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Abstract
Both type 1 and type 2 diabetes are associated with increased risk for cardiovascular disease (CVD) events. This risk seems to be
reduced by achievement of euglycemia. However, after the withdrawal of rosiglitazone from the market, the question arose as to
whether this risk concerns simply a matter of euglycemia or the distinct role played by each antidiabetic drug with respect to its
effect on CVD risk. To address this issue, many studies have been published during the last decade involving old and new
antidiabetic agents, which however yielded contradictory results. Briefly, metformin is still considered safe and confers a
beneficial effect on CVD risk. Conflicting data exist as concerns sulfonylureas, although the second and third generation
representatives are regarded as relatively safe. Pioglitazone use seems to be associated with a reduction in CVD risk, whereas
the dipeptidyl-dipeptidase-4 inhibitors (DPP-4i), lixisenatide and exenatide-LAR [from the category of glucagon-like-peptide-1
receptor (GLP-1R) agonists], confer a neutral effect. Two other GLP-1R agonists, liraglutide and semaglutide, as well as the
sodium-glucose transporter-2 (SGLT2)-inhibitors, empagliflozin and cangliflozin, have shown an additional effect on CVD risk
reduction, although their safety is in doubt. Insulin analogues and newer long-acting compounds are also safe for the
cadiovascular system. The aim of this narrative review is to present and critically analyse the current data for each antidiabetic
drug category with regard to their effect on CVD risk.
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Introduction
An accumulating body of evidence during the last few decades has established an association between diabetes mellitus
[both type 1 (T1DM) and type 2 (T2DM)] and increased risk
of cardiovascular disease (CVD) in both genders [1–3]. In
general, a two- to fivefold risk of myocardial infarction (MI)
exists in T2DM compared with the general population [1].
The relative risk (RR) seems to be higher in women than in
men (up to nine and three times, respectively, compared with
the general population), although the exact absolute difference
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in CVD risk between diabetic genders in a given glycemic
state is not known [3]. The same risk exists in patients with
T1DM compared with individuals without diabetes [adjusted
hazard ratio (HR) 3.6, 95% confidence interval (CI) 2.8–4.6)
in men and 9.6, 95% CI 6.4–14.5 in women] [1].
Glycemic control is associated with a reduction in CVD
risk in both types of diabetes. In T1DM, intensive insulin
treatment and achievement of HbA1c levels of 7.4 ± 1.1%
for a mean period of 6.5 years resulted in 42% reduction in
the risk of any CVD event and 57% in the risk of non-fatal MI,
stroke or death from CVD after 17 years of follow-up, compared with conventional treatment (HbA1c levels 9.1 ± 1.5%)
[4]. Similarly, in T2DM, the United Kingdom Prospective
Diabetes Study (UKPDS), the landmark study conducted on
T2DM (from 1977 to 1991), showed a CVD risk reduction of
15% after 10 years of follow-up in patients previously treated
with intensive therapy (either sulfonylurea, insulin, or metformin) compared with conventional therapy (dietary restriction)
for 5 years (without having reached statistical significance at
this time-point and without any attempt to maintain the
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assigned therapies thereafter) [5]. Thus, undoubtedly maintenance of euglycemia results in a reduction of CVD risk in both
diabetes types. A large meta-analysis, including three other
studies apart from the UKPDS, showed a HR for CVD events
of 0.91 (95% CI 0.84–0.99) and HR 0.85 (95% CI 0.76–0.94)
for MI in patients who reached glycemic targets [6].
However, after these hallmark studies, it was not clear
whether the CVD risk reduction was merely a matter of
euglycemia or if it was dependent on the drug used. In 2007,
a large meta-analysis of 42 trials demonstrated that
rosiglitazone use is associated with increased CVD risk [odds
ratio (OR) 1.43, 95% CI 1.03–1.98, p = 0.03) for MI] compared with other antidiabetic agents (metformin, sulfonylureas, insulin) or placebo or usual care, as well as with
CVD-related death (OR 1.64, 95% CI 0.98–2.74, p = 0.06)
[7]. These results were confirmed in prospective randomised
controlled trials (RCTs) and led the European Medicines
Agency (EMA) in September 2010 to completely withdraw
rosiglitazone from the market due to CVD safety concerns [8].
These concerns have led the pharmaceutical companies to
conduct studies focusing on the CVD safety of antidiabetic
drugs as a primary endpoint. Since the rosiglitazone story,
many studies have emerged.
The aim of this narrative is to present and critically analyse
the current data regarding each antidiabetic drug category in
the context of their effect on CVD risk.

Metformin and sulfonylureas and their effect
on CVD risk
Metformin and CVD risk
Metformin, the most widely used oral antidiabetic medication,
is recommended as a first-line agent for T2DM by both the
American Diabetes Association (ADA) and the European
Association of the Study of Diabetes (EASD) [9].
Metformin’s primary mechanism of action is to decrease hepatic
glucose production, mainly by inhibiting gluconeogenesis. This
process is mediated through the AMP-activated serine-threonine protein kinase (AMPK), an intracellular sensor of energy
and a regulator of energy homeostasis, which plays a crucial
role in protecting cellular functions under energy-restricted conditions. AMPK is a key therapeutic target in patients with diabetes as it regulates lipid, cholesterol, and glucose metabolism
in specialised tissues, such as the liver, muscle, and adipose
tissue [10, 11]. Moreover, metformin targets the mitochondria
by inhibiting respiratory chain complex I, with a subsequent
decrease in the production of adenosine triphosphate (ATP)
and an increase in the accumulation of adenosine diphosphate
(ADP) and adenosine monophosphate (AMP). Both AMP and
ADP regulate AMPK function by preventing its dephosphorylation and inactivation. In addition, metformin can lead to the
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inhibition of glucose production by disrupting gluconeogenesis
gene expression through AMPK-dependent and AMPKindependent regulatory points. In patients with T2DM, the final
result of these metabolic changes is a reduction in insulin resistance and blood glucose levels [10, 11]. Beyond its beneficial
effect on glycemic control, metformin could also confer CVD
risk protection, although the exact pathogenetic mechanisms
have not to date been fully elucidated. Briefly, these include
the reduction in total cholesterol (TC) (mean difference −
0.52 mmol/l, 95% CI − 0.83 to − 0.22 mmol/, p = 0.002), lowdensity lipoprotein-cholesterol (LDL-c) (mean difference −
0.40 mmol/l, 95% CI − 0.64 to − 0.16 mM, p = 0.002) and
triglyceride (Tg) concentrations (median difference −
0.2 mmol/l, interquartile range − 0.6 to 0.1 mmol/l, p = 0.034).
However, metformin has no significant effect on blood pressure
[12, 13]. Furthermore, treatment with metformin is associated
with enhanced fibrinolysis, reduced platelet aggregation, and
reduction in plasminogen activatory inhibitor-1 (PAI-1), clotting
factor VII, and C-reactive protein [14, 15]. Another pathway
could also be the reduction of hyperinsulinemia per se, in
insulin-resistant Τ2DM subjects that might account for
metformin’s beneficial effects on CVD risk [16].
With respect to CVD risk reduction at the clinical level, there
are no RCTs designed for this purpose as a primary endpoint.
The UKPDS included 3867 newly diagnosed patients with a
median age of 54 years. The UKPDS reported that intensive
blood glucose control by either sulphonylureas or insulin for
over 10 years, despite its beneficial effect on microvascular
disease (RR 0.75, 95% CI 0.60–0.83, p = 0.0099, compared
with conventional therapy), did not show significant reduction
in all-cause mortality and stroke but was only of borderline
significance for MI (RR 0.84, 95% CI 0.71–1.00, p = 0.052).
Moreover, intensive treatment with either sulphonylureas or
insulin increased the risk of hypoglycemia [16].
On the other hand, in a subgroup analysis of the UKPDS,
metformin was compared with diet alone with regard to their
effect on CVD risk reduction [17]. Seven hundred and fiftythree obese patients were randomised to either diet alone (n =
411) or metformin (n = 342), aiming at a fasting plasma glucose (FPG) of < 6 mmol/L. Additionally, a secondary analysis
compared these 342 patients treated with metformin with 951
overweight patients who were treated with chlorpropamide
(n = 265), glibenclamide (n = 277), or insulin (n = 409).
Compared with diet alone, patients allocated metformin
displayed a 32% CVD risk reduction (95% CI 13–47, p =
0.002) as well as 42% reduction in risk for diabetes-related
death (95% CI 9–63, p = 0.017) and 36% for all-cause mortality (95% CI 9–55, p = 0.011). Among patients randomised
to intensive blood glucose control, metformin showed a greater effect than chloropropamide, glibenclamide, or insulin for
any diabetes-related endpoint, all-cause mortality, and stroke.
However, it was difficult to determine whether the difference
in adverse CVD events seen in these trials was due to a benefit
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of metformin or a deleterious effect of sulphonylurea therapy
or both [17].
A meta-analysis of 35 RCTs examined the effect of metformin on CVD events and mortality. The number of participants
treated with metformin or comparator (placebo, insulin,
sulphonylureas, pioglitazone, vildagliptin, rosiglitazone,
acarbose) was 7171 and 11,301, with 451 and 775 CVD events,
respectively [18]. Metformin therapy was associated with a
significant reduction in CVD events in comparison with placebo or no therapy (OR 0.79, 95% CI 0.64–0.98, p = 0.031),
although no effect was observed when compared with the other
drugs (OR 1.03, 95% CI 0.72–1.77, p = 0.89), in general. More
specifically, no significant difference with metformin was observed regarding the incidence of MI, stroke, or heart failure
[OR 0.90 (95% CI 0.71–1.14), 0.92 (95% CI 0.65–1.29) and
1.12 (95% CI 0.25–9.04), respectively]. Meta-regression analysis showed that metformin’s beneficial effect was more evident in trials of longer duration and those enrolling younger
patients. Finally, this meta-analysis also suggests a potential
association between metformin monotherapy and improved
survival (OR 0.801, 95% CI 0.625–1.024, p = 0.076) [18].
Similar data have been derived from studies in patients with
prediabetes. A long-term intervention study, the Diabetes
Prevention Program (DPP) and its Outcome Study (DPPOS)
(n = 3234, mean age 64 ± 10 years, mean follow-up time of
14 years), revealed that men, but not women, with prediabetes
having been treated with metformin demonstrated lower coronary artery calcium (CAC) scores than their placebo group
counterparts. In particular, the age-adjusted mean CAC severity in metformin versus placebo was 39.5 and 66.9 Agatston
units (p = 0.04), respectively, and 75 versus 84% (p = 0.02),
respectively, for CAC presence. In multivariate analysis, this
effect in men was not influenced by demographic, anthropometric or metabolic factors, development of diabetes, or concomitant use of statin therapy. No difference in CAC scores
was observed in the group receiving a lifestyle intervention as
compared with the placebo group in either gender [19].
Additionally, a recent RCT compared metformin (n = 219)
with placebo (=209) in T1DM patients with regard to its effect
in delaying the development of atherogenesis as measured by
the progression of the diameter of intima-media thickness of
the common carotid artery (primary outcome). Metformin
therapy did not reduce diameter progression (− 0.005 mm
per year, 95% CI − 0.012 to 0.002, p = 0.1664) compared with
placebo. However, as a secondary outcome, metformin caused
a significantly greater reduction in other CVD risk factors
such as body weight (− 1.17 kg, 95% CI − 1.66 to − 0.69,
p < 0.0001) and LDL-c (− 0.13 mmol/L, − 0.24 to − 0.03;
p = 0.0117) as well as an increase in estimated glomerular
filtration rate (eGFR) (4.0 mL/min/1.73m 2, 2.19–5.82,
p < 0.0001) [20].
All these observations suggest that metformin is not only
safe with respect to CVD risk but may also slow or delay the
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progression of atherosclerotic independently of the effect of
modern cardioprevention strategies in both prediabetes
(mainly men) and T2DM patients.

Sulfonylureas and CVD risk
Sulfonylureas are a class of organic compounds used in the
management of T2DM for more than five decades.
Sulfonylureas act by binding to a regulatory protein, also
known as the “SU receptor” (SUR). There are three SUR subtypes: SUR1 located in the β pancreatic cells, SUR2A found in
the cardiac and skeletal muscles, and SUR2B found in smooth
muscles and epithelial cells [21]. The binding of sulfonylureas
to SUR1 results in the closure of ATP-sensitive K+ channels on
the cell membrane, which in turn leads to membrane
depolarisation by preventing potassium from exiting. The latter
process opens voltage-gated Ca2+ channels and the concomitant rise in intracellular calcium leads to increased transposition
of insulin granules to the cell membrane, degranulation, and
concomitant increased release of (pro)insulin [22].
The cardiovascular safety of sulfonylureas is a matter of
debate. In a large retrospective comparative study [23], sulfonylureas seemed to be inferior to metformin in terms of allcause (RR 1.43, 95% CI 1.15–1.77) and CVD mortality (RR
1.70, 95% CI 1.18–2.45). However, no significant difference
was found with regard to the risk of hospital admissions due to
CVD events (RR 1.30, 95% CI 0.71–2.40) [23]. Moreover,
another comparative study concluded that metformin monotherapy was superior to sulfonylurea monotherapy with respect to all-cause and CVD-related mortality (RR 0.78, 95%
CI 0.65–0.92) and (RR 0.84, 95% CI 0.66–1.07), respectively
[24]. Notably, in the aforementioned meta-analysis, concomitant use of sulphonylureas was associated with reduced survival compared with metformin alone (OR 1.43, 95% CI
1.068–1.918, p = 0.016) [18].
A recent meta-analysis of 30 RCTs of at least 6 month
duration compared the use of sulfonylurea with placebo or
other antidiabetic medications [rosiglitazone, metformin, pioglitazone, dipeptidyl peptidase-4 inhibitors (DPP-4i),
glucagon-like-peptide-1 receptor (GLP-1R) agonists, and/or
insulin]. There was no difference in the incidence of major
adverse cardiovascular events (MACE), including CVD
death, non-fatal MI, stroke, and/or heart failure (OR 1.08;
95% CI 0.86–1.36, p = 0.52) when sulfonylurea use was compared with placebo and active comparators, except for DPP-4i
(OR 1.85, 95% CI 1.20–2.87, p = 0.005). However, a significant increase in mortality was shown with sulfonylureas (OR
1.22, 95% CI 1.01–1.49, p = 0.047), although it was not clear
if it was the result of increased risk of hypoglycemia [25]. On
the other hand, another meta-analysis of 47 RCTs of at least
13-months' duration noted that the most frequently used sulfonylureas (of the second and third generations) were not associated with all-cause mortality (OR 1.12, 95% CI 0.96–
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1.30) when compared with placebo or diet (OR 0.97, 95% CI
0.71–1.33) or with active comparators (OR 1.16, 95% CI
0.98–1.38). The same results also emerged from the comparisons regarding CVD mortality, MI, and stroke [26]. These
results that conflicted with the previous meta-analysis may
be explained by the differences regarding the inclusion of
studies with first-generation sulfonylureas, observational studies, and studies of short duration.
The combination of metformin with sulfonylureas has been
studied with respect to its effect on CVD. A meta-analysis,
which was published in 2008 and included nine studies, did
not show a significant effect on CVD and all-cause mortality
[RR 1.29 (95% CI 0.73–2.27) and RR 1.19 (95% CI 0.88–
1.62), respectively], although it increased the risk of a composite endpoint of CVD hospitalisations or mortality [RR 1.43
(95% CI 1.10–1.85)]. These results were irrespective of the
reference group (diet therapy, metformin monotherapy, or sulfonylurea monotherapy) [27]. A prospective cohort study, the
Fremantle Diabetes Study (n = 1271, mean age 64.2 ±
11.2 years, 48.8% males, mean follow-up 10.4 ± 3.9 years),
compared the effect of metformin-sulfonylurea combination
with diet, metformin monotherapy, sulphonylurea monotherapy, or insulin with or without an oral antidiabetic regimen.
Although the combination was associated with higher CVD
and all-cause mortality compared with diet or metformin
monotherapy, and lower CVD and all-cause mortality compared with insulin, these differences were not evident after
adjustment for confounders [28]. In another prospective cohort study, metformin-sulphonylurea combination was compared with metformin-DPP-4i combination with regard to
their risk for severe hypoglycemia, CVD, and all-cause mortality (n = 52,760, median follow-up 3.4 years for the first
group and 2.5 years for the second). Sulphonylurea-DPP-4i
combination was associated with a higher risk of severe hypoglycemia, fatal and non-fatal CVD, and all-cause mortality
[adjusted HR 2.07 (95% CI 1.11–3.86); 1.17 (95% CI 1.01–
1.37); and 1.25 (95% CI 1.02–1.54), respectively] [29].
In conclusion, sulfonylureas do not appear to be associated
with a significant increase in CVD risk compared with placebo, but they seem to be inferior to metformin and other classes
of antidiabetic agents, such as DPP-4i, in this regard.

Thiazolidinediones and CVD risk
Thiazolidinediones (TZDs) constitute a widely prescribed antidiabetic drug category mainly targeting the reduction of insulin resistance. After withdrawal of rosiglitazone due its
aforementioned association with increased CVD risk, pioglitazone remains the only representative of the TZD class at the
moment. The main mechanism of function is the modification
of expression of numerous metabolic-related genes via activating one or more nuclear transcription factors, known as
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peroxisome proliferator-activated receptors gamma
(PPAR-γ) [30]. Pioglitazone also partially activates PPAR-α
receptors, a fact that may explain its different way of action
compared with rosiglitazone [30]. In general, TZDs decrease
insulin resistance especially in the liver and adipose tissue and
may also improve the β cell response to glucose. Besides
lowering blood glucose levels, TZDs also have pleiotropic
effects, most of which are associated with a reduction in
CVD risk. First, they induce body fat redistribution from the
visceral to the less atherogenic subcutaneous storage depots
[27]. Second, various studies have shown a reduction in systolic blood pressure by 1.6–20 mmHg and in diastolic blood
pressure by 1.4–17 mmHg [31]. Furthermore, they may reduce plasma levels of a wide range of inflammation markers,
such as C-reactive protein (CRP), thus contributing to the
retardation of the development of atherogenesis [30, 31].
With respect to lipid profile, TZDs increase HDL-c and, specifically, pioglitazone lowers Tg levels while shifting lowdensity lipoprotein (LDL) particles from the smaller to the less
atherogenic larger ones [32]. Finally, TZDs can reduce urinary
albumin excretion [33] and improve liver function tests in
patients with non-alcoholic fatty liver disease (NAFLD) and
the histological parameters of non-alcoholic steatohepatitis
(NASH) [30].
A landmark study with regard to the effect of pioglitazone
on CVD risk was the Prospective Pioglitazone Clinical Trial
in Macrovascular Events (PROactive) study, which
randomised 5238 patients with T2DM and a history of
macrovascular disease to receive either pioglitazone 15–
45 mg/day (n = 2605) or placebo (n = 2633) additionally to
their previous treatment [34]. The primary outcome was the
composite of all-cause mortality, non-fatal MI, stroke, acute
coronary artery (ACS), endovascular or surgical intervention
in the coronary or leg arteries, and amputation above the ankle. The main secondary endpoint was all-cause mortality,
non-fatal (excluding silent) MI and stroke. After a mean observational time of 34.5 months, there was no difference between the two groups regarding the primary endpoint (HR
0.90, 95% CI 0.80–1.02, p = 0.095). However, pioglitazone
significantly reduced the risk of the main secondary endpoint
by 16% (HR 0.84, 95% CI 0.72–0.98, p = 0.027), indicating a
beneficial effect on CVD [34].
More recently, another RCT carrying out a similar investigation, the Insulin Resistance Intervention after Stroke (IRIS) study,
was published. This study included patients with insulin resistance and recent stroke or transient ischemic attack (TIA) who
were randomised to pioglitazone 15–45 mg/day (n = 1939) or
placebo (n = 1937). The observational period was 4.8 years and
the primary outcome was fatal or non-fatal stroke or MI, which
was recorded in 9% of patients in the pioglitazone group versus
11.8% in the placebo group (HR 0.76, 95% CI 0.62–0.93, p =
0.007) [35]. Another recent study, the Thiazolidinediones Or
Sulfonylureas Cardiovascular Accidents Intervention Trial
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(TOSCA.IT), compared the cardiovascular safety of pioglitazone
(n = 1535) with that of sulfonylureas (n = 1493) as an add-on
treatment in T2DM patients inadequately controlled with metformin monotherapy. The primary outcome (all-cause death, nonfatal MI, non-fatal stroke, or urgent coronary revascularisation)
occurred equally between the two groups (HR 0.96, 95% CI
0.74–1.26, p = 0.79). Pioglitazone, however, was associated with
fewer hypoglycemic episodes [36].
Despite its beneficial effect on glucose and lipid metabolism and concomitant CVD risk, pioglitazone use has also
been linked to some side effects. These include an increased
risk of heart failure (not associated with increased mortality)
and peripheral edema. Along with that, pioglitazone can cause
a noticeable increase in body weight and the risk of macular
edema. Furthermore, there is growing evidence suggesting
that PPAR-γ agonists decrease bone mineral density (BMD)
and thus increase fracture risk, particularly in women [37].
There is also a notable decrease in hematocrit that surprisingly
enough does not reverse after discontinuation of the drug.
Finally, there are some concerns about increased bladder cancer risk, potentially dependent on dose exposure and duration
of administration. However, pioglitazone’s CVD benefit far
outweighs this risk [38].
In conclusion, pioglitazone still remains a reliable secondline drug in diabetes management after failure with metformin
monotherapy, especially in patients with increased insulin resistance and NAFLD, a quite common feature in obese T2DM
patients. Its pleiotropic effects may account for its potential
cardioprotective role, although further data are needed, especially in patients without established CVD. However, one
should always be cautious about pioglitazone’s adverse effects,
especially in patients at increased risk of heart failure and fractures. The results of the above trials are briefly presented in
Table 1.

Incretin-based therapies and CVD risk
GLP-1R agonists and CVD risk
The “incretin effect” is the phenomenon whereby a greater
insulin secretion is induced by oral than by intravenous glucose intake. This phenomenon has been attributed to two intestinal insulinotropic hormones, so-called glucose-dependent
insulinotropic peptide (GIP) and GLP-1 [49]. In T2DM patients, the “incretin effect” is substantially impaired due to
both decreased secretion and to a relatively fast degradation
of these two hormones [50]. GLP-1 exerts multiple actions in
peripheral tissues. Apart from stimulation of insulin and inhibition of glucagon secretion, it promotes proliferation of β
cells and prevents their apoptosis. It also slows gastric emptying, decreases food intake and plays a potential neuroprotective role [51]. The currently available GLP-1R agonists in the
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USA and Europe are exenatide, liraglutide, albiglutide,
lixisenatide, and dulaglutide [52, 53].
Exenatide and liraglutide lower HbA1c by 0.81 to 1.13%
and FPG by 21 to 33 mg/dL. They also reduce postprandial
blood glucose levels by 16 to 41 mg/dL [54]. Weight loss is
another well-established property of GLP-1R agonists [54].
Exenatide has also shown antihypertensive effects in a number
of trials, attributed to the accomplished weight reduction, its
natriuretic effect, and vasodilation [55]. Likewise, liraglutide
lowers blood pressure either administered alone [56] or along
with sulphonylureas [57] or with metformin and TZDs [58].
Adding exenatide to metformin and/or sulphonylurea has also
shown a beneficial effect on lipid metabolism by reducing TC,
LDL-c and Tg levels by 5, 6 and 12%, respectively, while
increasing HDL-c levels by 24% [55]. On the other hand,
liraglutide has demonstrated a greater reduction in Tg levels
(by 22%) but with little or no effect on the other components
of the lipid profile [56]. Potential anti-atherosclerotic properties may also be attributed to GLP-1 via increased activity of
nitric oxide (NO) related and NO-independent vasodilation as
well as inhibition of monocyte/macrophage accumulation
[55].
Four studies have been published so far with regard to the
cardiovascular safety of GLP-1R agonists as a primary outcome: ELIXA (Lixisenatide in Patients with Type 2 Diabetes
and Acute Coronary Syndrome), LEADER (Liraglutide Effect
and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results), SUSTAIN-6 (Trial to Evaluate Cardiovascular and
Other Long-term Outcomes With Semaglutide in Subjects
With Type 2 Diabetes) and EXSCEL (Exenatide Study of
Cardiovascular Event Lowering).
The ELIXA trial assessed the impact of lixisenatide on
CVD risk in patients with T2DM and ACS. It was a
randomised, double-blind, placebo-controlled trial including
6068 patients with a history of ACS within the last 180 days.
Participants were treated with any antidiabetic regimen besides incretin-based therapies (mean duration of T2DM 9.3
± 8.2 years). Patients were randomised to lixisenatide (n =
3034) at a starting dose of 10 μg/day (maximum dose
20 μg/day) or placebo (n = 3034). The primary endpoint was
the composite of death from cardiovascular causes, non-fatal
myocardial infraction, hospitalisation for unstable angina, and
non-fatal stroke [49]. After a mean follow-up time of
25 months, the primary outcome occurred in 406 patients
(13.4%) and 399 patients (13.2%) in the lixisenatide group
and placebo group, respectively (HR 1.02, 95% CI 0.89–
1.17, p < 0.001). The separate components of the primary outcomes did not differ between the two groups [49]. The same
applied to secondary endpoints, such as hospitalisation for
heart failure alone or for coronary revascularisation [39].
Liraglutide’s cardiovascular safety has been tested in the
LEADER trial. This study followed 9340 patients (average
age 64) for 3.8 years. Inclusion criteria were T2DM and high
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7020/63

2.8
4.8
2.1
3.8
2.1
3.2
3
1.5
2.1
3.1

Positive
Positive
Neutral
Positive
Positive
Neutral
Neutral
Neutral
Neutral
Positive

Hospitalization for heart failure
CVD effect
(positive/neutral)
Follow-up
time (years)
Number/mean
age (years)
Drug/dose
Name of study
First author/year
of publication

Table 1

HR for primary endpoint*
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CVD risk, defined as established CVD, chronic heart failure
[New York Heart Association (NYHA) class II or III], chronic
kidney failure (stage > 3) or age above 60 accompanied by
CVD risk factors [40]. At the time of study initiation, patients
were either not being treated or were receiving one or more
oral antidiabetic drugs (OADs) and/or insulin, excluding
incretin-based therapies (mean duration of T2DM was
13 years) [40]. Patients were randomised to either liraglutide
(n = 4668) 1.8 mg/day or placebo (n = 4672). Primary outcome
was the first occurrence of cardiovascular death, non-fatal MI
or stroke. Secondary outcomes were death from CVD causes,
death from any cause, non-fatal MI, non-fatal stroke, and
hospitalisation for heart failure. After a median follow-up time
of 3.8 years, 608 patients (13%) of the liraglutide group and
694 (14.9%) of the placebo group (HR 0.87, 95% CI 0.78–
0.97, p < 0.001) met the criteria of primary endpoint. Deaths
both from CVD and any other cause were also fewer in patients
taking liraglutide than in those on placebo [HR 0.78 (95% CI
0.66–0.93, p = 0.007) and HR 0.85 (95% CI 0.74–0.97, p =
0.02), respectively]. However, the reduction in non-fatal MI,
stroke, and heart failure-associated hospitalisations was nonsignificant compared to the placebo group [50].
The SUSTAIN-6 study investigated the cardiovascular
safety of semaglutide in 3297 patients with T2DM.
Inclusion criteria were the same as for liraglutide [41].
Participants were randomly assigned to a once-weekly dose
of 0.5 mg (or 1 mg) semaglutide or placebo. Primary and
secondary endpoints were the same with the other GLP-1R
agonists. The primary endpoint was recorded in 6.6% (108 of
1648) of the semaglutide group compared with 8.9% (146 of
1649) of the placebo group (HR 0.74, 95% CI 0.58–0.95,
p < 0.001) [41]. More specifically, the risk of non-fatal MI
decreased by 26% and non-fatal stroke by 39% in the
semaglutide group. Nonetheless, no significant reduction in
CVD mortality was demonstrated [41]. Additionally,
semaglutide showed a protective effect against new or worsening nephropathy [3.8 versus 6.1% in the placebo group (RR
0.64, 95% CI 0.46–0.88, p = 0.005]. However, higher rates of
retinopathy complications were observed in the semaglutide
group (RR 1.76, 95% CI 1.11–2.78, p = 0.02) [41].
The CVD safety trial for exenatide (EXSCEL) has very
recently been completed, including 14,000 patients with
T2DM [52]. Most of the participants (73.1%) had a history
of CVD. Eligible patients were those who had received up to
three OADs, insulin alone or concomitant with up to two
antidiabetic drugs, while GLP-1R agonist treated patients
were excluded. Patients were randomised to a once-weekly
dose of 2 mg exenatide or placebo (median follow-up time
of 3.2 years) [42]. The primary and secondary outcomes were
the same as those of the other GLP-1R agonist studies.
Primary outcome events occurred in 839 (11.4%) patients on
exenatide and in 905 (12.2%) patients on placebo (HR 0.91,
95% CI 0.83–1.00, p < 0.001). Rates of death from any cause
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were 6.9% in the exenatide group and 7.9% in the placebo
group (HR 0.86, 95% CI 0.77–0.97). The percentage of deaths
attributed to CVD causes was 45.4% in the exenatide group
and 41.3% in the placebo group. Rates of fatal or non-fatal MI
(HR 0.97, 95% CI 0.85–1.1), fatal or non-fatal stroke (HR
0.85, 95% CI 0.7–1.03), and heart failure hospitalisation (HR
0.94, 95% CI 0.78–1.13) were similar between the two groups.
Patients on exenatide achieved better glycemic control, greater
weight loss and lower blood pressure counts. Rates of serious
adverse events did not differ between groups [42].
In conclusion, lisixenatide, liraglutide, semaglutide, and
exenatide have a proven CVD safety record in patients with
T2DM. However, the three component MACE outcomes occurred at lower rates in the LEADER and SUSTAIN-6 trials.
The rate of death from any cause was lower for liraglutide (by
15%) and exenatide (by 14%, although it did not show any
significant benefit in the primary outcomes). These differences may be attributed to many factors. The median followup in LEADER was longer (3.8 years) compared with that of
EXSCEL (3.2 years). Discontinuation of the trial regimen in
EXSCEL led to shorter exposure duration (2.4 years) compared with that of the LEADER study (3.5 years) [52].
Baseline HbA1c was lower in EXSCEL (8.0%) and ELIXA
(7.7%) compared with the other studies (8.7% in LEADER
and SUSTAIN-6). Additionally, antidiabetic drugs with beneficial effects on CVD (such as SGLT-2 inhibitors, as will be
presented below) were used in the placebo group of the
EXSCEL study, which might have affected the results.
Furthermore, there were differences in the proportion of patients with established CVD (72.2% in SUSTAIN-6, 73.1% in
EXSCEL, 81% in LEADER, whereas all participants in
ELIXA had a history of a recent ACS). Of note, the increase
in retinopathy risk with semaglutide use warrants further investigation, although a plausible explanation could be based
on the worsening of retinopathy after rapid glucose lowering.
The comparative results between these trials are briefly presented in Table 1.

DPP-4 inhibitors and CVD risk
Dipeptidyl peptidase-4 (DPP-4) is a proteolytic enzyme
encoded by the DPP-4 gene and cleaves GLP-1 and GIP.
DDP4-i constitute a class of antidiabetic drugs that delay the
inactivation of these two hormones, prolonging their aforementioned glucose-lowering properties [59, 60]. The available
DDP-4i are sitagliptin, vildagliptin, saxagliptin, linagliptin,
and alogliptin [61, 62]. DDP-4i reduce HbA1c by 0.5 to
0.9% [63]. They are weight-neutral [50] and the risk of hypoglycemia is low, especially when they are not used concomitantly with sulfonylureas [64]. DDP-4 inhibition is also associated with a wide spectrum of anti-atherosclerotic properties,
such as increased NO activity and vasodilation. Lipid profile
may be improved, since a reduction in TC and postprandial Tg,
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along with an increase in HDL-c levels, has been reported [65].
DDP4-i may also lower blood pressure via renal artery vasodilation, modification of sympathetic angiotenstin-II mediated
hypertensive response, induction of natriuresis, and inactivation of brain-derived natriuretic peptide (BNP) [65].
With respect to the cardiovascular safety of DDP-4i, three
trials have been conducted so far: SAVOR-TIMI 53
(Saxagliptin and Cardiovascular Outcomes in Patients with
Type 2 Diabetes Mellitus-Thrombolysis in Myocardial
Infarction 53), EXAMINE (Examination of Cardiovascular
Outcomes: Alogliptin vs. Standard of Care in Patients with
Type 2 Diabetes Mellitus and Acute Coronary Syndrome)
and TECOS (Trial Evaluating Cardiovascular Outcomes with
Sitagliptin).
The SAVOR-TIMI 53 study included 16,492 T2DM patients (mean age 65 ± 8.6 years and mean HbA1c 8 ± 1.4%)
with established CVD and CVD risk factors [60]. The participants were randomised to saxagliptin (n = 8280) 5 mg/day
(2.5 mg for those with eGFR ≤ 50 ml/min) and placebo (n =
8212) for a median follow-up of 2.1 years. The primary endpoint was CVD death, non-fatal MI, and non-fatal ischemic
stroke. The secondary endpoints consisted of the primary endpoint plus hospitalization for unstable angina, heart failure, or
coronary revascularisation [45]. The rates in the primary endpoint in the two groups were similar (HR 1.00, 95% CI 0.89–
1.12; p = 0.99). The secondary endpoint rates also did not
differ between the two groups (HR 1.02, 95% CI 0.94–1.11,
p = 0.66). However, more hospitalisations for heart failure occurred in the saxagliptin group (3.5 vs 2.8%, RR 1.27, CI
1.07–1.51, p = 0.007). Patients on saxagliptin achieved better
glycemic control, although the rates of at least one hypoglycemic episode in this group were higher (15.3 vs 13.4%,
p < 0.001) [45].
The EXAMINE study enrolled 5380 T2DM patients with
an acute MI or unstable angina requiring hospitalisation within the previous 15–90 days (mean patients’ age 61 years and
mean HbA1c 8%). According to their renal function status,
patients were randomly assigned to a daily dose of 25 mg (if
eGFR was ≥ 60 ml/min), 12.5 mg (if eGFR was 30–60 ml/
min), 6.25 mg (with eGFR < 30 ml/min) alogliptin or placebo
for a median follow-up of 1.8 years [64]. Primary and secondary endpoints were the same as with saxagliptin. Rates of
primary endpoint events did not differ between the alogliptin
and the placebo group (HR 0.96, 95% CI ≤ 1.16, p < 0.001)
[44]. The same applied for the secondary endpoint between
the two groups (HR 0.95, 95% CI < 1.14). By the end of the
study, significantly lower levels of HbA1c were observed (−
0.36%, 95% CI, − 0.43 to − 0.28; p < 0.001) but without differences in the incidence of hypoglycaemia or other adverse
events between the two groups [44].
The TECOS study included 14,671 patients with T2DM
(mean age 65 years, mean HbA1c 7.2%) and established CVD
for a median follow-up of 3 years. Patients were randomly
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assigned to 100 mg/day sitagliptin (n = 7332) or placebo (n =
7339). Inclusion criteria were a history of major coronary
artery disease, ischemic cerebrovascular disease, or atherosclerotic peripheral arterial disease [65]. Primary and secondary endpoints were the same with the other DPP-4i. No differences in primary (HR 0.98, 95% CI 0.89–1.08; p = 0.65)
and secondary outcomes (HR 0.99, 95% CI 0.89–1.10, p =
0.84) were observed between the two groups [43]. With
HbA1c values 0.29% lower in the sitagliptin group by the
end of the trial, patients in the sitagliptin group received fewer
antidiabetic drugs and were less likely to be treated with insulin. Sitagliptin did not affect the rates of hospitalisation due to
heart failure. The two groups did not differ in terms of the
safety outcomes [43].
In conclusion, all three trials were able to establish CVD
safety. The three DDP-4i were non-inferior to placebo in terms
of major CVD events. However, none of them reduced the
rates of these events despite the improved glycemic control.
On the other hand, increased concern has arisen due to the
observed increased rates of hospitalisation due to heart failure
with saxagliptin, albeit without differences in death rates due
to heart failure. In a post hoc analysis of the EXAMINE trial,
alogliptin did not increase the risk of recurrent hospital admission due to heart failure compared with placebo (HR 1.05,
95% CI 0.82–1.34, p = 0.707), which remained non-significant, independently of the history of heart failure before
randomisation, without interaction between treatment and history of heart failure [66]. Sitagliptin use was not associated
with increased risk of heart failure. In another study, the risk of
heart failure was comparable between incretin-based drugs
(including both DPP-4i and GLP-1R) and other OADs [67].
The comparative results between these trials are briefly presented in Table 1.

Sodium-glucose cotransporter 2 and CVD risk
Sodium-glucose cotransporters (SGLTs) are membrane proteins located across the apical membranes of the kidney’s
proximal convoluted tubules (PCT). They are responsible for
the reabsorption of glucose and sodium from the lumen to the
intracellular space by active transport. Eventually, glucose
moves passively through the basolateral transporters and leads
to blood circulation. There are two types of SGLTs: SGLT1
(located not only in the late PCT but also in the small intestine
and heart) and sodium-glucose cotransporter 2 (SGLT2) (located in the early PCT). The latter reabsorbs 90% of the filtered glucose, whereas the former are responsible for a less
significant percentage [68]. Therefore, the inhibition of
SGLT2 appeared as a promising approach in the treatment of
T2DM [68].
The main representatives of this drug category are
canagliflozin, dapagliflozin, and empagliflozin. These agents
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block the reabsorption of filtered glucose and allow its excretion in the urine [65]. Α meta-analysis including comparative
studies on SGLT2 inhibitors versus placebo or OADs (particularly sulfonylureas and sitagliptin) showed that SGLT2 inhibitors are superior with regard to HbA1c lowering (by
0.4916% in the first and 0.503% in the second year of treatment compared with placebo, and by 0.12 and by 0.13% in the
second year compared with OADs) [69]. They also decrease
systolic (SBP, − 2.8 mmHg for the first and − 7.5 mmHg for
the second year) and diastolic blood pressure (DBP, − 1.95
and − 2.197 mmHg for the first and second year, respectively,
compared with placebo) and body weight (− 2.47 kg for the
first year, − 2.99 kg for the second year compared with placebo) [66]. However, patients treated with SGLT2 inhibitors are
at a higher risk of urinary and genital infections compared
with placebo or OADs [70].
Two RCTs have been conducted with respect to the effect
of SGLT2 inhibitors on the cardiovascular system. The first
was the EMPA-REG OUTCOME trial (Empagliflozin
Cardiovascular outcome event trial in type 2 diabetes mellitus
patients) during which 7020 T2DM patients (mean age
63.1 years, mean HbA1c level 8.1%) with a history of CVD
were randomised to empagliflozin 25 mg/day (n = 2345),
10 mg/day (n = 2342) or placebo (n = 2333). The primary outcome was death due to CVD events, non-fatal MI, or non-fatal
stroke. The secondary endpoint comprised the primary outcome plus hospitalisation due to unstable angina. After a median observation time of 3.1 years, patients treated with
empagliflozin exhibited lower rates in the primary endpoint
compared with placebo (HR 0.86, 95% CI 0.74–0.99, p =
0.04), which was attributed mainly to the lower risk of CVD
death (HR 0.62, 95% CI 0.49–0.77, p < 0.001), without differences in the risk of MI or stroke. Moreover, lower rates of
heart failure were observed in the empagliflozin group (HR
0.65, 95% CI 0.5–0.85, p = 0.002). Except for the differences
in HbA1c (− 0.5%), empagliflozin, compared with placebo,
was associated with small reductions in body weight, SBP,
DBP, and uric acid levels, with small increases in both LDLc and HDL-c concentrations. Empagliflozin was generally
well-tolerated, with higher rates of genital infections being
the only significant adverse effect compared with placebo.
Diabetic ketoacidosis occurred at a similar rate in the
empagliflozin and placebo groups [46]. Empagliflozin also
slowed the progression of albuminuria (HR 0.62, 95% CI
0.54–0.72, p < 0.001) [71].
The second study was the Canagliflozin Cardiovascular
Assessment Study Program (CANVAS Program) which included the CANVAS and the CANVAS-Renal (CANVASR) trials. It recruited 10,142 patients with T2DM (mean age
63.3 years, mean HbA1c 8.2%) at increased CVD risk who
were randomised to canagliflozin 100 or 300 mg/day (n =
5795) or placebo (n = 4347). The primary endpoint was death
due to CVD events, non-fatal MI, or non-fatal stroke. The
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secondary endpoint was death from all causes, CVD death,
progression of albuminuria, and the primary outcome plus
hospitalisation for heart failure. After a mean follow-up of
8 years, patients treated with canagliflozin exhibited lower
rates in the primary endpoint compared with placebo (HR
0.86, 95% CI 0.75–0.97, p < 0.001 for non-inferiority, p =
0.02 for superiority). Significant adverse effects of
canagliflozin were a higher risk of the lower limb amputations
(HR 1.97, 95% CI 1.41–2.75, p < 0.001), observed mainly in
patients with previous amputations or peripheral vascular disease, as well as an increased risk of fractures (HR 1.26, 95%
CI 1.04–1.52, p = 0.02) and diabetic ketoacidosis (HR 2.33,
95% CI 0.76–7.17, p = 0.14) compared with placebo [47].
Thus, empagliflozin and cangliflozin appear to be not only
safe but also cardioprotective. Regarding their latter effect,
some mechanisms may be considered beyond glycemic control, such as a mild diuretic and natriuretic action which leads
to an increased delivery of sodium to juxtaglomerular apparatus causing constriction of afferent arterioles, and a reduction
of intraglomerular pressure. As a consequence, plasma volume and extracellular fluid decrease, resulting in a reduction
of SBP and DBP. Despite the preload and afterload reduction,
heart rate remains unaffected, a fact that is attributed to a
potential inhibition of the cardiac sympathetic nervous system
[72]. An interesting hypothesis is also the alteration from glucose to fat oxidation in the liver, increasing the produced ketone levels that concentrate and are oxidized by the myocardial cells [72]. Other factors such as weight loss due to
glucosuria, reduced systemic inflammation oxidative stress,
and uric acid levels as well as improvement of arterial stiffness
also contribute to the cardiovascular benefit, although more
data are needed for safe conclusions [72].
In conclusion, SGLT2 inhibitors seem to be beneficial both
for the cardiovascular system and renal function. However,
the higher rates of leg amputations, fractures, and diabetic
ketoacidosis in patients treated with canagliflozin need to be
taken into account when selecting this drug category. Of note,
in a recent study, canagliflozin compared with DPP-4i doubled the possibility of diabetic ketoacidosis but hospitalisation
was rarely observed (HR 2.2, 95% CI 1.4–3.6) [73].

Insulin and CVD risk
It is almost a century since insulin has been used to treat
diabetes, this completely changing the course of the disease
in T1DM patients. In T2DM patients, diet and OADs often
fail to sustain satisfactory euglycaemic targets. In fact, early
introduction of insulin in a T2DM patient’s therapeutic algorithm assists in achievement and maintenance of tight glycemic control which has proven to lower the risk of vascular
complications [74], as long as hypoglycemia episodes are
minimised [75]. Furthermore, possible effects of insulin on
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the cardiovascular system independently of its action on blood
glucose control need to be taken into account. Various insulin
products have been developed and, despite increased cost, the
benefit scale tilts towards newer insulin analogues in regard to
efficacy and safety [76–80].
Today, when we attempt to compare the effect of insulin on
CVD with that of other OADs, we discover a plethora of
observational studies claiming to show insulin’s increased
CVD morbidity and mortality risk association in T2DM patients [48, 81–87, ]. In a recent large open cohort study [86]
including 469,688 patients with T2DM (aged 25–84 years,
19,791 on insulin therapy), insulin use was associated with a
47% increase in all-cause mortality, a 32% increase in the risk
of heart failure, and a 23% increase in the risk of CVD events
compared with no insulin use. Indeed, insulin seemed to have
the most unfavorable results surpassing even sulfonylureas.
On the other hand, all other antidiabetic drugs, except for
insulin and sulfonylureas, significantly reduced the risk for
all the above factors.
In contrast to this observational evidence, the verdict of the
following trials seems to be different. Starting with UKPDS,
which displayed evidence of insulin’s CVD risk reduction
[16], it included no indication of any cardiovascular harm. In
the post-trial 10-year follow-up of the study, the T2DM patient
group that was randomised to insulin therapy demonstrated a
reduction in micro- and macrovasular complications and overall mortality risk [5]. More recently, two RCTs have been
conducted with regard to long-acting insulins and CVD outcomes: the ORIGIN (outcome reduction with initial glargine
intervention) trial and the DEVOTE trial (a trial comparing
cardiovascular safety of insulin degludec versus insulin
glargine in subjects with T2D at high risk of cardiovascular
events). In the ORIGIN study, 12,537 patients with prediabetes or primary T2DM and CVD risk were randomised to insulin glargine 100 IU/mL (n = 6264) or OADs n = 6273) and
omega-3 fatty acids or placebo (mean age 63.5 years, mean
HbA1c 6.4%). The primary endpoint was non-fatal MI, nonfatal stroke or CVD death and these events plus hospitalization or revascularization due to heart failure. The secondary
endpoint was mortality from all causes and microvascular
outcomes. After a median observation time of 6.2 years, there
was no difference in the primary outcome between the groups
of antidiabetic treatment (HR 1.02, 95% CI 0.94–1.11, p =
0.63). Severe hypoglycaemia occurred in 1.00/100 personyears in the insulin glargine group versus 0.31/100 personyears in the OADs group. Moreover, there was greater weight
gain in the glargine group, with no difference in microvascular
outcomes between the groups of antidiabetic treatment [48].
The DEVOTE trial was also a randomised, controlled,
double-blind trial that included 7637 patients with T2DM
(mean age 65 years, mean HbA1c 8.4%) at increased CVD
risk, who were randomized to insulin deglutec (n = 3818) or
insulin glargine (n = 3819) 100 IU/mL injected in a single
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dose after dinner. The primary endpoint was a significant
CVD episode including CVD death, non-fatal stroke, or
non-fatal MI. The secondary endpoint was the number of severe hypoglycemic incidents as well as the alteration of
HbA1c levels. After a mean follow-up time of 1.99 years,
lower rates regarding the primary outcome occurred in the
degludec group (n = 325 or 8.5%) than in the glargine group
(n = 356 or 9.3%) (HR 0.91, 95% CI 0.78–1.06, p < 0.001 for
non-inferiority). Severe hypoglycemic episodes occurred less
often in the deglutec group, with greater reductions in FPG
levels (estimated treatment difference, − 7.2 mg/dL, 95% CI,
− 10.3 to − 4.1, p < 0.001) [88].
In general, long-acting insulin analogues, such as glargine,
have neutral effects with regard to CVD risk and low risk of
hypoglycaemia. Deglutec seems to be superior to glargine in
this regard, although the differences observed in the DEVOTE
trial may be attributed to such factors as the duration of diabetes and the rate of insulin use. It must also be underlined that
the DEVOTE trial lasted only 2 years and patients were at
high risk of CVD, which limits the generalisation of its results.
In conclusion, the CVD safety issues of insulin are still not
fully elucidated given the contradictory evidence from epidemiological studies and RCTs [89]. However, one possible
confounder explaining the unfavorable outcomes of observational data could be the risk profile of the patients who receive
insulin. These are patients not easily controlled with metformin or other OADs and at a more advanced stage of diabetes
progression accompanied by more severe insulin resistance.
This means that this group might already have been at a higher
risk of complications regardless of therapy, also taking into
account the higher risk of hypoglycemia in these patients,
which may augment CVD risk.
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insulin and metformin should be maintained, while other oral
antidiabetic agents should be discouraged in order to avoid
side effects, complexity, and excessive costs. The addition of
a rapid-acting insulin injection before the largest meal, a GLP1 analogue (if not yet added) or alteration to premixed analogue insulin three times per day (injection per meal) can be
used [90].

Conclusions
Both T1DM and T2DM are associated with increased CVD
risk, which seems to be reduced by maintenance of
euglycemic control. Whether it is just a matter of euglycemia
or a distinct role of each antidiabetic drug is a matter of debate.
In this concept, many studies have been published during the
last decade (most during the last 2–3 years), with old and new
antidiabetic agents, yielding contradictory results. Metformin
remains safe and confers a beneficial effect on CVD risk, with
conflicting data regarding sulfonylurea use. Pioglitazone is
beneficial on CVD risk, whereas DPP-4i and, from GLP-1R
agonists, lixisenatide, and exenatide, appear to be safe but
without a reduction in CVD risk. In contrast, liraglutide and
semaglutide, as well as SGLT2 inhibitors, empagliflozin, and
cangliflozin, have shown a significant reduction in CVD risk
and attenuate the deterioration of renal function, except for
their CVD safety. Despite contradictory evidence, insulin analogues and newer long-acting insulins appear also to be safe
for the cardiovascular system. All these data and the exact
mechanisms need to be further validated in future studies.

Compliance with ethical standards

Current recommendations
According to the ADA, metformin accompanied by lifestyle
modification should be considered the initial treatment, unless
it is contraindicated. After a follow-up of 3 months, if HbA1c
levels fail to remain below 9%, dual therapy is initiated. Any
of the aforementioned antidiabetic agents (sulfonylureas, pioglitazone, GLP-1 receptor agonists, DPP-4 inhibitors, SGLT2
inhibitors, basal insulin) can be added after taking the patient’s
individual characteristics into consideration. Each additional
non-insulin agent is estimated to lower HbA1c by 0.7–1%. In
patients with established CVD, empagliflozin and liraglutide
are the most appropriate second-line agents. When dual therapy fails to decrease HbA1c levels below 9% after 3 months
from its initiation, a third agent can be introduced, again based
on its properties and patient characteristics. If failure occurs of
the triple therapy or when HbA1c at initial diagnosis is ≥ 10%
(or blood glucose levels ≥ 300 mg/dL), combination injectable
therapy should be considered. During this therapy, basal

Conflict of interest The authors declare that they have no conflict of
interest.

References
1.

Mulnier HE, Seaman HE, Raleigh VS et al (2008) Risk of myocardial infarction in men and women with type 2 diabetes in the UK: a
cohort study using the General Practice Research Database.
Diabetologia 51:1639–1645
2. de Ferranti SD, de Boer IH, Fonseca V et al (2014) Type 1 diabetes
mellitus and cardiovascular disease: a scientific statement from the
American Heart Association and American Diabetes Association.
Diabetes Care 37:2843–2863
3. Anagnostis P, Majeed A, Johnston DG, Godsland IF (2014)
Cardiovascular risk in women with type 2 diabetes mellitus and
prediabetes: is it indeed higher than men? Eur J Endocrinol 171:
R245–R255
4. Nathan DM, Cleary PA, Backlund JYet al (2005) Intensive diabetes
treatment and cardiovascular disease in patients with type 1 diabetes. N Engl J Med 353:2643–2653

Hormones (2018) 17:83–95
5.

6.

7.

8.

9.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA (2008)
10-year follow-up of intensive glucose control in type 2 diabetes. N
Engl J Med 359:1577–1589
Turnbull FM, Abraira C, Anderson RJ et al (2009) Intensive glucose control and macrovascular outcomes in type 2 diabetes.
Diabetologia 52:2288–2298
Nissen SE, Wolski K (2007) Effect of rosiglitazone on the risk of
myocardial infarction and death from cardiovascular causes. N Engl
J Med 356:2457–2471
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_
events/news/2010/09/news_detail_001119.jsp. Accessed 21 March
2018
Inzucchi SE, Bergenstal RM, Buse JB et al (2015) Management of
hyperglycaemia in type 2 diabetes, 2015: a patient-centred approach. Update to a position statement of the American Diabetes
Association and the European Association for the Study of
Diabetes. Diabetologia 58:429–442
Coperchini F, Leporati P, Rotondi M, Chiovato L (2015) Expanding
the therapeutic spectrum of metformin: from diabetes to cancer. J
Endocrinol Investig 38:1047–1055
Viollet B, Guigas B, Sanz Garcia N, Leclerc J, Foretz M, Andreelli
F (2012) Cellular and molecular mechanisms of metformin: an
overview. Clin Sci (Lond) 122:253–270
DeFronzo RA, Goodman AM (1995) Efficacy of metformin in
patients with non-insulin-dependent diabetes mellitus. The multicenter metformin study group. N Engl J Med 333:541–549
Chan JC, Tomlinson B, Critchley JA, Cockram CS, Walden RJ
(1993) Metabolic and hemodynamic effects of metformin and
glibenclamide in normotensive NIDDM patients. Diabetes Care
16:1035–1038
Grant PJ (2003) Beneficial effects of metformin on haemostasis and
vascular function in man. Diabetes Metab 29:6s44–6s52
Nagi DK, Yudkin JS (1993) Effects of metformin on insulin resistance, risk factors for cardiovascular disease, and plasminogen activator inhibitor in NIDDM subjects. A study of two ethnic groups.
Diabetes Care 16:621–629
1998 Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications
in patients with type 2 diabetes (UKPDS 33). UK Prospective
Diabetes Study (UKPDS) Group. Lancet 352: 837–853
1998 Effect of intensive blood-glucose control with metformin on
complications in overweight patients with type 2 diabetes (UKPDS
34). UK Prospective Diabetes Study (UKPDS) Group. Lancet 352:
854–865
Lamanna C, Monami M, Marchionni N, Mannucci E (2011) Effect
of metformin on cardiovascular events and mortality: a metaanalysis of randomized clinical trials. Diabetes Obes Metab 13:
221–228
Goldberg RB, Aroda VR, Bluemke DA et al (2017) Effect of longterm metformin and lifestyle in the diabetes prevention program and
its outcome study on coronary artery calcium. Circulation 136:52–64
Petrie JR, Chaturvedi N, Ford I et al (2017) Cardiovascular and
metabolic effects of metformin in patients with type 1 diabetes
(REMOVAL): a double-blind, randomised, placebo-controlled trial.
Lancet Diabetes Endocrinol 5:597–609
Ashcroft FM, Gribble FM (1999) ATP-sensitive K+ channels and
insulin secretion: their role in health and disease. Diabetologia 42:
903–919
Proks P, Reimann F, Green N, Gribble F, Ashcroft F (2002)
Sulfonylurea stimulation of insulin secretion. Diabetes 51(Suppl
3):S368–S376
Evans JM, Ogston SA, Emslie-Smith A, Morris AD (2006) Risk of
mortality and adverse cardiovascular outcomes in type 2 diabetes: a
comparison of patients treated with sulfonylureas and metformin.
Diabetologia 49:930–936

93
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

Johnson JA, Majumdar SR, Simpson SH, Toth EL (2002)
Decreased mortality associated with the use of metformin compared with sulfonylurea monotherapy in type 2 diabetes. Diabetes
Care 25:2244–2248
Monami M, Genovese S, Mannucci E (2013) Cardiovascular safety
of sulfonylureas: a meta-analysis of randomized clinical trials.
Diabetes Obes Metab 15:938–953
Varvaki Rados D, Catani Pinto L, Reck Remonti L, Bauermann
Leitao C, Gross JL (2016) The association between sulfonylurea
use and all-cause and cardiovascular mortality: a meta-analysis with
trial sequential analysis of randomized clinical trials. PLoS Med 13:
e1001992
Rao AD, Kuhadiya N, Reynolds K, Fonseca VA (2008) Is the
combination of sulfonylureas and metformin associated with an
increased risk of cardiovascular disease or all-cause mortality?
Diabetes Care 31:1672–1678
Sillars B, Davis WA, Hirsch IB, Davis TM (2010) Sulphonylurea–
metformin combination therapy,cardiovascular disease and allcause mortality: the Fremantle Diabetes Study. Diabetes Obes
Metab 12:757–765
Eriksson JW, Bodegard J, Nathanson D, Thuresson M, Nyström T,
Norhammar A (2016) Sulphonylurea compared to DPP-4 inhibitors
in combination with metformin carries increased risk of severe hypoglycemia, cardiovascular events, and all-cause mortality.
Diabetes Res Clin Pract 117:39–47
Rizos CV, Kei A, Elisaf MS (2016) The current role of
thiazolidinediones in diabetes management. Arch Toxicol 90:
1861–1881
Rizos CV, Liberopoulos EN, Mikhailidis DP, Elisaf MS (2008)
Pleiotropic effects of thiazolidinediones. Expert Opin
Pharmacother 9:1087–1108
Goldberg RB, Kendall DM, Deeg MA et al (2005) A comparison of
lipid and glycemic effects of pioglitazone and rosiglitazone in patients with type 2 diabetes and dyslipidemia. Diabetes Care 28:
1547–1554
Sarafidis PA, Stafylas PC, Georgianos PI, Saratzis AN, Lasaridis
AN (2010) Effect of thiazolidinediones on albuminuria and proteinuria in diabetes: a meta-analysis. Am J Kidney Dis 55:835–847
Dormandy JA, Charbonnel B, Eckland DJ et al (2005) Secondary
prevention of macrovascular events in patients with type 2 diabetes
in the PROactive Study (PROspective pioglitAzone Clinical Trial
In macroVascular Events): a randomised controlled trial. Lancet
366:1279–1289
Kernan WN, Viscoli CM, Furie KL et al (2016) Pioglitazone after
ischemic stroke or transient ischemic attack. N Engl J Med 374:
1321–1331
Vaccaro O, Masulli M, Nicolucci A, et al. 2017 Effects on the
incidence of cardiovascular events of the addition of pioglitazone
versus sulfonylureas in patients with type 2 diabetes inadequately
controlled with metformin (TOSCA.IT): a randomised, multicentre
trial. Lancet Diabetes Endocrinol
Billington EO, Grey A, Bolland MJ (2015) The effect of
thiazolidinediones on bone mineral density and bone turnover: systematic review and meta-analysis. Diabetologia 58:2238–2246
Anagnostis P, Karras SN (2014) Should we stop prescribing pioglitazone? Br J Clin Pharmacol 78:438–439
Pfeffer MA, Claggett B, Diaz R et al (2015) Lixisenatide in patients
with type 2 diabetes and acute coronary syndrome. N Engl J Med
373:2247–2257
Marso SP, Daniels GH, Brown-Frandsen K et al (2016) Liraglutide
and cardiovascular outcomes in type 2 diabetes. N Engl J Med 375:
311–322
Marso SP, Bain SC, Consoli A et al (2016) Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N Engl J
Med 375:1834–1844

94
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.
54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

Hormones (2018) 17:83–95
Holman RR, Bethel MA, Mentz RJ et al (2017) Effects of onceweekly exenatide on cardiovascular outcomes in type 2 diabetes. N
Engl J Med 377:1228–1239
Green JB, Bethel MA, Armstrong PW et al (2015) Effect of
sitagliptin on cardiovascular outcomes in type 2 diabetes. N Engl
J Med 373:232–242
White WB, Cannon CP, Heller SR et al (2013) Alogliptin after
acute coronary syndrome in patients with type 2 diabetes. N Engl
J Med 369:1327–1335
Scirica BM, Bhatt DL, Braunwald E et al (2013) Saxagliptin and
cardiovascular outcomes in patients with type 2 diabetes mellitus. N
Engl J Med 369:1317–1326
Zinman B, Wanner C, Lachin JM et al (2015) Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N Engl J
Med 373:2117–2128
Neal B, Perkovic V, Mahaffey KW et al (2017) Canagliflozin and
cardiovascular and renal events in type 2 diabetes. N Engl J Med
377:644–657
Gerstein HC, Bosch J, Dagenais GR et al (2012) Basal insulin and
cardiovascular and other outcomes in dysglycemia. N Engl J Med
367:319–328
Nauck MA, Meier JJ (2016) The incretin effect in healthy individuals and those with type 2 diabetes: physiology, pathophysiology,
and response to therapeutic interventions. Lancet Diabetes
Endocrinol 4:525–536
Nauck M, Stockmann F, Ebert R, Creutzfeldt W (1986) Reduced
incretin effect in type 2 (non-insulin-dependent) diabetes.
Diabetologia 29:46–52
Drucker DJ (2006) The biology of incretin hormones. Cell Metab 3:
153–165
2017 Erratum. Pharmacologic approaches to glycemic treatment.
Sec. 8. In Standards of Medical Care in Diabetes-2017. Diabetes
Care 2017;40(Suppl. 1);S64-S74. Diabetes Care 40: 985
EMA Assessment report for GLP-1 based therapies 25 July 2013
Amori RE, Lau J, Pittas AG (2007) Efficacy and safety of incretin
therapy in type 2 diabetes: systematic review and meta-analysis.
JAMA 298:194–206
Anagnostis P, Athyros VG, Adamidou F et al (2011) Glucagon-like
peptide-1-based therapies and cardiovascular disease: looking beyond glycaemic control. Diabetes Obes Metab 13:302–312
Vilsboll T, Zdravkovic M, Le-Thi T et al (2007) Liraglutide, a longacting human glucagon-like peptide-1 analog, given as monotherapy significantly improves glycemic control and lowers body weight
without risk of hypoglycemia in patients with type 2 diabetes.
Diabetes Care 30:1608–1610
Garber A, Henry R, Ratner R et al (2009) Liraglutide versus
glimepiride monotherapy for type 2 diabetes (LEAD-3 Mono): a
randomised, 52-week, phase III, double-blind, parallel-treatment
trial. Lancet 373:473–481
Zinman B, Gerich J, Buse JB et al (2009) Efficacy and safety of the
human glucagon-like peptide-1 analog liraglutide in combination
with metformin and thiazolidinedione in patients with type 2 diabetes (LEAD-4 Met+TZD). Diabetes Care 32:1224–1230
Pathak R, Bridgeman MB 2010 Dipeptidyl peptidase-4 (DPP-4)
inhibitors in the management of diabetes. P t 35: 509–513
Rufinatscha K, Radlinger B, Dobner J et al (2017) Dipeptidyl
peptidase-4 impairs insulin signaling and promotes lipid accumulation in hepatocytes. Biochem Biophys Res Commun 485:366–371
Dipeptidyl peptidase 4 inhibitors (2017, August 25) retrieved from
https://www.drugs.com/drug-class/dipeptidyl-peptidase-4inhibitors.html. Accessed 21 March 2018
DPP-4 Inhibitors (Gliptins) (2017, August 25) retrieved from http://
www.diabetes.co.uk/diabetes-medication/dpp-4-inhibitors.html.
Accessed 21 March 2018
Nathan DM (2007) Finding new treatments for diabetes—how
many, how fast... how good? N Engl J Med 356:437–440

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Umpierrez GE, Meneghini L (2013) Reshaping diabetes care: the
fundamental role of dipeptidyl peptidase-4 inhibitors and glucagonlike peptide-1 receptor agonists in clinical practice. Endocr Pract
19:718–728
Avogaro A, Fadini GP (2014) The effects of dipeptidyl peptidase-4
inhibition on microvascular diabetes complications. Diabetes Care
37:2884–2894
Zannad F, Cannon CP, Cushman WC et al (2015) Heart failure and
mortality outcomes in patients with type 2 diabetes taking alogliptin
versus placebo in EXAMINE: a multicentre, randomised, doubleblind trial. Lancet 385:2067–2076
Filion KB, Azoulay L, Platt RW et al (2016) A multicenter observational study of incretin-based drugs and heart failure. N Engl J
Med 374:1145–1154
Chao EC, Henry RR (2010) SGLT2 inhibition—a novel strategy for
diabetes treatment. Nat Rev Drug Discov 9:551–559
Liu XY, Zhang N, Chen R, Zhao JG, Yu P (2015) Efficacy and
safety of sodium-glucose cotransporter 2 inhibitors in type 2 diabetes: a meta-analysis of randomized controlled trials for 1 to 2years. J
Diabetes Complicat 29:1295–1303
Storgaard H, Gluud LL, Bennett C et al (2016) Benefits and harms
of sodium-glucose co-transporter 2 inhibitors in patients with type 2
diabetes: a systematic review and meta-analysis. PLoS One 11:
e0166125
Wanner C, Inzucchi SE, Lachin JM et al (2016) Empagliflozin and
progression of kidney disease in type 2 diabetes. N Engl J Med 375:
323–334
DeFronzo RA, Norton L, Abdul-Ghani M (2017) Renal, metabolic
and cardiovascular considerations of SGLT2 inhibition. Nat Rev
Nephrol 13:11–26
Fralick M, Schneeweiss S, Patorno E (2017) Risk of diabetic
ketoacidosis after initiation of an SGLT2 inhibitor. N Engl J Med
376:2300–2302
Brown A, Reynolds LR, Bruemmer D (2010) Intensive glycemic
control and cardiovascular disease: an update. Nat Rev Cardiol 7:
369–375
Yakubovich N, Gerstein HC (2011) Serious cardiovascular outcomes in diabetes: the role of hypoglycemia. Circulation 123:
342–348
Mannucci E, Monami M, Marchionni N (2009) Short-acting insulin
analogues vs. regular human insulin in type 2 diabetes: a metaanalysis. Diabetes Obes Metab 11:53–59
Monami M, Marchionni N, Mannucci E (2008) Long-acting insulin
analogues versus NPH human insulin in type 2 diabetes a metaanalysis. Diabetes Res Clin Pract 81:184–189
Rathmann W, Kostev K (2013) Lower incidence of recorded cardiovascular outcomes in patients with type 2 diabetes using insulin
aspart vs. those on human regular insulin: observational evidence
from general practices. Diabetes Obes Metab 15:358–363
von Bibra H, Siegmund T, Kingreen I, Riemer M, Schuster T,
Schumm-Draeger PM (2016) Effects of analogue insulin in multiple daily injection therapy of type 2 diabetes on postprandial glucose control and cardiac function compared to human insulin: a
randomized controlled long-term study. Cardiovasc Diabetol 15:7
Svensson AM, Miftaraj M, Franzen S, Eliasson B (2017) Clinical
effects, cardiovascular and renal outcomes associated with rapidacting insulin analogs among individuals with type 2 diabetes: a
nation-wide observational cohort study. Clin Diabetes Endocrinol 3:5
Currie CJ, Peters JR, Tynan A et al (2010) Survival as a function of
HbA(1c) in people with type 2 diabetes: a retrospective cohort
study. Lancet 375:481–489
Currie CJ, Poole CD, Evans M, Peters JR, Morgan CL (2013)
Mortality and other important diabetes-related outcomes with insulin vs other antihyperglycemic therapies in type 2 diabetes. J Clin
Endocrinol Metab 98:668–677

Hormones (2018) 17:83–95
83.

84.

85.

86.

Ekstrom N, Svensson AM, Miftaraj M et al (2016) Cardiovascular
safety of glucose-lowering agents as add-on medication to metformin treatment in type 2 diabetes: report from the Swedish National
Diabetes Register. Diabetes Obes Metab 18:990–998
Gamble JM, Chibrikov E, Twells LK et al (2017) Association of
insulin dosage with mortality or major adverse cardiovascular
events: a retrospective cohort study. Lancet Diabetes Endocrinol
5:43–52
Gamble JM, Simpson SH, Eurich DT, Majumdar SR, Johnson JA
(2010) Insulin use and increased risk of mortality in type 2 diabetes:
a cohort study. Diabetes Obes Metab 12:47–53
Hippisley-Cox J, Coupland C (2016) Diabetes treatments and risk
of heart failure, cardiovascular disease, and all cause mortality:
cohort study in primary care. BMJ 354:i3477

95
87.

88.

89.

90.

Roumie CL, Greevy RA, Grijalva CG et al (2014) Association
between intensification of metformin treatment with insulin vs sulfonylureas and cardiovascular events and all-cause mortality among
patients with diabetes. JAMA 311:2288–2296
Marso SP, McGuire DK, Zinman B et al (2017) Efficacy and safety
of degludec versus glargine in type 2 diabetes. N Engl J Med 377:
723–732
Potenza MA, Addabbo F, Montagnani M (2009) Vascular actions of
insulin with implications for endothelial dysfunction. Am J Physiol
Endocrinol Metab 297:E568–E577
American Diabetes Association (2018) Pharmacologic approaches
to glycemic treatment: Standards of medical care in diabetes-2018.
Diabetes Care 41(Suppl 1):S73–S85

