm.nih.gov/pubmed/19844096
http://dx.doi.org/10.1111/j.1468-1331.2011.03628.x
http://dx.doi.org/10.1111/j.1468-1331.2011.03628.x
http://www.ncbi.nlm.nih.gov/pubmed/22221591
http://dx.doi.org/10.1371/journal.pone.0081664
http://dx.doi.org/10.1371/journal.pone.0081664
http://www.ncbi.nlm.nih.gov/pubmed/24312335
http://dx.doi.org/10.1161/STROKEAHA.109.556324
http://www.ncbi.nlm.nih.gov/pubmed/19729603
http://www.ncbi.nlm.nih.gov/pubmed/11156873
http://dx.doi.org/10.1161/STROKEAHA.108.540781
http://www.ncbi.nlm.nih.gov/pubmed/19211488
http://dx.doi.org/10.1080/02688690600682259
http://dx.doi.org/10.1080/02688690600682259
http://www.ncbi.nlm.nih.gov/pubmed/16753620
http://dx.doi.org/10.1089/neu.2005.22.368
http://dx.doi.org/10.1089/neu.2005.22.368
http://www.ncbi.nlm.nih.gov/pubmed/15785232
http://dx.doi.org/10.1161/01.STR.0000160756.72109.95
http://www.ncbi.nlm.nih.gov/pubmed/15790947
http://www.ncbi.nlm.nih.gov/pubmed/10884458
http://www.ncbi.nlm.nih.gov/pubmed/14633295
http://dx.doi.org/10.1161/01.STR.0000090348.52943.A2
http://www.ncbi.nlm.nih.gov/pubmed/12958323
http://dx.doi.org/10.1161/STROKEAHA.114.007682
http://dx.doi.org/10.1161/STROKEAHA.114.007682
http://www.ncbi.nlm.nih.gov/pubmed/25657181
http://www.ncbi.nlm.nih.gov/pubmed/9933272


(26):2457–66. doi: 10.1056/NEJMoa1404304 PMID: 25493974; PubMed Central PMCID:
PMC4303469.

23. Nakamura T, Hua Y, Keep RF, Park JW, Xi G, Hoff JT. Estrogen therapy for experimental intracerebral
hemorrhage in rats. Journal of neurosurgery. 2005; 103(1):97–103. doi: 10.3171/jns.2005.103.1.0097
PMID: 16121980.

24. Chen Z, Xi G, Mao Y, Keep RF, Hua Y. Effects of progesterone and testosterone on ICH-induced brain
injury in rats. Acta neurochirurgica Supplement. 2011; 111:289–93. doi: 10.1007/978-3-7091-0693-8_
48 PMID: 21725770.

25. Hsieh JT, Lei B, Sheng H, Venkatraman T, Lascola CD, Warner DS, et al. Sex-Specific Effects of Pro-
gesterone on Early Outcome of Intracerebral Hemorrhage. Neuroendocrinology. 2015. doi: 10.1159/
000440883 PMID: 26356626.

26. Lei B, Wang H, Jeong S, Hsieh JT, Majeed M, Dawson H, et al. Progesterone Improves Neurobeha-
vioral Outcome in Models of Intracerebral Hemorrhage. Neuroendocrinology. 2015. doi: 10.1159/
000442204 PMID: 26562172.

27. Ishrat T, Sayeed I, Atif F, Stein DG. Effects of progesterone administration on infarct volume and func-
tional deficits following permanent focal cerebral ischemia in rats. Brain research. 2009; 1257:94–101.
doi: 10.1016/j.brainres.2008.12.048 PMID: 19135987; PubMed Central PMCID: PMCPMC2656912.

28. Gibson CL, Constantin D, Prior MJ, Bath PM, Murphy SP. Progesterone suppresses the inflammatory
response and nitric oxide synthase-2 expression following cerebral ischemia. Experimental neurology.
2005; 193(2):522–30. doi: 10.1016/j.expneurol.2005.01.009 PMID: 15869954.

29. Gibson CL, Coomber B, Murphy SP. Progesterone is neuroprotective following cerebral ischaemia in
reproductively ageing female mice. Brain. 2011; 134(Pt 7):2125–33. doi: 10.1093/brain/awr132 PMID:
21705427.

30. Wright DW, Yeatts SD, Silbergleit R. Progesterone in traumatic brain injury. N Engl J Med. 2015; 372
(18):1766–7. doi: 10.1056/NEJMc1503138 PMID: 25923558.

31. Grossman KJ, Goss CW, Stein DG. Effects of progesterone on the inflammatory response to brain
injury in the rat. Brain research. 2004; 1008(1):29–39. doi: 10.1016/j.brainres.2004.02.022 PMID:
15081379.

32. Leonelli E, Bianchi R, Cavaletti G, Caruso D, Crippa D, Garcia-Segura LM, et al. Progesterone and its
derivatives are neuroprotective agents in experimental diabetic neuropathy: a multimodal analysis.
Neuroscience. 2007; 144(4):1293–304. doi: 10.1016/j.neuroscience.2006.11.014 PMID: 17187935.

33. Young AM, Karri SK, Ogilvy CS. Exploring the use of estrogen & progesterone replacement therapy in
subarachnoid hemorrhage. Curr Drug Saf. 2012; 7(3):202–6. PMID: 22950381.

34. Wu SH, Ho SC, Chau PH, GogginsW, Sham A, Woo J. Sex differences in stroke incidence and survival
in Hong Kong, 2000–2007. Neuroepidemiology. 2012; 38(2):69–75. doi: 10.1159/000335040 PMID:
22248621.

35. Zhang LF, Yang J, Hong Z, Yuan GG, Zhou BF, Zhao LC, et al. Proportion of different subtypes of
stroke in China. Stroke; a journal of cerebral circulation. 2003; 34(9):2091–6. doi: 10.1161/01.STR.
0000087149.42294.8C PMID: 12907817.

36. Ganti L, Jain A, Yerragondu N, Jain M, Bellolio MF, Gilmore RM, et al. Female gender remains an inde-
pendent risk factor for poor outcome after acute nontraumatic intracerebral hemorrhage. Neurol Res
Int. 2013; 2013:219097. doi: 10.1155/2013/219097 PMID: 24083025; PubMed Central PMCID:
PMCPMC3777128.

37. Zhou J, Zhang Y, Arima H, Zhao Y, Zhao H, Zheng D, et al. Sex differences in clinical characteristics
and outcomes after intracerebral haemorrhage: results from a 12-month prospective stroke registry in
Nanjing, China. BMCNeurol. 2014; 14:172. doi: 10.1186/s12883-014-0172-5 PMID: 25182069;
PubMed Central PMCID: PMCPMC4159550.

38. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, CushmanM, et al. Heart Disease and Stroke
Statistics-2016 Update: A Report From the American Heart Association. Circulation. 2016; 133(4):e38–
e360. doi: 10.1161/CIR.0000000000000350 PMID: 26673558.

39. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, CushmanM, et al. Heart disease and stroke
statistics—2015 update: a report from the American Heart Association. Circulation. 2015; 131(4):e29–
322. doi: 10.1161/CIR.0000000000000152 PMID: 25520374.

40. Samai AA, Martin-Schild S. Sex differences in predictors of ischemic stroke: current perspectives. Vasc
Health Risk Manag. 2015; 11:427–36. doi: 10.2147/VHRM.S65886 PMID: 26251609; PubMed Central
PMCID: PMCPMC4524454.

Gender Differences in ICH in an Asian Population

PLOS ONE | DOI:10.1371/journal.pone.0152945 April 6, 2016 10 / 10

http://dx.doi.org/10.1056/NEJMoa1404304
http://www.ncbi.nlm.nih.gov/pubmed/25493974
http://dx.doi.org/10.3171/jns.2005.103.1.0097
http://www.ncbi.nlm.nih.gov/pubmed/16121980
http://dx.doi.org/10.1007/978-3-7091-0693-8_48
http://dx.doi.org/10.1007/978-3-7091-0693-8_48
http://www.ncbi.nlm.nih.gov/pubmed/21725770
http://dx.doi.org/10.1159/000440883
http://dx.doi.org/10.1159/000440883
http://www.ncbi.nlm.nih.gov/pubmed/26356626
http://dx.doi.org/10.1159/000442204
http://dx.doi.org/10.1159/000442204
http://www.ncbi.nlm.nih.gov/pubmed/26562172
http://dx.doi.org/10.1016/j.brainres.2008.12.048
http://www.ncbi.nlm.nih.gov/pubmed/19135987
http://dx.doi.org/10.1016/j.expneurol.2005.01.009
http://www.ncbi.nlm.nih.gov/pubmed/15869954
http://dx.doi.org/10.1093/brain/awr132
http://www.ncbi.nlm.nih.gov/pubmed/21705427
http://dx.doi.org/10.1056/NEJMc1503138
http://www.ncbi.nlm.nih.gov/pubmed/25923558
http://dx.doi.org/10.1016/j.brainres.2004.02.022
http://www.ncbi.nlm.nih.gov/pubmed/15081379
http://dx.doi.org/10.1016/j.neuroscience.2006.11.014
http://www.ncbi.nlm.nih.gov/pubmed/17187935
http://www.ncbi.nlm.nih.gov/pubmed/22950381
http://dx.doi.org/10.1159/000335040
http://www.ncbi.nlm.nih.gov/pubmed/22248621
http://dx.doi.org/10.1161/01.STR.0000087149.42294.8C
http://dx.doi.org/10.1161/01.STR.0000087149.42294.8C
http://www.ncbi.nlm.nih.gov/pubmed/12907817
http://dx.doi.org/10.1155/2013/219097
http://www.ncbi.nlm.nih.gov/pubmed/24083025
http://dx.doi.org/10.1186/s12883-014-0172-5
http://www.ncbi.nlm.nih.gov/pubmed/25182069
http://dx.doi.org/10.1161/CIR.0000000000000350
http://www.ncbi.nlm.nih.gov/pubmed/26673558
http://dx.doi.org/10.1161/CIR.0000000000000152
http://www.ncbi.nlm.nih.gov/pubmed/25520374
http://dx.doi.org/10.2147/VHRM.S65886
http://www.ncbi.nlm.nih.gov/pubmed/26251609

