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Summary

Background Understanding the trajectories of metabolic risk factors for acute myocardial infarction (AMI) is
necessary for healthcare policymaking. We estimated future projections of the incidence of metabolic diseases in a
multi-ethnic population with AML.

Methods The incidence and mortality contributed by metabolic risk factors in the population with AMI (diabetes
mellitus [T2DM], hypertension, hyperlipidemia, overweight/obesity, active/previous smokers) were projected up to
year 2050, using linear and Poisson regression models based on the Singapore Myocardial Infarction Registry from
2007 to 2018. Forecast analysis was stratified based on age, sex and ethnicity.

Findings From 2025 to 2050, the incidence of AMI is predicted to rise by 194.4% from 482 to 1418 per 100,000
population. The largest percentage increase in metabolic risk factors within the population with AMI is projected to
be overweight/obesity (880.0% increase), followed by hypertension (248.7% increase), T2DM (215.7% increase),
hyperlipidemia (205.0% increase), and active/previous smoking (164.8% increase). The number of AMI-related
deaths is expected to increase by 294.7% in individuals with overweight/obesity, while mortality is predicted to
decrease by 11.7% in hyperlipidemia, 29.9% in hypertension, 32.7% in T2DM and 49.6% in active/previous
smokers, from 2025 to 2050. Compared with Chinese individuals, Indian and Malay individuals bear a
disproportionate burden of overweight/obesity incidence and AMI-related mortality.

Interpretation The incidence of AMI is projected to continue rising in the coming decades. Overweight/obesity will
emerge as fastest-growing metabolic risk factor and the leading risk factor for AMI-related mortality.
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Research in context

Evidence before this study

The influence of metabolic risk factors such as type 2 diabetes
mellitus, hypertension, hyperlipidaemia, overweight/obesity
and cigarette smoking in the development of cardiovascular
disease has been well-established. However, while existing
studies have explored the metabolic burden among
individuals with acute myocardial infarction (AMI), there is a
lack of research projecting the trends and patterns of
metabolic disease in this population into the coming decades.

Added value of this study

This study makes use of data from the Singapore Myocardial
Infarction Registry (SMIR) from January 2007 to December
2018 to forecast trends of metabolic diseases in the
population with AMI. The prevalence of type 2 diabetes
mellitus, hypertension, hyperlipidaemia, overweight/obesity
and cigarette smoking among AMI-incident and AMI-related
mortality populations was projected from 2025 to 2050, and
stratified by age-group, sex, and ethnicity. The incidence of
AMI is projected to continue its steep upward trends,

Introduction

The rapid rise in the incidence of cardiovascular disease
(CVD) over the past 30 years has brought major chal-
lenges for healthcare systems around the world.! In
Asia, CVD currently accounts for 35% of all deaths and
is expected to be the leading cause of death exerting a
profound impact on health systems in this region over
the coming decades.”* Treatment advances have less-
ened the impact of CVD on public health*; however,
advances in therapeutic interventions are being offset by
the epidemic of metabolic disease driven by the
increasingly  obesogenic and sedentary living
environments.”” Metabolic risk factors such as type 2
diabetes mellitus (T2DM), hypertension, hyperlipid-
emia, overweight/obesity and cigarette smoking often
exist in tandem,” sharing common pathobiological
pathways and underlying societal drivers that collectively
accelerate atherosclerosis and eventually lead to acute
myocardial infarction (AMI)."**

While existing studies have explored the metabolic
burden among individuals with AMI, """ there is limited
data on the projected trends of metabolic diseases in the
population with AMI in the decades ahead. This multi-

paralleled by the rising prevalence of metabolic disease.
Overweight/obesity is set to overtake hypertension and
hyperlipidemia as the main metabolic risk factors underlying
AMI by 2050, thus emerging as the fastest-growing driver of
AMI. The rise in the prevalence of obesity is especially
pronounced in younger populations with AMI that are of
Malay ethnicity.

Implications of all the available evidence

This multi-ethnic nationwide study offers insights not only to
overall trends in metabolic diseases, but the varied
distribution of metabolic disease across different age-groups,
sexes, and ethnic groups. This granularity in data is vital in
easing the shift from ‘one-size-fits-all’ public health models to
targeted measures that adapt to the individualised challenges
faced by different parts of society. Moreover, Singapore’s
rapid socioeconomic development, coupled with its multi-
ethnic and ageing population allows it to act as a leading
indicator of emerging trends worldwide, informing strategies
in primary and secondary AMI prevention.

ethnic nationwide study offers a valuable construct of
the trends of all metabolic diseases and risk factors
forecasted up to year 2050. Incidence and AMI-related
mortality of each metabolic disease were examined
and stratified across age groups, sex and ethnicity. As
Singapore is a major hub city with a multi-ethnic Asian
population, future projections of metabolic risk factors
in a population with AMI may potentially inform stra-
tegies to reduce metabolic drivers of AMI risk within
Asia, and worldwide.

Methods

Study population

Estimates of AMI incidence and mortality based on all
patients presenting with AMI and captured by the
Singapore Myocardial Infarction Registry (SMIR) from
January 2007 to December 2018 were retrieved.'® The
SMIR is a national registry of all patients diagnosed with
AMI who present at public and private hospitals in
Singapore.”” AMI cases are identified from hospital
discharge records, reimbursement claims, and the na-
tional death registry. Additionally, cases of AMI are
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identified from screening of cases with troponin levels
elevated above the 99th percentile of each laboratory;
this laboratory-based screening approach gives the
SMIR possibly the most comprehensive coverage
compared with any other national AMI registry. All
cases of AMI undergo central verification by trained
personnel at the SMIR. Trained research personnel
collect information on patient demographics, clinical
characteristics, and outcomes using standardized data
elements from the SMIR notification forms. The Inter-
national Classification of Diseases 9th Revision (ICD-9)
Clinical Modification code 410 was used to identify AMI
cases from the data sources prior to 2012, while the
ICD-10 Australian Modification codes 121 and 122 were
used for AMI cases diagnosed from 2012 onwards. Prior
publications have regular internal audits to assess the
quality of the data and results from the audits showed
that the registry achieved high inter-rater reliability and
logic check (>95%) for all data items.”" SMIR data is
combined with mortality data from the Registry of
Births and Deaths to obtain mortality outcomes. The
reporting of deaths in Singapore is mandated.”® The
study received a waiver for informed consent from pa-
tients as it used de-identified data, and was approved by
the SingHealth CIRB (Reference No. 2016/2480).

Metabolic disease definitions

Patients with AMI included those with ST-elevation
myocardial infarction (STEMI) or non-ST elevation
myocardial infarction (NSTEMI). Individuals were
diagnosed with AMI by the attending cardiologists
based on clinical evidence.” The presence of T2DM was
defined by either a) fasting blood glucose >7.0 mmol/L
or random glucose >11.1 mmol/L during the index
admission, b) a past diagnosis of T2DM, or c) the con-
sumption of glucose-lowering medications.”*> Hyper-
tension was based on a) systolic blood pressure
>130 mmHg and/or diastolic blood pressure
>85 mmHg during the index admission, b) a past
diagnosis of hypertension, or 3) the background use of
anti-hypertensive medications.”** Hyperlipidemia was
defined by 1) total cholesterol >6.2 mmol/L, low-density
lipoprotein cholesterol >4.1 mmol/L, or triglyceride
>1.7 mmol/L, 2) previous diagnosis of hyperlipidemia,
or 3) on background lipid-lowering therapy.?>**** Over-
weight/obesity was defined as a body mass index of
>23 kg/m?, the cut-off value used for Asian pop-
ulations.”?* Smoking included both active and previous
smokers. AMI-specific mortality was determined by
identifying death attributable to AMI (410 for ICD-9; 121
and 122 for ICD-10).

Statistical analysis

To predict the crude incidence rate of AMI and meta-
bolic diseases from 2025 to 2050, historical data from
2007 to 2018 were used. Historical data from SMIR
were used to obtain the number of AMI cases and AMI
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cases with metabolic disease. Taken together, they were
used to calculate the crude incidence rate of AMI in each
year between 2007 and 2018. The prediction model for
incidence of AMI was performed using Poisson
regression, with AMI onset year as independent variable
and AMI incidence (i.e. number of AMI cases in a year)
as dependent variable. The prediction model for crude
incidence rate of AMI cases was built using linear
regression and log transformation,”*° with the year of
AMI onset as independent variable and crude incidence
rate of AMI (e.g. number of AMI cases with diabetes in
a year divided by the number of Singapore residents in
the same year) as dependent variable. These prediction
models were generated for the individual metabolic
diseases (T2DM, hypertension, hyperlipidemia, over-
weight/obesity) associated with AMI; and subgroup
analyses were conducted for males, females, young
adults aged 15-39 years, middle-aged adults aged 40-64
years, older adults aged >65 years, Chinese, Malays and
Indians. The 95% confidence intervals (CI) of the esti-
mated incidence rates were calculated using the delta
method.!

The same approach was applied for predicting the
number of AMI-specific deaths as well as death rates,
with separate models for each of the metabolic diseases.
All statistical analyses were performed using Stata
version 17.0 (College Station, TX).

Role of the funding source
No additional support from organisations beyond the
authors’ academic institutions was received for this
research. As such, no funders had any role in the study
design, data collection, data analyses, data interpreta-
tion, or writing of the report.

Results

Study population

In 2018, the overall incidence of AMI was 352 per
100,000 population (66.7% males). The population with
AMI comprised mainly of Chinese (67.9%), Malay
(19.1%), and Indian (13.0%) individuals. The AMI
population had a median haemoglobin value of 12.7 g/
dL (interquartile range [IQR]: 10.6-14.5) and median
creatinine value of 100.0 pmol/L (IQR: 77.0-168.0).
There was a higher incidence of AMI in males (483 per
100,000 population) compared to females (228 per
100,000 population). The highest incidence of AMI was
among Indians (523 per 100,000 population), followed
by Malays (521 per 100,000 population), then Chinese
(313 per 100,000 population). The largest proportion of
AMI occurred in the >65 years group (1380 per 100,000
population), followed by 40-64 (286 per 100,000 popu-
lation), and 15-39 years (11 per 100,000 population).
The largest contributing metabolic risk factor in the
overall AMI burden in 2018 was hypertension (259 per
100,000 population), followed by hyperlipidemia (251
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per 100,000 population), overweight/obesity (177 per
100,000 population), T2DM (174 per 100,000 popula-
tion), and active/previous smoking (149 per 100,000
population).

AMI projections

From 2025 to 2050, the overall incidence of AMI is
predicted to rise by 194.4% from 482 to 1418 per
100,000 population (Supplementary Tables S1 and S2).
AMI incidence is projected to increase in males by
211.9% (663-2069 per 100,000 population) and in fe-
males by 169.5% (312-841 per 100,000 population). The
Malay population is predicted to have the highest AMI
incidence from 2025 to 2050 (216.4% increase;
755-2388 per 100,000 population), followed by Indians
(147.4% increase; 658-1628 per 100,000 population),
and Chinese (202.8% increase; 429-1300 per 100,000
population). Individuals >65 years old will observe a
28.3% (1507-1934 per 100,000 population) increase in
AMI incidence, those aged 40-64 years will have a
114.0% (362-776 per 100,000 population) increase, and
those aged 15-39 years will have a 93.2% (15-28 per
100,000 population) increase. Overweight/obesity is
predicted to remain the most prevalent risk factor un-
derlying AMI in all age groups in 2050 (Supplementary
Fig. S1), with the largest increase in overweight/obesity
from 2025 to 2050 expected to occur in those aged 65
and above (Supplementary Fig. S2). This age group is
predicted to bear the highest burden of all metabolic
diseases across time. The incidence of AMI counts is
found in Supplementary Tables S3 and S4.

The overall number of AMI-related deaths is pro-
jected to fall by 43.9% from 2025 to 2050
(Supplementary Tables S7 and S8). Males are expected
to observe a greater decrease in AMI-related mortality
(47.1% decrease; 411-217) than females (39.6%
decrease; 311-188). The projected mortality rates can be
found in Supplementary Tables S5 and S6.

T2DM projections

The incidence of T2DM in patients with AMI is pro-
jected to increase by 215.7% (245-772 per 100,000
population) from 2025 to 2050 (Fig. 1; Supplementary
Fig. S3). The total number of AMI-related deaths in
the T2DM group is projected to decrease by 32.7%
(from 334 to 225) within the same time frame
(Supplementary Tables S7 and S8; Fig. 2).

The incidence of T2DM in patients with AMI from
2025 to 2050 is expected to rise more in males (274.7%
increase; 327-1226 per 100,000 population) than in fe-
males (146.2% increase; 169416 per 100,000 popula-
tion) (Supplementary Tables S1 and S2; Fig. 3;
Supplementary Fig. S3). Females with T2DM are pro-
jected to observe a larger decrease in the number of
AMI-related deaths (42.3% decrease; 145-84) compared
to males (25.4% decrease; 189-141) (Supplementary
Tables S7 and S8). The ethnic-specific incidence of

T2DM in patients with AMI is projected to be the
highest in Malays (269.7% increase; 455-1681 per
100,000 population) and Indians (182.1% increase;
442-1246 per 100,000 population), with lower incidence
in Chinese (209.7% increase; 193-599 per 100,000
population) from 2025 to 2050 (Fig. 4; Supplementary
Fig S3). The AMI-related mortality decreased by 37.7%
in Chinese, 32.5% in Malays, and 13.0% in the Indian
population from 2025 to 2050.

Hypertension projections

The incidence of hypertension in patients with AMI is
forecasted to rise by 248.7% (379-1321 per 100,000
population) from 2025 to 2050 (Fig. 1; Supplementary
Fig. S3) whereas the total number of deaths is pro-
jected to fall by 29.9% (from 510 to 358) (Fig. 2).

From 2025 to 2050, the incidence of hypertension in
patients with AMI is predicted to have a greater increase
in males (296.4% increase; 502-1988 per 100,000 pop-
ulation) than in females (189.4% increase; 265-767 per
100,000 population) (Fig. 3; Supplementary Fig. S3).
Females with hypertension are set to observe greater
reductions in AMlI-related deaths (34.9% decrease;
234-152) compared to males (25.7% decrease; 277-205).
From 2025 to 2050, Malays with hypertension are ex-
pected to have the highest incidence of AMI (264.9%
increase; 568-2071 per 100,000 population), followed by
Indians (207.1% increase; 518-1591 per 100,000 popu-
lation) and Chinese (257.7% increase; 342-1223 per
100,000 population) (Fig. 4; Supplementary Fig S3).
Malays and Chinese will have the largest reductions in
AMI-related mortality by 27.7% and 32.5% respectively,
with a fall of 18.0% for Indians from 2025 to 2050.

Hyperlipidemia projections
AMI incidence in patients with hyperlipidemia is pro-
jected to increase by 205.0% from 2025 to 2050, from
341 to 1041 per 100,000 population (Fig. 1;
Supplementary Fig. S3), while AMI-related mortality is
predicted to fall by 11.7% (from 466 to 412) (Fig. S2).
A larger rise in the incidence of AMI with hyperlip-
idemia is expected in males (211.1% increase; 456-1418
per 100,000 population) as compared to females
(200.3% increase; 234-703 per 100,000 population)
(Fig. 3; Supplementary Fig. S3). However, females with
hyperlipidemia will have a larger decrease in AMI-
related deaths (16.1% decrease; 203-170) than males
(8.4% decrease; 264-242). The incidence of AMI in-
dividuals with hyperlipidemia will likely be highest in
Malays (211.0% increase; 545-1694 per 100,000 popu-
lation) and Indians (156.7% increase; 508-1304 per
100,000 population), followed by Chinese (220.5% in-
crease; 298-956 per 100,000 population) (Fig. 4;
Supplementary Fig. S3). AMI-related mortality in in-
dividuals with hyperlipidemia is forecasted to rise by
11.8% in Indians, but fall by 13.9% in Chinese and
19.0% in Malays from 2025 to 2050.
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Fig. 1: Projected incidence of acute myocardial infarction with concomitant metabolic diseases and risk factors in the Singapore population from

2025 to 2050. Incidence is presented per 100,000 population.

Active/previous smoking projections
From 2025 to 2050, the incidence of patients with AMI
who are active or previous smokers is projected to in-
crease by 164.8% (201-532 per 100,000 population)
(Fig. 1; Supplementary Fig. S3), while mortality pro-
jected to decrease by 49.6% (from 187 to 95) (Fig. 2).
Between 2025 and 2050, the incidence of males with
AMI who are active/previous smokers is predicted to
rise by 188.6% (394-1136 per 100,000 population) while
incidence in females rose 30.2% (23-30 per 100,000
population) (Fig. 3; Supplementary Fig. S3). Females
who are active/previous smokers are also expected to
experience a larger decline in AMI-related deaths (83.3%
decrease) compared to males (47.1% decrease).
Ethnicity-specific analysis revealed that the incidence of
patients with AMI who are active/previous smokers is
predicted to remain the highest in Malays (240.9% in-
crease; 388-1321 per 100,000 population), followed by
Indians (137.8% increase; 295-701 per 100,000 popu-
lation) and Chinese (153.3% increase; 165-418 per
100,000 population) (Fig. 4; Supplementary Fig. S3).
The largest decrease in AMI-related mortality was found
in Chinese (80.9% decrease), followed by Indians
(29.3% decrease) and Malays (17.0% decrease).

Overweight/obesity projections

There will be a projected rise of 880.0% in the incidence
of patients with AMI who are overweight or obese by

www.thelancet.com Vol = m, 2023

2050 (384-3764 per 100,000 population) (Fig. 1;
Supplementary Fig. S3), and total AMI-related mortality
is expected to see a 294.7% increase (from 433 to 1711)
(Fig. 2).

A larger rise in incidence can be observed in females
(1204.7% increase; 243-3173 per 100,000 population)
than males who are overweight/obese (791.5% increase;
539-4805 per 100,000 population) in the AMI cohort by
2050 (Fig. 3; Supplementary Fig. S3). Females are pro-
jected to have a larger increase in AMI-related deaths
(295.3% increase) compared to males (294.3% increase).
Between 2025 and 2050, a higher incidence of patients
with AMI who are overweight/obese is expected among
Malays (1191.9% increase; 803-10,372 per 100,000
population) followed by Indians (609.1% increase;
601-4261 per 100,000 population) and Chinese (865.4%
increase; 299-2887 per 100,000 population) (Fig. 4;
Supplementary Fig. S3). The largest rise in AMI-related
mortality over time is predicted in Malays (419.3% in-
crease), followed by Indians (253.5% increase), and
Chinese (211.5% increase).

Discussion

AMI incidence is expected to rise sharply in Asia in the
coming decades, paralleling the shift in deleterious
lifestyle practices and the growing metabolic burden
across this populous region.” In this study of 3 Asian
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Fig. 2: Projected mortality associated with acute myocardial infarction and its concomitant metabolic diseases and risk factors in the Singapore

population from 2025 to 2050.

ethnicities with AMI, overweight/obesity is projected to
be the leading metabolic risk factor contributing to AMI
up to 2050, followed by hypertension, hyperlipidemia,
T2DM, and active/previous smoking. The metabolic risk
factor with the fastest-growing incidence among the
AMI cohort is predicted to be overweight/obesity over
the next 25 years. The other metabolic risk factors are
also expected to rise in incidence, albeit at a slower pace,
with hypertension observing the second largest increase,
followed by T2DM, hyperlipidemia and active/previous
smoking by 2050. Overweight/obesity is also predicted
to be the main metabolic risk factor underlying AMI-
related deaths in the years to come, while other risk
factors (T2DM, hypertension and active/previous
smoking) will observe a decline in associated AMI-
related mortality (Central Illustration). Indian and Ma-
lay male patients are likely to disproportionately bear the
brunt of this overweight-obesity metabolic burden in the
future.

Overweight/obesity share close and bidirectional as-
sociations with other metabolic disorders, with visceral

adiposity contributing to lipotoxicity, insulin resistance,
pro-inflammatory processes that contribute to adverse
metabolic sequalae and adverse cardiovascular prog-
nosis.** On the other hand, studies have described that
the ‘obesity paradox’ portends favourable outcomes in
patients with heart failure,** AMIL,***¢ and aortic steno-
sis,” possibly related to greater metabolic reserves,
protective cytokines and the altered response to renin-
angiotensin-aldosterone system.* However, evidence
has shown that the presence of concomitant metabolic
dysfunction in individuals with obesity has a more
deleterious impact on survival following AMI, that can
undermine the potential protective effects observed in
metabolic healthy obesity.** In fact, there is ongoing
debate on whether metabolic healthy obesity is a per-
manent state, given its decline in prevalence and its
high tendency for transiting from the metabolically
healthy to unhealthy phenotype.** Hence, this complex
interplay between obesity and metabolic health suggests
that the forecasted increase of overweight/obesity-
related deaths following AMI may be driven, in part,
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Fig. 3: Projected incidence of acute myocardial infarction with concomitant metabolic diseases and risk factors in the Singapore population from
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by the obesity-related metabolic dysfunction. Neverthe-
less, the epidemic of overweight and obesity remains a
major public health concern that has far-reaching im-
plications for the health and well-being of individuals
and societies within Asia, and worldwide.”!"**4
Similar to our population estimates, predictions from
the general United States (U.S.) population reported that
nearly 1 in 2 adults will be obese by 2030, posing con-
cerns regarding future healthcare costs.” This high-
lights the importance of preventive efforts in achieving
and maintaining meaningful weight loss. Upstream
interventions addressing the underlying obesogenic
environments and the promotion of healthier lifestyles
to alter this trajectory have been implemented in na-
tional programs in Singapore.”

Beyond lifestyle measures, pharmacotherapies to
treat hypertension, hyperlipidemia and T2DM have
proven to be highly effective in secondary prevention
following AMI.* The high adoption rates of these

www.thelancet.com Vol = m, 2023

pharmacotherapies for secondary prevention, encour-
aged by national AMI quality-of-care scorecards,” may
account for the declines in mortality attributable to
hypertension, hyperlipidemia and T2DM. Until
recently, there has been no effective pharmacotherapy
for obesity/overweight treatment. The glucagon-like
peptide-1 receptor agonists (GLP1-RA) have shown
not only to reduce weight by as much as 17% in
randomised clinical trials but have also demonstrated
salutary effects on visceral fat reduction, glycemic
control, and blood pressure lowering effects, offering
hope for further reduction in AMI-related mortality
attributable to overweight/obesity.”” There is a con-
certed push for the incorporation of exercise or lifestyle
programs, including cardiac rehabilitation that focuses
on supervised exercise training, as part of the AMI care
bundle. The supporting evidence has highlighted the
protective effects of cardiac rehabilitation programs on
the reduction of morbidity and mortality, improvement
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in exercise tolerance, and quality of life in individuals
with AMI or heart failure.*** Nation-wide based pro-
grams focusing on the implementation of cardiac
rehabilitation, in combination with other strategies
such as dietary and medication adherence, through
government-based policy establishment, can potentially
be a key pillar in altering the trajectory of obesity-
related mortality.

The ethnic gap in AMI and its associated metabolic
risk factors is projected to widen further in the years
to come. The unfavourable, disparate AMI and
metabolic disease incidence was observed among the
Malay and Indian ethnic groups, and this is likely
driven by a combination of biological and socioeco-
nomic factors. Malays and Indians in Singapore have
higher rates of T2DM,* hypertension,” and obesity®'
compared to Chinese. Genetic factors associated
metabolic risk factors and CVD have been described,*
with a higher predisposition for Malays and Indians to
develop hyperlipidemia®* and T2DM** respectively.
Indians and Malays have reportedly lower average
income and education levels compared to Chinese in
Singapore™; this socioeconomic disparity may exac-
erbate biological underpinnings, with lower socio-
economic status associated with sedentary lifestyle,
unfavourable metabolic burden, and AMI outcomes.
Similarly, higher prevalence of metabolic diseases
have been projected in ethnic minorities and low-
income adults in the U.S. population,”*® with the
collective findings highlighting the need for greater
attention to deeply entrenched socioeconomic barriers
to the sustainability of metabolic health.”” Despite the
ever-changing global landscape, the ethnic composi-
tion of the Singapore population has remained stable
over the previous years, with the Chinese making up
the large majority of the resident population (74.1%),
followed by Malays (13.6%) and Indians (9.0%) in
2022.°® This racial balance is expected to remain the
same in the years to come, preserving social stability
and the multiracial character within the country.”
Moreover, Singapore has one of the highest
immigrants-to-total-population ratios in the world.®
This close nexus between immigration and public
health has led to a rising burden of cardiovascular
diseases in Singapore, that has been unmasked by the
increased screening of cardiometabolic risk factors
during the coronavirus disease-2019 pandemic among
migrant workers.®" Although this may attenuate the
projected trends derived from the current prediction
models on AMI incidence and mortality, readers
should remain cognizant that the forecast analysis is
unable to fully account for the complexities sur-
rounding migrant health and the accessibility to
healthcare in Singapore.*>®

A ‘one-size-fits-all’ public health model may prove
insufficient especially with the different public health
challenges faced by each age group within the population

with AMI. The younger and middle age groups are pre-
dominantly affected by overweight and obesity, especially
with the country’s rapid development and nutritional
transition, promoting sedentary living and easier acces-
sibility to high-calorie foods.** The rapid rise in over-
weight/obesity as a risk factor in younger people has
profound implications for metabolic disease morbidity
and mortality among future generations.”'"****>% This is
in contrast to the older populations with AMI, that is
driven by hypertension and hyperlipidemia, which often
necessitate earlier utilisation of pharmacological therapy
and frequent follow-ups.” As such, the interventions
prioritised in different age groups must also reflect this
variance.”

Moving forward, it is crucial to focus on targeting
upstream metabolic risk factors to halt the projected
AMI trajectory. Sex and ethnic-specific differences in
the overall metabolic burden among patients with AMI
deserve its due consideration when designing health-
care initiatives. The identification of vulnerable groups
can allow for better education, promotion of healthier
lifestyles, and early detection and treatment of sub-
clinical disease in a targeted manner.”” As part of the
global initiatives in advocating for healthcare quality and
access across all regions in the world, The Lancet
Regional Health Global Initiative and JACC Asia are vital
in advocating for research and information exchange
especially within the Asian community. Singapore’s
rapid rate of socioeconomic development, together with
its multi-ethnic and ageing population has it uniquely
positioned as an excellent representation of larger,
emerging trends worldwide. While European® and
U.S¢ based studies project the ever-growing CVD
burden within general populations, the epidemiological
insights gleaned from the present population-based
analysis can further inform future strategies in pri-
mary and secondary prevention of AMI.

Limitations

This study has its limitations. First, the study used BMI
as a surrogate measure for obesity. Studies have shown
that obesity measures—including waist circumference,
waist-to-hip ratio or waist-to-height ratio, are more ac-
curate surrogate markers of central obesity, and are
better predictors of cardiovascular outcomes than
BMI.**¢7 Excessive fat-free mass from muscle may not
equal to fat mass as defined as obesity, and BMI alone
does not reflect the different body compositions.*
Additionally, BMI may fail to demonstrate sex-based
differences in the context of central adiposity and car-
diovascular outcomes. Measures of central obesity,
particularly waist-to-hip ratio, have been shown to be
more strongly associated with the risk of AMI compared
to BMI, especially among females.®® However, such
granular data on central obesity were lacking in the
nationwide database, and future research exploring
the predicted trends of central obesity and AMI using

www.thelancet.com Vol = m, 2023


www.thelancet.com/digital-health

Articles

the aforementioned obesity measures will be an
important next step. Second, all the projections
employed in this study are contingent on the assump-
tion that the trends observed in the analysis of past data
will remain consistent moving forward. In reality, the
numerous new government initiatives that have been
put in place over the past few years, and the in-
terventions still yet to come may attenuate the projected
trends. Nevertheless, the methodologies adopted in this
study are widely-utilised and have generated robust
findings in many other studies of population health.*"*
Third, we did not have access to socioeconomic data,
which may be a confounder when considering ethnic
disparities in metabolic diseases. Fourth, as with all
time-series data, there may be autocorrelation for the
error terms over time. However, there is no time-series
with the Poisson regression model for incidence and
mortality counts, that can account for the possibility of
autocorrelation. Last, the forecast analysis did not ac-
count for AMI incidence during the coronavirus
disease-2019 pandemic due to the fluctuations in AMI
presentations related to systems and non-system based
confounders.®7?

Conclusion

The incidence of AMI is projected to continue rising
sharply in the coming decades and will be paralleled by
worsening metabolic disease trends. While hypertension
and hyperlipidemia are expected to persist as key meta-
bolic risk factors underlying AMI, overweight/obesity is
set to emerge as the fastest-growing and leading meta-
bolic risk factor underlying AMI onset by 2050.

Contributors

All authors approve the final version of the manuscript, including the
authorship list and agree to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

Conceptualization and methodology—Nicholas WS Chew, Bryan
Chong, Mingshi Cai, Jayanth Jayabaskaran, Huili Zheng, Rachel Goh,
Derek Housenloy, Poay Huan Loh, Adrian F Low, Chi Hang Lee, Toon
Wei Lim, Ping Chai, Tiong Cheng Yeo, Huay Cheem Tan, James Yip,
Mark Y Chan.

Investigation and data curation—Nicholas WS Chew, Bryan Chong,
Mingshi Cai, Si Min Kuo, Jayanth Jayabaskaran, Huili Zheng, Rachel
Goh, Gwyneth Kong, Yiphan Chin.

Formal analysis and software—Nicholas WS Chew, Bryan Chong,
Mingshi Cai, Si Min Kuo, Jayanth Jayabaskaran, Huili Zheng, Rachel
Goh.

Supervision—Nicholas WS Chew, Mingshi Cai, Huili Zheng,
Rachel Goh, Derek Housenloy, Poay Huan Loh, Adrian F Low, Chi
Hang Lee, Toon Wei Lim, Ping Chai, Tiong Cheng Yeo, Huay Cheem
Tan, James Yip, Mamas A Mamas, Stephen ] Nicholls, Mark Y Chan.
Validation—Nicholas WS Chew, Bryan Chong, Mingshi Cai, Jayanth
Jayabaskaran, Huili Zheng, Rachel Goh, Gwyneth Kong, Yiphan Chin,
Syed Saqib Imran, Michael Liang, Patrick Lim, Thon Hon Yong, Boon
Wah Liew, Pow Li Chia, Hee Hwa Ho, David Foo, Deanna Khoo, Zijuan
Huang, Terrance Chua, Jack Wei Chieh Tan, Khung Keong Yeo, Derek
Hausenloy, Hui Wen Sim, Jieli Kua, Koo Hui Chan, Poay Huan Loh,
Adrian F Low, Toon Wei Lim, Ping Chai, Chi Hang Lee, Tiong Cheng
Yeo, James Yip, Huay Cheem Tan, Mamas A Mamas, Stephen ] Nich-
olls, Mark Y Chan.

www.thelancet.com Vol = m, 2023

Writing, original draft—Nicholas WS Chew, Bryan Chong, Jayanth
Jayabaskaran, Mark Y Chan.

Writing, preparation, review and editing—Nicholas WS Chew,
Bryan Chong, Mingshi Cai, Jayanth Jayabaskaran, Huili Zheng, Rachel
Goh, Gwyneth Kong, Yiphan Chin, Syed Saqib Imran, Michael Liang,
Patrick Lim, Thon Hon Yong, Boon Wah Liew, Pow Li Chia, Hee Hwa
Ho, David Foo, Deanna Khoo, Zijuan Huang, Terrance Chua, Jack Wei
Chieh Tan, Khung Keong Yeo, Derek Hausenloy, Hui Wen Sim, Jieli
Kua, Koo Hui Chan, Poay Huan Loh, Adrian F Low, Toon Wei Lim,
Ping Chai, Chi Hang Lee, Tiong Cheng Yeo, James Yip, Huay Cheem
Tan, Mamas A Mamas, Stephen | Nicholls, Mark Y Chan.

Data sharing statement
All data and code used in analysis and projections are available upon
request to the corresponding author.

Declaration of interests
M.Y.C. receives speaker’s fees and research grants from Astra Zeneca,
Abbott Technologies and Boston Scientific.

S.N. has received research grant support from AstraZeneca, Amgen,
Anthera, Cerenis, Eli Lilly, Esperion, InfraReDx, LipoScience; The
Medicines Company, New Amsterdam Pharma, Novartis, Resverlogix,
Roche, and Sanofi-Regeneron; he has received consulting fees from
Akcea, Amarin, Anthera, AstraZeneca, Boehringer-Ingelheim, CSL
Behring, Eli Lilly, Esperion, Omthera, Merck, Resverlogix, Sanof-
Regeneron, Takeda, and Vaxxinity.

N.W.S.C. has received research grant support from NUHS Seed
Fund and National Medical Research Council Research Training
Fellowship.

Acknowledgement

Funding: This research was supported by the NUHS Seed Fund
(NUHSRO/2022/058/RO5+6/Seed-Mar/03) and National Medical
Research Council Research Training Fellowship (MOH-001131). The
SMIR is a national, ministry-funded registry run by the National Reg-
istry of Diseases Office and funded by the Ministry of Health,
Singapore.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.Janwpc.2023.100803.

References

1 Roth GA, Mensah GA, Johnson CO, et al. Global burden of car-
diovascular diseases and risk factors, 1990-2019: update from the
GBD 2019 study. J Am Coll Cardiol. 2020;76(25):2982-3021.

2 World Health Organization. Cardiovascular diseases 2021. Avail-
able from: https://www.who.int/health-topics/cardiovascular-disea
ses#tab=tab_1. Accessed January 18, 2023.

3 Zhao D. Epidemiological features of cardiovascular disease in Asia.
JACC Asia. 2021;1(1):1-13.

4 Chong B, Goh RSJ, Kong G, et al. Comparison of biodegradable
and newer generation durable polymer drug-eluting stents with
short-term dual antiplatelet therapy: a systematic review and
Bayesian network meta-analysis of randomized trials comprising of
43,875 patients. | Thromb Thrombolysis. 2022;53(3):671-682.

5 Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA
guideline on the primary prevention of cardiovascular disease: a
report of the American college of cardiology/American heart as-
sociation task force on clinical practice guidelines. Circulation.
2019;140(11):e596—e646.

6 Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC guidelines on
cardiovascular disease prevention in clinical practice: developed by
the task force for cardiovascular disease prevention in clinical
practice with representatives of the European Society of Cardiology
and 12 medical societies with the special contribution of the Eu-
ropean Association of Preventive Cardiology (EAPC). Eur Heart J.
2021;42(34):3227-3337.

7  Kong G, Chin YH, Chong B, et al. Higher mortality in acute cor-
onary syndrome patients without standard modifiable risk factors:
results from a global meta-analysis of 1,285,722 patients. Int |
Cardiol. 2023;371:432-440.

11


https://doi.org/10.1016/j.lanwpc.2023.100803
https://doi.org/10.1016/j.lanwpc.2023.100803
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref1
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref1
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref1
https://www.who.int/health-topics/cardiovascular-diseases#tab=tab_1
https://www.who.int/health-topics/cardiovascular-diseases#tab=tab_1
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref3
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref3
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref4
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref4
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref4
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref4
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref4
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref5
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref5
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref5
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref5
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref5
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref6
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref6
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref6
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref6
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref6
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref6
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref6
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref7
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref7
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref7
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref7
www.thelancet.com/digital-health

Articles

12

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Tang A, Ng CH, Phang PH, et al. Comparative burden of metabolic
dysfunction in lean NAFLD vs non-lean NAFLD - a systematic re-
view and meta-analysis. Clin Gastroenterol Hepatol. 2022.

Chew NWS, Ng CH, Muthiah MD, Sanyal AJ. Comprehensive re-
view and updates on holistic approach towards non-alcoholic fatty
liver disease management with cardiovascular disease. Curr Athe-
roscler Rep. 2022;24(7):515-532.

Chew NWS, Ng CH, Tan DJH, et al. The global burden of meta-
bolic disease: data from 2000 to 2019. Cell Metabol. 2023;35(3):414—
428.e3.

Chin Y, Lim J, Kong G, et al. Hepatic steatosis and advanced hepatic
fibrosis are independent predictors of long-term mortality in acute
myocardial infarction. Diabetes Obes Metab. 2023;25(4):1032-1044.
Powell-Wiley TM, Poirier P, Burke LE, et al. Obesity and cardio-
vascular disease: a scientific statement from the American heart
association. Circulation. 2021;143(21):e984-e1010.

Muthiah M, Ng CH, Chan KE, et al. Type 2 diabetes mellitus in
metabolic-associated fatty liver disease vs. type 2 diabetes mellitus
non-alcoholic fatty liver disease: a longitudinal cohort analysis. Ann
Hepatol. 2023;28(1):100762.

Ng CH, Wong ZY, Chew NWS, et al. Hypertension is prevalent in
non-alcoholic fatty liver disease and increases all-cause and car-
diovascular mortality. Front Cardiovasc Med. 2022;9:942753.

Kong G, Zhang A, Chong B, et al. Long-Term prognosis of patients
with coexisting obesity and malnutrition after acute myocardial
infarction: a cohort study. Circ Cardiovasc Qual Outcomes. 2023;
16(4):2009340.

Health Promotion Board. Singapore myocardial infarction registry
annual report 2020. 2022.

Loh JP, Tan LL, Zheng H, et al. First medical contact-to-device time
and heart failure outcomes among patients undergoing primary
percutaneous coronary intervention. Circ Cardiovasc Qual Out-
comes. 2018;11(8):004699.

Bulluck H, Zheng H, Chan MY, et al. Independent predictors of
cardiac mortality and hospitalization for heart failure in a multi-
ethnic asian ST-segment elevation myocardial infarction popula-
tion treated by primary percutaneous coronary intervention. Sci
Rep. 2019;9(1):10072.

Chan MY, Shah BR, Gao F, et al. Recalibration of the global registry
of acute coronary events risk score in a multiethnic Asian popula-
tion. Am Heart J. 2011;162(2):291-299.

Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal definition of
myocardial infarction (2018). ] Am Coll Cardiol. 2018;72(18):2231-
2264.

Goh SY, Ang SB, Bee YM, et al. Ministry of health clinical practice
guidelines: diabetes mellitus. Singapore Med J. 2014;55(6):334-347.
Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA
guideline on the primary prevention of cardiovascular disease. | Am
Coll Cardiol. 2019;74(10):e177-€232.

Tay JC, Sule AA, Chew EK, et al. Ministry of health clinical practice
guidelines: hypertension. Singapore Med J. 2018;59(1):17-27.
Whelton PK, Carey RM, Mancia G, Kreutz R, Bundy JD,
Williams B. Harmonization of the American college of cardiology/
American heart association and European society of cardiology/
European society of hypertension blood pressure/hypertension
guidelines: comparisons, reflections, and recommendations. Cir-
culation. 2022;146(11):868-877.

Tai ES, Chia BL, Bastian AC, et al. Ministry of health clinical
practice guidelines: lipids. Singapore Med J. 2017;58(3):155-166.
Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA  guide-
line on the management of blood cholesterol: a report of the
American college of cardiology/American heart association task
force on clinical practice guidelines. Circulation. 2019;139(25):
€1082—e1143.

Appropriate body-mass index for Asian populations and its im-
plications for policy and intervention strategies. Lancet. 2004;
363(9403):157-163.

Lee YS, Biddle S, Chan MF, et al. Health promotion board-ministry
of health clinical practice guidelines: obesity. Singapore Med J.
2016;57(6):292-300.

Nowakowska M, Zghebi SS, Ashcroft DM, et al. The comorbidity
burden of type 2 diabetes mellitus: patterns, clusters and pre-
dictions from a large english primary care cohort. BMC Med.
2019;17(1):145.

Ayyoubzadeh SM, Ayyoubzadeh SM, Zahedi H, Ahmadi M, R
Niakan Kalhori S. Predicting COVID-19 incidence through analysis

31

32

33

34

35

36

37

38

39

40

41

42

43

45

46

47

48

49

50

51

52

of google trends data in Iran: data mining and deep learning pilot
study. JMIR Public Health Surveill. 2020;6(2):e18828.

Ver Hoef JM. Who invented the delta method? Am Stat.
2012;66(2):124-127.

Kong G, Chew NWS, Ng CH, et al. Prognostic outcomes in acute
myocardial infarction patients without standard modifiable risk
factors: a multiethnic study of 8,680 asian patients. Front Cardiovasc
Med. 2022;9:869168.

Kong G, Chin YH, Lim J, et al. A two-decade population-based study
on the effect of hypertension in the general population with obesity in
the United States. Obesity (Silver Spring). 2023;31(3):832-840.
Chandramouli C, Tay WT, Bamadhaj NS, et al. Association of
obesity with heart failure outcomes in 11 Asian regions: a cohort
study. PLoS Med. 2019;16(9):e1002916.

Lin C, Loke WH, Ng BH, et al. Mortality, cardiovascular, and
medication outcomes in patients with myocardial infarction and
underweight in a meta-analysis of 6.3 million patients. Am | Car-
diol. 2023;196:1-10.

Chew NWS, Kong G, Venisha S, et al. Long-Term prognosis of
acute myocardial infarction associated with metabolic health and
obesity status. Endocr Pract. 2022;28(8):802-810.

Chew NWS, Zhang A, Kong G, et al. Prognostically distinct phe-
notypes of metabolic health beyond obesity in aortic stenosis. Am |
Cardiol. 2022;178:112-118.

Lavie CJ, De Schutter A, Parto P, et al. Obesity and prevalence of
cardiovascular diseases and prognosis-the obesity paradox updated.
Prog Cardiovasc Dis. 2016;58(5):537-547.

Chong B, Jayabaskaran ], Kong G, et al. Trends and predictions of
malnutrition and obesity in 204 countries and territories: an anal-
ysis of the Global Burden of Disease Study 2019. eClinical Medicine.
2023;57:101850.

Chong B, Kong G, Shankar K, et al. The global syndemic of
metabolic diseases in the young adult population: a consortium of
trends and projections from the Global Burden of Disease 2000-
2019. Metabolism. 2023;141:155402.

Ward Z]J, Bleich SN, Cradock AL, et al. Projected U.S. State-level
prevalence of adult obesity and severe obesity. N Engl | Med.
2019;381(25):2440-2450.

Quek J, Lim G, Lim WH, et al. The association of plant-based diet with
cardiovascular disease and mortality: a meta-analysis and systematic
review of prospect cohort studies. Front Cardiovasc Med. 2021;8:756810.
Gallone G, Baldetti L, Pagnesi M, et al. Medical therapy for long-
term prevention of atherothrombosis following an acute coronary
syndrome: JACC state-of-the-art review. J Am Coll Cardiol.
2018;72(23 Pt A):2886-2903.

Global Health Data Exchange. Singapore myocardial infarction registry
(SMIR). Available from: https://ghdx.healthdata.org/series/singapore-
myocardial-infarction-registry-smir. Accessed December 24, 2022.
Chin YH, Lim O, Lin C, et al. Meta-analysis of the placebo and
nocebo effects associated with placebo treatment in randomized
trials of lipid lowering therapy. Eur Heart ] Qual Care Clin Out-
comes. 2022:qcac060.

Marcassa C, Giordano A, Giannuzzi P. Five-year hospitalisations
and survival in patients admitted to inpatient cardiac rehabilitation
after cardiac surgery. Eur J Prev Cardiol. 2016;23(15):1609-1617.
Sachdev V, Sharma K, Keteyian SJ, et al. Supervised exercise training
for chronic heart failure with preserved ejection fraction: a scientific
statement from the American heart association and American college
of cardiology. | Am Coll Cardiol. 2023;81(15):1524-1542.

Taylor RS, Dalal HM, Zwisler AD. Cardiac rehabilitation for heart
failure: "Cinderella’ or evidence-based pillar of care? Eur Heart J.
2023;44(17):1511-1518.

Porhcisaliyan VD, Wang Y, Tan NC, Jafar TH. Socioeconomic
status and ethnic variation associated with type 2 diabetes mellitus
in patients with uncontrolled hypertension in Singapore. BM] Open
Diabetes Res Care. 2021;9(1):e002064.

Chan GC, Teo BW, Tay JC, et al. Hypertension in a multi-ethnic
Asian population of Singapore. ] Clin Hypertens (Greenwich).
2021;23(3):522-528.

Today Online. New workgroup to improve health of Malays and
Indians, close ‘significant disparities’ in outcomes across ethnic-
ities: MOH 2021. Available from: https://www.todayonline.com/
singapore /new-workgroup-improve-health-malays-and-indians-close-
significant-disparities-outcomes. Accessed January 21, 2023.

Chew NWS, Chong B, Ng CH, et al. The genetic interactions be-
tween non-alcoholic fatty liver disease and cardiovascular diseases.
Front Genet. 2022;13:971484.

www.thelancet.com Vol = m, 2023


http://refhub.elsevier.com/S2666-6065(23)00121-9/sref8
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref8
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref8
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref9
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref9
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref9
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref9
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref10
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref10
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref10
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref11
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref11
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref11
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref12
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref12
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref12
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref13
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref13
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref13
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref13
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref14
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref14
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref14
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref15
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref15
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref15
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref15
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref16
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref16
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref17
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref17
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref17
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref17
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref18
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref18
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref18
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref18
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref18
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref19
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref19
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref19
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref20
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref20
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref20
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref21
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref21
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref22
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref22
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref22
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref23
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref23
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref24
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref24
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref24
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref24
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref24
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref24
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref25
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref25
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref26
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref26
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref26
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref26
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref26
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref26
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref27
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref27
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref27
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref28
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref28
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref28
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref29
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref29
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref29
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref29
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref30
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref30
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref30
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref30
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref31
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref31
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref32
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref32
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref32
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref32
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref33
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref33
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref33
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref34
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref34
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref34
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref35
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref35
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref35
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref35
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref36
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref36
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref36
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref37
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref37
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref37
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref38
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref38
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref38
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref39
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref39
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref39
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref39
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref40
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref40
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref40
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref40
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref41
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref41
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref41
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref42
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref42
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref42
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref43
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref43
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref43
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref43
https://ghdx.healthdata.org/series/singapore-myocardial-infarction-registry-smir
https://ghdx.healthdata.org/series/singapore-myocardial-infarction-registry-smir
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref45
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref45
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref45
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref45
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref46
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref46
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref46
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref47
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref47
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref47
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref47
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref48
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref48
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref48
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref49
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref49
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref49
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref49
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref50
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref50
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref50
https://www.todayonline.com/singapore/new-workgroup-improve-health-malays-and-indians-close-significant-disparities-outcomes
https://www.todayonline.com/singapore/new-workgroup-improve-health-malays-and-indians-close-significant-disparities-outcomes
https://www.todayonline.com/singapore/new-workgroup-improve-health-malays-and-indians-close-significant-disparities-outcomes
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref52
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref52
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref52
www.thelancet.com/digital-health

Articles

53

54

55

56

57

58

59

60

61

62

63

Tan CE, Tai ES, Tan CS, et al. APOE polymorphism and lipid
profile in three ethnic groups in the Singapore population.
Atherosclerosis. 2003;170(2):253-260.

Radha V, Mohan V. Genetic predisposition to type 2 diabetes
among Asian Indians. Indian | Med Res. 2007;125(3):259-274.
Park SH, Nicolaou M, Dickens BSL, Yang Q, Tan KW, van
Dam RM. Ethnicity, neighborhood and individual socioeconomic
status, and obesity: the Singapore multiethnic cohort. Obesity.
2020;28(12):2405-2413.

Mohebi R, Chen C, Ibrahim NE, et al. Cardiovascular disease
projections in the United States based on the 2020 census esti-
mates. | Am Coll Cardiol. 2022;80(6):565-578.

Ng CH, Lim WH, Chin YH, et al. Living in the non-alcoholic fatty
liver disease silent epidemic: a qualitative systematic review of pa-
tients” perspectives. Aliment Pharmacol Ther. 2022;56(4):570-579.
Department of Statistics Singapore. Population trends; 2022. Avail-
able from: https://www.singstat.gov.sg/publications/population/
population-trends. Accessed January 6, 2023.

Gov.sg. What are the racial proportions among Singapore citizens?;
2019. . Accessed April 7, 2023.

Yang H, Yang P, Zhan S. Immigration, population, and foreign
workforce in Singapore: an overview of trends, policies, and issues.
HSSE Online. 2017;6(1):10-25.

Mattar SAM, Kan JYL, Goh OQM, et al. COVID-19 pandemic
unmasking cardiovascular risk factors and non-communicable
diseases among migrant workers: a cross-sectional study in
Singapore. BM] Open. 2022;12(5):€055903.

Reijneveld SA. Reported health, lifestyles, and use of health care of
first generation immigrants in The Netherlands: do socioeconomic
factors explain their adverse position? ] Epidemiol Community
Health. 1998;52(5):298.

Rajaraman N, Yip TW, Kuan BYH, Lim JFY. Exclusion of mi-
grant workers from national UHC systems-perspectives from

www.thelancet.com Vol = m, 2023

64

65

66

67

68

69

70

71

72

HealthServe, a non-profit organisation in Singapore. Asian Bioeth
Rev. 2020;12(3):363-374.

Lin G, Xinhe Z, Haoyu T, et al. Epidemiology and lifestyle survey of
non-alcoholic fatty liver disease in school-age children and adoles-
cents in Shenyang, Liaoning. BMC Pediatr. 2022;22(1):1-9.
Valenzuela PL, Carrera-Bastos P, Castillo-Garcia A, Lieberman DE,
Santos-Lozano A, Lucia A. Obesity and the risk of cardiometabolic
diseases. Nat Rev Cardiol. 2023.

Iliodromiti S, Celis-Morales CA, Lyall DM, et al. The impact of
confounding on the associations of different adiposity measures
with the incidence of cardiovascular disease: a cohort study of 296
535 adults of white European descent. Eur Heart J. 2018;39(17):
1514-1520.

Myint PK, Kwok CS, Luben RN, Wareham NJ, Khaw KT. Body fat
percentage, body mass index and waist-to-hip ratio as predictors of
mortality and cardiovascular disease. Heart. 2014;100(20):1613-1619.
Peters SAE, Bots SH, Woodward M. Sex differences in the asso-
ciation between measures of general and central adiposity and the
risk of myocardial infarction: results from the UK biobank. ] Am
Heart Assoc. 2018;7(5):e008507.

Lee E, Chew NWS, Ng P, Yeo TJ. A spectrum of cardiac manifes-
tations post Pfizer-BioNTech COVID-19 vaccination. QJM.
2021;114(9):661-662.

Phua K, Chew NWS, Sim V, et al. One-year outcomes of patients
with ST-segment elevation myocardial infarction during the
COVID-19 pandemic. | Thromb Thrombolysis. 2022;53(2):335-345.
Chew NW, Sia CH, Wee HL, et al. Impact of the COVID-19
pandemic on door-to-balloon time for primary percutaneous coro-
nary intervention - results from the Singapore western STEMI
network. Circ J. 2021;85(2):139-149.

Chew NWS, Ow ZGW, Teo VXY, et al. The global effect of the
COVID-19 pandemic on STEMI care: a systematic review and meta-
analysis. Can ] Cardiol. 2021;37(9):1450-1459.

13


http://refhub.elsevier.com/S2666-6065(23)00121-9/sref53
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref53
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref53
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref54
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref54
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref55
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref55
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref55
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref55
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref56
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref56
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref56
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref57
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref57
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref57
https://www.singstat.gov.sg/publications/population/population-trends
https://www.singstat.gov.sg/publications/population/population-trends
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref59
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref59
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref60
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref60
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref60
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref61
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref61
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref61
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref61
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref62
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref62
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref62
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref62
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref63
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref63
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref63
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref63
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref64
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref64
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref64
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref65
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref65
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref65
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref66
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref66
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref66
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref66
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref66
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref67
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref67
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref67
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref68
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref68
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref68
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref68
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref69
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref69
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref69
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref70
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref70
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref70
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref71
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref71
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref71
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref71
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref72
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref72
http://refhub.elsevier.com/S2666-6065(23)00121-9/sref72
www.thelancet.com/digital-health

	Trends and predictions of metabolic risk factors for acute myocardial infarction: findings from a multiethnic nationwide cohort
	Introduction
	Methods
	Study population
	Metabolic disease definitions
	Statistical analysis
	Role of the funding source

	Results
	Study population
	AMI projections
	T2DM projections
	Hypertension projections
	Hyperlipidemia projections
	Active/previous smoking projections
	Overweight/obesity projections

	Discussion
	Limitations
	Conclusion

	ContributorsAll authors approve the final version of the manuscript, including the authorship list and agree to be accounta ...
	Data sharing statementAll data and code used in analysis and projections are available upon request to the corresponding au ...
	Declaration of interests
	Acknowledgement
	Appendix A. Supplementary data
	References


