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Abstract
Background: Stroke ranks as the second leading cause of death globally, contributing to 

15.2 million deaths in 2016. In Malaysia, stroke has emerged as a significant cause of mortality and 
disability. This study aims to evaluate the survival time and rate of stroke patients in Malaysia.

Methods: In this retrospective cohort study, we reviewed secondary data from the 
National Stroke Registry (NSR) of Malaysia. The study included all Malaysian residents over the 
age of 12 years old diagnosed with either ischaemic or haemorrhagic stroke between 1 January 
2009 and 31 December 2013. Patients with a transient ischaemic attack were excluded. We updated 
the death status up to 31 December 2018 using mortality data from the Malaysian National Registry 
Department. We used Kaplan-Meier Survival Analysis to determine the overall median survival 
time and log-rank test to compare the median time by ethnicity, sex and stroke type. The survival 
rates at 1 year, 3 years and 5 years were obtained using the life-table method.

Results: The analysis included a total of 5,777 stroke patients. The mean age at diagnosis 
was 63.15 years old (with a standard deviation of 12.46 years old). The overall median survival 
time was 51 months (95% CI: 47.4, 54.6). Non-Malay patients and those with ischaemic strokes 
experienced a longer median survival time (65.2 months [95% CI: 56.6, 73.7] and 56.3 months [95% 
CI: 52.2, 60.3]), respectively. The survival rates at 1 year, 3 years and 5 years were 66.7% (95% CI: 
65.5%, 68.0%), 55.6% (95% CI: 54.3%, 56.9%) and 46.9% (95% CI: 45.6%, 48.2%), respectively.

Conclusion: There are significant differences in median survival time in relation to 
ethnicity and stroke types. Compared to other developed countries, Malaysia’s 5-year survival rate 
is notably lower.
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Introduction

Stroke ranks as the second leading cause of 
death globally, surpassed only by ischaemic heart 
disease and was responsible for 15.2 million 
deaths in 2016, marking it as a major cause of 
mortality worldwide over the past 15 years (1). 
In Malaysia, stroke ranks third as a cause of 

death, following ischaemic heart disease and 
pneumonia (2). According to the Ministry of 
Health Malaysia (MOH), stroke is the primary 
cause of death and disability among both genders 
(3).

The World Health Organization (WHO) 
defines stroke as a ‘rapidly developing clinical 
signs of focal (or general) disturbance of cerebral 
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function, with symptoms lasting 24 h or more 
or leading to death, with no clear cause other 
than vascular origin’ (4). Strokes are generally 
categorised into three types: i) ischaemic, 
ii) haemorrhagic and iii) undetermined (5). 
This classification is also used in Malaysia, 
supplemented with additional stroke subtypes 
from the ‘trial of ORG 10172 in acute stroke 
treatment’ (TOAST) and Oxfordshire. According 
to a 2016 report by the National Stroke Registry 
(NSR) of Malaysia, around 76% of stroke cases in 
Malaysia result from ischaemic stroke (6).

The survival rate and median survival time 
are commonly used to report stroke outcomes. 
The survival rate denotes the proportion of 
individuals alive for a specified duration after 
a stroke diagnosis, while the median survival 
time is the time at which half of the population 
in a study has passed away, with the other half 
still alive. Stroke survival research has generated 
diverse findings. In studies that reviewed the 
1-year survival rate, findings ranged from a low 
survival of 16% (7) to a high survival of 85% 
(8). These discrepancies are attributable to the 
difference in the aims and participants of each 
study.

Some studies report the overall median 
survival time among stroke patients (9−12), 
while others compare this statistic across varying 
variables of interest (13−16). The results are often 
dependent on differing patient characteristics 
and follow-up durations. A hospital-based study 
had been conducted in the northeast of Malaysia 
by Musa (17). However, this study did not 
represent the entire Malaysian population, as the 
sample only included hospital patients from this 
area. 

To our knowledge, there is no published 
nationwide population-based stroke survival 
study in Malaysia. Therefore, the goal of this 
study is to determine the median survival time 
and the 1-, 3- and 5-year survival rates of stroke 
patients in Malaysia. This will fill the current 
knowledge gap. Additionally, identifying the 
median survival and prognostic factors in 
stroke patients will provide valuable insight 
for our healthcare providers. This information 
will aid not only active stroke treatment 
but also management during the recovery 
period. Moreover, these findings could guide 
policymakers in enhancing patient care, which, 
in turn, could improve survival rates for stroke 
patients.

Methods

Study Design

This retrospective cohort study covers 
the period from November 2019 to June 
2020. We reviewed secondary data from the 
NSR of Malaysia of all stroke cases diagnosed 
in Malaysia between 1 January 2009 and  
31 December 2013. The NSR of Malaysia, started 
in 2009, collects data of stroke patients from 
15 hospitals across the country and is the only 
registry compiling all stroke cases in Malaysia. It 
also helps record clinical stroke data and monitor 
evidence-based medical practices in participating 
hospitals. The MOH Malaysia supports the NSR 
of Malaysia in improving the quality of stroke 
care in line with the Malaysian stroke framework.

We included Malaysian residents aged 
12 years old and above diagnosed with 
either ischaemic stroke or haemorrhagic 
stroke (intracranial hemorrhage [ICH] and 
subarachnoid hemorrhage [SAH]) between  
1 January 2009 and 31 December 2013 in this 
study. We excluded transient ischaemic attack 
(TIA) cases, foreigners and duplicated records. 
Per the WHO definition of stroke, we did not 
include TIA-diagnosed patients as the symptoms 
typically resolve between 1 h and 24 h (18). 

The estimated sample size for determining 
the 1-, 3- and 5-year survival rates among stroke 
patients in Malaysia was calculated to be 1,869, 
using the sample size calculation for estimation 
of proportion. However, since the data is already 
available, we have decided to include all eligible 
patients (n = 5,777).

 Statistical Analysis

We initially acquired data for 6,272 patients 
from the NSR of Malaysia. Data for foreigners 
(n = 163), TIA (n = 132) and duplicated cases 
(n = 200) were then excluded. Following this, 
we retrieved information about mortality status 
up until 31 December 2018 from the National 
Registry Department. All statistical analyses 
were performed using the SPSS software version 
24.0. Our analysis focused on time-to-event as 
the primary outcome. The event represented 
death from any cause and patients not having 
experienced the event labeled as ‘censored’ at 
the study’s conclusion on 31 December 2018. 
Survival time was computed in months from the 
date of diagnosis to either death or censoring.
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We used the Kaplan-Meier survival analysis 
to estimate the overall survival of stroke patients 
and log-rank tests to compare the survival by 
considering variables such as ethnicity, sex 
and stroke type. The findings are presented as 
the estimated median survival time, the 95% 
confidence interval (CI) of median time and 
Kaplan-Meier survival curves. The 1-, 3- and 
5-year survival rates were calculated employing 
the life-table method. The 5-year survival rate 
reflects the proportion of patients still alive  
5 years post-diagnosis. These results are 
displayed using a life table.

Results

In the NSR, from 2009 to 2013, there 
were 6,272 registered patients, of which 5,777 
stroke patients were analysed. The median 
follow-up duration for these stroke patients 
was 51.02 months (IQR: 74.71). The ethnicity 
variable was simplified into Malay and non-
Malay due to the small number of cases of other 
ethnicities (Chinese 10.9%, Indian 4.2%, other 
Bumiputera 3.6%). The patients’ mean (SD) 

age was 63.15 (12.46) years old. The majority 
of the patients were male (54.3%) and Malay 
(81.3%). The most prevalent type of stroke in this 
study was ischaemic (80.5%) and most patients 
did not receive stroke preventive medication 
(anticoagulant or antiplatelet) before the stroke 
event. Hypertension was present in over half 
of these patients and nearly half had diabetes 
mellitus. Characteristics of patients included in 
this analysis are summarised in Table 1.

Median Survival Time

The overvall median survival time for 
Malaysian stroke patients diagnosed between 
2009 and 2013 was 51 (95% CI: 47.4, 54.6) 
months. The overall Kaplan-Meier curves are 
displayed in Figure 1. A breakdown of this 
median survival time by ethnicity, gender and 
stroke types can be viewed in Table 2.

1-, 3- and 5-Years Survival Rate

Five years post-diagnosis, 46.9% of overall 
stroke patients were still alive (95% CI: 45.6, 
48.2). Table 3 outlines the 1-, 3- and 5-year 
stroke survival rates.

Table 1. The characteristics of stroke patients in Malaysia, 20092013 (n = 5,777)

Variables n (%)

Sociodemographic

Age (mean, SD), years old 63.15 (12.46)

Gender

Male 3,135 (54.3)

Female 2,642 (45.7)

Ethnic

Malay 4,697 (81.3)

Non-Malay 1,080 (18.7)

Clinical characteristics     

WHO stroke classification

Ischaemic 4,236 (80.5)

Intracerebral haemorrhage 942 (17.9)

Subarachnoid haemorrhage 87 (1.7)

GCS score (mean, SD) 13.06 (3.18)

NIHSS score (mean, SD) 9.14 (8.78)

Systolic blood pressure (mean, SD) 165.94 (34.86)

Diastolic blood pressure (mean, SD) 91.54 (20.31)

Blood glucose (mean, SD) 8.75 (17.06)

Recurrent episode of stroke 1,210 (20.9)

(continued on next page)
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Variables n (%)

Risk factors

Family history of stroke 378 (6.5)

Smoker 1,751 (52.1)

Hypertension 4,085 (70.7)

Diabetes mellitus 2,445 (42.3)

Ischaemic heart disease	 700 (12.1)

Hyperlipidaemia	 1,610 (27.9)

Atrial fibrillation 158 (2.7)

Receiving stroke prophylaxis treatment

Antiplatelet 1,198 (20.8)

Anticoagulant 95 (1.6)

Figure 1. The overall Kaplan-Meier curve showing the median survival time for Malaysian stroke patients 
diagnosed between 2009 and 2013

Table 1.  (continued)
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Discussion

In our study, we explored the characteristics 
and survival estimates of stroke patients in 
Malaysia. Our results revealed that the average 
age at diagnosis among Malaysian stroke 
patients from 2009 to 2013 mirrored previously 
published studies (8, 13, 19). However, the mean 
diagnostic age was lower than that reported 
in Korea by Minn et al. (20), where it exceeded  
80 years, yet higher than that in Estonia (21). As 
for gender distribution, our study found a higher 
prevalence in males, consistent with several 
global studies (7, 22, 23). Nonetheless, some 
research revealed a greater female prevalence 
(24, 25).

In Malaysia, the Malay ethnic group 
represents the majority of the population (26). 
This demographic distribution is echoed in our 
study, where Malays constituted the largest 
proportion of stroke patients at 81.3%. On the 
contrary, a study by Sun et al. (14) in Singapore 
found that Chinese people comprised the largest 
sample, followed by Malays and Indians. This 
aligns with the ethnic distribution in Singapore, 
which has a majority Chinese population (27). 
Such demographic insights are invaluable 

Table 2.	 The median survival time according to ethnics, gender, and types of strokes among 
	 stroke patients in Malaysia

Variables Median survival time, months  
(95% CI)

P-value*

Sex

Male 50.9 (46.2, 55.7) 0.588

Female 51.2 (45.7, 56.7)

Ethnic

Malay 47.6 (43.6, 51.6) < 0.001

Non-Malay 65.2 (56.6, 73.7)

Types of stroke

Ischaemic 56.3 (52.2, 60.3) < 0.001

Intracerebral haemorrhage 10.8 (3.7, 17.8)

Subarachnoid haemorrhage 1.7 (0.00, 5.8)

Note: *Log-rank test P-value

Table 3. The 1-, 3- and 5-year stroke survival rate among stroke patients in Malaysia

Survival time Event (n) Censored (n) Survival rate (%) Lower 95% CI Upper 95% CI

1-year 1,922 3,855 66.7 65.5 68.0

3-year 285 3,211 55.6 54.3 56.9

5-year 246 2,710 46.9 45.6 48.2

for healthcare providers and policymakers. 
Understanding which sections of the Malaysian 
population are most affected by strokes 
allows for improved treatment and resource 
distribution. By tailoring healthcare services 
and preventive strategies to the needs of this 
population, the well-being of the community can 
be enhanced.

Our study found that ischaemic stroke, 
which accounts for over two-thirds of all stroke 
cases, is the most common type among stroke 
patients. Hypertension was found in over half 
of the patients and roughly half had diabetes 
mellitus. These findings are consistent with 
others who also found ischaemic stroke to be 
the most prevalent (25, 28, 29). Our results 
mirror a study by Kim (8), showing SAH as the 
least common stroke type. We also analysed 
the recurrence of stroke among patients in 
Malaysia. Based on the data from previous 
studies, we found that approximately one-fifth 
of all stroke patients experienced recurrent 
strokes (12, 30). This rate is lower than the 
recurrence rate in Taiwan (22). These findings 
underscore the urgent need for effective stroke 
prevention programmes focusing on controlling 
hypertension, managing diabetes and educating 
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patients about medication adherence. Such 
efforts to prevent strokes and reduce risk 
factors are critical not only for improving 
patient outcomes but also for relieving strain on 
healthcare systems.

In our study, the median survival time 
was longer compared to studies conducted in 
India, the United States and Denmark (9−11), 
suggesting better stroke treatment management 
in Malaysia. However, our median survival 
time was shorter than reported in a Sweden-
based hospital study (12). Numerous studies 
have found a higher mortality risk associated 
with haemorrhagic stroke (8, 17, 30−32). This 
could explain the longer median survival time 
reported by Eriksson and Olsson (12), as their 
study included just a small percentage (16%) of 
haemorrhagic stroke cases.

Contrary to a Thai study that found the 
median survival time to be shorter for the 
ischaemic group than the haemorrhagic group 
(13), our study discovered that the ischaemic 
stroke group typically survived longer than 
both the ICH and SAH groups. This aligns with 
Sun et al.’s (14) study conducted in Singapore. 
Haemorrhagic strokes generally exhibit a 
higher mortality rate compared to ischaemic 
strokes (33). This disparity can be attributed to 
several pathophysiological processes, including 
vasoconstriction, blood-brain barrier disruption, 
an increase in microthrombi, neuroinflammation 
and brain oedema, among others (34, 35). 
These processes result in more acute and faster 
neurological decline compared to ischaemic 
strokes. The lack of neurosurgical and imaging 
facilities, coupled with a lack of awareness, may 
pose challenges in managing haemorrhagic 
strokes, thereby increasing their severity (36, 37).

We also analysed the median survival time 
among different ethnic groups in Malaysia. 
Notably, we observed a significant difference 
in median survival time between Malays and 
non-Malays. This finding is consistent with a 
study by Wolfe et al. (29) in London, which 
reported that Black individuals had a longer 
survival time compared to White individuals. 
These observations may be attributed to factors 
such as socioeconomic disparities, healthcare 
accessibility, cultural beliefs and genetic 
predispositions (38, 39). It is essential to 
undertake further research to identify the specific 
causes of this disparity. This knowledge will 
inform the development of targeted interventions 
to enhance outcomes for the Malay population.

We also investigate the 1-, 3- and 5-year 
survival rates of stroke patients in Malaysia. 
For the 1-year survival rate, our study presented 
a higher survival rate compared to similar 
research in India and the United States (9, 10), 
but lower in comparison to studies in Lithuania 
and Estonia (21, 28). The 3-year survival rate 
from our research exceeded that from a study in 
India (10) but fell short of a study in Korea (8). 
The 5-year survival rate in our study was lower 
than many published reports (9, 14, 21, 28), 
but superior to a study by Kostulas et al. (7) in 
Sweden. However, it should be noted that the 
study in Sweden was confined to stroke patients 
also suffering from diabetes. Stroke patients with 
underlying diabetes mellitus had a higher risk 
of death than stroke patients without diabetes 
mellitus (7, 22, 31, 40). This may affect the 
overall survival outcome and median survival 
time. Such statistics offer patients and healthcare 
practitioners useful insights into survival 
prospects following a stroke diagnosis.

Caution is advised when comparing survival 
rates and median survival times across stroke 
studies. Some studies include TIA in their 
samples, which might affect the overall median 
survival time. Notably, TIA has been reported to 
have no connection with the risk of death after 
surviving the initial stroke for at least 30 days 
(41).

Our study was primarily limited by the use 
of secondary data. This constraint was due to a 
high incidence of unrecorded data, particularly 
in stroke classification. Consequently, it hindered 
our ability to investigate the factors contributing 
to the low survival outcome. Further, because 
we solely used registry-provided data, it was 
impossible to conclusively determine whether a 
stroke definitively caused a death.

Our study’s main strength was its use of 
population-based nationwide data, which allows 
our findings to be generalised to the Malaysian 
population. In contrast, studies relying on 
hospital-based data could be biased due to the 
limited range of diseases managed, as patients 
receiving thorough, in-hospital treatment may 
not accurately represent the wider population. 
Furthermore, our collection of population-
based data, which included updates on death 
statuses, also enhanced our research. This crucial 
information was updated for all stroke patients 
in the registry through the mortality registry, 
using unique identifiers such as personal 



www.mjms.usm.my 211

Original Article | Stroke survival Malaysia 20092013

Conflict of Interest

None.

Funds

None.

Authors’ Contributions

Conception and design: ATAW
Analysis and interpretation of the data: ATAW
Drafting of the article: ATAW
Critical revision of the article for important 
intellectual content: NMY, SMH
Final approval of the article: NMY, SMH
Provision of study materials or patients: ZAA
Statistical expertise: NMY, SMH

Correspondence

Associate Professor Dr. Najib Majdi Yaacob
MPH, DrPH (Epidemiology) (USM)
Biostatistics and Research Methodology Unit, 
School of Medical Sciences, Universiti Sains 
Malaysia Health Campus, 
16150 Kubang Kerian, Kelantan, Malaysia.
Email: najibmy@usm.my

References

1.	 World Health Organization (WHO). The top 
10 causes of death 2015 [Internet]. Available  
at: http://www.who.int/mediacentre/factsheets/
fs310/en/#

2.	 Department of Statistics Malaysia. Statistics 
on cause of death, Malaysia; 2018 (updated  
31 December 2018). Available at: https://www.
dosm.gov.my/vl/index.php?r=column/pdfPrev& 
id=aWg2VjJkZHhYcDdEM3JQSGloeTVlZz09.

3.	 Institute for Public Health. Malaysian burden of 
disease and injury study 2009–2014. National 
Institutes of Health, Ministry of Health Malaysia; 
2017.

identification numbers of Malaysian citizens, 
passport numbers, and numbers assigned to 
police and military personnel.

Conclusion

Stroke patients in Malaysia diagnosed 
between 2009 and 2013 had a median survival 
time of 51 months. There were significant 
differences in this time according to ethnicity 
and stroke type; Malays notably had a shorter 
median survival time than non-Malays, and 
patients with SAH and ICH had shorter times 
compared to those with ischaemic strokes. The 
1-, 3-, and 5-year survival rates were 66%, 55.6% 
and 46.9%, respectively. Compared to other 
developed nations, Malaysia’s 5-year survival 
rate was lower. These findings are significant 
for policymakers and healthcare providers in 
shaping tailored stroke-care and prevention 
strategies for the Malaysian population. To 
address the inequality in survival rates amongst 
different ethnicities, genders and stroke types, 
we need an approach that considers social, 
cultural and biological factors. Further research 
is also needed to understand these disparities 
better and to devise interventions aimed at 
improving stroke care and outcomes in Malaysia.

Acknowledgements

The authors wish to thank the Director-
General of Health from the MOH in Malaysia, 
along with the Chairman of the NSR of Malaysia, 
based at the Clinical Research Centre, Hospital 
Sultanah Nur Zahirah, in Kuala Terengganu, 
Malaysia. Additionally, we are grateful to the 
National Registry Department for supplying the 
mortality status data.

Ethics of Study

The Human Research and Ethics 
Committee at Universiti Sains Malaysia (ID: 
USM/JEPeM/19100602) and the Medical 
Review and Ethical Committee at the National 
Institute of Health, Ministry of Health Malaysia 
(NMRR No: 19-3075-51281 (IIR)), granted 
ethical approval for this study.

http://www.who.int/mediacentre/factsheets/fs310/en/#
http://www.who.int/mediacentre/factsheets/fs310/en/#
https://www.dosm.gov.my/vl/index.php%3Fr%3Dcolumn/pdfPrev%26%0Aid%3DaWg2VjJkZHhYcDdEM3JQSGloeTVlZz09.
https://www.dosm.gov.my/vl/index.php%3Fr%3Dcolumn/pdfPrev%26%0Aid%3DaWg2VjJkZHhYcDdEM3JQSGloeTVlZz09.
https://www.dosm.gov.my/vl/index.php%3Fr%3Dcolumn/pdfPrev%26%0Aid%3DaWg2VjJkZHhYcDdEM3JQSGloeTVlZz09.


Malays J Med Sci. 2024;31(5):205–214

www.mjms.usm.my212

12.	 Eriksson SE, Olsson JE. Survival and recurrent 
strokes in patients with different subtypes 
of stroke: a fourteen-year follow-up study. 
Cerebrovasc Dis. 2001;12(3):171−180. https://
doi.org/10.1159/000047700

13.	 Butsing N, Mawn B, Suwannapong N, 
Tipayamongkholgul M. Long-term survival of 
ischemic and hemorrhagic stroke patients: an 
analysis of national thai data. Southeast Asian  
J Trop Med Public Health. 2018;49:322−330.

14.	 Sun Y, Lee SH, Heng BH, Chin VS. 5-year 
survival and rehospitalization due to 
stroke recurrence among patients with 
hemorrhagic or ischemic strokes in Singapore.  
BMC Neurol. 2013;13(1):133. https://doi.
org/10.1186/1471-2377-13-133

15.	 Muruet W, Rudd A, Wolfe CDA, Douiri A. 
Long-term survival after intravenous 
thrombolysis for ischemic stroke: a propensity 
score-matched cohort with up to 10-year  
follow-up. Stroke. 2018;49(3):607−613. https://
doi.org/10.1161/STROKEAHA.117.019889

16.	 Slot KB, Berge E, Dorman P, Lewis S, Dennis 
M, Sandercock P. Impact of functional status 
at six months on long term survival in patients 
with ischaemic stroke: prospective cohort  
studies. BMJ. 2008;336(7640):376. https://doi.
org/10.1136/bmj.39456.688333.BE

17.	 Musa KI. Modelling of risk factors, case-fatalities, 
survival and functional health status for stroke in 
Kelantan, Malaysia [PhD’s thesis]. UK: Lancaster 
Medical School, Lancaster University; 2017.

18.	 Albers GW, Caplan LR, Easton JD, Fayad PB, 
Mohr JP, Saver JL, et al. Transient ischemic 
attack—proposal for a new definition. New 
England J Med. 2002;347(21):1713−1716. 
https://doi.org/10.1056/NEJMsb020987

19.	 Zabala A, Darsalia V, Holzmann MJ, Franzén 
S, Svensson AM, Eliasson B, et al. Risk of 
first stroke in people with type 2 diabetes 
and its relation to glycaemic control: a 
nationwide observational study. Diabetes  
Obes Metab. 2020;22(2):182−190. https://doi.
org/10.1111/dom.13885

4.	 Aho K, Harmsen P, Hatano S, Marquardsen 
J, Smirnov VE, Strasser T. Cerebrovascular 
disease in the community: results of a WHO 
collaborative study. Bull World Health Organ. 
1980;58(1):113−130.

5.	 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 Neurol. 
2003;2(1):43−53. https://doi.org/10.1016/S1474-
4422(03)00266-7

6.	 National Stroke Registry. Stroke Registry 
Report 2009−2016 CRC, Hospital Nur 
Zahirah, Kuala Terengganu; 2016. pp. 11−25. 
Available at: https://www.neuro.org.my/wp-
content/uploads/2019/03/Stroke-registry-
report-2009-2016.pdf

7.	 Kostulas N, Markaki I, Cansu H, Masterman T, 
Kostulas V. Hyperglycaemia in acute ischaemic 
stroke is associated with an increased 5-year 
mortality. Age and ageing. 2009;38(5):590−594. 
https://doi.org/10.1093/ageing/afp120

8.	 Kim HC, Choi DP, Ahn SV, Nam CM,  
Suh I. Six-year survival and causes 
of death among stroke patients in  
Korea. Neuroepidemiology. 2009;32(2):94−100. 
https://doi.org/10.1159/000177034

9.	 Fang MC, Go AS, Chang Y, Borowsky 
LH, Pomernacki NK, Udaltsova N, et 
al. Long-term survival after ischemic 
stroke in patients with atrial fibrillation.  
Neurology. 2014;82(12):1033−1037. https://doi.
org/10.1212/WNL.0000000000000248

10.	 Ray BK, Hazra A, Ghosal M, Banerjee T, 
Chaudhuri A, Singh V, et al. Early and delayed 
fatality of stroke in Kolkata, India: results 
from a 7-year longitudinal population-
based study. J Stroke Cerebrovasc Dis. 
2013;22(4):281−289. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2011.09.002

11.	 Andersen KK, Olsen TS. One-month to  
10-year survival in the Copenhagen stroke study: 
interactions between stroke severity and other 
prognostic indicators. J Stroke Cerebrovasc Dis. 
2011;20(2):117−123. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2009.10.009

https://doi.org/10.1159/000047700
https://doi.org/10.1159/000047700
https://doi.org/10.1186/1471-2377-13-133
https://doi.org/10.1186/1471-2377-13-133
https://doi.org/10.1161/STROKEAHA.117.019889
https://doi.org/10.1161/STROKEAHA.117.019889
https://doi.org/10.1136/bmj.39456.688333.BE
https://doi.org/10.1136/bmj.39456.688333.BE
https://doi.org/10.1056/NEJMsb020987
https://doi.org/10.1111/dom.13885
https://doi.org/10.1111/dom.13885
https://doi.org/10.1016/S1474-4422%2803%2900266-7
https://doi.org/10.1016/S1474-4422%2803%2900266-7
https://www.neuro.org.my/wp-content/uploads/2019/03/Stroke-registry-report-2009-2016.pdf
https://www.neuro.org.my/wp-content/uploads/2019/03/Stroke-registry-report-2009-2016.pdf
https://www.neuro.org.my/wp-content/uploads/2019/03/Stroke-registry-report-2009-2016.pdf
https://doi.org/10.1093/ageing/afp120
https://doi.org/10.1159/000177034
https://doi.org/10.1212/WNL.0000000000000248
https://doi.org/10.1212/WNL.0000000000000248
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.09.002
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.09.002
https://doi.org/10.1016/j.jstrokecerebrovasdis.2009.10.009
https://doi.org/10.1016/j.jstrokecerebrovasdis.2009.10.009


www.mjms.usm.my 213

Original Article | Stroke survival Malaysia 20092013

28.	 Radisauskas R, Tamosiunas A, Kranciukaite-
Butylkiniene D, Milinaviciene E, Malinauskiene 
V, Bernotiene G, et al. Long-term survival 
after stroke in Lithuania: data from Kaunas 
population-based stroke registry. PLoS ONE. 
2019;14(7):e0219392. https://doi.org/10.1371/
journal.pone.0219392

29.	 Wolfe CDA, Smeeton NC, Coshall C, Tilling 
K, Rudd AG. Survival differences after 
stroke in a multiethnic population: follow-
up study with the South London stroke  
register. BMJ. 2005;331(7514):431. https://doi.
org/10.1136/bmj.38510.458218.8F

30.	 Olsen TS, Dehlendorff C, Andersen KK. Sex-
related time-dependent variations in post-stroke 
survivalevidence of a female stroke survival 
advantage. Neuroepidemiology. 2007;29(3–
4):218−225. https://doi.org/10.1159/000112464

31.	 Eriksson M, Eriksson M, Carlberg B, Eliasson 
M. The disparity in long-term survival after a 
first stroke in patients with and without diabetes 
persists: the Northern Sweden MONICA study. 
Cerebrovasc Dis. 2012;34(2):153−160. https://
doi.org/10.1159/000339763

32.	 Lee WC, Joshi AV, Wang Q, Pashos CL, 
Christensen MC. Morbidity and mortality among 
elderly Americans with different stroke subtypes. 
Adv Ther. 2007;24(2):258−268. https://doi.
org/10.1007/BF02849893

33.	 Yun SM, Shin S, Chang WH, Kim DY, Lee J, 
Sohn M, et al. Gender differences in mortality 
and long-term functional outcomes after first-
ever ischemic stroke: a prospective cohort study. 
Int J Stroke. 2023;18(7):839−846. https://doi.
org/10.1177/17474930231159779

34.	 Luo Y, Reis C, Chen S. NLRP3 inflammasome 
in the pathophysiology of hemorrhagic 
stroke: a review. Curr Neuropharm. 
2019;17(7):582−589. https://doi.org/10.2174/157
0159X17666181227170053

35.	 Fang Y, Gao S, Wang X, Cao Y, Lu J, Chen S, 
et al. Programmed cell deaths and potential 
crosstalk with blood–brain barrier dysfunction 
after hemorrhagic stroke. Front Cell 
Neurosci. 2020;14. https://doi.org/10.3389/
fncel.2020.00068

20.	 Minn Y-K, Cho S-J, Kim S-G, Kwon K-H, Kim 
J-H, Oh M-S, et al. Long-term outcomes of acute 
ischemic stroke in patients aged 80 years and 
older. Yonsei Med J. 2008;49(3):400−404. 
https://doi.org/10.3349/ymj.2008.49.3.400

21.	 Vibo R, Schneider S, Kõrv J. Long-term survival 
of young stroke patients: a population-based 
study of two stroke registries from Tartu, Estonia. 
Stroke Res Treat. 2012;2012:4. https://doi.
org/10.1155/2012/731570

22.	 Han D-S, Pan S-L, Chen S-Y, Lie S-K, 
Lien IN, Wang T-G. Predictors of long-
term survival after stroke in Taiwan.  
J Rehabil Med. 2008;40(10):844−849. https://
doi.org/10.2340/16501977-0275

23.	 Restrepo L, Bang OY, Ovbiagele B, Ali L, 
Kim D, Liebeskind DS, et al. Impact of 
hyperlipidemia and statins on ischemic stroke 
outcomes after intra-arterial fibrinolysis 
and percutaneous mechanical embolectomy.  
Cerebrovasc Dis. 2009;28(4):384−390. https://
doi.org/10.1159/000235625

24.	 Petty GW, Brown RD Jr., Whisnant JP, 
Sicks JD, O’Fallon WM, Wiebers DO. 
Survival and recurrence after first cerebral 
infarction: a population-based study in 
Rochester, Minnesota, 1975 through 1989.  
Neurology. 1998;50(1):208−216. https://doi.
org/10.1212/WNL.50.1.208

25.	 Rutten-Jacobs LC, Arntz RM, Maaijwee 
NA, Schoonderwaldt HC, Dorresteijn LD, 
van Dijk EJ, et al. Long-term mortality after 
stroke among adults aged 18 to 50 years. 
JAMA. 2013;309(11):1136−1144. https://doi.
org/10.1001/jama.2013.842

26.	 Department of Statistics Malaysia. Current 
population estimates, Malaysia, 2017−2018; 
2018. Available at: https://www.dosm.gov.my/vl/ 
index.php/index.php?r=column/cthemeByCat&ca 
t=155&bul_id=c1pqTnFjb29HSnNYNUpiTmNWZ 
HArdz09&menu_id=L0pheU43NWJwRWVSZkl 
WdzQ4TlhUUT09

27.	 Sharma VK, Tsivgoulis G, Teoh HL, Ong 
BKC, Chan BPL. Stroke risk factors and 
outcomes among various asian ethnic groups 
in Singapore. J Stroke Cerebrovasc Dis. 
2012;21(4):299−304. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2010.08.010

https://doi.org/10.1371/journal.pone.0219392
https://doi.org/10.1371/journal.pone.0219392
https://doi.org/10.1136/bmj.38510.458218.8F
https://doi.org/10.1136/bmj.38510.458218.8F
https://doi.org/10.1159/000112464
https://doi.org/10.1159/000339763
https://doi.org/10.1159/000339763
https://doi.org/10.1007/BF02849893
https://doi.org/10.1007/BF02849893
https://doi.org/10.1177/17474930231159779
https://doi.org/10.1177/17474930231159779
https://doi.org/10.2174/1570159X17666181227170053
https://doi.org/10.2174/1570159X17666181227170053
https://doi.org/10.3389/fncel.2020.00068
https://doi.org/10.3389/fncel.2020.00068
https://doi.org/10.3349/ymj.2008.49.3.400
https://doi.org/10.1155/2012/731570
https://doi.org/10.1155/2012/731570
https://doi.org/10.2340/16501977-0275
https://doi.org/10.2340/16501977-0275
https://doi.org/10.1159/000235625
https://doi.org/10.1159/000235625
https://doi.org/10.1212/WNL.50.1.208
https://doi.org/10.1212/WNL.50.1.208
https://doi.org/10.1001/jama.2013.842
https://doi.org/10.1001/jama.2013.842
https://www.dosm.gov.my/vl/%0Aindex.php/index.php%3Fr%3Dcolumn/cthemeByCat%26ca%0At%3D155%26bul_id%3Dc1pqTnFjb29HSnNYNUpiTmNWZ%0AHArdz09%26menu_id%3DL0pheU43NWJwRWVSZkl%0AWdzQ4TlhUUT09
https://www.dosm.gov.my/vl/%0Aindex.php/index.php%3Fr%3Dcolumn/cthemeByCat%26ca%0At%3D155%26bul_id%3Dc1pqTnFjb29HSnNYNUpiTmNWZ%0AHArdz09%26menu_id%3DL0pheU43NWJwRWVSZkl%0AWdzQ4TlhUUT09
https://www.dosm.gov.my/vl/%0Aindex.php/index.php%3Fr%3Dcolumn/cthemeByCat%26ca%0At%3D155%26bul_id%3Dc1pqTnFjb29HSnNYNUpiTmNWZ%0AHArdz09%26menu_id%3DL0pheU43NWJwRWVSZkl%0AWdzQ4TlhUUT09
https://www.dosm.gov.my/vl/%0Aindex.php/index.php%3Fr%3Dcolumn/cthemeByCat%26ca%0At%3D155%26bul_id%3Dc1pqTnFjb29HSnNYNUpiTmNWZ%0AHArdz09%26menu_id%3DL0pheU43NWJwRWVSZkl%0AWdzQ4TlhUUT09
https://www.dosm.gov.my/vl/%0Aindex.php/index.php%3Fr%3Dcolumn/cthemeByCat%26ca%0At%3D155%26bul_id%3Dc1pqTnFjb29HSnNYNUpiTmNWZ%0AHArdz09%26menu_id%3DL0pheU43NWJwRWVSZkl%0AWdzQ4TlhUUT09
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.08.010
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.08.010


Malays J Med Sci. 2024;31(5):205–214

www.mjms.usm.my214

39.	 Zhou Y, Jiang H, Wei H, Liu L, Zhou C, Ji X. 
Venous stroke–a stroke subtype that should not 
be ignored. Front Neurol. 2022;13. https://doi.
org/10.3389/fneur.2022.1019671

40.	 van Wijk I, Kappelle LJ, van Gijn J, 
Koudstaal PJ, Franke CL, Vermeulen M,  
et al. Long-term survival and vascular 
event risk after transient ischaemic attack 
or minor ischaemic stroke: a cohort study.  
Lancet. 2005;365(9477):2098−2104. https://
doi.org/10.1016/S0140-6736(05)66734-7

41.	 Lai Sue M, Alter M, Friday G, Sobel E. 
Prognosis for survival after an initial  
stroke. Stroke. 1995;26(11):2011−2015. https://
doi.org/10.1161/01.STR.26.11.2011

36.	 Kang J, Conrad MF, Patel VI, Mukhopadhyay 
S, Garg A, Cambria MR, et al. Clinical and 
anatomic outcomes after carotid endarterectomy. 
J Vasc Surg. 2014;59(4):944−949. https://doi.
org/10.1016/j.jvs.2013.10.059

37.	 Cheng H-Y, Wang YS, Hsu PY, Chen C-Y, Liao 
YC, Juo SHH. miR-195 has a potential to treat 
ischemic and hemorrhagic stroke through 
neurovascular protection and neurogenesis. Mol 
Ther Methods Clin Dev. 2019;13:121−132. https://
doi.org/10.1016/j.omtm.2018.11.011

38.	 Khanna A, Walcott BP, Kahle KT, Simard JM. 
Effect of glibenclamide on the prevention of 
secondary brain injury following ischemic stroke 
in humans. Neurosurg Focus. 2014;36(1):E11. 
https://doi.org/10.3171/2013.10.FOCUS13404

https://doi.org/10.3389/fneur.2022.1019671
https://doi.org/10.3389/fneur.2022.1019671
https://doi.org/10.1016/S0140-6736%2805%2966734-7
https://doi.org/10.1016/S0140-6736%2805%2966734-7
https://doi.org/10.1161/01.STR.26.11.2011
https://doi.org/10.1161/01.STR.26.11.2011
https://doi.org/10.1016/j.jvs.2013.10.059
https://doi.org/10.1016/j.jvs.2013.10.059
https://doi.org/10.1016/j.omtm.2018.11.011
https://doi.org/10.1016/j.omtm.2018.11.011
https://doi.org/10.3171/2013.10.FOCUS13404

