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Abstract

Introduction: High-quality epidemiological data on hemorrhagic stroke (HS) and its subtypes, intracerebral hemorrhage
(ICH) and subarachnoid hemorrhage (SAH), remains limited in Asian ethnicities. We investigated the trends in HS
incidence and 30-day mortality from 2005 to 2019 in a multi-ethnic Asian population from a national registry.
Patients and methods: Data on all stroke cases from the Singapore Stroke Registry from 2005 to 2019 were collected.
Cases were defined using centrally adjudicated review of diagnosis codes. Death outcomes were obtained by linkage
with the national death registry. Incidence (per 100,000 people) and 30-day mortality (per 100 people) were measured
as crude and age-standardized rates. Trends were analyzed using linear regression.

Results: We analyzed 19,017 cases of HS (83.9% ICH; 16.1% SAH). From 2005 to 2019, age-standardized incidence
rates (ASIR) for HS remained stable from 34.4 to 34.5. However, age-standardized mortality rates (ASMR) decreased
significantly from 29.5 to 21.4 (p<<0.001). For ICH, ASIR remained stable while ASMR decreased from 30.4 to 21.3
(p <0.001); for SAH, ASIR increased from 2.7 to 6.0 (p=0.006) while ASMR remained stable. In subgroup analyses, HS
incidence increased significantly in persons <65years (from 18.1 to 19.6) and Malays (from 39.5 to 49.7).

Discussion: From 2005 to 2019, ASIR of HS remained stable while ASMR decreased. Decreasing ASMR reflects
improvements in the overall management of HS, consistent with global trends.

Conclusion: Population health efforts to address modifiable risk factors for HS in specific demographic subgroups may
be warranted to reduce incidence and mortality of HS.
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Introduction

Globally, hemorrhagic stroke (HS) represents approxi-
mately 37.6% of all stroke cases.! There is a need for high-
quality epidemiological studies on HS, particularly those
including specific subgroups of intracerebral hemorrhage
(ICH) and subarachnoid hemorrhage (SAH).> Worldwide,
the age-standardized incidence rates (ASIR) of ICH and
SAH were 41.81 and 14.46 per 100,000 people in 2019,
respectively.! The age-standardized morality rates (ASMR)
of ICH and SAH were 36.04 and 4.66 per 100,000 people,
respectively.! The global incidence and mortality rates of
both HS subtypes showed a declining trend from 1990 to
2019.!

Considerable geographical variations in HS incidence
and mortality have been reported,"* with several studies
indicating a higher risk of HS in individuals of Asian eth-
nicity compared to non-Asians.*”’ For ICH and SAH, both
incidence and mortality rates decreased in Asia and its sub-
regions from 1990 to 2019, with the exception of a 40.2%
increase in the ASIR of SAH in high-income Asia Pacific
countries, and a 15.4% increase in the ASMR of SAH in
Central Asia.! In country-specific studies from Asia, trends
in HS incidence were variable,® !> while mortality trends
were more homogeneous, with decreasing ASMR of both
ICH and SAH reported in Japan (1961-2009),"* China
(1990-2019),> Taiwan (2004-2011),'"° Korea (2012—
2020),'* and Malaysia (2008-2016).'> Despite these find-
ings, some were not based on primary data,’ were not
nationally representative,*'!> or only investigated inci-
dence® or mortality'>'* but not both within the same cohort.
None of the studies were based on data from a national
stroke registry,®'> and several lacked data from the last
decade.'®!'">13 Notably, the 2021 Global Burden of Diseases
study highlighted that up-to-date, country-specific data by
stroke subtype were scarce, with a lack of original, good-
quality stroke epidemiological studies for most countries,!
particularly in Asia® and for HS (including ICH and SAH).'*
This underscores the need for epidemiological studies on
HS in Asian populations to drive improvements in patient
care and clinical outcomes.

Evaluation of HS epidemiology by ethnicity is also
important to aid in the prioritization of health system fund-
ing and research for vulnerable populations.® Most epide-
miological studies on HS in Asia have been conducted
based on geographical region without stratification of by
ethnicity.”'> Given its multi-ethnic population, Singapore
was uniquely positioned to contribute to the understanding
of inter-ethnic trends in stroke incidence and mortality in
Asia.

In 2016, the first nationwide hospital-based stroke regis-
try study from Singapore was published, showing declining
trends in stroke incidence and case fatality from 2006 to
2012, especially in women, older age groups, and ischemic
stroke.'® However, no significant trends were identified

specifically for patients with HS. Thus, we aimed to inves-
tigate the trends in HS incidence and mortality, and conduct
subgroup analyses according to age, sex, race, and HS sub-
type from 2005 to 2019 in a multi-ethnic Asian
population.

Methods
Setting

The study population was the population of Singapore.
Singapore is a heavily urbanized, densely populated island
city-state in Southeast Asia, with a population of 5.7 mil-
lion over a land area of 725.7 km? (population density 7810
per km?).!” During the study period, seven restructured gen-
eral hospitals managed more than 95% of HS patients, with
the remaining 5% managed by private hospitals.!®

Study population and outcome data

The annual number of stroke cases were obtained from the
Singapore Stroke Registry (SSR),!® which received stroke
case notifications from all public healthcare institutions via
hospital inpatient discharge summaries, medical claim list-
ings, and the national death registry, capturing both inpa-
tient and out-of-hospital fatal stroke cases. The International
Classification of Diseases (ICD) diagnosis codes were used
to identify stroke cases, comprising ICD-9 codes 430437
(excluding 432.1 and 435) prior to 2012, and ICD-10 codes
160 to 168 (excluding 162.0, 162.1) from 2012 onward.
Registry coordinators confirmed the diagnosis of HS by
assessing patients’ medical records before extracting
detailed individual-level clinical data.

All cases were diagnosed as HS by a medical practi-
tioner, defined as the presence of neurological deficit last-
ing >24h, supported by CT brain imaging diagnosis of
hemorrhagic stroke. We included all cases of HS aged
=]5years in Singapore from 1 January 2005 to 31
December 2019 from the SSR. The date of presentation to
hospital was taken as the event date for patients admitted
due to stroke, while the date of onset of stroke symptoms
was taken as the event date for patients admitted due to
other conditions prior to stroke. Data collected by the SSR
include age, sex, and race (Chinese, Malay, Indian, or other
races, defined by linkage with the national registration
identity card (NRIC) number), and HS subtype (ICH or
SAH). Data from the SSR were subject to annual audits for
accuracy and inter-rater reliability. Outlier and illogical
data were flagged for review and consensus among registry
coordinators.

The incidence rate in each year was calculated by tak-
ing the number of stroke episodes that occurred in a year,
divided by the number of Singapore residents in the
same year. The annual Singapore resident population
used (as denominators) to calculate incidence rates were
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Table |. Baseline characteristics of hemorrhagic stroke patients by 30-day mortality.

Overall n=19,017 30-day mortality p-Value
No n=14,122 (74.3%)  Yes n=4895 (25.7%)

Demographics
Age, median (IQR) 64.4 (54.1-75.7) 62.6 (53.1-73.6) 70.3 (57.7-80.7) <0.001

=65years, n (%) 9239 (48.6) 6233 (44.1) 3006 (61.4) <0.001
Male, n (%) 10,429 (54.8) 7875 (55.8) 2554 (52.2) <0.001
Race, n (%)

Chinese 15,179 (79.8) 11,238 (79.6) 3941 (80.5) 0.015

Malay 2722 (14.3) 2079 (14.7) 643 (13.1)

Indian 800 (4.2) 584 (4.1) 216 (4.4)

Others 316 (1.7) 221 (1.6) 95 (1.9)
Stroke subtype
ICH 15,957 (83.9) 12,001 (85.0) 3956 (80.8) <0.001
SAH 3060 (l6.1) 2121 (15.0) 939 (19.2)

IQR: interquartile range; ICH: intracerebral hemorrhage; SAH: subarachnoid hemorrhage.

obtained from the Singapore Department of Statistics,
which compiles population data from birth, death and
migration and publishes Singapore’s mid-year popula-
tion annually.!”

Death data was obtained from the Registry of Births
and Deaths, which records all deaths occurring within
Singapore and its territorial waters under the Registration
of Births and Deaths Act,?® hence capturing all deaths due
to stroke in Singapore. Death data was merged with SSR
data to retrieve the survival status of all stroke patients,
and the cause and date of death of patients who died dur-
ing the study period. Primary cause of death was defined
according to the World Health Organization definition as
“the disease or injury which initiated the train of morbid
events leading directly to death, or the circumstances of
the accident or violence which produced the fatal injury.”?!
The 30-day mortality rate in each year was calculated by
taking the number of deaths with stroke as the primary
cause of death that occurred within 30 days from onset of
stroke, divided by the number of stroke patients in the
same year.

The Centralised Institutional Review Board granted
approval for this study with a waiver of patient consent
(CIRB Ref: 2017/2380).

Statistical analysis

Baseline characteristics of all included cases were pre-
sented using frequency with proportion for categorical vari-
ables and median with interquartile range (IQR) for
continuous variables. Chi-squared test and Wilcoxon rank-
sum test were used to compare the baseline characteristics
by survival status at 30days after stroke. Trends in inci-
dence and 30-day mortality were reported using annual
crude incidence rates (CIR), age-standardized incidence
rates (ASIR), crude mortality rates (CMR), and

age-standardized mortality rates (ASMR). Incidence rates
were calculated by dividing the number of stroke cases in a
calendar year by the resident population in the same year,
while mortality rates were calculated by dividing the num-
ber of stroke patients who died within 30days after stroke
in a calendar year by the number of stroke patients in the
same year. ASIR and ASMR were directly standardized
using the World Health Organization standard population??
and stroke patients in Singapore in 2005 respectively.
Incidence rates were presented as per 100,000 Singapore
resident population, and mortality rates as per 100 stroke
patients. Linear regression was used to determine if changes
in logarithmic CIR, ASIR, CMR, and ASMR over time
were significant. Subgroup analyses were performed by
age, sex, race, and HS subtype. Statistical analyses were
performed using STATA/SE 13 (StataCorp, College Station,
Texas). Two-tailed p-values <0.05 were considered statis-
tically significant.

Results

Baseline characteristics of patients with HS
between 2005 and 2019

There were 19,017 cases of HS aged =15years between
2005 and 2019. The median age was 64.4 years (IQR=54.1—
75.7) and 10,429 cases (54.8%) were male. Majority were
Chinese (79.8%), followed by Malay (14.3%), Indian
(4.2%), and other ethnicities (1.7%); this was similar to the
ethnic composition of the Singapore resident population of
Chinese (76.0%), Malays (15.0%), Indians (7.5%), and
other ethnicities (1.5%) as of June 2019.2* 15,957 cases
(83.9%) were ICH, while 3060 (16.1%) were SAH. About
4895 cases (25.7%) died within 30days after onset of HS.
Baseline characteristics of the study cohort are presented in
Table 1.
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Figure |. Crude incidence rates (CIR) and age-standardized incidence rates (ASIR) of hemorrhagic stroke (HS) (2005-2019). p-

values for trend are indicated.
ICH: intracerebral hemorrhage; SAH: subarachnoid hemorrhage.

Trends in incidence of HS between 2005 and
2019

The trends in yearly CIR and ASIR for HS and subtypes
of ICH and SAH are shown in Figure 1 and Table 2.
From 2005 to 2019, CIR of HS increased from 34.3
(32.2-36.6) to 47.7 (45.4-50.1) (p < 0.001), while ASIR
remained stable at 34.4 (32.2-36.7) in 2005 and 34.5
(32.8-36.2) in 2019. For HS subtypes, CIR of ICH
increased (p <0.001) while ASIR remained stable; and
both CIR and ASIR of SAH increased (CIR p <0.001;
ASIR p=0.006) (Table 2).

Figure 2 shows the trends in yearly CIR and ASIR for
HS stratified by ethnicity. From 2005 to 2019, Chinese had
an increase in CIR (p <0.001) while ASIR remained stable;
Malays had an increase in both CIR (p <0.001) and ASIR
(»p=0.034); and Indians had fluctuating CIR and ASIR
(Table 2).

When stratified by age group (<65 years vs =65 years),
CIR and ASIR of those <65 years increased from 2005 to
2019 (p<0.001), while CIR and ASIR of those =65 years
fluctuated over the years. When stratified by sex, CIR of
both males and females increased from 2005 to 2019
(»<0.001), while ASIR of both groups remained stable.
(Table 2; Supplemental Figure S1).

Trends in 30-day mortality of HS between
2005 and 2019

The trends in yearly CMR and ASMR for HS and subtypes
of ICH and SAH are shown in Figure 3 and Table 3. From
2005 to 2019, CMR of HS decreased from 29.5 (26.2-33.2)
t0 22.9 (20.6-25.3) (p <0.001), and ASMR decreased from
29.5 (26.2-33.2) to 21.4 (19.3-23.8) (p<0.001). For HS
subtypes, CMR and ASMR of ICH decreased (CMR
»=0.001; ASMR p<0.001); while CMR and ASMR of
SAH remained stable (Table 3).

Figure 4 shows the trends in yearly CMR and ASMR
for HS stratified by ethnicity. All ethnicities had a decrease
in CMR and ASMR from 2005 to 2019 (all p<0.04)
(Table 3).

When stratified by age group (<65 years vs =65 years),
CMR and ASMR of both groups decreased from 2005 to
2019 (all p=<0.001). When stratified by sex, CMR and
ASMR of both males and females decreased from 2005 to
2019 (all p <0.005) (Table 3; Supplemental Figure S2).

Discussion

In a national multi-ethnic urban Asian population of 19,017
cases of HS aged =15years between 2005 and 2019, we
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Figure 2. Crude incidence rates (CIR) and age-standardized incidence rates (ASIR) of hemorrhagic stroke by ethnicity. p-values for
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Figure 4. Age-standardized mortality rates (ASMR) of hemorrhagic stroke by ethnicity. p-values for trend are indicated.

showed that CIR of HS increased by approximately 39.1%
while ASIR remained stable, and both CMR and ASMR
decreased by approximately 22.4% and 27.5% respectively.
Singapore is a developed country and these trends were
largely consistent with recently reported global and Asian
trends in HS incidence and mortality." %13

We hypothesize that the increase in CIR of HS with sta-
ble ASIR was due to the aging population in Singapore. The
median age of the Singapore resident population rose from
35.8years in 2005 to 42.0 years in 2019, and the proportion
of older adults was increasing rapidly.!” Incidence of HS
increased sharply with age,?* and was therefore expected to
increase as the population aged. Hence, preventive meas-
ures targeting modifiable risk factors of HS would be an
essential component of contemporary public health strate-
gies to reduce the incidence of HS.

ASMR decreased from 2005 to 2019 in all subgroup
analyses. We hypothesize that these trends of decreasing
ASMR reflect improvements in the overall management of
HS from 2005 to 2019, and were consistent with recently
reported global trends.! In particular, in the last decade, a
substantial decrease of stroke incidence, mortality, and
DALY has been achieved in high-income countries, most
likely due to improvements in primary and secondary pre-
vention, acute stroke treatment, and neurorehabilitation.?
In Singapore, evidence-based clinical practice guidelines
have been rigorously formulated to address the assess-
ment, investigations, immediate management, secondary

prevention, and rehabilitation for stroke,?® contributing to
improved service delivery and patient care.

ASIR of ICH remained stable from 2005 to 2019, while
ASMR of ICH decreased significantly by approximately
30.0%. Conversely, although ASIR of SAH increased by
approximately 122.2%, ASMR of SAH remained stable.
The 2021 Global Burden of Disease study showed decreas-
ing incidence and mortality rates of both subtypes of HS
worldwide.! In our population, the decrease in ICH mortal-
ity parallels overall HS and global trends, and was likely a
reflection of advances in stroke treatment and prevention.
The reasons for an increase in SAH incidence were less
clear, although this trend coincided with pooled data from
high-income Asia Pacific countries (which include
Singapore, Japan, Korea, etc.), which showed that ASIR of
SAH rose by 40.2% from 1990 to 2019.! Other country-
specific studies, such as from the United States, reported
similar results.”’ Improved case detection may also have
contributed to the apparent increase in SAH incidence.
SAH mortality remained stable, and further research to
improve treatment outcomes for SAH may be warranted.?%2
It has been suggested that premature withholding or with-
drawal of support without offering a trial of aggressive
carly resuscitation may be a potent determinant of mortality
after SAH.’® Lantigua et al. advocated for an initial trial of
full support, including aneurysm treatment and ventriculo-
stomy, to be offered to all eligible poor-grade SAH patients
if consistent with their wishes.?
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In subgroup analyses, we showed that ASIR of those
aged <65years increased significantly by 8.3% from 2005
to 2019 compared to those aged =65years. Increases in
ASIR amongst those aged <65 years reflect an increasing
incidence of patients with young stroke, especially those
with SAH. This corresponds with recent data from Western
countries.>"*? Several hypotheses have been postulated for
the rising incidence of stroke among the younger age group,
including the increase in modifiable risk factors especially
hypertension among younger and middle-aged adults, and/
or suboptimal control of these risk factors in this age group.
Two large-scale studies in Singapore found that younger
individuals with hypertension were more likely to be una-
ware of their diagnosis, with higher likelihood of untreated
hypertension.’>3 This could contribute to the risk of HS in
the younger demographic. This bears important implica-
tions for public health, as the burden of HS among younger
and middle-aged adults translates to longer-lasting disabil-
ity, increased healthcare costs, and potential loss of eco-
nomic productivity.

Our study also reported on the inter-ethnic differences in
HS trends, with an increased ASIR from 2005 to 2019 in
Malays, but increased risk for mortality in Indians after
adjusting for other demographic factors. We hypothesize
that these trends in stroke could be due to adverse trends in
risk factors such as hypertension, diabetes mellitus, and
smoking among the Malay and Indian population in
Singapore, as supported by recently published population
health data, which consistently reported higher rates of
hypertension and diabetes in Malays and Indians compared
to the Chinese.®7 Specifically, from 2007 to 2019, the
Malay ethnic group in Singapore showed the greatest
increase in the prevalence of both hypertension and diabe-
tes among the three ethnic groups.®® The prevalence of
smoking also remained high with no decline in Malays at
23.0% from 2007 to 2019, as opposed to a decrease in both
Chinese (from 12.0% in 2007 to 8.6% in 2019) and Indians
(from 11.1% in 2007 to 10.9% in 2019).* These trends
warrant further investigation of stroke risk factors in these
ethnic groups in Singapore.

Our study had several strengths. The SSR captured
nationwide data of all stroke cases admitted to public hos-
pitals in Singapore, where most stroke patients (approxi-
mately 95%) were managed. Furthermore, the source of
mortality data in the SSR was the national death registry,
which recorded all deaths in Singapore. Such national reg-
istries ensured recording of high-quality epidemiologic
data, with a large and comprehensive sample comprising
nearly the entirety of the population. Rigorous methodol-
ogy was also applied, with standardized definitions and
case report forms used, supported by thorough quality
assurance procedures. To our knowledge, this was the first
study to demonstrate trends over more than 10years in HS
incidence and mortality in a multi-ethnic Asian population
with comparisons across ethnic groups. However, patients

treated in private hospitals, non-tertiary hospitals, or outpa-
tient clinics were not included in this study, although this
constituted a very small proportion of the national caseload
of HS patients. Lastly, though the stroke registry captures
clinical data beyond baseline demographics and stroke sub-
types, data completeness was low and hence we were una-
ble to account for other clinical confounders of mortality in
our study.

In conclusion, in a highly urbanized multi-ethnic
Asian population, we showed that from 2005 to 2019,
there was a stable ASIR and decreasing ASMR of HS.
ICH had stable ASIR and significant decrease in ASMR,
while SAH showed significant increase in ASIR with sta-
ble ASMR from 2005 to 2019. In subgroup analyses, we
showed an increased incidence of HS in younger adults
and those of Malay ethnicity. Overall, targeting modifia-
ble risk factors of HS such as hypertension, metabolic
syndrome, and smoking in specific demographic sub-
groups may be warranted to overcome population dispar-
ities and reduce the future burden of HS both in Singapore
and internationally.
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