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Abstract In randomized controlled trials (RCTs), more
intensive glucose control in patients with type 2 diabetes
leads to a modest (9%) reduction in major cardiovascular
events (MACE), associated with a 20% reduction of kidney
events and 13% reduction of eye events. The FDA issued
guidance in 2008 led to the conduct of numerous cardio-
vascular outcomes (CVOT) trials to assess cardiovascular
safety of new antihyperglycemic therapies in patients with
type 2 diabetes. The results of these trials show that insulin
glargine, three different dipeptidyl peptidase-4 (DPP-4)
inhibitors (saxagliptin, alogliptin, and sitagliptin) and lix-
isenatide (a glucagon like peptide-1 receptor agonist) pro-
duce no significant difference in CVOT when compared
with usual care or placebo. Other trials with newer diabetes
drugs, including empagliflozin and canagliflozin (two
sodium-glucose co-transporter-2 inhibitors), liraglutide and
semaglutide (two GLP-1 receptor agonists) succeeded in
demonstrating CV benefit in people with type 2 diabetes. In
the last two decades, the equation “diabetes equals myo-
cardial infarction” have contributed to the development of
preventive therapy for risk factors in diabetes. In both pri-
mary and secondary prevention, the diabetic patients with
high rates of statin and aspirin treatment have improved CV
outcome, as compared with non-users. The drugs used to
reduce glucose levels in patients with type 2 diabetes seem
important for the ultimate cardiovascular outcome: the

combination of intensive glycemic control, when safely
attainable, with newer diabetes drugs (empagliflozin,
canagliflozin, liraglutide, and semaglutide) may decrease
the incidence of MACE, nephropathy and retinopathy.
Moreover, depending on the drug used, CV mortality and
heart failure may also be reduced.
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At least in westernized countries, patients with type 2 dia-
betes mellitus seem to live longer lives with fewer com-
plications [1]. However, cardiovascular (CV) complications
remain more common among patients with type 2 diabetes
than among persons without diabetes. In the past two dec-
ades, some dogmas have influenced clinicians’ mind about
cardiovascular prevention in type 2 diabetes.

First dogma: reducing HbA1c is enough

In the 1990s, the US FDA (Food and Drug Administration)
started approving drugs for the treatment of type 2 diabetes
based on their capacity to reduce hemoglobin A1c (HbA1c)
levels. The thought was that, being specific to diabetes,
microvascular complications were more likely to be posi-
tively influenced by improved glycemic control; therefore,
any diabetes drug could reasonably be expected to reduce
microvascular complications as a consequence of its
HbA1c-lowering effect. This concept has still inspired
ongoing trials [2] comparing antihyperglycemic drugs on
their ability to reduce HbA1c, rather than to reduce the risk
of diabetes complications.
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In randomized controlled trials (RCTs), intensive gly-
cemic control in patients with type 2 diabetes is associated
with a HbA1c value between 6.4 and 7.0%, as compared
with conventional control (HbA1c between 7.9 and 8.4%).
In the first meta-analysis [3] by the Collaborators on Trials
of Glucose Lowering (CONTROL) from more than 27,000
patients with type 2 diabetes included in 4 RCTs (UKPDS,
ACCORD, ADVANCE, and VADT) [4–7], more intensive
glucose control led to a significant but modest (9%)
reduction in major cardiovascular events (MACE, i.e., time
to the first event of cardiovascular death, non-fatal myo-
cardial infarction, non-fatal stroke), with no reduction in
cardiovascular (CV) mortality and an increase in severe
hypoglycemia. Since then, uncertainty has surrounded the
clinical benefit of intensive glycemic control on the risk of
CV disease in type 2 diabetes. The latest CONTROL meta-
analysis [8] of individual participant data shows that more
intensive glucose control over 5 years reduced both kidney
and eye events. The composite primary kidney outcome,
including development of overt nephropathy (macro-
albuminuria), end-stage kidney disease, and renal death,
was reduced by 20%, and the composite primary eye out-
come, including development and progression of retino-
pathy, was reduced by 13%. By contrast, intensive glucose

control did not reduce the frequency of primary nerve
events, probably related to the subjective and variable
methodology (monofilament and reflex testing) used to
assess diabetic neuropathy. Glucose lowering remains
important for the prevention of vascular complications in
adults with type 2 diabetes; however, residual micro-
vascular and macrovascular risk remains high despite
intensive glycemic control (Fig. 1).

Second dogma: all diabetes drugs reduce HbA1c,
“ergo” all drugs are equal

In contrast to the leitmotiv derived from dogma 1, the
results of recent studies with newer diabetes drugs support
the importance of the drug used in order to abate CV out-
comes (CVOT) in type 2 diabetes. The FDA issued gui-
dance in 2008 [9] intensified the need to establish the
cardiovascular safety of new antihyperglycemic therapies
and led to the conduct of numerous CVOT trials involving
patients with type 2 diabetes. The ORIGIN trial [10], which
was specifically sought to evaluate the cardiovascular safety
of glargine, showed no significant difference in CVOT with
glargine as compared with standard care, although glargine

Fig. 1 Residual risk of major cardiovascular and microvascular events
in patients with type 2 diabetes following intensive glycemic control.
MACE, major cardiovascular events (cardiovascular death, non-fatal
myocardial infarction, non-fatal stoke); MI myocardial infarction, HF
heart failure, NEPHRO nephropathy, RETINO retinopathy, NEURO

neuropathy. For MACE, for example, CV risk reduction following
intensive glycemic control is 9% and, therefore, residual vascular risk
is 91%. For nephropathy, the reduction of kidney events following
intensive glycemic control is 20%, and therefore residual micro-
vascular risk is 80%
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attenuated the risk of microvascular outcomes (kidney and
eye) in participants with a baseline HbA1c level ≥6.4%
[11]. Subsequent trials with three different dipeptidyl
peptidase-4 (DPP-4) inhibitors (saxagliptin, alogliptin, and
sitagliptin) also showed no significant difference in CVOT
when compared with placebo [12–14], although treatment
with saxagliptin was associated with a significant increased
risk for hospital admission for heart failure [12], and a
significant improvement in albumin/creatinine ratio, even in
the normoalbuminuric range [15]. It remains unclear why
none of the DPP-4 inhibitors was superior to placebo in
terms of CVOT, contrasting early signals of CV benefit
based on short-term preliminary studies [16]. In the same
year, the results of the ELIXA trial [17] were released: in
patients with type 2 diabetes and a recent acute coronary
syndrome, the addition of lixisenatide, a glucagon-like
peptide 1 (GLP-1) receptor agonist, to usual care did not
significantly alter the rate of CVOT (Table 1).

Although the CV neutrality of these trials [12–14, 17]
satisfied the primary objective, as they excluded significant
CV harms, the enrollment of more than 40,000 patients with
type 2 diabetes for demonstrating the CV safety of these
drugs left something missing. Luckily, other trials with
newer diabetes drugs, including empagliflozin, canagli-
flozin, liraglutide, and semaglutide, succeeded in demon-
strating CV benefit in people with type 2 diabetes. The all-
cause mortality reduction observed with empagliflozin (a
sodium-glucose co-transporter-2 inhibitor) and liraglutide (a
GLP-1 receptor agonist), primarily driven by a reduction in
CV mortality [18, 19], seems not mediated through HbA1c
reduction, as in both trial it was modest, and less than the

half of that seen in trials of intensive glycemic control, none
of which showed reductions in mortality (Table 1). More-
over, there was a disproportion between the modest
reduction in CVOT (myocardial infarction and stroke) and
the large reduction of CV mortality, suggesting that both
drugs may be working through mechanisms other than
atherosclerosis. Furthermore, the improvement in CV
mortality was evident earlier than expected (within the first
6 months) in relation to the long natural history of the
progression of atherosclerosis attributable to hyperglycemia
[20]. Finally, there may be differences across drugs
belonging to the same class, too. Both semaglutide (a
weekly GLP-1 receptor agonist) and canagliflozin (another
SGLT-2 inhibitor) failed to affect mortality, while they
significantly reduced MACE (semaglutide reduced stroke
only, canagliflozin reduced no single outcome among CV
death, non-fatal myocardial infarction, or stroke) [21, 22].
Thus, the reduction in CV mortality observed with empa-
gliflozin and liraglutide seems better attributable to drug-
specific effects on other mechanistic pathways. Interest-
ingly, all four drugs can reduce kidney events [23], although
the increase of eye events with semaglutide [21] and the
occurrence of more distal amputations with canagliflozin
[22] deserve attention.

Paradoxically, newer diabetes drugs that have demon-
strated CV benefit when compared with placebo, lack head-
to-head comparison with other active drugs; and other
drugs, like insulin, that has not demonstrated CV benefit
when compared with placebo, now has a head-to-head trial.
In the devote trial [24], conducted among patients with type
2 diabetes at high risk for cardiovascular events, degludec

Table 1 Effect of intensive glycemic control and newer diabetes drugs on mean HbA1c decrease, macrovascular and microvascular events in
patients with type 2 diabetes

MACE CV
mortality

Non-
fatal MI

Non-fatal
stroke

Retino-
pathy

Nephro-
pathy

Neuro-
pathy

Heart
failure

HbA1c Δ
(%)

Intensive glycemic control,
1998–2009 [3, 8]

↓ ↔ ↓ ↔ ↓ ↓ ↔ ↔ 0.90

Glargine, 2012 [10, 11] ↔ ↔ ↔ ↔ ↔/↓ ↔/↓ ? ↔ 0.30

Saxagliptin, 2013 [12, 15] ↔ ↔ ↔ ↔ ? ↓ ? ↑ 0.20

Alogliptin, 2013 [13] ↔ ↔ ↔ ↔ ? ↔ ? ↔ 0.36

Sitagliptin, 2015 [14] ↔ ↔ ↔ ↔ ? ↔ ? ↔ 0.29

Lixisenatide, 2015 [17] ↔ ↔ ↔ ↔ ? ↔ ? ↔ 0.27

Empagliflozin, 2015 [18, 23] ↓ ↓ ↔ ↔ ? ↓ ? ↓ 0.35

Liraglutide, 2016 [19] ↓ ↓ ↔ ↔ ↔ ↓ ? ↔ 0.40

Semaglutide, 2016 [21] ↓ ↔ ↔ ↓ ↑ ↓ ? ↔ 0.80

Canagliflozin, 2017 [22] ↓ ↔ ↔ ↔ ? ↓ ? ↓ 0.58

MACE major cardiovascular events (cardiovascular death, non-fatal myocardial infarction, and non-fatal stoke), CV cardiovascular, MI myocardial

infarction, CVOT cardiovascular outcomes; arrow down: significant decrease; arrow up: significant increase; bidirectional arrow: neutral effect;

question mark: not evaluated or not published yet
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was non-inferior to glargine with respect to the incidence of
major cardiovascular events, despite higher rates of severe
hypoglycemia in the glargine group.

Third dogma: the diabetic patient behaves as a
non-diabetic patient with heart attack

About 20 years ago, it was shown that diabetic patients
without previous myocardial infarction had as high a risk of
myocardial infarction as nondiabetic patients with previous
myocardial infarction (MI) [25]. Although subsequent stu-
dies suggested that the impact of diabetes on the risk of
future coronary artery disease could be overestimated, with
hindsight the equation “diabetes equals myocardial infarc-
tion” have contributed to the development of preventive
therapy for risk factors in diabetes. In the primary preven-
tion setting [26], a real-world population of 93,866 Danish
patients (12,544 with diabetes), followed for a median of
4.1 years, shows that, in the absence of angiographically
significant coronary disease, the diabetic patients with high
rates of statin and aspirin treatment had the same risk of
cardiovascular events (death, cardiac death, and MI) as
patients without diabetes. Thus, a high level of preventive
therapy in patients with diabetes without CAD may remove
the diabetes-associated increased risk of MI and cardiac
death for at least a 7-year period. In the secondary pre-
vention setting [27], a trial population of 13,616 patients
with type 2 diabetes and known CV disease enrolled in trial
evaluating cardiovascular outcomes with sitagliptin
(TECOS) shows that statin and aspirin users, as compared
to non-users, had improved CV outcome (25 and 21%
MACE reduction, respectively); moreover, those diabetic
patients achieving all five preventive measures (use of
aspirin, statin, and angiotensin-converting enzyme inhibitor
or angiotensin receptor blocker, blood pressure <140/
90 mmHg, non-smoking status) had 40% reduction of
MACE vs. those achieving ≤2 measures.

Combination strategies: the next dogma?

The drugs used to reduce glucose levels in patients with
type 2 diabetes seem important for the ultimate cardiovas-
cular outcome (Table 2). Some strategies to improve the
poor cardiovascular outlook of the diabetic patient may be
considered: the combination of intensive glycemic control,
when safely attainable, with some newer diabetes drugs
may decrease the incidence of MACE, nephropathy, and
retinopathy. Moreover, depending on the drug used, CV
mortality and heart failure may also be reduced. Tight
glycemic control, a newer diabetes drug (empagliflozin,
canagliflozin, liraglutide, and semaglutide), statin and
aspirin might well be the four musketeers for preventing
and fighting cardiovascular complications in type 2
diabetes.
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