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Dear Sir:

Risk factors of acute ischemic stroke (AIS) are well-recognised,1 
but the relative importance of each contributing risk factor has 
evolved. Analysing the regional trends of these cardiovascular 
risk factors will enable the development of more targeted strate-
gies to tackle AIS and reduce morbidity and disability. Few stud-
ies have evaluated inter-ethnic risk factor trends within a single 
co-localised population,2 especially amongst Asians, who have a 
different risk factor profile and consequently, stroke mecha-
nisms.3 Singapore is uniquely placed to contribute to the under-
standing of these trends, given our multi-ethnic population 
(Supplementary Table 1).

The Singapore Stroke Registry (SSR) is an active nationwide 
prospective registry collecting data of stroke cases from all 
public hospitals in Singapore.4 Our study explored the inter-
ethnic trends of incidence and risk factors of AIS cases over a 
12-year period using the SSR. These findings can be applied to 
the development of targeted strategies for the prevention of 

AIS both locally and regionally.
A total of 60,325 AIS cases from 2005 to 2016 were anal-

ysed in 3-year quartiles with direct age standardisation using 
the 2005 to 2007 Singapore resident population as reference. 
Data was stratified into ethnic groups based on the Singapore 
Census classification: Chinese, Malay, Indian, or others: which 
comprises multiple different ethnic groups, a tiny proportion of 
the population, and thus were not analysed separately. Preva-
lence of risk factors amongst AIS cases was analysed within 
each time-period for each subgroup. Trends were analysed us-
ing Poisson, logistic, linear, or Cox regression, depending on the 
specific variables analysed.

There was a 11.6% decrease in the age-standardised incidence 
rate (ASIR) of AIS from 2005–2007 to 2014–2016 (Table 1). The 
decrease in ASIR was observed in both sexes (males 5.9%; fe-
males 19.1%). Stratifying by ethnic group, the ASIR had de-
creased in both Chinese (15.0%) and Indians (11.2%), but in-
creased by 11.5% in Malays, and specifically, by 20.2% in Malay 
males. Amongst ≥65-year-old cases, the crude incidence rate 
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decreased by 19.1%, as compared to <65-year-old cases, which 
saw a 31.6% increase.

Amongst AIS risk factors (Figure 1), history of stroke (6.3% 
to 17.6%), atrial fibrillation (AF; 15.8% to 25.2%), hyperten-
sion (80.2% to 100%), and hyperlipidaemia (79.9% to 100%) 
have increased in prevalence after adjusting for age, sex, and 
ethnic group. In contrast, the adjusted prevalence of smoking 
(41.2% to 34.6%), and diabetes (46.2% to 43.2%) have de-
creased. In terms of ethnic variation, AF was strikingly more 
prevalent in Chinese and Malays with AIS, in contrast to Indi-
ans. However, in all three ethnic groups, AF showed an increas-
ing prevalence over time (Chinese: 16.5% to 24.2%, P<0.001; 
Malays: 16.9% to 19.8%, P=0.011; Indians: 7.1% to 12.3%, 
P=0.001). We also observed that AF was more prevalent in fe-
males (ranging between 19.8% to 29.5%) than males (between 
12.6% to 17.8%) across all time periods. 

In subgroups that showed increased AIS incidence: <65-year-

old patients and Malay males, there were risk factors that 
showed a different trend as compared to the general population 
of AIS cases. In <65-year-old AIS cases, the prevalence of smok-
ing increased from 48.6% to 51.9% (P<0.001). Amongst Malay 
males with AIS, the prevalence of diabetes increased from 51.7% 
to 55.2% (P=0.022).

Our finding of a significant decrease in the overall incidence 
of AIS across a 12-year period from 2005 to 2016 is consistent 
with studies done in non-Asian and less heterogeneous popula-
tions.2 This decrease can be attributed, in part, to reductions in 
the prevalence of smoking and diabetes, both being common risk 
factors for AIS, especially in Asia.5 These trends are encouraging 
and worth further exploration to understand how stroke inci-
dence can be further reduced, especially amongst Malays, which 
has seen an increase in incidence. In contrast to the general 
population of AIS cases, the increased prevalence of smoking 
and diabetes amongst younger cases and Malay males respec-
tively may have contributed to the increased incidence of AIS in 
these subgroups and efforts should be made to tackle these wor-
rying trends. Changes include increasing the legal smoking age 
from 18 to 21 in 2021,6 and campaigns aiming to reduce sugar 
intake during the traditional Malay feasting periods of Ramadan 
and Hari Raya.7 Effects of these changes should be evaluated, 
ensuring that such trends are reversed.

In the general population of AIS cases, the prevalence of AF, 
hypertension, hyperlipidaemia and previous stroke has in-
creased. More attention should be given to these risk factors, 
and especially AF, given the striking jump in prevalence. The in-
crease in AF prevalence in AIS cases might reflect changes in 
diagnostic techniques and increased use of technology such as 
implantable loop recorders and telemetry rather than a true 
increase in the general population. Furthermore, this trend 
could also reflect under-utilisation of anticoagulation.8 Recent 
Asia-based studies have reported that patients are often pre-
scribed reduced doses of anticoagulation off-label,9 or have 
lower compliance rates compared to Western populations.10 
These observations highlight a significant concern that whilst 
AF prevalence amongst AIS cases in Singapore is increasing, 
lack of anticoagulant utilisation, under-dosing and compliance 
issues may lead to increased thromboembolic complications. 
Further research should be done to ascertain barriers to effec-
tive anticoagulation.

We report a significantly higher prevalence of AF amongst 
Chinese and Malays, as compared to Indians, in our population 
of AIS cases. There have been studies that suggest reduced prev-
alence of AF in Indians as compared to Chinese.11 Larger popula-
tion-wide studies in Indian communities will help to confirm this 
and identify possible causative reasons. Future comparative 

Figure 1. Prevalence of risk factors for acute ischemic stroke over time. 
*This is shown as a % of the stroke population.
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studies in these communities using genome-wide association 
study methodology might also uncover protective heritability 
factors against AF.12 While the strengths of our study lie in its 
large number of cases and its multi-ethnic composition, it does 
have limitations. Importantly, the SSR does not classify AIS cases 
into stroke aetiology subtypes, limiting the analysis of specific 
reasons behind changes in incidence rates. 

In conclusion, while there has been a decreasing incidence 
of AIS in Singapore in keeping with global trends, this trend is 
not observed in all subgroups. Our study highlights possible 
contributing factors, such as smoking in <65-year-old AIS cas-
es, and diabetes in male Malay cases. AF has also been shown 
to be an increasingly important risk factor with clinical impli-
cations in different ethnic populations. Observations highlight-
ed in our study could serve as important directions for im-
proved strategies to tackle the growing stroke morbidity.

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2020.00878.
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Supplementary Table 1. Demographic data of Singapore residents between 2005 and 2016

2005–2007 2008–2010 2011–2013 2014–2016 P

All 10,576,790 (100) 11,148,256 (100) 11,452,207 (100) 11,706,988 (100)

Sex          

Male 5,244,858 (49.6) 5,508,857 (49.4) 5,639,720 (49.2) 5,748,564 (49.1)
0.010

Female 5,331,932 (50.4) 5,639,399 (50.6) 5,812,487 (50.8) 5,958,424 (50.9)

Ethnic group

Chinese 7,970,078 (75.4) 8,286,062 (74.3) 8,493,989 (74.2) 8,697,559 (74.3) 0.228

Male 3,933,437 4,069,903 4,156,454 4,244,474

Female 4,036,641 4,216,159 4,337,535 4,453,085

Malay 1,457,252 (13.8) 1,499,029 (13.4) 1,528,993 (13.4) 1,563,468 (13.4) 0.225

Male 728,134 747,017 760,981 777,708

Female 729,118 752,012 768,012 785,760

Indian 907,622 (8.6) 1,015,059 (9.1) 1,051,728 (9.2) 1,064,849 (9.1) 0.237

Male 467,043 525,605 542,385 546,598

Female 440,579 489,454 509,343 518,251

Age (yr)          0.036

<65 9,696,785 (91.7) 10,163,947 (91.2) 10,316,489 (90.1) 10,322,427 (88.2)

≥65 880,005 (8.3) 984,309 (8.8) 1,135,718 (9.9) 1,378,886 (11.8)

Values are presented as number (%).


