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Background: Data on nationwide trends for stroke metrics are crucial to understand the extent
of the disease burden to a country’s health system. Yet, this information remains scarce in low-
and middle-income countries.

Objectives: This study investigated trends of stroke incidence and 28-day all-cause mortality
after a stroke from 2008 to 2016 in Malaysia, through linkage across national data sources.
Methods: Hospital admissions with a principal diagnosis of stroke or transient ischemic attack
were included. Cases with first stroke were identified through linkage of hospital admission
registers where age and sex-standardized trends of stroke incidence and its subtypes were cal-
culated. By linking hospital registers to the National Death Register, the 28-day all-cause mor-
tality rates after a stroke were estimated. Mann-Kendall’s test was used for trend evaluation.
Results: From 243,765 records, the trend of stroke incidence showed an increase of 4.9% in
men and a drop of 3.8% among women. Incidences were higher in men, at 99.1 per 100,000
population in 2008 and 103.9 per 100,000 in 2016 than women (80.3 per 100,000 in 2008 and
77.2 per 100,000 in 2016). There was a substantial increase in stroke incidence among those
below 65 years old, with the largest increase of 53.3% in men aged between 35-39 years and
50.4% in women of similar age group. The trend for 28-day all-cause mortality showed a decline
for men at —13.1% and women, —10.6%. Women had higher mortality from stroke (22.0% in 2008
and 19.7% in 2016) than men (19.4% in 2008 to 17.2% in 2016).

Conclusion: This first empirical study on stroke trends in Malaysia revealed a worrying increase
in stroke incidence among the younger population. Despite a declining trend, mortality rates
remained moderately high especially in women. Comprehensive strategies to strengthen the
prevention and management of stroke care are warranted.
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Introduction
Despite being known as a disease of affluence, the incidence of stroke in low and middle-income countries
(LMICs) has superseded that of the high-income countries (HICs) by 20% between 2000 and 2008. An increase
in stroke incidence among young adults between 20 and 64 years has also been observed with a large propor-
tion attributable to LMICs [1]. As for mortality, although both regions showed downward trends between 1985
to 2005, estimates of one-month mortality from stroke in LMICs were much higher than HICs [2].

Malaysia is a country with an emerging economy in Southeast Asia where stroke is increasingly being
recognized as a major public health concern. With stroke being estimated as the third leading cause of
death in the country [3], efforts to measure important local stroke metrics have been attempted. While
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modelled estimates are available within the Global Burden of Disease Study [4], empirical stroke incidence
was first estimated in a district of Penang Island with an age-standardized rate of 67 per 100,000 popula-
tion between 2010 and 2011 [5]. Short-term mortality after a stroke event in Malaysia varied from 7.8%
to 34% [6—8]. Most of these studies however, are single-centred with cross-sectional designs. Conduct of
longitudinal cohorts are scarce because they are expensive and time consuming. Establishing reliable trends
for stroke metrics across time in cohorts that are more nationally representative are therefore, still lacking.

One promising strategy to possibly resolve this, is research using data linkage. With this method, informa-
tion for a specific patient can be linked from multiple readily available data sources. Research using data
linkage has been shown to not only influence health policy and improve preventive health strategies but
more importantly, it provides an opportunity to monitor disease burden and patient outcomes in a real-time
manner [9].

Thus, the aims of this study were to estimate trends of stroke incidence and 28-day all-cause mortality
after a stroke across Ministry of Health hospitals in Malaysia from 2008 to 2016, via linkage of national data
sources.

Methods
Data source
Data were sourced from two databases: 1) hospital admission database (Sistem Maklumat Rawatan Pesakit
(SMRP)) within the Health Information Management System and 2) National Death Register. In brief, the
SMRP is a centralized database of the Ministry of Health that collects hospital admission records from Min-
istry of Health hospitals since 1981, with availability of granular data from 1999. It has expanded to include
private hospitals in 2008 as well as university and Ministry of Defence hospitals in 2017. For this study, only
data from the Ministry of Health's hospitals were included to avoid inconsistency in terms of data availabil-
ity. While initially all documentation were entered manually, a web-based online system was subsequently
started in 2012.

The National Death Register is a central registration for all deaths in the country. Death records are stored
within a computerized registration system (National Population Registration System (SPPN)) [10].

Population selection
We included all admissions registered with a principal diagnosis of stroke or transient ischemic attack (TIA)
at discharge between January 2005 and December 2016. Records were excluded for inter-hospital transfers
for the same stroke event, hospital admissions after recorded deaths for the same identifier, and records
with missing or inadequate unique identifiers. In Malaysia, unique identifiers that are provided for hospital
admissions include either 1) the national identification number (MyKad) which was introduced in 1990,
2) an older version of the national identification number, 3) police identification number or 4) passport
number for foreigners. As the least number of characters for these identifications is seven, about 1.7%
records with inadequate unique identifiers were removed to improve the accuracy of the linkage. Figure 1
illustrates a flow chart on the process of inclusion and exclusion of the records.

A diagnosis of stroke or a TIA is based on clinical assessment and confirmed on imaging using either
a computed tomographic or magnetic resonance imaging. The updated universal definition for stroke is
published in 2013 [11]. In 2009, the expert committee has proposed to define TIA as ‘a transient episode
of neurological dysfunction caused by focal brain, spinal cord, or retinal ischemia without acute infarction
[12]." In other words, neurological dysfunction that resolves within 24 hours with normal brain imaging is
considered as episodes of TIA.

Diagnoses at discharge are coded to the International Classification of Disease-10 codes. Consistent with
definitions from the coding, stroke subtypes in this study is defined as 163-164 and G45 for ischemic stroke/
TIA, 161 — 162 for hemorrhagic stroke, and 160 for subarachnoid haemorrhage.

Cohort identification
Two age- and sex-specific components of stroke metrics and its subtypes were estimated in this study: 1)
incidence of stroke and 2) 28-day all-cause mortality after a stroke between 2008 and 2016.

1) Incidence

Incidence of stroke in this study is defined as the number of people with first-ever hospitalized stroke. It
was not possible to identify whether the stroke episode was a first or a recurrent event from the admission
records. For every hospital admission, a new hospital record will be added and thus, a person can be entered
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Figure 1: Flow chart showing the process of data linkage and patient selection for analysis.
* Dataset used to identify patients with previous hospital admission for stroke in the last 3 consecutive years.

multiple times into the database. To overcome this issue, we created a random identification number (RIN)
by combining one unique identifier and two other non-unique identifiers which were sex and date of birth
with the aim to uniquely identify a patient. Use of more than one variable for linkage purposes has been
associated with an improvement in the accuracy to identify patients [13].

From there, a cohort of hospitalized stroke patients was constructed by identifying the first hospital-
ized stroke admission every year for each RIN. Through linkage with previous hospital admission records,
we excluded patients who had previous admissions for stroke within the last three consecutive years. We
repeated this exercise for every year between 2008 and 2016 to obtain yearly incident cases of stroke. This
similar method has been used previously in other countries for estimation of incidence using data from
hospital admission records [14].

2) The 28-day all-cause mortality

The 28-day all-cause mortality includes hospitalized stroke patients who died from any cause within 28 days
after their stroke events. Using that as a basis, we linked the admission records for stroke to the National
Death Register between year 2008 and 2017 to obtain information on date of deaths. For patients with
multiple stroke admissions, only their latest stroke episode was included. Similarly, exact matching for data
linkage between two databases was performed using the created RIN.
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Ethical considerations

Ethics approval was obtained from Medical Research and Ethics Committee, Ministry of Health Malaysia (ID:
NMRR 18-100-39847). A waiver to obtain informed consent from patients was granted as this study utilized
routinely collected data from administrative databases.

Statistical analysis

Firstly, the number of incident cases was calculated per 100,000 Malaysian population by age and sex before
being age-standardized to the 2016 Malaysian population as well as the standard world population [15].
The population size at midpoint of the year obtained from the Department of Statistics Malaysia were used.
Scatter plots were presented to visualize changes for stroke incidence between 2008 and 2016. The extent
of change between the years were calculated with the formula below:

(Ratein 2016 — rate in 2008)
Rate in 2008

x100%

Percentage of changeinrate =

In addition, statistical significance of the trends was estimated with the Mann-Kendall's trend test.

Secondly, the estimates for 28-day all-cause mortality were based on the number of hospitalized stroke
patients who died within 28 days after their stroke events out of total hospital admissions for stroke within
a particular year. This metrics was then presented in proportions and age-standardized to the age structure
for 2016 total hospital admission for stroke to assess trends. Similar analyses to incidence rates were per-
formed, which includes scatter plots, percentage of change in mortality across the years and Mann-Kendall's
trend test.

A p-value of p < 0.05 is taken for statistical significance. Data were analyzed with R Studio 1.1.463 [16].

Results

Overall stroke

Table 1 shows baseline characteristics of hospital admissions for stroke from year 2008 to 2016. Apart from
adrop in 2012 and 2013, the number of patients who were admitted for stroke steadily increased. Over the
9 years, there were moderate shifts in age groups of the highest proportion of hospitalized stroke patients.
A downward trend in the proportion of stroke patients between the ages of 65 to 74 years was observed. In
contrast, the proportion of stroke patients increased for younger patients aged 35 to 44 years and 55 to 64
years. No large differences were observed between men and women.

More than half of the stroke patients were of Malay ethnicity. The proportion of patients with ischemic
stroke, hemorrhagic stroke and subarachnoid hemorrhage remained almost constant over the years whereas
those who were admitted for TIA were slightly reduced (9.0% in 2008 to 7.2% in 2016). On average, the
median length of stay in the hospital for a stroke event was three days.

Overall, the trend for age-standardized incidence of hospitalized stroke between 2008 and 2016
remained stable, despite an increase of 4.9% for men whereas in women, a fall of 3.8% (Figure 2).
Age-standardized incidence were observed to be consistently higher in men, at 99.1 per 100,000 in
2008 and 103.9 per 100,000 population in 2016 compared to women (80.3 per 100,000 in 2008 and
77.2 per 100,000 in 2016). As displayed in Table S.1 and S.2, a substantial increase in stroke incidence
among those aged 65 years and below was observed. Age-specific increases ranged from 2.7% to 53.3%
among men whereas for women, the increase was between 3.9% to 50.4%. The rise was most signifi-
cant in those between 35 to 49 years. Contrastingly, a drop was observed in people who are 65 years
and older. This was similar in men and women although there was another increase for women after
80 years. This increment between 2008 and 2016 in the younger age groups was similarly highlighted
in Figure 3.

In Figure 4, there was a significant drop in age-standardized proportions of 28-day all-cause mortal-
ity after an overall stroke for both men (-13.1%) and women (-10.6%). In contrast to the estimates for
incidence, women were observed to have higher mortality (22.0% in 2008 and 19.7% in 2016) than men
(19.4% in 2008 to 17.2% in 2016). Within specific age groups (Table S.3 and S.4), the change between
2008 and 2016 ranged from +9.4% to —25.2% with the largest change noted in men aged 45 to 49 years.
For women, those between 60 to 64 years had the largest drop of 20.9%. Comparing 2008 and 2016,
Figure 5 displays a substantial and consistent decrease in the proportions of 28-day all-cause mortality
after a stroke.
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Figure 2: Trends in the age-adjusted incidence for hospitalized stroke by its subtypes for A) men
and B) women from year 2008 to 2016 in Malaysia (age and sex-adjusted to 2016 Malaysian
population). * Note: Dashed lines between 2012 and 2013 to indicate poor response rates as a result of
starting a new web-based registration for hospital admissions in the country.
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Figure 3: Trends in the incidence of hospitalized stroke by age groups and subtypes for men (A-D)
and women (E-H) for year 2008 and 2016 in Malaysia. ICD-10 codes for overall stroke includes
160-164 and G45, ischemic stroke (163-164 and G45), hemorrhagic stroke (161-162) and subarachnoid

haemorrhage (160).
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to 2016 Malaysian population). * Note: Dashed lines between 2012 and 2013 to indicate a drop of
response rates as a result of starting a new web-based registration for hospital admissions in the country.
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Figure 5: Trends in the proportion of 28-day all-cause mortality from stroke by age groups and
subtypes for men (A-D) and women (E-H) for year 2008 and 2016 in Malaysia. ICD-10 codes for
overall stroke includes 160-164 and G45, ischemic stroke (163-164 and G45), hemorrhagic stroke (161-162)
and subarachnoid haemorrhage (160).

Ischemic stroke

A rise in the trend was seen among younger age groups which include 1.9% to 2.6% for 35 to 39 years,
11.9% to 13.0% for 55 to 59 years, and 13.2% to 14.1% for 60 to 64 years (Table S.5). Proportions of yearly
ischemic stroke admissions by sex, ethnic group and median length of stay were similar to overall stroke.
As displayed in Figure 2, an overall increase of 2.4% for men and a reduction of 6.9% for women was
noted between 2008 and 2016. Tables S.6 and S.7 highlight an increase ranging from 1.4% to 61.3% for men
below 65 years whereas for those above 65 years, there was a reduction ranging from —21.4 to —5.1%. This

was consistently seen for women, with the exception that the reduction started much earlier from women
of 50 years and above (Figure 3).
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Similar to overall stroke, women consistently had a higher 28-day all-cause mortality after an ischemic
stroke compared to men. There was a significant drop in the trend among men, with a fall of 18.1% from
2008 to 2016 and for women, lesser at 16.4% (Figure 4, Tables S.8 and S.9).

Hemorrhagic stroke
Patients who were admitted for hemorrhagic stroke were younger than ischemic stroke patients with a
mean age ranging from 53 to 55 years (Table S.10).

A rising trend for incidence of hemorrhagic stroke was noted in Figure 2, Tables S.11 and S.12, larger for
men (16.8 per 100,000 in 2008 to 19.4 per 100,00 in 2016) compared to women (11.4 per 100,000 in 2008
to 12.5 per 100,000 in 2016). Despite little change in the proportions of 28-day all-cause mortality over
the years, the proportions of patients who died after a hemorrhagic stroke were 2—2.5 times higher than
ischemic stroke patients. Findings were similar for both sexes (Figure 4, Tables S.13 and S.14).

Subarachnoid hemorrhage
Although the mean age for patients with subarachnoid hemorrhage was lower than other stroke subtypes
(range: 49 to 51 years), there was no notable trend observed within specific age groups (Table S.15).

As shown in Figure 2, there was a slight increase in the incidence trend from 2008 to 2016. Changes
between the years however, were fluctuating with age groups (Tables S.16 and S.17). Similarly, despite an
overall drop in the trend of 28-day all-cause mortality after a subarachnoid haemorrhage, Figure 4 displays
fluctuations across age groups for both men and women between 2008 and 2016. Tables S.18 and S.19 high-
light a more prominent fall in mortality after subarachnoid hemorrhage at 18.6% among women compared
to men (—3.8%).

Discussion

The trend of hospitalized stroke incidence in Malaysia over the past decade remained stable, with a slight
increase in men and a modest decline among women. Men consistently had higher incidence of stroke than
women. Importantly, there was a substantial increase of stroke incidence among the younger population,
especially among ischemic stroke patients. Despite a decline in the proportions of 28-day all-cause mortality
after a stroke, women had a higher probability of dying within 28 days after a stroke at 1in 5 compared to
men at 1 in 6. The decline in mortality was largely contributed by its downward trend for ischemic stroke.

Owing to varying number of years assessed and methodologies used to estimate incidence between and
within countries, diverging findings were observed from studies that provided temporal trends for stroke inci-
dence. Direct comparisons of these findings to that of ours is therefore, difficult. Globally, an estimated decline
of —8.1% in age-standardized stroke incidence was reported between 1990 and 2016 [17]. In the United States,
stroke incidence dropped between 1998 and 2011 with an absolute decrease of 0.93 per 1000 population and
similarly, a 33% drop in Sweden between 2001 and 2016 [18—19]. Instead, a stable stroke incidence for the
Netherlands was seen from year 1997 to 2005 [20]. Within Asia, availability of temporal trends were largely
limited to evidence from high-income countries. Singapore and Korea showed a decrease in their trends for
stroke incidence; Singapore with a drop from 171.8 per 100,000 in 2007 to 155.2 in 2016 whereas in Korea,
105.8 per 100,000 in 2007 to 92.2 in 2013 [21, 22]. The higher ratio of men with incident strokes compared
to women is parallel to global findings [17], results across Asian countries as well as local estimates in selected
areas [4, 5, 21] We expand the evidence; being among the first to show detailed age- and sex-specific trends
from an Asian middle-income country, trends that are clearly different from high-income Asian countries.

One notable finding that should be highlighted is the increase in stroke incidence among the younger pop-
ulation below 65 years, which was substantially contributed by the increase in ischemic stroke. Worldwide,
similar observations have increasingly been reported. The Global Burden of Disease Study showed a 25%
increase of stroke incidence among young adults aged 20 to 64 years old from 1990 to 2010, which were
mostly attributable to LMICs [1]. In Singapore, there was a similar upward trend in stroke incidence between
those aged 30 to 60 years old from 2007 to 2016 [21]. Incidence of hospitalized stroke among Danish young
adults was reported to increase with an annual change of 1.8% between 1994 and 2012 [23]. Likewise in the
Netherlands, a significantly increasing trend of stroke incidence was observed among those aged between
35 to 64 years [20].

Multiple reasons have been postulated for the rise of incidence among young adults but evidence to sup-
port these reasons are yet to be established. The observed trend is possibly a reflection of a parallel increase
in the burden of cardiovascular risk factors especially hypertension among young adults. The National Health
and Morbidity Survey, a nationwide community survey in Malaysia which is conducted periodically, showed
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a slight increasing trend of the prevalence of hypertension among those aged 18—39 years (17.6% in 2006
to 18.9% in 2015) and 40-59 years (48.8% in 2006 to 49.5% in 2015) [24]. As for those 60 years and above,
the prevalence of hypertension showed a downward trend from 73.1% in 2006 to 71.9% in 2015. Although
awareness, treatment and control of the disease were reported to have increased in all age groups over the
10 years, it was evident that these improvements were modest in the those below 60 years of age in compari-
son to the older age group. The prevalence of awareness among hypertensives only increased from 39.1% in
2006 to 39.5% in 2015 among patients aged 40-59 years whereas in those 60 years and above, prevalence
of awareness rose from 50.6% in 2006 to 57.2% in 2015. Likewise, the younger age group reported a rise in
the control of treated hypertensives from 29.6% in 2006 to 36.7% in 2015 but a larger improvement was
observed among those 60 years and above (24.3% in 2006 to 37.3% in 2015).

In addition to that, the proportion of Malaysians who have >40% 10-year cardiovascular risk was found
to have increased among those aged 40-59 years old from 2006 to 2015 whereas a decline was observed
for those above 60 years of age [25]. Despite a downward trend in the prevalence of Malaysians with undi-
agnosed cardiovascular risk factors between the year 2011 and 2015, the proportions remain significant for
those aged between 35 to 64 years [26]. In 2015, the prevalence of undiagnosed dyslipidemia among these
age groups ranged from 40.0 to 48.5%, hypertension (18.1-27.9%) and diabetes mellitus (9.5-12.4%).

Findings on the decreasing trend of 28-day all-cause mortality after a stroke is comparable to high-income
countries. In Sweden, their 28-day all-cause mortality for stroke patients declined from 14.3% in 2001-2002
to 11.1% in 2015-2016 [19], whereas in the United States, 30-day all-cause mortality after an ischemic stroke
decreased from 15.9% in 1988 to 12.7% in 2008 and hemorrhagic stroke, 44.7% to 39.3% [27]. Similarly
in Singapore, with an Asian population, a decline in 30-day mortality specifically due to stroke was noted
(10.4% in 2011 to 8.0% in 2016) [21].

Globally, a downward trend in mortality after a stroke, in particular those of ischemic origin is substantially
attributable to improved management of stroke care. This ranges from control of cardiovascular risk factors,
emphasis on the importance of secondary stroke prevention, better detection with improved diagnostic tools,
introduction of reperfusion therapies to development of stroke systems of care such as acute stroke units,
telemedicine and primary and comprehensive stroke centres [28]. The magnitude of such improvement how-
ever, is highly dependent on the availability of expertise and resources in respective countries. In Malaysia,
the reduction in the 28-day all-cause mortality after a stroke is observed to be in line with the continu-
ous development of stroke care in the country, in particular the hyperacute stroke care components which
includes recommendations for use of acute reperfusion therapies and establishment of acute stroke units in
some hospitals in this country [29-30]. This is supported with trend data from the Malaysian National Stroke
Registry which reported that there were lesser stroke patients being discharged from the hospitals with poor
clinical outcomes between 2009 compared to 2017 [6]. The proportion of stroke patients with functional
dependence upon hospital discharge has dropped from 56.0% in 2009 to 45.8% in 2017. Proportion of over-
all deaths at discharge has also decreased from 20.7% in 2009 to 7.8% in 2017.

To the best of our knowledge, this is the first effort to contribute empirical local trends for stroke metrics
in such large cohorts for Malaysia. Previous studies have either provided estimates for localized areas within
Malaysia or made use of estimates from epidemiological models [4, 5, 7, 8]. With data linkage methods, we
were able to perform our analyses using population data sources. Despite not a nationwide estimation, this
information provides a Malaysian baseline morbidity and mortality statistics for stroke, which is an essential
tool to guide health policy planning. The admission records were available for almost all Ministry of Health
hospitals which caters to nearly 70% of total hospital admissions in the country [31]. Future extrapolations
to include stroke cases from private hospitals, university hospitals and non-hospitalized stroke patients is
possible with the availability of this current information. We acknowledge our limitations which include an
underestimation of estimates for year 2012 and 2013 due to poor response rates from participating hospitals
as a result of a switch in data collection system from manual to web-based. Moreover, true estimates were
underestimated due to restriction of data to Ministry of Health hospitals. For trends, assumptions were made
that there were no temporal changes in referral patterns and mortality rates between Ministry of Health and
other hospitals. Furthermore, possible confounders such as stroke severity, co-morbidities and socioeconomic
statuses were not available and thus, their impact on outcome and trends could not be evaluated.

Policy and research implications

Findings from this study carry important implications in strengthening local cardiovascular prevention and
management of stroke care. Firstly, the non-declining trend of hospitalized stroke incidence for the past dec-
ade calls for an urgent need to identify better ways to improve the uptake and effectiveness of primary car-
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diovascular preventive strategies for the country. Optimal screening strategies should ideally be sex-specific
with different age group targets, taking into account the increasing stroke incidence among young adults
and higher stroke incidence in men compared to women. Barriers that potentially limit the effectiveness of
current primary cardiovascular preventive programmes should be explored. In addition, use of cardiovascu-
lar risk assessment tools needs to be advocated. Recent evidence has shown that patients had a significant
reduction in their modelled cardiovascular risks following provision of estimates from cardiovascular risk
models to them [32].

Secondly, the downward trend for mortality after stroke may reflect the continuous efforts to improve the
delivery of stroke care in Malaysia. Nevertheless, the considerably high mortality estimates in 2016 implies
that more insistent actions should be pushed forward, in particular across Ministry of Health hospitals as
these hospitals cover the largest bulk of hospital admissions in the country. Efforts to enhance stroke care
which includes improving access to better diagnostic tools, providing up-to-date standardized hyperacute
stroke care across the country, as well as establishing more acute stroke units and comprehensive stroke
centres should be hastened. Importantly, research focusing on improving local stroke services and cost-
effectiveness of these strategies is imperative.

In conclusion, the non-declining trend of stroke incidence is compounded with an increase among the
younger population in Malaysia. Despite an overall decline in the proportions of mortality after stroke,
there was still on average one death for every five strokes in women and in men, one in every six. Effective
strategies to strengthen cardiovascular prevention and management of stroke care in the country are thus,
urgently warranted.
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