
a duration of 8 to 10 years for DM to reach a coronary heart 
disease risk equivalent state.11

Cardio-metabolic Abnormalities in Diabetes

�e underlying mechanism contributing to the cardiovascular 
complications of DM is complex and multifactorial. Patients 
with DM usually have concomitant traditional risk factors for 
cardiovascular disease, such as hypertension, obesity and 
dyslipidaemia:10

•    More than 60 percent of patients with DM have arterial 
hypertension. �is is directly linked to activation of the 
sympathetic and renin-angiotensin-aldosterone system, as 
well as hyperinsulinaemia which increases renal 
reabsorption of sodium.

•      Generalised obesity and abdominal obesity are prevalent in 
patients with DM, and are related to other cardiovascular 
risk factors. Obesity is associated with chronic 
in�ammation and production of adipocytokines which are 
prothrombotic. Obesity is also associated with obstructive 
sleep apnoea which causes chronic hypoxia and activation 
of the sympathetic and renin-angiotensin-aldosterone 
system. Obstructive sleep apnoea increases the risk of heart 
failure, stroke and coronary heart disease. 

•    Diabetic dyslipidaemia is associated with changes in the 
levels of lipoproteins and in the structure of the lipoprotein 
themselves. �e lipid pro�le of patients with DM is usually 
characterised by low high-density lipoprotein (HDL), high 
triglycerides (TG), increased apolipoprotein B-100 
synthesis and small dense low-density lipoprotein (sdLDL) 
particles. sdLDL particles are prone to oxidation and 
poorly interact with LDL receptors. Patients with DM also 
have slower clearance of postprandial chylomicrons, and 
higher postprandial very-low density lipoproteins (VLDL) 
and TGs. Chronic hyperglycaemia compromises the 
anti-atherogenic properties of HDL and results in rapid 
catabolism of the HDL particles. 

In�ammation seems to play a key role in the pathogenesis of 
cardiovascular disease in patients with DM.10 �e disease is 
associated with chronic low-grade in�ammation, a common 
feature associated with obesity. Chronic inflammation may 
result in an unstable lipid plaque with a high risk of rupture and 
an acute occlusive event. Typically, the levels of 
pro-inflammatory cytokines such as C-reactive protein, tumour 
necrosis factor-α, interleukin 1β, interleukin 6 and 
plasminogen activator inhibitor 1 levels are elevated, with a 
decrease in the level of anti-in�ammatory cytokine 
adiponectin.10,11 Hypoadiponectinaemia in patients with DM is 
independently associated with endothelial dysfunction, 
increased carotid intima media thickness, and a higher risk of 
hypertension and coronary heart disease.11

Strategies in Reducing Cardiovascular Disease 
among People with DM 

�e cardiovascular risk mitigation among people with DM 
takes into account the direct deleterious e�ects of chronic 
hyperglycaemia and the associated risk factors for cardiovascular 
disease. �e UKPDS showed that intensive glycaemic control 
(aiming for an HbA1c of 7 percent or below) in newly 
diagnosed diabetes led in statistically signi�cant 25-percent risk 
reduction in microvascular complications and a trend toward 
16-percent risk reduction in macrovascular complications over 
a median follow-up of 10 years from diagnosis.12 During the 
subsequent 10-year post-trial monitoring, the di�erences in 
glycaemic control between the intensive and conventional 
treatment groups disappeared, but the e�ect of intensive 
glycaemic control on both micro- and macrovascular 
complications persisted in the intensive treatment group. �is 
has led to the concept of legacy e�ect, where early intensive 
glycaemic control after diagnosis of DM confers better 
long-term micro- and macrovascular outcomes.13

�ree landmark clinical trials have examined the e�ect of 
intensive glycaemic control on cardiovascular disease among 
patients with long-standing DM. �e Action in Diabetes and 
Vascular Disease: Preterax and Diamicron Modi�ed Release 
Controlled Evaluation (ADVANCE) study showed that while 
intensive therapy reduced microvascular complications, 
cardiovascular risk and mortality was not signi�cantly 
improved.14 �e Veterans A�airs Diabetes Trial (VADT) 
showed that intensive glycaemic control in patients with poorly 
controlled DM did not signi�cantly reduce the rates of major 
cardiovascular events or death.15 The Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) study was 
discontinued due to the �nding of higher mortality in the 
intensive glycaemic control group compared to standard 
therapy.16 It is noteworthy to mention that the three studies 
used high doses of sulphonylureas and insulin to achieve the 
aimed glycaemic target, and in the ACCORD study, the 
glycaemic target (HbA1c 6.0 percent or below) was achieved 
rather rapidly within 6 months of enrolment. The rates of 
hypoglycaemia and weight gain were also higher in the intensive 
group than the standard-treatment group. �e �ndings of these 
3 studies suggested then that intensive glycaemic control in 
people with long-standing DM could be harmful. Further 
analyses indicated that the presence of baseline cardiovascular 
disease and a higher severe hypoglycaemia rate from the 
intensive glycaemic control could lead to excess mortality. For 
these reasons, it has been suggested that the glycaemic control 
should be moderated in people with baseline cardiovascular 
disease; an HbA1c target of 7–8 percent would then be 
considered optimal. But this suggestion was made when 
glucose-lowering agents with lower risk of hypoglycaemia were 
not yet widely available in clinical practice.

As alluded above, people with DM would have other traditional 
cardiovascular risk factors and the optimal reduction of 
cardiovascular risk in people with DM requires a multi-pronged 
approach that addresses multiple cardiovascular risk factors. 
STENO-2 was a randomised controlled trial that compared the 

e�ects of a stepwise implementation of behaviour modi�cation 
and pharmacotherapy to reduce hyperglycaemia, hypertension, 
dyslipidaemia and microalbuminuria compared to conventional 
guideline-directed therapy among people with DM. After a 
mean follow-up of 7.8 years, those in the intervention group 
had lower HbA1c, blood pressure, serum cholesterol and 
urinary albumin excretion rates compared to the conventional 
treatment group.17 �ese were associated with a signi�cant 
reduction in the risk of developing cardiovascular disease (HR 
0.47), nephropathy (HR 0.39), retinopathy (HR 0.42) and 
autonomic neuropathy (HR 0.37).

ENTERING THE ERA OF NEW DM 
THERAPEUTICS

Over the past decade, several new glucose-lowering agents have 
been introduced into the armamentarium of DM therapeutics 
and have rapidly changed the way we manage people with DM. 
Since December 2008, the U.S. Food and Drug Administration 
(FDA) required the pharmaceutical industry to conduct 
cardiovascular outcomes trials (CVOT) to secure approval of 
new glucose-lowering agents. Each of these trials must 
demonstrate noninferiority of their respective drugs to placebo 
in terms of major adverse cardiac events (MACE) as the primary 
composite endpoint.18

 
�e dipeptidyl peptidase-4 (DPPIV) inhibitors inhibit the 
DPPIV enzyme to increase the endogenous incretin hormones 
(i.e., glucose-dependent insulinotropic polypeptide [GIP] and 
glucagon-like peptide 1 [GLP-1]). The incretin hormones are 
glucose-dependent hormones and are secreted by the gut cells 
during meals to enhance endogenous insulin production. �e 
DPPIV inhibitors have modest glucose-lowering e�ect (HbA1c 
lowering of 0.5-0.8 percent) and low risk of hypoglycaemia, are 
weight neutral and safe among people with chronic kidney 
disease. All the CVOTs for the DPPIV inhibitors 
(SAVOR-TIMI 53, EXAMINE, TECOS, CARMELINA) have 
demonstrated MACE safety profiles similar to placebo.19-22

In contrast, the CVOTs for GLP-1 receptor agonists have 
demonstrated cardiovascular benefits. GLP-1 receptor agonists 
are injectable agents, and given exogenously, have potent 
glucose-lowering e�ect (up to 1.5 percent decrease in HbA1c), 
while also reducing appetite and body weight. �e risk of 
hypoglycaemia with these agents is relatively low. 
Gastrointestinal side effects appear to be common but tend to 
be transient with the continuation of therapy. 

The Liraglutide Effect and Action in Diabetes: Evaluation of 
cardiovascular outcome Results (LEADER) study showed that 
liraglutide signi�cantly reduced the risk of cardiovascular events 
by 13 percent (p=0.01).23 Additionally, the Trial to Evaluate 
Cardiovascular and Other Long-Term Outcomes with 
Semaglutide in Subjects with type 2 Diabetes (SUSTAIN-6) 
found that semaglutide reduced the risk of cardiovascular events 
by 26 percent (p=0.02).24 However, the bene�t on 
cardiovascular events is not consistently seen with other GLP-1 
receptor agonists such as lixisenatide and exenatide.25,26 
Nonetheless, a meta-analysis of the 4 mentioned CVOTs of 

GLP-1 receptor agonists showed a 13 percent reduction in 
cardiovascular death and 12 percent in all-cause mortality in 
patients who received GLP-1 receptor agonists compared to 
placebo.27 

Lastly, the sodium-glucose cotransporter 2 (SGLT2) inhibitors 
are oral glucose-lowering agents that act at the proximal tubule 
of the kidney to inhibit the glucose reabsorption by SGLT2 
receptors, leading to glycosuria. �is reduces hyperglycaemia, 
and the calorie loss from glycosuria can lead to a reduction in 
body weight (up to 5% of baseline weight). Glycosuria is also 
associated with natriuresis with a signi�cant reduction in blood 
pressure (average of 4/2 mmHg).28 There are 3 SGLT2 
inhibitors widely available: dapagli�ozin, empagli�ozin and 
canagliflozin. The CVOTs of the three SGLT2 inhibitors have 
been published. These were the Dapagliflozin Effect on 
CardiovascuLAR Events—Thrombolysis in Myocardial 
Infarction 58 (DECLARE-TIMI 58) study, the Empagliflozin 
Cardiovascular Outcome Event Trial in Type 2 Diabetes 
Mellitus Patients (EMPA-REG OUTCOME) study, and the 
CANagliflozin cardioVascular Assessment Study 
(CANVAS).29-31 �ese 3 trials included people with DM with 
multiple risk factors for cardiovascular disease and/or those with 
established cardiovascular disease. SGLT2 inhibitors have 
demonstrated unprecedented cardiovascular and renal bene�ts, 
including diminished hospitalisation for heart failure and 
progression of renal disease. In a recent meta-analysis of data 
from the three CVOTs, SGLT2 inhibitors reduced MACE by 
11 percent, with bene�t mainly seen in patients with established 
cardiovascular disease. SGLT2 inhibitors also reduced the risk 
of cardiovascular death or hospitalisation for heart failure by 23 
percent and the risk of progression of renal disease by 45 
percent.32 Real-world studies on these agents, such as the 
CVD-REAL studies, further corroborate the findings of the 
randomised studies.33,34 Given the positive results and the 
multiple benefits of SGLT2 inhibitors beyond glycaemic 
control, the SGLT2 inhibitors have been recommended as 
agents of choice after metformin in the management of people 
with DM in many guidelines, especially among those with 
established cardiovascular disease and/or history of heart 
failure.28 

CONCLUSIONS 

Despite signi�cant advances in cardiovascular therapeutics, 
cardiovascular diseases remain the main cause of death among 
people with DM. �e disease contributes to the atherogenic 
processes directly and through multiple traditional risk factors 
of cardiovascular diseases. We have a better understanding of 
the strategies to mitigate the rate of cardiovascular diseases 
among people with DM: 1) early intensive glycaemic control 
among those newly diagnosed; 2) multifactorial approach 
targeting the three “H”s — hyperglycaemia, hypertension and 
hyperlipidaemia; and 3) use of novel glucose-lowering agents 
with cardiovascular and survival bene�ts.

REFERENCES 
1. World Health Organization. Diabetes. Available at: 
https://www.who.int/news-room/fact-sheets/detail/diabetes. [Accessed 

07 Dec 2018.]
2. National Health Survey 2010. Singapore: Ministry of Health; 2011.
3. Phan TP, Alkema L, Tai ES, Tan KH, Yang Q, Lim WY, et al. Forecast-
ing the burden of type 2 diabetes in Singapore using a demographic 
epidemiological model of Singapore. BMJ Open Diabetes Res Care. 
2014;2:e000012. doi: 10.1136/bmjdrc-2013-000012.
4. National Registry of Diseases Office, Singapore. Information paper on 
diabetes in Singapore. Available at: 
https://www.nrdo.gov.sg/docs/librariesprovider3/default-
document-library/diabetes-info-paper-v6.pdf?sfvrsn=0. [Accessed 21 Dec 
 2018.
5. Emerging Risk Factors Collaboration, Sarwar N, Gao P, Seshasai SR, 
Gobin R, Kaptoge S, et al. Diabetes mellitus, fasting blood glucose 
concentration, and risk of vascular disease: a collaborative meta-analysis 
of 102 prospective studies. Lancet. 2010;375:2215–22. doi: 
10.1016/S0140-6736(10)60484-9.
6. Haffner SM, Lehto S, Rönnemaa T, Pyörälä K, Laakso M. Mortality 
from coronary heart disease in subjects with type 2 diabetes and in 
nondiabetic subjects with and without prior myocardial infarction. N Engl 
J Med. 1998;339:229–34.
7. Lee CM, Huxley RR, Lam TH, Martiniuk AL, Ueshema H, Pan WH, et 
al. Prevalence of diabetes mellitus and population attributable fractions 
for coronary heart disease and stroke mortality in the WHO South-East 
Asia and Western Pacific regions. Asia Pac J Clin Nutr. 2007;16:187–92.
8. Emerging Risk Factors Collaboration, Di Angelantonio E, Kaptoge S, 
Wormser D, Willeit P, Butterworth AS, et al. Association of Cardio-
metabolic Multimorbidity With Mortality. JAMA. 2015;314:52–60. doi: 
10.1001/jama.2015.7008.
9. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull CA, et 
al. Association of glycaemia with macrovascular and microvascular 
complications of type 2 diabetes (UKPDS 35): prospective observational 
study. BMJ. 2000;321:405–12.
10. Howard BV, Best LG, Galloway JM, Howard WJ, Jones K, Lee ET, et 
al. Coronary heart disease risk equivalence in diabetes depends on 
concomitant risk factors. Diabetes Care. 2006;29:391–7.
11. Wannamethee SG, Shaper AG, Whincup PH, Lennon L, Sattar N. 
Impact of diabetes on cardiovascular disease risk and all-cause mortality 
in older men: influence of age at onset, diabetes duration, and established 
and novel risk factors. Arch Intern Med. 2011;171:404–10. doi: 
10.1001/archinternmed.2011.2.
12. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year 
follow-up of intensive glucose control in type 2 diabetes. N Engl J Med. 
2008;359:1577–89. doi: 10.1056/NEJMoa0806470. 
13. Meier M, Hummel M. Cardiovascular disease and intensive glucose 
control in type 2 diabetes mellitus: moving practice toward evidence-
based strategies. Vasc Health Risk Manag. 2009;5:859–71. 
14. ADVANCE Collaborative Group, Patel A, MacMahon S, Chalmers J, 
Neal B, Billot L, et al. Intensive blood glucose control and vascular 
outcomes in patients with type 2 diabetes. N Engl J Med. 
2008;358:2560–72. 
15. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Reaven 
PD, et al. Glucose control and vascular complications in veterans with 
type 2 diabetes. N Engl J Med. 2009;360:129–39. doi: 
10.1056/NEJMoa0808431. 
16. Action to Control Cardiovascular Risk in Diabetes Study Group, 
Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT, et al. Effects 
of intensive glucose lowering in type 2 diabetes. N Engl J Med. 
2008;358:2545–59. doi: 10.1056/NEJMoa0802743.
17. Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH, Pedersen O. 
Multifactorial intervention and cardiovascular disease in patients with 
type 2 diabetes. N Engl J Med. 2003;348:383–93.
18. Cefalu WT, Kaul S, Gerstein HC, Holman RR, Zinman B, Skyler JS, et 
al. Cardiovascular Outcomes Trials in Type 2 Diabetes: Where Do We 
Go From Here? Reflections From a Diabetes Care Editors' Expert 
Forum. Diabetes Care. 2018;41:14–31. doi: 10.2337/dci17-0057.
19. Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirshberg B, 
et al. Saxagliptin and cardiovascular outcomes in patients with type 2 

diabetes mellitus. N Engl J Med. 2013;369:1317–26.
20. Standl E, Schnell O. DPP-4 inhibitors and risk of heart failure 
EXAMINEd. Lancet. 2015;385:2022–4. doi: 10.1016/S0140-
6736(15)60037-X. 
21. Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg J, et al. 
Effect of sitagliptin on cardiovascular outcomes in type 2 diabetes. N Engl 
J Med. 2015;373:232–42. doi: 10.1056/NEJMoa1501352. 
22. Rosenstock J, Perkovic V, Johansen OE, Cooper ME, Kahn SE, Marx 
N, et al. Effect of linagliptin vs placebo on major cardiovascular events in 
adults with type 2 diabetes and high cardiovascular and renal risk: The 
CARMELINA Randomized Clinical Trial. JAMA. 2018 Nov 9. doi: 
10.1001/jama.2018.18269. [Epub ahead of print.]
23. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, 
Nauck MA, et al. Liraglutide and cardiovascular outcomes in type 2 
diabetes. N Engl J Med. 2016;375:311–22.
24. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, et 
al. Semaglutide and cardiovascular outcomes in patients with type 2 
diabetes. N Engl J Med. 2016;375:1834–44.
25. Pfeffer MA, Claggett B, Diaz R, Dickstein K, Gerstein HC, Køber LV, 
et al. Lixisenatide in patients with type 2 diabetes and acute coronary 
syndrome. N Engl J Med. 2015;373:2247–57.
26. Holman RR, Bethel MA, Mentz RJ, Thompson VP, Lokhnygina Y, Buse 
JB, et al. Effects of once-weekly exenatide on cardiovascular outcomes in 
type 2 diabetes. N Engl J Med. 2017;377:1228–39.
27. Bethel MA, Patel RA, Merrill P, Lokhnygina Y, Buse JB, Mentz RJ, et 
al. Cardiovascular outcomes with glucagon-like peptide-1 receptor 
agonists in patients with type 2 diabetes: a meta-analysis. Lancet Diabetes 
Endocrinol. 2018;6:105–13. doi: 10.1016/S2213-8587(17)30412-6. 
28. Ministry of Health. Appropriate Care Guide: Oral glucose-lowering 
agents in type 2 diabetes mellitus — an update (3 August 2017). 
Singapore: Ministry of Health; 2017.
29. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. 
Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Engl J 
Med. 2018 Nov 10. doi: 10.1056/NEJMoa1812389. [Epub ahead of print.]
30. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et 
al. Empagliflozin, cardiovascular outcomes, and mortality in type 2 
diabetes. N Engl J Med. 2015;373:2117–28.
31. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu 
N, et al. Canagliflozin and cardiovascular and renal events in type 2 
diabetes. N Engl J Med. 2017;377:644–57. doi: 10.1056/NEJMoa1611925. 
32. Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, et al. 
SGLT2 inhibitors for primary and secondary prevention of cardiovascular 
and renal outcomes in type 2 diabetes: a systematic review and meta-
analysis of cardiovascular outcome trials. Lancet. 2018 Nov 9. pii: 
 S0140-6736(18)32590-X. doi: 10.1016/S0140-6736(18)32590-X. [Epub
 ahead of print.
33. Kosiborod M, Lam CSP, Kohsaka S, Kim DJ, Karasik A, Shaw J, et al. 
Cardiovascular events associated with SGLT-2 inhibitors versus other 
glucose-lowering drugs: the CVD-REAL 2 study. J Am Coll Cardiol. 
2018;71:2628–39. doi: 10.1016/j.jacc.2018.03.009.
34. Kosiborod M, Cavender MA, Fu AZ, Wilding JP, Khunti K, Holl RW, 
et al. Lower risk of heart failure and death in patients initiated on 
sodium-glucose cotransporter-2 inhibitors versus other glucose-lowering 
drugs: the CVD-REAL study (comparative effectiveness of cardiovascular 
outcomes in new users of sodium-glucose cotransporter-2 inhibitors). 
Circulation. 2017;136:249–59. doi: 
10.1161/CIRCULATIONAHA.117.029190. 
 

therefore, timely that the Ministry of Health, Singapore 
declared the War on Diabetes in April 2017, outlining the 
strategies to prevent DM from occurring in the �rst place, and 
to prevent DM-associated complications among people with 
DM.

DM AND CARDIOVASCULAR DISEASE

DM is an independent risk factor of heart disease. A large 
meta-analysis that included data of 698,782 people from 102 
prospective studies found that DM was associated with about 
twice the rate for coronary heart disease (hazard ratio 2.0), 
ischaemic stroke (hazard ratio 2.3) and haemorrhagic stroke 
(hazard ratio 1.6).5 In a Finnish population-based study, 
people with DM had 6- to 7-fold higher rates of 7-year 
incidence for myocardial infarction compared to those without 
DM. People with DM had the same risk for future myocardial 
infarction as adults with previous myocardial infarction and 
without DM (Figure 1).6 

The Asia Pacific Cohort Studies Collaboration (APCSC) 
combined data of over 600,000 participants from 44 cohort 
studies in the Asia-Paci�c region.7 In this report, Singapore, 
being a developed country, was projected to have the highest 
prevalence of DM by 2030 among other countries in the 
APCSC. The direct impact of DM on the burden of 
cardiovascular disease was estimated using 
population-attributable fractions, which ranged from 2 percent 
to 12 percent for coronary heart disease, 1 percent to 6 percent 
for haemorrhagic stroke, and 2 percent to 11 percent for 
ischaemic stroke. The Emerging Risk Factors Collaboration 
also analysed data for 689,300 people from 102 prospective 
studies and found that DM was associated with higher rates of 
coronary heart disease, ischaemic stroke and haemorrhagic 
stroke, even with adjustment for lipid, in�ammatory or renal 
markers.8 At an adult population-wide prevalence of 10 
percent, DM was estimated to account for 11 percent of 
vascular deaths, and the risk of death was higher in people with 
multi-morbidity (Figure 2). 

Taken together, the epidemiological data suggest that DM is a 
coronary heart disease risk equivalent, although this concept 
has been challenged recently. In the United Kingdom 
Prospective Diabetes Study (UKPDS), the reduction in 
myocardial infarction did not reach statistical signi�cance 
during the initial 10 years of intensive glycaemic control 
among newly diagnosed DM, but achieved a statistical 
signi�cance in the reduction in myocardial infarction only with 
further 10-year follow up.9 �is suggests that DM is not a 
coronary heart disease risk equivalent in the early stage of the 
disease. Other studies have also shown that the coronary heart 
disease risk equivalence in DM depends on concomitant risk 
factors for coronary artery disease and that the duration of DM 
matters to coronary heart disease risk.10 Typically it would take 
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ABSTRACT
Diabetes mellitus is a global health crisis. It is associated 
with many disabling co-morbidities and could lead to 
premature cardiovascular disease and death. Chronic 
hyperglycaemia leads to many pathological changes that 
are atherogenic. Some studies have regarded diabetes 
mellitus as a coronary heart disease risk equivalent, 
especially patients with a long duration of disease. 
Diabetes mellitus is associated with other traditional 
cardiovascular risk factors such as hypertension and 
dyslipidaemia, which together increase the risk of 
cardiovascular disease manyfold. There are several 
strategies to improve the cardiovascular outcomes among 
people with diabetes mellitus, including the following: 1) 
early intensive glycaemic control (UKPDS); 2) optimal 
treatment of traditional cardiovascular risk factors 
(STENO-2); and 3) use of novel glucose-lowering 
therapies (sodium-glucose transporter 2 inhibitors or 
glucagon-like peptide 1 agonist) that have benefits on 
cardiovascular events or mortality. 
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INTRODUCTION

We are facing a global epidemic of type 2 diabetes mellitus 
(DM).1 �e prevalence of DM among Singaporean adults is 
projected to rise from 13.7 percent in 2017 to 15 percent by 
2050. �is translates to an increase in the total cases of DM 
among Singaporean adults from 606,000 to 1,000,000 by 
2050.2,3 At present, DM accounts for 10 percent of disease 
burden in Singapore. 

DM is not a benign condition. DM is associated with a higher 
risk of end-stage kidney disease, non-traumatic lower limb 
amputation, adult blindness, premature cardiovascular diseases 
(including ischaemic heart disease, stroke and heart failure) and 
death. In many instances, DM is likened to a slowly, 
progressive malignant disease that signi�cantly a�ects all facets 
of life and quality of life. �e cost burden from DM is expected 
to rise from $940 million in 2014 to $1.8 billion in 2050.4 It is, 
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a duration of 8 to 10 years for DM to reach a coronary heart 
disease risk equivalent state.11

Cardio-metabolic Abnormalities in Diabetes

�e underlying mechanism contributing to the cardiovascular 
complications of DM is complex and multifactorial. Patients 
with DM usually have concomitant traditional risk factors for 
cardiovascular disease, such as hypertension, obesity and 
dyslipidaemia:10

•    More than 60 percent of patients with DM have arterial 
hypertension. �is is directly linked to activation of the 
sympathetic and renin-angiotensin-aldosterone system, as 
well as hyperinsulinaemia which increases renal 
reabsorption of sodium.

•      Generalised obesity and abdominal obesity are prevalent in 
patients with DM, and are related to other cardiovascular 
risk factors. Obesity is associated with chronic 
in�ammation and production of adipocytokines which are 
prothrombotic. Obesity is also associated with obstructive 
sleep apnoea which causes chronic hypoxia and activation 
of the sympathetic and renin-angiotensin-aldosterone 
system. Obstructive sleep apnoea increases the risk of heart 
failure, stroke and coronary heart disease. 

•    Diabetic dyslipidaemia is associated with changes in the 
levels of lipoproteins and in the structure of the lipoprotein 
themselves. �e lipid pro�le of patients with DM is usually 
characterised by low high-density lipoprotein (HDL), high 
triglycerides (TG), increased apolipoprotein B-100 
synthesis and small dense low-density lipoprotein (sdLDL) 
particles. sdLDL particles are prone to oxidation and 
poorly interact with LDL receptors. Patients with DM also 
have slower clearance of postprandial chylomicrons, and 
higher postprandial very-low density lipoproteins (VLDL) 
and TGs. Chronic hyperglycaemia compromises the 
anti-atherogenic properties of HDL and results in rapid 
catabolism of the HDL particles. 

In�ammation seems to play a key role in the pathogenesis of 
cardiovascular disease in patients with DM.10 �e disease is 
associated with chronic low-grade in�ammation, a common 
feature associated with obesity. Chronic inflammation may 
result in an unstable lipid plaque with a high risk of rupture and 
an acute occlusive event. Typically, the levels of 
pro-inflammatory cytokines such as C-reactive protein, tumour 
necrosis factor-α, interleukin 1β, interleukin 6 and 
plasminogen activator inhibitor 1 levels are elevated, with a 
decrease in the level of anti-in�ammatory cytokine 
adiponectin.10,11 Hypoadiponectinaemia in patients with DM is 
independently associated with endothelial dysfunction, 
increased carotid intima media thickness, and a higher risk of 
hypertension and coronary heart disease.11

DIABETES MELLITUS AS A CARDIOMETABOLIC DISEASE

Strategies in Reducing Cardiovascular Disease 
among People with DM 

�e cardiovascular risk mitigation among people with DM 
takes into account the direct deleterious e�ects of chronic 
hyperglycaemia and the associated risk factors for cardiovascular 
disease. �e UKPDS showed that intensive glycaemic control 
(aiming for an HbA1c of 7 percent or below) in newly 
diagnosed diabetes led in statistically signi�cant 25-percent risk 
reduction in microvascular complications and a trend toward 
16-percent risk reduction in macrovascular complications over 
a median follow-up of 10 years from diagnosis.12 During the 
subsequent 10-year post-trial monitoring, the di�erences in 
glycaemic control between the intensive and conventional 
treatment groups disappeared, but the e�ect of intensive 
glycaemic control on both micro- and macrovascular 
complications persisted in the intensive treatment group. �is 
has led to the concept of legacy e�ect, where early intensive 
glycaemic control after diagnosis of DM confers better 
long-term micro- and macrovascular outcomes.13

�ree landmark clinical trials have examined the e�ect of 
intensive glycaemic control on cardiovascular disease among 
patients with long-standing DM. �e Action in Diabetes and 
Vascular Disease: Preterax and Diamicron Modi�ed Release 
Controlled Evaluation (ADVANCE) study showed that while 
intensive therapy reduced microvascular complications, 
cardiovascular risk and mortality was not signi�cantly 
improved.14 �e Veterans A�airs Diabetes Trial (VADT) 
showed that intensive glycaemic control in patients with poorly 
controlled DM did not signi�cantly reduce the rates of major 
cardiovascular events or death.15 The Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) study was 
discontinued due to the �nding of higher mortality in the 
intensive glycaemic control group compared to standard 
therapy.16 It is noteworthy to mention that the three studies 
used high doses of sulphonylureas and insulin to achieve the 
aimed glycaemic target, and in the ACCORD study, the 
glycaemic target (HbA1c 6.0 percent or below) was achieved 
rather rapidly within 6 months of enrolment. The rates of 
hypoglycaemia and weight gain were also higher in the intensive 
group than the standard-treatment group. �e �ndings of these 
3 studies suggested then that intensive glycaemic control in 
people with long-standing DM could be harmful. Further 
analyses indicated that the presence of baseline cardiovascular 
disease and a higher severe hypoglycaemia rate from the 
intensive glycaemic control could lead to excess mortality. For 
these reasons, it has been suggested that the glycaemic control 
should be moderated in people with baseline cardiovascular 
disease; an HbA1c target of 7–8 percent would then be 
considered optimal. But this suggestion was made when 
glucose-lowering agents with lower risk of hypoglycaemia were 
not yet widely available in clinical practice.

As alluded above, people with DM would have other traditional 
cardiovascular risk factors and the optimal reduction of 
cardiovascular risk in people with DM requires a multi-pronged 
approach that addresses multiple cardiovascular risk factors. 
STENO-2 was a randomised controlled trial that compared the 

 

e�ects of a stepwise implementation of behaviour modi�cation 
and pharmacotherapy to reduce hyperglycaemia, hypertension, 
dyslipidaemia and microalbuminuria compared to conventional 
guideline-directed therapy among people with DM. After a 
mean follow-up of 7.8 years, those in the intervention group 
had lower HbA1c, blood pressure, serum cholesterol and 
urinary albumin excretion rates compared to the conventional 
treatment group.17 �ese were associated with a signi�cant 
reduction in the risk of developing cardiovascular disease (HR 
0.47), nephropathy (HR 0.39), retinopathy (HR 0.42) and 
autonomic neuropathy (HR 0.37).

ENTERING THE ERA OF NEW DM 
THERAPEUTICS

Over the past decade, several new glucose-lowering agents have 
been introduced into the armamentarium of DM therapeutics 
and have rapidly changed the way we manage people with DM. 
Since December 2008, the U.S. Food and Drug Administration 
(FDA) required the pharmaceutical industry to conduct 
cardiovascular outcomes trials (CVOT) to secure approval of 
new glucose-lowering agents. Each of these trials must 
demonstrate noninferiority of their respective drugs to placebo 
in terms of major adverse cardiac events (MACE) as the primary 
composite endpoint.18

 
�e dipeptidyl peptidase-4 (DPPIV) inhibitors inhibit the 
DPPIV enzyme to increase the endogenous incretin hormones 
(i.e., glucose-dependent insulinotropic polypeptide [GIP] and 
glucagon-like peptide 1 [GLP-1]). The incretin hormones are 
glucose-dependent hormones and are secreted by the gut cells 
during meals to enhance endogenous insulin production. �e 
DPPIV inhibitors have modest glucose-lowering e�ect (HbA1c 
lowering of 0.5-0.8 percent) and low risk of hypoglycaemia, are 
weight neutral and safe among people with chronic kidney 
disease. All the CVOTs for the DPPIV inhibitors 
(SAVOR-TIMI 53, EXAMINE, TECOS, CARMELINA) have 
demonstrated MACE safety profiles similar to placebo.19-22

In contrast, the CVOTs for GLP-1 receptor agonists have 
demonstrated cardiovascular benefits. GLP-1 receptor agonists 
are injectable agents, and given exogenously, have potent 
glucose-lowering e�ect (up to 1.5 percent decrease in HbA1c), 
while also reducing appetite and body weight. �e risk of 
hypoglycaemia with these agents is relatively low. 
Gastrointestinal side effects appear to be common but tend to 
be transient with the continuation of therapy. 

The Liraglutide Effect and Action in Diabetes: Evaluation of 
cardiovascular outcome Results (LEADER) study showed that 
liraglutide signi�cantly reduced the risk of cardiovascular events 
by 13 percent (p=0.01).23 Additionally, the Trial to Evaluate 
Cardiovascular and Other Long-Term Outcomes with 
Semaglutide in Subjects with type 2 Diabetes (SUSTAIN-6) 
found that semaglutide reduced the risk of cardiovascular events 
by 26 percent (p=0.02).24 However, the bene�t on 
cardiovascular events is not consistently seen with other GLP-1 
receptor agonists such as lixisenatide and exenatide.25,26 
Nonetheless, a meta-analysis of the 4 mentioned CVOTs of 

GLP-1 receptor agonists showed a 13 percent reduction in 
cardiovascular death and 12 percent in all-cause mortality in 
patients who received GLP-1 receptor agonists compared to 
placebo.27 

Lastly, the sodium-glucose cotransporter 2 (SGLT2) inhibitors 
are oral glucose-lowering agents that act at the proximal tubule 
of the kidney to inhibit the glucose reabsorption by SGLT2 
receptors, leading to glycosuria. �is reduces hyperglycaemia, 
and the calorie loss from glycosuria can lead to a reduction in 
body weight (up to 5% of baseline weight). Glycosuria is also 
associated with natriuresis with a signi�cant reduction in blood 
pressure (average of 4/2 mmHg).28 There are 3 SGLT2 
inhibitors widely available: dapagli�ozin, empagli�ozin and 
canagliflozin. The CVOTs of the three SGLT2 inhibitors have 
been published. These were the Dapagliflozin Effect on 
CardiovascuLAR Events—Thrombolysis in Myocardial 
Infarction 58 (DECLARE-TIMI 58) study, the Empagliflozin 
Cardiovascular Outcome Event Trial in Type 2 Diabetes 
Mellitus Patients (EMPA-REG OUTCOME) study, and the 
CANagliflozin cardioVascular Assessment Study 
(CANVAS).29-31 �ese 3 trials included people with DM with 
multiple risk factors for cardiovascular disease and/or those with 
established cardiovascular disease. SGLT2 inhibitors have 
demonstrated unprecedented cardiovascular and renal bene�ts, 
including diminished hospitalisation for heart failure and 
progression of renal disease. In a recent meta-analysis of data 
from the three CVOTs, SGLT2 inhibitors reduced MACE by 
11 percent, with bene�t mainly seen in patients with established 
cardiovascular disease. SGLT2 inhibitors also reduced the risk 
of cardiovascular death or hospitalisation for heart failure by 23 
percent and the risk of progression of renal disease by 45 
percent.32 Real-world studies on these agents, such as the 
CVD-REAL studies, further corroborate the findings of the 
randomised studies.33,34 Given the positive results and the 
multiple benefits of SGLT2 inhibitors beyond glycaemic 
control, the SGLT2 inhibitors have been recommended as 
agents of choice after metformin in the management of people 
with DM in many guidelines, especially among those with 
established cardiovascular disease and/or history of heart 
failure.28 

CONCLUSIONS 

Despite signi�cant advances in cardiovascular therapeutics, 
cardiovascular diseases remain the main cause of death among 
people with DM. �e disease contributes to the atherogenic 
processes directly and through multiple traditional risk factors 
of cardiovascular diseases. We have a better understanding of 
the strategies to mitigate the rate of cardiovascular diseases 
among people with DM: 1) early intensive glycaemic control 
among those newly diagnosed; 2) multifactorial approach 
targeting the three “H”s — hyperglycaemia, hypertension and 
hyperlipidaemia; and 3) use of novel glucose-lowering agents 
with cardiovascular and survival bene�ts.
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therefore, timely that the Ministry of Health, Singapore 
declared the War on Diabetes in April 2017, outlining the 
strategies to prevent DM from occurring in the �rst place, and 
to prevent DM-associated complications among people with 
DM.

DM AND CARDIOVASCULAR DISEASE

DM is an independent risk factor of heart disease. A large 
meta-analysis that included data of 698,782 people from 102 
prospective studies found that DM was associated with about 
twice the rate for coronary heart disease (hazard ratio 2.0), 
ischaemic stroke (hazard ratio 2.3) and haemorrhagic stroke 
(hazard ratio 1.6).5 In a Finnish population-based study, 
people with DM had 6- to 7-fold higher rates of 7-year 
incidence for myocardial infarction compared to those without 
DM. People with DM had the same risk for future myocardial 
infarction as adults with previous myocardial infarction and 
without DM (Figure 1).6 

The Asia Pacific Cohort Studies Collaboration (APCSC) 
combined data of over 600,000 participants from 44 cohort 
studies in the Asia-Paci�c region.7 In this report, Singapore, 
being a developed country, was projected to have the highest 
prevalence of DM by 2030 among other countries in the 
APCSC. The direct impact of DM on the burden of 
cardiovascular disease was estimated using 
population-attributable fractions, which ranged from 2 percent 
to 12 percent for coronary heart disease, 1 percent to 6 percent 
for haemorrhagic stroke, and 2 percent to 11 percent for 
ischaemic stroke. The Emerging Risk Factors Collaboration 
also analysed data for 689,300 people from 102 prospective 
studies and found that DM was associated with higher rates of 
coronary heart disease, ischaemic stroke and haemorrhagic 
stroke, even with adjustment for lipid, in�ammatory or renal 
markers.8 At an adult population-wide prevalence of 10 
percent, DM was estimated to account for 11 percent of 
vascular deaths, and the risk of death was higher in people with 
multi-morbidity (Figure 2). 

Taken together, the epidemiological data suggest that DM is a 
coronary heart disease risk equivalent, although this concept 
has been challenged recently. In the United Kingdom 
Prospective Diabetes Study (UKPDS), the reduction in 
myocardial infarction did not reach statistical signi�cance 
during the initial 10 years of intensive glycaemic control 
among newly diagnosed DM, but achieved a statistical 
signi�cance in the reduction in myocardial infarction only with 
further 10-year follow up.9 �is suggests that DM is not a 
coronary heart disease risk equivalent in the early stage of the 
disease. Other studies have also shown that the coronary heart 
disease risk equivalence in DM depends on concomitant risk 
factors for coronary artery disease and that the duration of DM 
matters to coronary heart disease risk.10 Typically it would take 
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Diabetes mellitus is a global health crisis. It is associated 
with many disabling co-morbidities and could lead to 
premature cardiovascular disease and death. Chronic 
hyperglycaemia leads to many pathological changes that 
are atherogenic. Some studies have regarded diabetes 
mellitus as a coronary heart disease risk equivalent, 
especially patients with a long duration of disease. 
Diabetes mellitus is associated with other traditional 
cardiovascular risk factors such as hypertension and 
dyslipidaemia, which together increase the risk of 
cardiovascular disease manyfold. There are several 
strategies to improve the cardiovascular outcomes among 
people with diabetes mellitus, including the following: 1) 
early intensive glycaemic control (UKPDS); 2) optimal 
treatment of traditional cardiovascular risk factors 
(STENO-2); and 3) use of novel glucose-lowering 
therapies (sodium-glucose transporter 2 inhibitors or 
glucagon-like peptide 1 agonist) that have benefits on 
cardiovascular events or mortality. 
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INTRODUCTION

We are facing a global epidemic of type 2 diabetes mellitus 
(DM).1 �e prevalence of DM among Singaporean adults is 
projected to rise from 13.7 percent in 2017 to 15 percent by 
2050. �is translates to an increase in the total cases of DM 
among Singaporean adults from 606,000 to 1,000,000 by 
2050.2,3 At present, DM accounts for 10 percent of disease 
burden in Singapore. 

DM is not a benign condition. DM is associated with a higher 
risk of end-stage kidney disease, non-traumatic lower limb 
amputation, adult blindness, premature cardiovascular diseases 
(including ischaemic heart disease, stroke and heart failure) and 
death. In many instances, DM is likened to a slowly, 
progressive malignant disease that signi�cantly a�ects all facets 
of life and quality of life. �e cost burden from DM is expected 
to rise from $940 million in 2014 to $1.8 billion in 2050.4 It is, 
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a duration of 8 to 10 years for DM to reach a coronary heart 
disease risk equivalent state.11

Cardio-metabolic Abnormalities in Diabetes

�e underlying mechanism contributing to the cardiovascular 
complications of DM is complex and multifactorial. Patients 
with DM usually have concomitant traditional risk factors for 
cardiovascular disease, such as hypertension, obesity and 
dyslipidaemia:10

•    More than 60 percent of patients with DM have arterial 
hypertension. �is is directly linked to activation of the 
sympathetic and renin-angiotensin-aldosterone system, as 
well as hyperinsulinaemia which increases renal 
reabsorption of sodium.

•      Generalised obesity and abdominal obesity are prevalent in 
patients with DM, and are related to other cardiovascular 
risk factors. Obesity is associated with chronic 
in�ammation and production of adipocytokines which are 
prothrombotic. Obesity is also associated with obstructive 
sleep apnoea which causes chronic hypoxia and activation 
of the sympathetic and renin-angiotensin-aldosterone 
system. Obstructive sleep apnoea increases the risk of heart 
failure, stroke and coronary heart disease. 

•    Diabetic dyslipidaemia is associated with changes in the 
levels of lipoproteins and in the structure of the lipoprotein 
themselves. �e lipid pro�le of patients with DM is usually 
characterised by low high-density lipoprotein (HDL), high 
triglycerides (TG), increased apolipoprotein B-100 
synthesis and small dense low-density lipoprotein (sdLDL) 
particles. sdLDL particles are prone to oxidation and 
poorly interact with LDL receptors. Patients with DM also 
have slower clearance of postprandial chylomicrons, and 
higher postprandial very-low density lipoproteins (VLDL) 
and TGs. Chronic hyperglycaemia compromises the 
anti-atherogenic properties of HDL and results in rapid 
catabolism of the HDL particles. 

In�ammation seems to play a key role in the pathogenesis of 
cardiovascular disease in patients with DM.10 �e disease is 
associated with chronic low-grade in�ammation, a common 
feature associated with obesity. Chronic inflammation may 
result in an unstable lipid plaque with a high risk of rupture and 
an acute occlusive event. Typically, the levels of 
pro-inflammatory cytokines such as C-reactive protein, tumour 
necrosis factor-α, interleukin 1β, interleukin 6 and 
plasminogen activator inhibitor 1 levels are elevated, with a 
decrease in the level of anti-in�ammatory cytokine 
adiponectin.10,11 Hypoadiponectinaemia in patients with DM is 
independently associated with endothelial dysfunction, 
increased carotid intima media thickness, and a higher risk of 
hypertension and coronary heart disease.11

DIABETES MELLITUS AS A CARDIOMETABOLIC DISEASE

Strategies in Reducing Cardiovascular Disease 
among People with DM 

�e cardiovascular risk mitigation among people with DM 
takes into account the direct deleterious e�ects of chronic 
hyperglycaemia and the associated risk factors for cardiovascular 
disease. �e UKPDS showed that intensive glycaemic control 
(aiming for an HbA1c of 7 percent or below) in newly 
diagnosed diabetes led in statistically signi�cant 25-percent risk 
reduction in microvascular complications and a trend toward 
16-percent risk reduction in macrovascular complications over 
a median follow-up of 10 years from diagnosis.12 During the 
subsequent 10-year post-trial monitoring, the di�erences in 
glycaemic control between the intensive and conventional 
treatment groups disappeared, but the e�ect of intensive 
glycaemic control on both micro- and macrovascular 
complications persisted in the intensive treatment group. �is 
has led to the concept of legacy e�ect, where early intensive 
glycaemic control after diagnosis of DM confers better 
long-term micro- and macrovascular outcomes.13

�ree landmark clinical trials have examined the e�ect of 
intensive glycaemic control on cardiovascular disease among 
patients with long-standing DM. �e Action in Diabetes and 
Vascular Disease: Preterax and Diamicron Modi�ed Release 
Controlled Evaluation (ADVANCE) study showed that while 
intensive therapy reduced microvascular complications, 
cardiovascular risk and mortality was not signi�cantly 
improved.14 �e Veterans A�airs Diabetes Trial (VADT) 
showed that intensive glycaemic control in patients with poorly 
controlled DM did not signi�cantly reduce the rates of major 
cardiovascular events or death.15 The Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) study was 
discontinued due to the �nding of higher mortality in the 
intensive glycaemic control group compared to standard 
therapy.16 It is noteworthy to mention that the three studies 
used high doses of sulphonylureas and insulin to achieve the 
aimed glycaemic target, and in the ACCORD study, the 
glycaemic target (HbA1c 6.0 percent or below) was achieved 
rather rapidly within 6 months of enrolment. The rates of 
hypoglycaemia and weight gain were also higher in the intensive 
group than the standard-treatment group. �e �ndings of these 
3 studies suggested then that intensive glycaemic control in 
people with long-standing DM could be harmful. Further 
analyses indicated that the presence of baseline cardiovascular 
disease and a higher severe hypoglycaemia rate from the 
intensive glycaemic control could lead to excess mortality. For 
these reasons, it has been suggested that the glycaemic control 
should be moderated in people with baseline cardiovascular 
disease; an HbA1c target of 7–8 percent would then be 
considered optimal. But this suggestion was made when 
glucose-lowering agents with lower risk of hypoglycaemia were 
not yet widely available in clinical practice.

As alluded above, people with DM would have other traditional 
cardiovascular risk factors and the optimal reduction of 
cardiovascular risk in people with DM requires a multi-pronged 
approach that addresses multiple cardiovascular risk factors. 
STENO-2 was a randomised controlled trial that compared the 

e�ects of a stepwise implementation of behaviour modi�cation 
and pharmacotherapy to reduce hyperglycaemia, hypertension, 
dyslipidaemia and microalbuminuria compared to conventional 
guideline-directed therapy among people with DM. After a 
mean follow-up of 7.8 years, those in the intervention group 
had lower HbA1c, blood pressure, serum cholesterol and 
urinary albumin excretion rates compared to the conventional 
treatment group.17 �ese were associated with a signi�cant 
reduction in the risk of developing cardiovascular disease (HR 
0.47), nephropathy (HR 0.39), retinopathy (HR 0.42) and 
autonomic neuropathy (HR 0.37).

ENTERING THE ERA OF NEW DM 
THERAPEUTICS

Over the past decade, several new glucose-lowering agents have 
been introduced into the armamentarium of DM therapeutics 
and have rapidly changed the way we manage people with DM. 
Since December 2008, the U.S. Food and Drug Administration 
(FDA) required the pharmaceutical industry to conduct 
cardiovascular outcomes trials (CVOT) to secure approval of 
new glucose-lowering agents. Each of these trials must 
demonstrate noninferiority of their respective drugs to placebo 
in terms of major adverse cardiac events (MACE) as the primary 
composite endpoint.18

 
�e dipeptidyl peptidase-4 (DPPIV) inhibitors inhibit the 
DPPIV enzyme to increase the endogenous incretin hormones 
(i.e., glucose-dependent insulinotropic polypeptide [GIP] and 
glucagon-like peptide 1 [GLP-1]). The incretin hormones are 
glucose-dependent hormones and are secreted by the gut cells 
during meals to enhance endogenous insulin production. �e 
DPPIV inhibitors have modest glucose-lowering e�ect (HbA1c 
lowering of 0.5-0.8 percent) and low risk of hypoglycaemia, are 
weight neutral and safe among people with chronic kidney 
disease. All the CVOTs for the DPPIV inhibitors 
(SAVOR-TIMI 53, EXAMINE, TECOS, CARMELINA) have 
demonstrated MACE safety profiles similar to placebo.19-22

In contrast, the CVOTs for GLP-1 receptor agonists have 
demonstrated cardiovascular benefits. GLP-1 receptor agonists 
are injectable agents, and given exogenously, have potent 
glucose-lowering e�ect (up to 1.5 percent decrease in HbA1c), 
while also reducing appetite and body weight. �e risk of 
hypoglycaemia with these agents is relatively low. 
Gastrointestinal side effects appear to be common but tend to 
be transient with the continuation of therapy. 

The Liraglutide Effect and Action in Diabetes: Evaluation of 
cardiovascular outcome Results (LEADER) study showed that 
liraglutide signi�cantly reduced the risk of cardiovascular events 
by 13 percent (p=0.01).23 Additionally, the Trial to Evaluate 
Cardiovascular and Other Long-Term Outcomes with 
Semaglutide in Subjects with type 2 Diabetes (SUSTAIN-6) 
found that semaglutide reduced the risk of cardiovascular events 
by 26 percent (p=0.02).24 However, the bene�t on 
cardiovascular events is not consistently seen with other GLP-1 
receptor agonists such as lixisenatide and exenatide.25,26 
Nonetheless, a meta-analysis of the 4 mentioned CVOTs of 

GLP-1 receptor agonists showed a 13 percent reduction in 
cardiovascular death and 12 percent in all-cause mortality in 
patients who received GLP-1 receptor agonists compared to 
placebo.27 

Lastly, the sodium-glucose cotransporter 2 (SGLT2) inhibitors 
are oral glucose-lowering agents that act at the proximal tubule 
of the kidney to inhibit the glucose reabsorption by SGLT2 
receptors, leading to glycosuria. �is reduces hyperglycaemia, 
and the calorie loss from glycosuria can lead to a reduction in 
body weight (up to 5% of baseline weight). Glycosuria is also 
associated with natriuresis with a signi�cant reduction in blood 
pressure (average of 4/2 mmHg).28 There are 3 SGLT2 
inhibitors widely available: dapagli�ozin, empagli�ozin and 
canagliflozin. The CVOTs of the three SGLT2 inhibitors have 
been published. These were the Dapagliflozin Effect on 
CardiovascuLAR Events—Thrombolysis in Myocardial 
Infarction 58 (DECLARE-TIMI 58) study, the Empagliflozin 
Cardiovascular Outcome Event Trial in Type 2 Diabetes 
Mellitus Patients (EMPA-REG OUTCOME) study, and the 
CANagliflozin cardioVascular Assessment Study 
(CANVAS).29-31 �ese 3 trials included people with DM with 
multiple risk factors for cardiovascular disease and/or those with 
established cardiovascular disease. SGLT2 inhibitors have 
demonstrated unprecedented cardiovascular and renal bene�ts, 
including diminished hospitalisation for heart failure and 
progression of renal disease. In a recent meta-analysis of data 
from the three CVOTs, SGLT2 inhibitors reduced MACE by 
11 percent, with bene�t mainly seen in patients with established 
cardiovascular disease. SGLT2 inhibitors also reduced the risk 
of cardiovascular death or hospitalisation for heart failure by 23 
percent and the risk of progression of renal disease by 45 
percent.32 Real-world studies on these agents, such as the 
CVD-REAL studies, further corroborate the findings of the 
randomised studies.33,34 Given the positive results and the 
multiple benefits of SGLT2 inhibitors beyond glycaemic 
control, the SGLT2 inhibitors have been recommended as 
agents of choice after metformin in the management of people 
with DM in many guidelines, especially among those with 
established cardiovascular disease and/or history of heart 
failure.28 

CONCLUSIONS 

Despite signi�cant advances in cardiovascular therapeutics, 
cardiovascular diseases remain the main cause of death among 
people with DM. �e disease contributes to the atherogenic 
processes directly and through multiple traditional risk factors 
of cardiovascular diseases. We have a better understanding of 
the strategies to mitigate the rate of cardiovascular diseases 
among people with DM: 1) early intensive glycaemic control 
among those newly diagnosed; 2) multifactorial approach 
targeting the three “H”s — hyperglycaemia, hypertension and 
hyperlipidaemia; and 3) use of novel glucose-lowering agents 
with cardiovascular and survival bene�ts.
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therefore, timely that the Ministry of Health, Singapore 
declared the War on Diabetes in April 2017, outlining the 
strategies to prevent DM from occurring in the �rst place, and 
to prevent DM-associated complications among people with 
DM.

DM AND CARDIOVASCULAR DISEASE

DM is an independent risk factor of heart disease. A large 
meta-analysis that included data of 698,782 people from 102 
prospective studies found that DM was associated with about 
twice the rate for coronary heart disease (hazard ratio 2.0), 
ischaemic stroke (hazard ratio 2.3) and haemorrhagic stroke 
(hazard ratio 1.6).5 In a Finnish population-based study, 
people with DM had 6- to 7-fold higher rates of 7-year 
incidence for myocardial infarction compared to those without 
DM. People with DM had the same risk for future myocardial 
infarction as adults with previous myocardial infarction and 
without DM (Figure 1).6 

The Asia Pacific Cohort Studies Collaboration (APCSC) 
combined data of over 600,000 participants from 44 cohort 
studies in the Asia-Paci�c region.7 In this report, Singapore, 
being a developed country, was projected to have the highest 
prevalence of DM by 2030 among other countries in the 
APCSC. The direct impact of DM on the burden of 
cardiovascular disease was estimated using 
population-attributable fractions, which ranged from 2 percent 
to 12 percent for coronary heart disease, 1 percent to 6 percent 
for haemorrhagic stroke, and 2 percent to 11 percent for 
ischaemic stroke. The Emerging Risk Factors Collaboration 
also analysed data for 689,300 people from 102 prospective 
studies and found that DM was associated with higher rates of 
coronary heart disease, ischaemic stroke and haemorrhagic 
stroke, even with adjustment for lipid, in�ammatory or renal 
markers.8 At an adult population-wide prevalence of 10 
percent, DM was estimated to account for 11 percent of 
vascular deaths, and the risk of death was higher in people with 
multi-morbidity (Figure 2). 

Taken together, the epidemiological data suggest that DM is a 
coronary heart disease risk equivalent, although this concept 
has been challenged recently. In the United Kingdom 
Prospective Diabetes Study (UKPDS), the reduction in 
myocardial infarction did not reach statistical signi�cance 
during the initial 10 years of intensive glycaemic control 
among newly diagnosed DM, but achieved a statistical 
signi�cance in the reduction in myocardial infarction only with 
further 10-year follow up.9 �is suggests that DM is not a 
coronary heart disease risk equivalent in the early stage of the 
disease. Other studies have also shown that the coronary heart 
disease risk equivalence in DM depends on concomitant risk 
factors for coronary artery disease and that the duration of DM 
matters to coronary heart disease risk.10 Typically it would take 

ABSTRACT
Diabetes mellitus is a global health crisis. It is associated 
with many disabling co-morbidities and could lead to 
premature cardiovascular disease and death. Chronic 
hyperglycaemia leads to many pathological changes that 
are atherogenic. Some studies have regarded diabetes 
mellitus as a coronary heart disease risk equivalent, 
especially patients with a long duration of disease. 
Diabetes mellitus is associated with other traditional 
cardiovascular risk factors such as hypertension and 
dyslipidaemia, which together increase the risk of 
cardiovascular disease manyfold. There are several 
strategies to improve the cardiovascular outcomes among 
people with diabetes mellitus, including the following: 1) 
early intensive glycaemic control (UKPDS); 2) optimal 
treatment of traditional cardiovascular risk factors 
(STENO-2); and 3) use of novel glucose-lowering 
therapies (sodium-glucose transporter 2 inhibitors or 
glucagon-like peptide 1 agonist) that have benefits on 
cardiovascular events or mortality. 
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INTRODUCTION

We are facing a global epidemic of type 2 diabetes mellitus 
(DM).1 �e prevalence of DM among Singaporean adults is 
projected to rise from 13.7 percent in 2017 to 15 percent by 
2050. �is translates to an increase in the total cases of DM 
among Singaporean adults from 606,000 to 1,000,000 by 
2050.2,3 At present, DM accounts for 10 percent of disease 
burden in Singapore. 

DM is not a benign condition. DM is associated with a higher 
risk of end-stage kidney disease, non-traumatic lower limb 
amputation, adult blindness, premature cardiovascular diseases 
(including ischaemic heart disease, stroke and heart failure) and 
death. In many instances, DM is likened to a slowly, 
progressive malignant disease that signi�cantly a�ects all facets 
of life and quality of life. �e cost burden from DM is expected 
to rise from $940 million in 2014 to $1.8 billion in 2050.4 It is, 
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a duration of 8 to 10 years for DM to reach a coronary heart 
disease risk equivalent state.11

Cardio-metabolic Abnormalities in Diabetes

�e underlying mechanism contributing to the cardiovascular 
complications of DM is complex and multifactorial. Patients 
with DM usually have concomitant traditional risk factors for 
cardiovascular disease, such as hypertension, obesity and 
dyslipidaemia:10

•    More than 60 percent of patients with DM have arterial 
hypertension. �is is directly linked to activation of the 
sympathetic and renin-angiotensin-aldosterone system, as 
well as hyperinsulinaemia which increases renal 
reabsorption of sodium.

•      Generalised obesity and abdominal obesity are prevalent in 
patients with DM, and are related to other cardiovascular 
risk factors. Obesity is associated with chronic 
in�ammation and production of adipocytokines which are 
prothrombotic. Obesity is also associated with obstructive 
sleep apnoea which causes chronic hypoxia and activation 
of the sympathetic and renin-angiotensin-aldosterone 
system. Obstructive sleep apnoea increases the risk of heart 
failure, stroke and coronary heart disease. 

•    Diabetic dyslipidaemia is associated with changes in the 
levels of lipoproteins and in the structure of the lipoprotein 
themselves. �e lipid pro�le of patients with DM is usually 
characterised by low high-density lipoprotein (HDL), high 
triglycerides (TG), increased apolipoprotein B-100 
synthesis and small dense low-density lipoprotein (sdLDL) 
particles. sdLDL particles are prone to oxidation and 
poorly interact with LDL receptors. Patients with DM also 
have slower clearance of postprandial chylomicrons, and 
higher postprandial very-low density lipoproteins (VLDL) 
and TGs. Chronic hyperglycaemia compromises the 
anti-atherogenic properties of HDL and results in rapid 
catabolism of the HDL particles. 

In�ammation seems to play a key role in the pathogenesis of 
cardiovascular disease in patients with DM.10 �e disease is 
associated with chronic low-grade in�ammation, a common 
feature associated with obesity. Chronic inflammation may 
result in an unstable lipid plaque with a high risk of rupture and 
an acute occlusive event. Typically, the levels of 
pro-inflammatory cytokines such as C-reactive protein, tumour 
necrosis factor-α, interleukin 1β, interleukin 6 and 
plasminogen activator inhibitor 1 levels are elevated, with a 
decrease in the level of anti-in�ammatory cytokine 
adiponectin.10,11 Hypoadiponectinaemia in patients with DM is 
independently associated with endothelial dysfunction, 
increased carotid intima media thickness, and a higher risk of 
hypertension and coronary heart disease.11

Strategies in Reducing Cardiovascular Disease 
among People with DM 

�e cardiovascular risk mitigation among people with DM 
takes into account the direct deleterious e�ects of chronic 
hyperglycaemia and the associated risk factors for cardiovascular 
disease. �e UKPDS showed that intensive glycaemic control 
(aiming for an HbA1c of 7 percent or below) in newly 
diagnosed diabetes led in statistically signi�cant 25-percent risk 
reduction in microvascular complications and a trend toward 
16-percent risk reduction in macrovascular complications over 
a median follow-up of 10 years from diagnosis.12 During the 
subsequent 10-year post-trial monitoring, the di�erences in 
glycaemic control between the intensive and conventional 
treatment groups disappeared, but the e�ect of intensive 
glycaemic control on both micro- and macrovascular 
complications persisted in the intensive treatment group. �is 
has led to the concept of legacy e�ect, where early intensive 
glycaemic control after diagnosis of DM confers better 
long-term micro- and macrovascular outcomes.13

�ree landmark clinical trials have examined the e�ect of 
intensive glycaemic control on cardiovascular disease among 
patients with long-standing DM. �e Action in Diabetes and 
Vascular Disease: Preterax and Diamicron Modi�ed Release 
Controlled Evaluation (ADVANCE) study showed that while 
intensive therapy reduced microvascular complications, 
cardiovascular risk and mortality was not signi�cantly 
improved.14 �e Veterans A�airs Diabetes Trial (VADT) 
showed that intensive glycaemic control in patients with poorly 
controlled DM did not signi�cantly reduce the rates of major 
cardiovascular events or death.15 The Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) study was 
discontinued due to the �nding of higher mortality in the 
intensive glycaemic control group compared to standard 
therapy.16 It is noteworthy to mention that the three studies 
used high doses of sulphonylureas and insulin to achieve the 
aimed glycaemic target, and in the ACCORD study, the 
glycaemic target (HbA1c 6.0 percent or below) was achieved 
rather rapidly within 6 months of enrolment. The rates of 
hypoglycaemia and weight gain were also higher in the intensive 
group than the standard-treatment group. �e �ndings of these 
3 studies suggested then that intensive glycaemic control in 
people with long-standing DM could be harmful. Further 
analyses indicated that the presence of baseline cardiovascular 
disease and a higher severe hypoglycaemia rate from the 
intensive glycaemic control could lead to excess mortality. For 
these reasons, it has been suggested that the glycaemic control 
should be moderated in people with baseline cardiovascular 
disease; an HbA1c target of 7–8 percent would then be 
considered optimal. But this suggestion was made when 
glucose-lowering agents with lower risk of hypoglycaemia were 
not yet widely available in clinical practice.

As alluded above, people with DM would have other traditional 
cardiovascular risk factors and the optimal reduction of 
cardiovascular risk in people with DM requires a multi-pronged 
approach that addresses multiple cardiovascular risk factors. 
STENO-2 was a randomised controlled trial that compared the 

e�ects of a stepwise implementation of behaviour modi�cation 
and pharmacotherapy to reduce hyperglycaemia, hypertension, 
dyslipidaemia and microalbuminuria compared to conventional 
guideline-directed therapy among people with DM. After a 
mean follow-up of 7.8 years, those in the intervention group 
had lower HbA1c, blood pressure, serum cholesterol and 
urinary albumin excretion rates compared to the conventional 
treatment group.17 �ese were associated with a signi�cant 
reduction in the risk of developing cardiovascular disease (HR 
0.47), nephropathy (HR 0.39), retinopathy (HR 0.42) and 
autonomic neuropathy (HR 0.37).

ENTERING THE ERA OF NEW DM 
THERAPEUTICS

Over the past decade, several new glucose-lowering agents have 
been introduced into the armamentarium of DM therapeutics 
and have rapidly changed the way we manage people with DM. 
Since December 2008, the U.S. Food and Drug Administration 
(FDA) required the pharmaceutical industry to conduct 
cardiovascular outcomes trials (CVOT) to secure approval of 
new glucose-lowering agents. Each of these trials must 
demonstrate noninferiority of their respective drugs to placebo 
in terms of major adverse cardiac events (MACE) as the primary 
composite endpoint.18

 
�e dipeptidyl peptidase-4 (DPPIV) inhibitors inhibit the 
DPPIV enzyme to increase the endogenous incretin hormones 
(i.e., glucose-dependent insulinotropic polypeptide [GIP] and 
glucagon-like peptide 1 [GLP-1]). The incretin hormones are 
glucose-dependent hormones and are secreted by the gut cells 
during meals to enhance endogenous insulin production. �e 
DPPIV inhibitors have modest glucose-lowering e�ect (HbA1c 
lowering of 0.5-0.8 percent) and low risk of hypoglycaemia, are 
weight neutral and safe among people with chronic kidney 
disease. All the CVOTs for the DPPIV inhibitors 
(SAVOR-TIMI 53, EXAMINE, TECOS, CARMELINA) have 
demonstrated MACE safety profiles similar to placebo.19-22

In contrast, the CVOTs for GLP-1 receptor agonists have 
demonstrated cardiovascular benefits. GLP-1 receptor agonists 
are injectable agents, and given exogenously, have potent 
glucose-lowering e�ect (up to 1.5 percent decrease in HbA1c), 
while also reducing appetite and body weight. �e risk of 
hypoglycaemia with these agents is relatively low. 
Gastrointestinal side effects appear to be common but tend to 
be transient with the continuation of therapy. 

The Liraglutide Effect and Action in Diabetes: Evaluation of 
cardiovascular outcome Results (LEADER) study showed that 
liraglutide signi�cantly reduced the risk of cardiovascular events 
by 13 percent (p=0.01).23 Additionally, the Trial to Evaluate 
Cardiovascular and Other Long-Term Outcomes with 
Semaglutide in Subjects with type 2 Diabetes (SUSTAIN-6) 
found that semaglutide reduced the risk of cardiovascular events 
by 26 percent (p=0.02).24 However, the bene�t on 
cardiovascular events is not consistently seen with other GLP-1 
receptor agonists such as lixisenatide and exenatide.25,26 
Nonetheless, a meta-analysis of the 4 mentioned CVOTs of 

GLP-1 receptor agonists showed a 13 percent reduction in 
cardiovascular death and 12 percent in all-cause mortality in 
patients who received GLP-1 receptor agonists compared to 
placebo.27 

Lastly, the sodium-glucose cotransporter 2 (SGLT2) inhibitors 
are oral glucose-lowering agents that act at the proximal tubule 
of the kidney to inhibit the glucose reabsorption by SGLT2 
receptors, leading to glycosuria. �is reduces hyperglycaemia, 
and the calorie loss from glycosuria can lead to a reduction in 
body weight (up to 5% of baseline weight). Glycosuria is also 
associated with natriuresis with a signi�cant reduction in blood 
pressure (average of 4/2 mmHg).28 There are 3 SGLT2 
inhibitors widely available: dapagli�ozin, empagli�ozin and 
canagliflozin. The CVOTs of the three SGLT2 inhibitors have 
been published. These were the Dapagliflozin Effect on 
CardiovascuLAR Events—Thrombolysis in Myocardial 
Infarction 58 (DECLARE-TIMI 58) study, the Empagliflozin 
Cardiovascular Outcome Event Trial in Type 2 Diabetes 
Mellitus Patients (EMPA-REG OUTCOME) study, and the 
CANagliflozin cardioVascular Assessment Study 
(CANVAS).29-31 �ese 3 trials included people with DM with 
multiple risk factors for cardiovascular disease and/or those with 
established cardiovascular disease. SGLT2 inhibitors have 
demonstrated unprecedented cardiovascular and renal bene�ts, 
including diminished hospitalisation for heart failure and 
progression of renal disease. In a recent meta-analysis of data 
from the three CVOTs, SGLT2 inhibitors reduced MACE by 
11 percent, with bene�t mainly seen in patients with established 
cardiovascular disease. SGLT2 inhibitors also reduced the risk 
of cardiovascular death or hospitalisation for heart failure by 23 
percent and the risk of progression of renal disease by 45 
percent.32 Real-world studies on these agents, such as the 
CVD-REAL studies, further corroborate the findings of the 
randomised studies.33,34 Given the positive results and the 
multiple benefits of SGLT2 inhibitors beyond glycaemic 
control, the SGLT2 inhibitors have been recommended as 
agents of choice after metformin in the management of people 
with DM in many guidelines, especially among those with 
established cardiovascular disease and/or history of heart 
failure.28 

CONCLUSIONS 

Despite signi�cant advances in cardiovascular therapeutics, 
cardiovascular diseases remain the main cause of death among 
people with DM. �e disease contributes to the atherogenic 
processes directly and through multiple traditional risk factors 
of cardiovascular diseases. We have a better understanding of 
the strategies to mitigate the rate of cardiovascular diseases 
among people with DM: 1) early intensive glycaemic control 
among those newly diagnosed; 2) multifactorial approach 
targeting the three “H”s — hyperglycaemia, hypertension and 
hyperlipidaemia; and 3) use of novel glucose-lowering agents 
with cardiovascular and survival bene�ts.
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DIABETES MELLITUS AS A CARDIOMETABOLIC DISEASE

therefore, timely that the Ministry of Health, Singapore 
declared the War on Diabetes in April 2017, outlining the 
strategies to prevent DM from occurring in the �rst place, and 
to prevent DM-associated complications among people with 
DM.

DM AND CARDIOVASCULAR DISEASE

DM is an independent risk factor of heart disease. A large 
meta-analysis that included data of 698,782 people from 102 
prospective studies found that DM was associated with about 
twice the rate for coronary heart disease (hazard ratio 2.0), 
ischaemic stroke (hazard ratio 2.3) and haemorrhagic stroke 
(hazard ratio 1.6).5 In a Finnish population-based study, 
people with DM had 6- to 7-fold higher rates of 7-year 
incidence for myocardial infarction compared to those without 
DM. People with DM had the same risk for future myocardial 
infarction as adults with previous myocardial infarction and 
without DM (Figure 1).6 

The Asia Pacific Cohort Studies Collaboration (APCSC) 
combined data of over 600,000 participants from 44 cohort 
studies in the Asia-Paci�c region.7 In this report, Singapore, 
being a developed country, was projected to have the highest 
prevalence of DM by 2030 among other countries in the 
APCSC. The direct impact of DM on the burden of 
cardiovascular disease was estimated using 
population-attributable fractions, which ranged from 2 percent 
to 12 percent for coronary heart disease, 1 percent to 6 percent 
for haemorrhagic stroke, and 2 percent to 11 percent for 
ischaemic stroke. The Emerging Risk Factors Collaboration 
also analysed data for 689,300 people from 102 prospective 
studies and found that DM was associated with higher rates of 
coronary heart disease, ischaemic stroke and haemorrhagic 
stroke, even with adjustment for lipid, in�ammatory or renal 
markers.8 At an adult population-wide prevalence of 10 
percent, DM was estimated to account for 11 percent of 
vascular deaths, and the risk of death was higher in people with 
multi-morbidity (Figure 2). 

Taken together, the epidemiological data suggest that DM is a 
coronary heart disease risk equivalent, although this concept 
has been challenged recently. In the United Kingdom 
Prospective Diabetes Study (UKPDS), the reduction in 
myocardial infarction did not reach statistical signi�cance 
during the initial 10 years of intensive glycaemic control 
among newly diagnosed DM, but achieved a statistical 
signi�cance in the reduction in myocardial infarction only with 
further 10-year follow up.9 �is suggests that DM is not a 
coronary heart disease risk equivalent in the early stage of the 
disease. Other studies have also shown that the coronary heart 
disease risk equivalence in DM depends on concomitant risk 
factors for coronary artery disease and that the duration of DM 
matters to coronary heart disease risk.10 Typically it would take 

ABSTRACT
Diabetes mellitus is a global health crisis. It is associated 
with many disabling co-morbidities and could lead to 
premature cardiovascular disease and death. Chronic 
hyperglycaemia leads to many pathological changes that 
are atherogenic. Some studies have regarded diabetes 
mellitus as a coronary heart disease risk equivalent, 
especially patients with a long duration of disease. 
Diabetes mellitus is associated with other traditional 
cardiovascular risk factors such as hypertension and 
dyslipidaemia, which together increase the risk of 
cardiovascular disease manyfold. There are several 
strategies to improve the cardiovascular outcomes among 
people with diabetes mellitus, including the following: 1) 
early intensive glycaemic control (UKPDS); 2) optimal 
treatment of traditional cardiovascular risk factors 
(STENO-2); and 3) use of novel glucose-lowering 
therapies (sodium-glucose transporter 2 inhibitors or 
glucagon-like peptide 1 agonist) that have benefits on 
cardiovascular events or mortality. 
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Glucagon-like Peptide-1; Sodium-Glucose Transporter 2.
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INTRODUCTION

We are facing a global epidemic of type 2 diabetes mellitus 
(DM).1 �e prevalence of DM among Singaporean adults is 
projected to rise from 13.7 percent in 2017 to 15 percent by 
2050. �is translates to an increase in the total cases of DM 
among Singaporean adults from 606,000 to 1,000,000 by 
2050.2,3 At present, DM accounts for 10 percent of disease 
burden in Singapore. 

DM is not a benign condition. DM is associated with a higher 
risk of end-stage kidney disease, non-traumatic lower limb 
amputation, adult blindness, premature cardiovascular diseases 
(including ischaemic heart disease, stroke and heart failure) and 
death. In many instances, DM is likened to a slowly, 
progressive malignant disease that signi�cantly a�ects all facets 
of life and quality of life. �e cost burden from DM is expected 
to rise from $940 million in 2014 to $1.8 billion in 2050.4 It is, 
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Figure 1: Seven-year incidence rates of myocardial infarction in a Finnish population-
based study (n=2,432)6 

CHD, coronary heart disease; DM, diabetes mellitus.

Figure 2: Years of life lost by disease status at baseline compared with those without 
diabetes, stroke or MI8 

MI, myocardial infarction.
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Table 1: Cardiovascular outcome RCTs evaluating SGLT2 inhibitors in patients with T2DM

Study 
(reference) 

Patient population Comparators Key results 

DECLARE-
TIMI 5829 

17,160 T2DM 

patients with who 

had or were at risk 

for atherosclerotic 

CVD 

Dapagliflozin 

vs. placebo 
• Similar rate of MACE (HR 0.93; 95% CI 

0.84–1.03; p=0.17)  

• Lower rate of CVD death or HHF (HR 

0.83; 95% CI 0.73–0.95; p=0.005) 

• Lower rate of renal events (HR 0.76; 

95% CI 0.67 –0.87) 

EMPA-REG30 7,020 T2DM patients 

aged ≥18 years at 

high CV risk 

Empagliflozin 

vs. placebo 
• Lower rate of 3-point MACE (HR 0.86; 

95% CI 0.74–0.99; p=0.04 for 

superiority) 

• Lower rate of reduced HHF and all-

cause death (RRR of 35% and 32%, 

respectively, vs placebo) 

CANVAS, 
CANVAS-R31 

10,142 T2DM 

patients aged ≥30 

years with CVD or 

≥50 years with CV 

risk factors 

Canagliflozin 

vs. placebo 
• Lower rate of 3-point MACE (HR, 0.86; 

95% CI, 0.75–0.97; p=0.02 for 

superiority) 

• Lower rate of progression of albuminuria 

(HR, 0.73; 95% CI, 0.67–0.79) 

     
CI, confidence interval; CV, cardiovascular; CVD, cardiovascular disease; CANVAS: Canagliflozin Cardiovascular Assessment Study; 
CANVAS-R: Canagliflozin Cardiovascular Assessment Study—Renal; DECLARE-TIMI 58, Dapagliflozin Effect on CardiovascuLAR 
Events—Thrombolysis in Myocardial Infarction 58; EMPA-REG: Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes trial; 
HHF, hospitalisation for heart failure; HR, hazard ratio; MACE, major adverse cardiovascular events (3-point MACE includes CV mortality, nonfatal 
myocardial infarction and nonfatal stroke); RCT, randomised controlled trial; RRR, relative risk reduction; T2DM, type 2 diabetes mellitus.

DM is an independent risk factor of cardiovascular disease.
People with DM often have other cardio-metabolic risk factors that heighten the risk of 
cardiovascular disease.
Early intensive treatment and therapeutic strategy targeting multiple cardiovascular risk factors 
significantly lower the cardiovascular risk of people with diabetes.
GLP-1 receptor agonists and SGLT2 inhibitors are new glucose-lowering agents that have 
demonstrated risk reductions on cardiovascular events and death, especially those with established 
cardiovascular disease. 
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