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ABSTRACT

Objective We examined the effects of age, gender, and
ethnicity on the risk of acute myocardial infarction, stroke,
and end-stage renal disease according to type 2 diabetes
mellitus status among adults aged 40-79 in Singapore.
Methods A Bayesian inference framework was used to
derive age-specific, gender-specific and ethnicity-specific
prevalence of type 2 diabetes mellitus from the 2010
Singapore National Health Survey, and age-standardized
gender and ethnicity-specific incidence rates of acute
myocardial infarction, stroke and end-stage renal disease
from the National Registry of Diseases Office. Population
forecasts were used in tandem with incidence rates to
project the future chronic disease burden until 2050.
Results The highest relative risk of acute myocardial
infarction was observed in the youngest age group (aged
40-44), with higher relative risk for women (men: 4.3
(2.7-6.4); women: 16.9 (9.3-28.3)). A similar trend was
observed for stroke (men: 6.5 (4.2-9.7); women: 10.7
(6.0-17.4)). For end-stage renal disease, the highest
relative risk was for men aged 45-50 (11.8 (8.0-16.9))
and women aged 55—60 (16.4 (10.7-24.0)). The annual
incidence of acute myocardial infarction is projected to rise
from 9300 (in 2019) to 16 400 (in 2050), the number of
strokes from 7300 to 12 800, and the number of end-stage
renal disease cases from 1700 to 2700.

Conclusions Type 2 diabetes mellitus was associated
with an increased risk of complications and is modulated
by age and gender. Prevention and early detection of type
2 diabetes mellitus can reduce the increasing burden of
secondary complications.

INTRODUCTION

Type 2 diabetes mellitus (DM) is one of the
leading, non-communicable causes of prema-
ture death and disability.' In 2010, an esti-
mated 7.4% of the population in England
had DM, with the proportion expected to
increase to 9.5% by 2030. Germany is experi-
encing the same phenomenon, with the prev-
alence of DM expected to rise from 10.5%
in 2010 to 16.3% in 2040.> DM dramatically
increases an individual’s risk of developing
sequelae. A cohort study on 3020 patients
with lacunar stroke reported 37% with DM
at baseline.” A study on 832 individuals who

, Borame Sue Lee Dickens, Alex R Cook

Significance of this study

What is already known about this subject?

» With an aging population, Singapore is projected to
have up to onemillion individuals with diabetes by
2050.

» Asindividuals with diabetes are more prone to devel-
oping complications, the number of acute myocardi-
al infarction, stroke and end-stage renal disease is
also expected to rise.

What are the new findings?

» There are highly differential incidence rates of acute
myocardial infarction, stroke and end-stage renal
disease between genders, ethnicities, and those
with and without diabetes.

» The incidence of acute myocardial infarction, stroke
and end-stage renal disease was projected up to
2050.

How might these results change the focus of

research or clinical practice?

» Stratified incidence of these chronic diseases helps
to understand the differential rates of developing
complications by demographics and diabetic status.

» Projections of chronic disease burden will help policy
planners to better estimate the growing healthcare
needs of the nation and ensure adequate amount of
care is provided.

were hospitalized for acute myocardial infarc-
tion (AMI) reported a DM prevalence of
9.7%.° DM is also a major risk factor of end-
stage renal disease (ESRD). In 2013, 24% of
incident renal replacement therapy users as a
result of ESRD had DM as the primary cause of
ESRD.® These sequelae of DM will impose an
increasing burden on individuals and health
systems. Global estimates of the economic
burden of DM in 2015 were approximately
US$1.31 trillion, 1.8% of the global gross
domestic product.” DM prevalence is high in
those aged 45 and above, although there is a
rising trend of individuals aged 30-39 being
diagnosed.® Those with early-onset DM below
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age 45 have a 14-fold greater risk of developing AMI
as compared with the fourfold risk for those above age
45.7 Given the expected increase in DM prevalence, this
figure will correspondingly rise, with a significant propor-
tion attributable to sequelae.

The greater susceptibility to DM of the Asian geno-
types—the recent prevalence being 10.9% in China,"
17.5% in Malaysia,"”' 9.9% in Thailand,'” and 5.7% in
Indonesia," although rates are high throughout the
region—further exacerbates these trends in the most
populous continent. Within South-East Asia, multiethnic
Singapore is primarily composed of Chinese, Malays and
Indian ethnicities and is therefore expected to face high
complication rates with the rapidly increasing prevalence
of DM from 2% in 1975 to 11% in 2010'; this prevalence
is projected to reach one in six adults by 2050." Inter-
ethnic differences in the risk of diabetic complications
are known to exist'® and warrant some exploration in the
context of Singapore. In the UK, significant disparities
were identified between major ethnic groups in terms of
DM prevalence and associated chronic kidney disease,
with South Asians exhibiting higher prevalence of DM
and more severe kidney disease relative to the Caucasian
population.'’

As in many countries, Singapore’s population is aging,
and the proportion of individuals aged 60 and above is
expected to rise from 13.3% in 2010 to 31.9% in 2050,
making it a superaged country. At a population level,
the rapidly aging population and low mortality rates
will increase the proportion of people living with DM,
which will drastically increase the number of individuals
at risk of developing sequelae. The prevalence of DM
in Singapore for citizens and permanent residents aged
18-69 rose from 7.3% in 1992 to 8.6% in 2017,"* and the
International Diabetes Federation estimates a DM preva-
lence of 13.7% for the entire adult population, inclusive
of foreigners."” In response to the rising prevalence of
DM, the Singapore government in 2016 declared ‘war’
on diabetes,” leading to a multipronged, nationwide
response. To guide effective policy planning and inter-
ventions, estimates of the burden of DM are required.
We therefore aim to assess the combined effects of age,
gender and ethnicity on the risk for three main morbidi-
ties associated with DM—AMI, stroke, and ESRD—strati-
fied by DM status among adults aged 40-79 in Singapore,
using Bayesian evidence synthesis to pool information
from cross-sectional and registry databases, and to project
forward to 2050 using an individual-level model.

METHODS

This analysis had two outputs for AMI, stroke and ESRD:
incidence rates and disease incidence projections from
1990 to 2050. The first step was to estimate DM preva-
lence by age, gender and ethnicity strata, derived from
the 2010 National Health Survey data,'* in order to calcu-
late the proportion of each stratum that had DM or was
normoglycemic. For ethnicities we considered Chinese,

Malays and Indians, which together comprise 97% of
the population.”’ We also obtained data from national
disease registries containing all reported national cases of
AMLI, stroke and ESRD. Using Markov chain Monte Carlo
simulation,22 we estimated the incidence rates for AMI,
stroke and ESRD overall and stratified by age, gender,
ethnicity and DM status (DM, non-DM). Overlaying the
incidence rates with population projections stratified by
age, gender and ethnicity from 1990 to 2050," we vali-
date our model against empirical registry data ranging
from 2007 to 2016 (AMI), from 2005 to 2016 (stroke),
and from 1999 to 2015 (ESRD), and project forward to
2050 to estimate the future disease burden of these three
sequelae.

DM prevalence
DM prevalence was derived from the 2010 National
Health Survey,'* a population-based, cross-sectional and
multistage survey conducted by the Ministry of Health,
Singapore, that provides information on the health
profile of the Singapore resident population and their use
of healthcare services. DM status was determined based
on medical history of known diagnoses and a plasma
glucose 2-hour postoral glucose tolerance test value of
=11.1mmol/L for newly diagnosed cases, following the
diagnostic criteria of the 2010 National Health Survey.
To derive age-specific, gender-specific and ethnicity-
specific prevalence of DM, we developed a model of the
prevalence (p..) inclusive of previously diagnosed and
newly diagnosed DM. A Bayesian hierarchical model
was developed to estimate the prevalence by l-year age
groups (a), gender (g), and ethnicity (e). With 6, as
the logit transform of p.., a Gaussian random walk was
employed to model 6,,. conditionally:

eage |0a—1,ge ~ N (ea—l,ge, nge)

2

where o is an estimated tuning parameter that deter-

mines the degree of smoothness of prevalence with age.

AMI, stroke and ESRD incidence

Data held in the Singapore Myocardial Infarction
Registry, Singapore Stroke Registry, and the Singapore
Renal Registry are routinely collected and analyzed
by the National Registry of Diseases Office to evaluate
secular trends and patterns and to support healthcare
service planning.” The Singapore Myocardial Infarction
Registry contains data of all AMI episodes in all private
and public hospitals and a small number of AMI deaths
that occurred at home, and was constructed from hospital
inpatient discharge summaries, cardiac biomarker trend
lists, national medical claims listings and death registry
data. The Singapore Stroke Registry data only included
stroke episodes diagnosed in public healthcare institu-
tions (where the majority of patients with stroke receive
care), and were derived from a combination of national
medical claims listings, hospital inpatient discharge
summary reviews, and the same death registry data. The
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Table 1 Summary of characteristics of individuals from the
Singapore Myocardial Infarction Registry, Singapore Stroke
Registry and Singapore Renal Registry

Singapore

Myocardial Singapore Singapore
Baseline Infarction Stroke Renal
characteristics Registry Registry Registry
Duration 2007-2016 2005-2016  1999-2015
Age range 40-99 40-99 40-99
Number of 83969 72952 19083
cases
Men (%) 64.9 56.4 52.4
Chinese (%) 66.6 76.8 70.2
Malay (%) 19.2 14.9 21.6
Indian (%) 12.7 6.4 6.9
Diabetes (%) 49.3 42.5 68.9
Unknown 2.5 32.2 0.3
diabetic status
(%)

Singapore Renal Registry data were collected from all
healthcare institutions in Singapore providing care for
patients with ESRD via mandatory case notifications.
Potential cases of ESRD had their estimated glomerular
filtration rate monitored for 6months to confirm the
diagnosis of ESRD using the patient’s case notes and elec-
tronic medical records. Together, these national registry
databases provide epidemiologic and clinical data of
annual diagnosed AMI, stroke and ESRD cases among
the resident population of Singapore.

Aggregated data on annual AMI (2007-2016), stroke
(2005-2016) and ESRD (1999-2015) cases by b-year age
groups for those aged 40-79, gender, ethnicity, and DM
status were extracted from the three national disease
registries (table 1). The 5-year age groups were used
as there were too few individuals to segregate strata by
l-year age groups to obtain stable estimates of incidence.
To estimate the annual incidence of AMI, stroke and
ESRD—stratified by 5-year age groups, gender, ethnicity,
and DM status—we used a binomial model without
secular trends:

¥ (t) ~ Bin (NE (1), 72

where y?, (#) denotes counts of disease cases (AMI/
stroke/ESRD) at time #, N%, (¢) denotes estimated popula-
tion counts at time ¢ using dpopulation data and the model
of DM prevalence, and 7y, denotes disease incidence of
age group 4, ethnic group e, gender g and DM status d.
The disease incidence for individuals with DM divided by
the disease incidence for non-DM individuals is the rela-
tive risk (RR). Combining the estimated DM prevalences
with the incidence rates and the 2015 midyear estimates
of population structure from the Department of Statis-
tics, Singapore gives the age-standardized incidence rates

(ASIRs) for each population stratum by gender, ethnicity
and DM status.

Disease burden estimates

Population structure of each l-year age group, gender
and ethnicity stratum was obtained from a previous study
for the years 1990-2050."° Multiplying the number in
each stratum with estimated DM prevalence gives the
number of individuals in each stratum with and without
DM. Combining these with the incidence rates of each
stratum of the population for each year, we obtained the
expected total incident cases of each sequelae by year, as
well as the number of expected DM incident cases. The
incidence of each sequelae for each 5-year age group was
applied to each of the l-year age groups within. Compar-
ison of the expected total and DM incident cases with the
empirical incident cases provides internal validation for
the model.

Implementation

The full Bayesian model was implemented using JAGS
V.4.3.0.** We used a weakly informative exponential prior,
Exp (1), on the smoothing parameter o, and uniform
non-informative priors for other parameters. Data prepa-
ration and analysis were done in R, and JAGS was called
from R using the package rjags using four independent
chains of 1000000 iterations each, with a burn-in of
10000 and thinning of 100. Convergence was assessed
by trace and posterior density plots for all parameters.
All estimates provided were posterior medians with 95%
equal-tailed credible intervals (CI). The Bayesian poste-
rior hypothesis probabilities p are the posterior proba-
bility that a hypothesis is true, derived from the retained
Markov chain Monte Carlo iterations. We performed
sensitivity analyses as some individuals had unknown
DM status (AMI: 2.5%; stroke: 32.1%; ESRD: 0.3%), and
reran the analyses assuming all individuals with missing
DM status were either DM or non-DM.

RESULTS

DM prevalence

The estimated prevalence of DM by age, gender, and
ethnicity using the 2010 National Health Survey data is
presented in figure 1. The total prevalence of DM was
overall higher for men aged 40 at 11.3% (95% CI 6.8%—
18.5%) than women at 6.5% (95% CI 3.5%-11.9%). DM
prevalence increases with age to 48.0% (28.2%-70.8%)
and 33.6% (19.4%-54.9%) for men and women aged 79,
respectively. Age-specific prevalence rates of DM varied
considerably by ethnicity, especially among the elderly.
The estimated prevalence of DM for those aged 79 was
2.35 times higher among Malay and Indian women
(64.9% (41.0%-84.0%) and 64.8% (36.8%—-86.1%),
respectively) than their Chinese counterparts, at 27.5%
(10.7%-52.8%). This disparity was less pronounced
among men, with the prevalence of DM for Malay and
Indian men being 1.28 and 1.7 times higher (57.6%
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Figure 1 Prevalence estimates of diabetes mellitus (DM)

by age, gender and ethnicity for Singaporeans aged 40-79
using data from the 2010 Singapore National Health Survey.

(34.1%-78.5%) and 76.7% (54.4%-91.0%), respectively)
than Chinese men, at 45.1% (21.9%-71.6%).

RR of AMI, stroke and ESRD

For the youngest age group of 40-44, the RR of AMI for
men and women with DM was 4.3 (2.7-6.4) and 16.9 (9.3—
28.3) times that of the population without DM (figure 2),
illustrating the disparity in RRs between genders. By age
79, this risk disparity diminished to 1.3 (0.6-2.3) and 3.4
(1.7-6.0). For almost all combinations of gender and
ethnicity (online supplementary figure S4), the risk of
AMI among individuals with DM converged with those

without DM as age increased, and the RRs were statisti-
cally not distinguishable by the highest age group. The
estimates did not differ substantially in sensitivity analyses
when all individuals with AMI and unknown DM status
were reclassified as DM or non-DM (online supplemen-
tary figure SI).

Similar but less pronounced trends were observed for
stroke. RR of men and women with DM aged 40-44 was
6.5 (4.2-9.7) and 10.7 (6.0-17.4) (figure 2) times higher
than their non-DM peers. RR decreased with age to 2.2
(1.1-3.9) and 4.2 (2.2-7.2) for men and women aged
75-79. Less convergence was observed for the various
ethnicity and gender combinations in the oldest age
group as compared with AMI (online supplementary
figure Sb). Estimates for stroke were sensitive to how
those with unknown DM status were classified, due to
more missingness (online supplementary figure S2).

ESRD displayed a slightly different trend in RR, with
a peak RR of 11.8 (8.0-16.9) for men with DM at 45-50
years of age, and a value of 16.4 (10.7-24.0) for women
at 55-60 years of age (figure 2). Many of the ethnicity
and gender combinations did not have the highest RR
in the lowest age group of 40-44 like the other sequelae
(online supplementary figure S6). This is likely due to
chronic kidney disease having different stages of progres-
sion, with stage 5 denoting ESRD and the highest rate of
progression to stage 5 in the middle-aged. In the elderly,
the RR attenuates to 1.9 (0.9-3.4) and 5.3 (2.6-9.4) for
men and women aged 75-79. As with AMI, the estimates
were robust as it did not matter whether those with
unknown DM status were reclassified as having DM or
not (online supplementary figure S3).

Age-standardized incidence rates

ASIRs of AMI, stroke and ESRD were significantly
higher among those with DM for all demographic strata
(figure 3). Men also tended to have higher rates than
women after accounting for DM status. As with the RR
estimates, the ASIRs for stroke but not AMI or ESRD were
sensitive to how unknown DM status was accounted for
(online supplementary figure S7). Marked ethnic differ-
ences in ASIRs were observed for all three chronic condi-
tions (figure 3). For non-DM individuals, the ASIR of
AMI was roughly twice as high in Malays (men: 7.3 (6.7-
8.0); women: 1.7 (1.5-1.8) per 1000 person-years) and
Indians (men: 6.0 (5.5-6.6); women: 1.2 (1.1-1.4) per
1000 person-years) than in Chinese (men: 3.3 (3.2-3.5);
women: 0.8 (0.8-0.9) per 1000 person-years) for both
men and women. In individuals with DM, this effect was
less pronounced, as ASIRs of AMI were approximately
50% larger in Malays (men: 17.3 (14.9-20.7); women:
11.2 (9.7-13.1) per 1000 person-years) and Indians
(men: 15.6 (13.7-18.1); women: 11.3 (9.8-13.5) per
1000 person-years) as compared with Chinese (men: 11.5
(9.3-14.3); women: 6.5 (5.1-8.4) per 1000 person-years).
ASIRs for stroke followed a different pattern among the
three ethnicities, with Indians having the lowest ASIRs
among both DM and non-DM individuals (DM men:
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Figure 2 Relative risk of AMI, stroke and ESRD for DM versus non-DM by age and gender for Singaporeans aged 40-79
using estimated DM prevalence and data from Singapore’s myocardial infarction, stroke and renal registries. AMI, acute
myocardial infarction; DM, diabetes mellitus; ESRD, end-stage renal disease.

7.0 (6.1-8.2); non-DM men: 1.1 (1.0-1.2); DM women:
5.7 (4.8-6.7); non-DM women: 0.6 (0.5-0.7) per 1000
person-years). For those without DM, Malays had the
highest rates (men: 2.4 (2.2-2.7); women: 1.2 (1.1-1.3)
per 1000 person-years), but for those with DM the highest
rates were observed in Chinese (men: 11.9 (9.7-14.9);
women: 8.4 (6.7-10.7) per 1000 person-years). ASIRs of
ESRD were significantly lower than the other two chronic
conditions. Malays had the highest ASIRs among those
without DM (men: 0.5 (0.4-0.5); women: 0.4 (0.3-0.4)
per 1000 person-years), whereas Chinese (men: 0.3 (0.3-
0.3); women: 0.2 (0.2-0.2) per 1000 person-years) and
Indians (men: 0.2 (0.2-0.3); women: 0.1 (0.1-0.2) per
1000 person-years) had comparable rates. For those with
DM, Malays continue to have the highest ASIRs (men: 3.3
(2.8-4.0); women: 4.2 (3.6-5.0) per 1000 person-years);
however, this time they are preceded by Chinese (men:

2.7 (2.2-3.4); women: 2.3 (1.8-3.0) per 1000 person-
years) and subsequently Indians (men: 1.5 (1.3-1.8);
women: 1.9 (1.6-2.2) per 1000 person-years).

Projected incidence of sequelae of DM

When integrating the incidence of AMI, stroke and
ESRD—broken down by age, gender, ethnic group and
DM status—with projections for the evolving demo-
graphic structure of Singapore'” and our estimated prev-
alence of DM, we generated projections of the burden
of these sequelae over the next three decades (figure 4).
Overlaying the known total and DM incident cases for
all sequelae shows a good fit between empirical data and
the predictions, with a mean absolute percentage error
of 12.6% for AMI, 20.1% for stroke and 15.7% for ESRD.
The slight systematic underestimation of projected cases
is due to differential incidence rates in those aged 80

AMI Stroke ESRD
15 5
20 @ Non-DM
§ 2 4 - B DM
T8® 157 10 1
S o 3 7
2o
g5 107 2
w ©
o © 5 4
o £
<C 54 1 -
(e (e 0 -
MF MF MF MF MF MF MF MF MF MF MF MF
Chinese Malay Indian Total Chinese Malay Indian Total Chinese Malay Indian Total

Figure 3 Estimates of age-standardized incidence rates of AMI, stroke and ESRD by ethnicity, gender and DM status for
Singaporean adults aged 40-79. AMI, acute myocardial infarction; DM, diabetes mellitus; ESRD, end-stage renal disease; F,
female; M, male.
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Figure 4 Projected annual number of new cases of AMI, stroke and ESRD in Singapore with MAPE from 1990 to 2050 using
population forecasts from a previous modeling study of the number of Singaporeans with DM with constant age-specific
prevalence at all time points. The incidence of AMI, stroke and ESRD for age 80 and above is assumed to be equal to that

of those aged 75-79. AMI, acute myocardial infarction; DM, diabetes mellitus; ESRD, end-stage renal disease; MAPE, mean

absolute percentage error.

and above, which for projection purposes we assumed to
have incidence rates of those in the highest age group
of 75-79 . All three sets of incident cases are expected
to increase by a factor of at least 50% by 2050 (figure 4).
The annual incidence of AMIs is projected to rise from
9300 (in 2019) to 16 400 (in 2050), the number of strokes
from 7300 to 12 800, and the number of ESRD cases from
1700 to 2700. In all of the projections, by 2050 approxi-
mately 60% of the total incident cases will be individuals
with DM.

DISCUSSION

Our findings on age and ethnicity trends are consistent
with other international studies reporting differing rates
of DM and its sequelae between ethnicities, as well as a
decreasing RR as age increases. Tan et al’® have previ-
ously described DM prevalence to be higher in the
Malay and Indian ethnicities among Singaporeans. Our
results support this observation, with the Chinese of both
genders consistently having lower DM prevalence across
all age groups by an average of 20% in comparison with
Malays and Indians. A plausible explanation is that Malays
and Indians show higher obesity rates in comparison with
Chinese ethnicities,”” thereby increasing their risk of
developing DM. Decreasing RR with age is also consistent
with other scientific literature as within the USA; Hillier
and Pedula’ observed that adults aged 18-44 with DM
had an eightfold greater risk of developing any macro-
vascular complication than non-DM individuals, whereas
those aged 45 and above had a fourfold increased risk.
Khoury et aP® additionally found a similar trend for
stroke, reporting RR values of 5.2 and 2.1 for those below
and above age 65, respectively, for an African—American
population in 2005. In our study, the 95% CI for the RR
of AMI and ESRD included 1.0 for men of the oldest age
group, implying no significant difference and suggesting
that the risk of complications in the elderly was compa-
rable regardless of DM status, and that DM was less of
a driver of complications for the elderly. As the highest
RRs are observed in younger adults, these results indicate
that the early onset of DM causes the greatest increase

in the risk of developing sequelae, particularly in ethnic
minorities.

By 2050, the annual incidence of sequelae is expected
to increase by over 50%, which will increase hospitaliza-
tion and ambulatory costs significantly, especially among
those aged 75 and above. Despite only 10% of the popula-
tion having DM, a large proportion of the chronic disease
burden will be borne by those with DM as a comorbidity,
as 60% of incident sequelae cases will have DM. Of the
three sequelae, ESRD will have the largest proportion
with DM at 70% of total incident cases in 2050. ASIRs
for all three sequelae show huge differences between
those with and without DM, providing the basis behind
10% of the total population contributing 60% of the inci-
dent cases. Given the rise in cases from 18300 to 31900
per year over a 30-year horizon, a reasonable strategy to
improve population health is to prioritize reducing DM
prevalence. From a policy angle, steps must be taken to
control the rise in incident sequelae cases to prevent
further strain on the healthcare system, or to begin plan-
ning to ensure treatments are available population-wide.

Healthcare expenditure in Singapore will rise drasti-
cally in the upcoming years as future incidence of these
chronic conditions increases. In the local context, Ng
et al’” reported that individuals with DM accrued direct
medical costs of US$1575 per year, with complications
being a strong determinant of cost. Png et af’’ estimated
that by 2050 the economic costs of DM for the working
population in Singapore will increase to US$1.8 billion,
which is the consequence of a rise in DM and its compli-
cations. This is supported by a study in Taiwan by Cheng
et al,31 which estimated that the annual healthcare costs
of those with DM that developed complications was
~US$4200 as compared with ~US$1400 for those without
complications. In light of the excess burden of complica-
tions, a multiagency approach is required to safeguard
the population from the early onset of DM as well as
improve DM management to avoid the development of
sequelae associated with DM.

Averting the projected increase will require extensive
public health interventions with lifestyle modifications
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on diet and physical activity levels to reduce obesity, a
major risk factor. Prevention programs involving coun-
seling of high-risk individuals in USA and Finland™ **
reported risk reductions of 58%. In Singapore, a study
by Png and Yoong®* concluded that both lifestyle modi-
fications and interventions involving metformin are
likely to be cost-effective and warrant further investi-
gation. On a larger scale, strategies such as taxation of
sugar-sweetened beverages have proven to be efficacious
in reducing obesity rates and by proxy the risk of devel-
oping DM.” In addition to reducing risks, the revenue
from taxation can be directed to local health promotion
efforts for dual benefits.”® Such sustainable interventions
which promote healthy living may be necessary to reduce
DM and sequelae incidence and to alleviate increasing
healthcare costs.

Our study had several limitations. First, our fitted
models did not account for temporal trends on inci-
dence. The extrapolation of temporal trends to forecast
future incident cases for a 30-year time horizon could
create errors if the expected trajectory is affected by
large policy changes, such as the implementation of an
excise tax on sugarsweetened beverages or changes in
migration patterns. Similarly, aggressive management of
DM would reduce the risk of developing sequelae and
alter the expected trajectory. Due to the small number of
cases after stratification by ethnicity and age for the cases
below age 40 and above 80, we chose to omit obtaining
risk estimates for them, resulting in a slight underestima-
tion of the future burden. The retrospective study design
also means that we were unable to control for possible
confounders not collected, such as body mass index,
smoking, duration of DM, or family history of DM and
the three sequelae. Unavailability of the year of onset
or diagnosis of DM resulted in the inability to explore
the impact of duration of DM on the risk of developing
a sequela. Finally, as the source data contained limited
information on predictors and confounders, we were
unable to construct and validate a risk engine to predict
which individuals in the population would eventually
develop sequelae. Despite these limitations, our study
still draws useful insights about the differences in chronic
disease risk and the potential increasing future health-
care burden and costs.

CONCLUSION

The total incidence of AMI, stroke and ESRD is expected
to increase from 18300 in 2019 to 31900 from DM and
its complications in 2050, where 60% will be individuals
predicted to have DM. As the greatest increments in risk
are observed in the younger age groups, it is prudent to
step up efforts to prevent early onset of DM in younger
adults. A multiagency approach is required to minimize
DM prevalence and promote DM management in the
upcoming years to combat rising healthcare costs in
an aging population such as Singapore. Interventions
planned at both the micro-scale and macro-scale which

target obesity and other risk factors of DM are recom-
mended to alleviate the healthcare burden in the future
as a result of DM and its sequelae.
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