
The increased risk of developing atherosclerotic 
cardiovascular (CV) diseases in people with type 2 
diabetes is well recognised, and a focus on 
reducing CV risk is just as important as glycaemic 
control. An individualised multifactorial approach to 
treating patients with type 2 diabetes is 
recommended, including lifestyle modification and 
drug therapy to reduce CV risk and improve renal 
outcomes, blood pressure control, and lipid and 
glucose levels.

People with type 2 diabetes mellitus are at higher risk of 
developing atherosclerotic cardiovascular diseases (ASCVDs) 
than those without diabetes.1,2 Optimal  management of type 

2 diabetes and associated CV risk factors is recommended to 
address the increased risk of CV and related diseases.3 Until 
recently, drug therapy for treating elevated blood glucose levels 
has had little, if any, impact on reducing ASCVD and its compli-
cations in people with type 2 diabetes; however, new glucose-low-
ering therapies have shown promising results in reducing CV risk. 
This review will examine the multifactorial approach to reducing 
CV risk in people with type 2 diabetes, specifically examining 
the role of the newer glucose-lowering agents that have become 
available over the past few years. 

Multifactorial CV risk reduction in type 2  
diabetes mellitus
 In the past, many medical practitioners have had a glucocentric 
approach to managing type 2 diabetes, focusing primarily on 
controlling hyperglycaemia and preventing hypoglycaemia, of 
which the latter is associated with an increased risk of cardiac 
events.4 CV disease is prevalent in people with type 2 diabetes and 
responsible for more morbidity and mortality than the complica-
tions of diabetes itself; therefore, slowing and reducing the develop-
ment of vascular disease and subsequent CV events should be of 
equal or greater importance to glycaemic control in the manage-
ment of type 2 diabetes. The Steno-2 study reinforced that a multi-
factorial approach to modifying risk factors (such as reducing blood 
pressure and lipid and glucose levels) reduced both macrovascular 
and microvascular complications in individuals with type 2 dia-
betes.5 Both the Hypertension Optimal Treatment Trial and the 
Heart Protection Study showed significant reductions in CV events 
in individuals with type 2 diabetes, based on a reduction in diastolic 
blood pressure and LDL level, respectively.6,7 Several other studies 
have also demonstrated positive CV  outcomes associated with 
reduced blood pressure in patients with type 2 diabetes.8,9 These 
studies are discussed below and summarised in Table 1. 

Blood pressure control
There is no single target blood pressure that should be aimed for 
in people with diabetes; diabetes management guidelines, including 
those from the Royal Australian College of General Practitioners 
and Diabetes Australia, recom mend systolic and diastolic targets 
of below 140 and 90 mmHg,  respectively, as a guide to treatment, 
but below 130/80 mmHg if  s ignificant proteinuria exists (timed 
 overnight collection: above 20 mcg/min or spot collection above 
20 mg/L).3,10,11 Therefore, treatment target levels should be indi-
vidualised for all patients, taking other comorbidities into account.3 
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Renin-angiotensin- aldosterone system 
blockers, ACE inhibitors or angiotensin- 
receptor blockers are usually the first choice 
for treating hypertension in people with type 
2 diabetes, especially in the presence of 
 albuminuria, followed by the addition of 
dihydropyridine calcium channel blockers, 
a combination that has shown significantly 
better outcomes than ACE inhibitors in 
combination with thiazide diuretics.10-12 

Lipid control
The target LDL cholesterol level should be 
the same for individuals with type 2 dia-
betes and those with established CV disease 
(i.e. below 1.8 mmol/L), as type 2 diabetes 
is often referred to as a coronary risk equiv-
alent.3 However, recently published data 
show that lowering LDL cholesterol level 
even further (below 1.4 mmol/L) is asso-
ciated with greater risk reduction, especially 
in patients with established ASCVD.13,14

Glycaemic control
Lowering glycated haemoglobin levels in 
people with type 2 diabetes has been shown 
to reduce CV and renal disease, with most 
of these benefits reducing micro vascular 
events.15,16 Intensifying glucose- lowering 
therapy results in a reduction in micro vas-
cular complications, both retinal and renal. 
The UK Prospective  Diabetes Study showed 
reduced risk of retinopathy in patients with 
newly diagnosed type 2 diabetes assigned 
therapy with sulfonyl ureas or insulin com-
pared with those assigned metformin.17,18 
The ADVANCE study showed that more 
intensive glycaemic control improved renal 
outcomes, especially with respect to devel-
opment or progression of nephropathy.8 
Most clinical trials over the past two decades, 
as well as a meta- analysis, have failed to 
demonstrate clear benefits of glucose- 
lowering therapies on various CV endpoints, 
which is disappointing given ASCVD is 
the major cause of  morbidity and mortality 
in people with type 2 diabetes.19-22

New glucose-lowering therapies 
and CV risk reduction
Recently, three classes of therapeutic 
agents have emerged as possible new 

treatments in reducing the risk of CV 
events in people with type 2 diabetes: 
dipeptidyl peptidase 4 (DPP-4) inhibitors, 
glucagon-like peptide-1 (GLP-1) agonists 
and sodium glucose cotransporter-2 
(SGLT-2) inhibitors. The results of key 
clinical trials are discussed below and 
summarised in Table 2. 

DPP-4 inhibitors
The DPP-4 inhibitors (saxagliptin, aloglip-
tin, sitagliptin and linagliptin) have been 
extensively studied in people with type 2 
diabetes and high CV risk and were found 
to be neutral with respect to CV events 
(myocardial infarction, stroke and CV 
death).23-26 There was an increased risk of 
hospitalisation for heart failure (HF) with 
saxagliptin and a trend to this with 
alogliptin, so these agents should be used 
cautiously in patients with a history of HF. 
DPP-4 inhibitors have an important role 
in glycaemic control and are well  tolerated 
with minimal side effects, but have no 
benefit in reducing CV events in people 
with type 2 diabetes.

GLP-1 receptor agonists
The GLP-1 receptor agonists have shown 
mixed results in their effects on reducing 

CV risk. Lixisenatide has shown neutral 
CV effects when assessed in people with 
type 2 diabetes after acute coronary syn-
drome, whereas liraglutide, semaglutide 
and dulaglutide significantly improved 
CV outcomes in people with type 2 dia-
betes at high CV risk.27-30 Additionally, the 
EXSCEL study reported a potential CV 
benefit of the long-acting, once-weekly 
GLP-1 analogue, exenatide (extended- 
release), although the primary endpoint 
did not reach statistical significance 
(p=0.06).31 Interestingly, although there 
was a significant decrease in all-cause 
mortality for the overall study group in 
the EXSCEL trial, post-hoc  subgroup anal-
ysis showed that patients with peripheral 
arterial  disease had worse outcomes on 
study medication.32 

GLP-1 receptor agonists also have a 
renal protective effect but no effect on 
development of HF. These injectable agents 
are often associated with significant weight 
loss, independent of the nausea they often 
cause, by promoting earlier satiety, delay-
ing gastric emptying and suppressing 
 appetite. They are injectable, so some 
patients are not enthusiastic about using 
them, but once-weekly treatment is gen-
erally acceptable.

TABLE 1. KEY CLINICAL TRIALS ON MULTIFACTORIAL INTERVENTIONS IN 
INDIVIDUALS WITH TYPE 2 DIABETES

Study/trial 
name

Target/end 
point

Test arm Outcome

Steno-25 Multifactorial 
intervention

Conventional treatment 
vs targeted, intensified, 
multifactorial intervention

Around 50% reduction in 
risk of cardiovascular (CV) 
and microvascular events

Hypertension 
Optimal 
Treatment Trial6

Blood 
pressure 
control

Random assignation of 
target blood pressure

Reduced rate of CV events

Heart Protection 
Study7

LDL control Simvastatin vs placebo Reduced rate of major 
vascular events

ADVANCE8 Glycaemic 
control

In addition to current 
therapy: ACE inhibitor-
diuretic combination  
vs placebo

Reduced risk of major 
vascular events

UK Prospective 
Diabetes 
Study17

Glycaemic 
control

Sulfonylurea or insulin 
vs conventional 
treatment

Reduced risk of microvascular 
complications, including 
reduced risk of retinopathy 
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SGLT-2 inhibitors
The introduction of the SGLT-2 inhibitors 
(empagliflozin, dapagliflozin and ertugli-
flozin) has changed the landscape of type 2 
diabetes treatment. Significant CV and renal 
benefits have been seen in patients with and 
without pre-existing ASCVD in studies 
when empagliflozin and dapagliflozin have 
been compared with placebo.33-35 The CV 
and renal benefits of ertugliflozin are con-
sistent with those seen from other SGLT-2 
inhibitors.36 These agents promote glyco-
suria by blocking the SGLT-2 receptor in the 
renal tubules, resulting in reduced CV risk 
factors including blood glucose levels, body 
weight and blood pressure.33 In the EMPA-
REG study, patients with established 
ASCVD who were assigned to empagliflozin 
in addition to standard care had reduced 
CV events, CV and all-cause mortality and 
HF, as well as improved renal protection 
compared with patients assigned to pla-
cebo.34 In the DECLARE study, patients 

with and without established ASCVD were 
assigned  to either dapagliflozin or placebo. 
The study showed a reduced rate of hos-
pitalisation for heart failure and increased 
renal protection in patients treated with 
SGLT-2 inhibitor compared with the 
 placebo group; however, a reduction in CV 
events was not shown.35 Real-world data 
from a very large observational study 
(CVD-REAL), conducted in clinical 
 practice in the US and Europe, supported 
the CV benefits of the SGLT-2 inhibitors 
reported in these randomised trials.37

The effects of SGLT-2 inhibitors on  
CV event and HF reduction and renal pro-
tection in these studies are disproportionate 
to the changes in glycated haemoglobin 
level, body weight and blood pressure seen 
with their use, suggesting that mechanisms 
independent of these changes are involved 
in CV and renal outcomes. These mecha-
nisms have not yet been definitively defined 
but effects on myocardial energy 

metabolism, renal tubule-glomerular feed-
back and the use of ketones as a fuel sub-
strate may be involved. There is also 
emerging evidence that SGLT-2 inhibitors 
affect the sodium/hydrogen exchanger at 
a cellular level, which increases mitochon-
drial ATP and thus energy production.38 

Given the reduction in CV events and 
death in patients who have established CV 
disease with empagliflozin use, and the renal 
protection and reduction in HF with all 
SGLT-2 inhibitors in patients with type 2 
diabetes with and without established CV 
disease, SGLT-2 inhibitors should be 
 considered in most patients with type 2 
diabetes. Care must be taken, however, as 
there is an increased risk of fungal genital 
and urinary tract infection, and, rarely, 
Fournier’s gangrene due to glycosuria. Good 
genital hygiene is therefore essential if they 
are used. Additionally, if a patient becomes 
unwell and cannot maintain their oral fluid 
intake, or requires fasting for a procedure, 
it is essential that SGLT-2  inhibitors be 
 transiently discontinued to avoid the risk 
of euglycaemic diabetic ketoacidosis.

Conclusion
ASCVD is the major cause of morbidity and 
mortality in people with type 2 diabetes, 
and CV risk reduction is as important as 
glycaemic control in the treatment of these 
patients. Recent studies with newer agents 
have shown that CV events, mortality, HF 
and renal protection can be improved with 
these new therapies, but the choice of  therapy 
still needs to be individualised according to 
patient characteristics. It remains extremely 
important to control blood pressure and 
lipid and blood glucose levels in these 
patients, and therapeutic agents are now 
 available that have both glycaemic and 
cardiorenal benefits when used to treat 
 people with type 2 diabetes.  MT
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TABLE 2. KEY CLINICAL TRIALS ON THE EFFECT OF GLUCOSE-LOWERING THERAPIES 
ON CARDIOVASCULAR (CV) OUTCOME IN INDIVIDUALS WITH TYPE 2 DIABETES

Therapeutic 
agent

Study/trial 
name

Test arm Outcome

DPP-4 
inhibitors

CARMELINA26 In addition to standard 
care: linagliptin vs placebo

No significant difference in 
risk of major CV events

GLP-1 
receptor 
agonists

ELIXA27 In addition to standard 
care: lixisenatide vs 
placebo

No significant difference in 
rate of major CV events or 
other serious adverse events

SUSTAIN-629 In addition to standard 
care: semaglutide vs 
placebo

Reduced rate of CV death, 
nonfatal myocardial infarction 
and nonfatal stroke

REWIND30 Dulaglutide vs placebo Reduced rate of nonfatal 
myocardial infarction, nonfatal 
stroke or death from CV 
causes 

EXSCEL31 Extended-release 
exenatide vs placebo

No significant difference in 
major adverse CV events

SGLT-2 
inhibitors 

EMPA-REG34 In addition to standard 
care: empagliflozin vs 
placebo

Reduced rate of death from 
CV causes, hospitalisation for 
heart failure and death from 
any cause

DECLARE35 Dapagliflozin vs placebo Reduced rate of CV death and 
hospitalisation for heart failure

CVD-REAL37 Any SGLT-2 inhibitor vs other 
glucose-lowering drugs

Reduced risk of hospitalisation 
for heart failure and death
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