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An important challenge in the management of patients
with type 2 diabetes is cardiovascular disease (CVD) pre-
vention. While it is well established that intensive glyce-
mic control prevents the onset and slows the progression
of certain microvascular complications, such a strategy
utilized inmultiple clinical trials over the past few decades
has failed to show a similar benefit with regard to cardio-
vascular events, includingmortality. Despite this, amajor
hope has been the discovery of glucose-lowering medica-
tions that simultaneously improve cardiovascular out-
comes. Over the past year and a half, four randomized
clinical trials (involving empagliflozin, pioglitazone,
liraglutide, and semaglutide) have reported important
benefits in preventing adverse cardiovascular outcomes
in patients with or at risk for type 2 diabetes and
established CVD. On the basis of these landmark trials,
we propose that a paradigm shift in the management of
patients with type 2 diabetes, specifically in those with
prior macrovascular disease. A transition from current
algorithms based primarily on hemoglobin A1c values to
a more comprehensive strategy additionally focused on
CVD prevention seems warranted.
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INTRODUCTION

Among many individuals with type 2 diabetes (T2DM), an
important challenge faced by both patients and the clinicians
caring for them is cardiovascular disease (CVD), the main
cause of excess mortality in this group. Although a strategy
of intensive glycemic control aimed at reducing hemoglobin
A1c (HbA1c) to normal or near-normal levels has been shown
to improve certain microvascular outcomes, to the befuddle-
ment of many diabetes researchers and clinicians, it has failed
to substantially reduce the risk of cardiovascular (CV) mortal-

ity and other adverse CVevents such as myocardial infarction
and stroke. Moreover, several glucose-lowering compounds,
including some of the most widely prescribed agents, may
promote adverse effects including hypoglycemia, weight gain,
and fluid retention, which may have deleterious effects on the
CV system. In addition, the traditional stepwise addition of
medications over long intervals in order to achieve glycemic
control may lead to prolonged periods of exposure to high
glucose concentrations, increasing the risk of microvascular
complications.
Ultimately, the main objectives in the management of pa-

tients with T2DM are to extend patients’ survival in good
health and to improve their quality of life. Therefore, what is
needed in the treatment of these patients, in addition to optimal
control of their glycemia, blood pressure, and lipids in a
multifaceted fashion, are medications that reduce CVD events
and extend life, ideally without causing high rates of hypogly-
cemia and/or weight gain. Indeed, the Bholy grail^ of T2DM
therapy for several decades has been the discovery of glucose-
lowering medications that simultaneously improve CV out-
comes. The primary focus of this article is to discuss this
emerging concept in the management of T2DM, based on
important data from recent CVoutcome trials.
We propose that a paradigm shift needs to occur in the

management of patients with T2DM, specifically those with
established CVD. Our conventional monocular focus on the
reduction of HbA1c should evolve into a more comprehensive
approach that incorporates CVD prevention. In this new para-
digm, the selection of glucose-lowering agents will be individu-
alized based on patients’ CVrisk and their likelihood of realizing
substantial clinical benefit on the basis of emerging evidence.

PREVIOUS STUDIES ON THE EFFECT OF INTENSIVE
GLYCEMIC CONTROL ON CVD OUTCOMES

The most widely used glucose-lowering agent, metformin, is
often thought of as being vasculoprotective, but the evidence
basis is not robust. This notion stems from three comparatively
small trials, including the United Kingdom Prospective Dia-
betes Study (UKPDS)1–3 which were conducted largely in the
pre-statin era and compared metformin with diet alone or older
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sulfonylurea agents, drugs that may aggravate CV risk in cer-
tain settings.4 Large observational studies have also suggested
potential CV benefits of metformin over sulfonylureas.5

Several large randomized controlled trials using intensive
blood glucose control strategies aimed at the prevention of
CVD in patients with newly diagnosed or well-established
T2DM have failed to show any significant benefit.6–9 Howev-
er, they all demonstrated prevention (and/or slowing of pro-
gression) of microvascular outcomes, especially retinopathy
and nephropathy (specifically albuminuria). The UKPDS test-
ed the effect of intensive glucose control in patients newly
diagnosed with T2DM,6 while three more recent large trials
enrolled older patients with established diabetes (10–12 years
duration) with either prior CVD or multiple CVD risk fac-
tors.7–9 None of these trials demonstrated any significant
reduction in the risk of CV mortality or other adverse CV
events, including MI, stroke, and heart failure. In fact, in the
Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial, there was an increase in overall mortality
and in CVD-related deaths in the intensive group.9 Notably,
these studies all revealed an increase in severe hypoglycemic
events with more intensive glycemic control, although the
relationship between these events and CV outcomes remains
unclear. Long-term observational studies of patients enrolled
in the UKPDS and the Veterans Affairs Diabetes Trial (VADT)
demonstrated a modest reduction in the risk of non-fatal MI in
the groups previously assigned to intensive glucose manage-
ment,10, 11 while the same was not observed in extended
follow-up of the ACCORD cohort.12 Importantly, none of
these studies (including their long-term observational exten-
sions) were able to reveal any significant decrease in all-cause
or CV-related mortality. Although they demonstrated im-
provements in certain predefined microvascular outcomes (es-
pecially retinopathy), only one of these large trials showed a
slight reduction in end-stage renal disease (ESRD), with a
number needed to treat of 194 patients over 9.9 years to
prevent one event.13

Based on this evidence, it is clear that in patients with
T2DM of either short or long duration, intensive glucose-
lowering strategies have little or no effect on the important
major challenge in T2DM management, namely prolonging
survival and reducing CVevents.

RESULTS OF RECENT CV OUTCOME TRIALS USING
SPECIFIC GLUCOSE-LOWERING MEDICATIONS

In 2008, the US Food and Drug Administration (FDA) pub-
lished a Guidance for Industry focused on the CV safety of
glycemia-lowering drugs, and as a result, the past decade has
seen a notable increase in the number and size of CVoutcome
trials evaluating glucose-lowering compounds for treatment of
T2DM. The primary focus of these studies has been CV safety,
leading to the selection of patients at high risk for CVD and
intentional minimization of differences in glycemia between

drug and placebo. Thus an agent would have to exhibit a
marked pleiotropic (and presumably non-glycemic) effect in
order to yield a significant CVD benefit within the short time
course of a typical CV safety trial. It is not surprising, then,
that a number of these studies14–17 demonstrated what they
were primarily designed to demonstrate—non-inferiority
compared to placebo and confirmation of CV safety—but
showed no clinical benefit beyond HbA1c lowering. The hope
that some of the agents would produce meaningful clinical CV
benefits in addition to glycemic control remained unfulfilled.
In the last year and a half, however, we have witnessed four

major clinical trials that have found a convincing benefit of
several glucose-lowering medications on CV outcomes, each
without increasing the risk of hypoglycemia. Importantly, in
two of these studies, there were significant reductions in CV
and total mortality.
We will briefly review the results of these studies, including

recent data on the use of a peroxisome proliferator-activated
receptor (PPAR) gamma agonist (pioglitazone), a sodium glu-
cose cotransporter-2 (SGLT2) inhibitor (empagliflozin), and two
glucagon-like peptide-1 (GLP-1) receptor agonists (liraglutide
and semaglutide). These data address a major challenge in the
care of the patient with T2DM—improving CVoutcomes. Im-
portant baseline characteristics of patients enrolled in these
studies, along with the primary and all-cause mortality and
CVD-related secondary outcomes, are summarized in Table 1.

Pioglitazone

Thiazolidinediones (TZDs) exhibit potent insulin-sensitizing
properties and reduce HbA1c without increasing hypoglyce-
mia. Insulin resistance, a very common finding in T2DM, was
for decades associated with increased CV risk irrespective of
the presence or absence of hyperglycemia.23 The Prospective
Pioglitazone Clinical Trial in Macrovascular Events
(PROactive) in 2005 found that pioglitazone (a TZD) reduced
the secondary outcome of major CV adverse events (a com-
posite of all-cause mortality, non-fatal MI, and non-fatal
stroke) in patients with T2DM with established CVD.24 How-
ever, its primary outcome, a broader composite outcome that
included peripheral vascular disease events, was not signifi-
cantly reduced. Also, the use of pioglitazone resulted in a
higher rate of heart failure hospitalizations, calling into ques-
tion the overall CV risk–benefit ratio of this therapy. Subse-
quently, data emerged suggesting that another TZD,
rosiglitazone, might increase the risk of myocardial infarc-
tion25 (a suggestion that was not confirmed by a follow-up
large randomized trial26), that both TZDs increased fracture
rates in women, and that pioglitazone might be associated with
an increased risk for bladder cancer. As a result, the once
popular TZDs were relegated to almost niche status.
In the midst of this uncertainty, the Insulin Resistance Inter-

vention after Stroke (IRIS) trial was under way.19 Previous data
had linked increased risk for stroke with insulin resistance even
in individuals without diabetes.27 Post hoc analysis of the
PROactive trial showed that use of pioglitazone resulted in a
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major reduction in new stroke events in participants with prior
stroke at enrollment,28 and reduced the rates of fatal and non-
fatal MI in those with prior MI at trial entry.29

In the IRIS trial, 3876 non-diabetic patients with recent stroke
or transient ischemic attack (TIA) and insulin resistance based
on the homeostasis model equation (HOMA > 3.0) were ran-
domized to pioglitazone (titrated up to 45 mg daily) or placebo.
The mean follow-up was nearly 5 years.19 Participants were
older (mean age 63.5 years), and were mostly overweight or
obese (mean BMI of approximately 30 kg/m2). Mean fasting
plasma glucose was 98 mg/dl and mean HbA1c was 5.8%; a
majority of the study cohort had prediabetes.
The primary outcome was time to first event for fatal and

non-fatal stroke or myocardial infarction (MI), which was
reduced in patients on active therapy from 11.8% to 9.0%
(HR = 0.24; p = 0.007). A key secondary endpoint of progres-
sion to T2DM was reduced from 7.7% to 3.8% (HR = 0.48;

p < 0.001),30 confirming a potent diabetes prevention effect of
the class, as had been shown by others.31

As in prior studies, pioglitazone was associated with
certain side effects, including weight gain and edema.
Serious bone fractures were also more common in those
randomized to pioglitazone (5.1% vs. 3.2%, p = 0.003).
There was no increase in the risk for any cancer. Heart
failure was not significantly increased, perhaps due to
the exclusion of patients with established heart failure at
enrollment and a dose adjustment algorithm for patients
who developed weight gain or edema.
These data appeared to confirm the results of PROactive

from more than 10 years earlier showing that this TZD had a
positive effect on atherosclerotic CVoutcomes in patients with
established CVD, with IRIS extending this observation to
insulin-resistant but still non-diabetic (and often prediabetic)
patients.

Table 1 Baseline Characteristics of Participants, Primary Outcome, All-Cause Mortality, and CVD-Related Secondary Outcomes

EMPA-REG OUTCOME
N = 7020

IRIS
N = 3876

LEADER
N = 9340

SUSTAIN-6
N = 3297

Empagliflozin
N = 4687

Placebo
N = 2333

Pioglitazone
N = 1939

Placebo
N = 1937

Liraglutide
N = 4668

Placebo
N = 4672

Semaglutide
N = 1648

Placebo
N = 1649

Baseline features
Age (years) 63.1 ± 8.6 63.2 ± 8.8 63.5 ± 10.6 63.5 ± 10.7 64.2 ± 7.2 64.4 ± 7.2 64.7 ± 7.2** 64.6 ± 7.6**
Male sex (%) 71.2 72.0 66.7 64.3 64.5 64.0 61.5 60.0
White race (%) 72.6 71.9 83.9* 85.0* 77.5‡ 77.5‡ 84.0 82.0
BMI (kg/m2) 30.6 ± 5.3 30.7 ± 5.2 29.9 ± 5.6 30.0 ± 5.3 32.5 ± 6.3 32.5 ± 6.3 32.8 ± 6.2** 32.8 ± 6.2**
HbA1c (%) 8.1 ± 0.9 8.1 ± 0.8 5.8 ± 0.4 5.8 ± 0.4 8.7 ± 1.6 8.2 ± 1.5 8.1 ± 1.5** 8.7 ± 1.5**
Prevalent CVD (%) 99.4 98.9 99.9* 99.8* 82.1 80.6 82.1 83.8
Heart failure (%) 9.9 10.5 0.8* 0.5* 17.9 17.8 23.1 24.0
Metformin therapy (%) 73.8 74.3 0.1* 0.2* 75.8 77.1 73.5 73.0
Insulin therapy (%) 48.0 48.6 0.0* 0.0* 43.7 45.6 58.0 58.0
Blood pressure

(mmHg)
135/77
(±17/10)

136/77
(±17/10)

133/79
(±18/11)

133/79
(±17/11)

136/77
(±18/10)

136/77
(±18/10)

136/77
(±17/10)**

135/77
(±17/10)**

ACEI or ARB (%) 81.0 80.1 56.4 54.6 83.7§ 82.1§ 83.6§ 83.4§

LDL-cholesterol
(mg/dl)

85.9 ± 36 84.9 ±
35.3

87.6 ± 31.5 87.9 ± 31.5 90.0 ±
36.5‡

90.1 ±
36.1‡

82.5 ±
44.2**

82.3 ±
47.0**

Statin therapy (%) 77.4 76.0 82.5 82.4 72.9 71.4 72.8 72.3
Aspirin therapy (%) 82.7 82.6 92.0 92.3 63.8 62.1 63.8 64.3
eGFR <60 (%) 26.0 25.9 NR NR 23.9 22.3 28.5 28.5
Albuminuria (%) 39.5 39.8 NR NR 36.4∥ 37.6∥ NR NR

Main trial outcomes
Primary outcome 3-Point MACE

HR = 0.86 (0.74–0.99)
Fatal/non-fatal MI or stroke
HR = 0.76 (0.62–0.93)

3-Point MACE
HR = 0.87
(95% CI, 0.78–0.97)

3-Point MACE
HR = 0.74
(95% CI, 0.58–0.95)

Secondary outcomes
CV mortality 0.62 (0.49–0.77) 0.79 (0.48, 1.31)† 0.78 (0.66–0.93) 0.98 (0.65–1.48)
All-cause mortality 0.68 (0.57–0.82) 0.93 (0.73–1.17) 0.85 (0.74–0.97) 1.05 (0.74–1.50)
MI 0.87 (0.70–1.09) 0.87 (0.70–1.09)† 0.88 (0.75–1.03) 0.74 (0.51–1.08)¶

Stroke 1.18 (0.89–1.56) 0.82 (0.61–1.10) 0.89 (0.72–1.11) 0.61 (0.38–0.99)¶

HF hospitalization 0.65 (0.50–0.85) 1.22 (0.81–1.84)† 0.87 (0.73–1.05) 1.11 (0.77–1.61)

Data are from the following trials: EMPA-REG OUTCOME,18 IRIS,19 LEADER,20 and SUSTAIN-6.21

N = number; CVD = cardiovascular disease; ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; LDL = low-
density lipoprotein; eGFR = estimated glomerular filtration rate; MACE = major adverse cardiovascular events; HF = heart failure; NR = not reported
*Personal communication, C. Viscoli, January 23, 2017
†In IRIS, the endpoint definitions varied slightly from those of the other trials. The data shown are for the pre-specified adjudicated outcomes closest to
CV mortality (Bfatal MI or stroke^), MI (Bacute coronary syndrome [ACS]^), and HF hospitalization (Bserious HF^)
‡Novo Nordisk LEADER clinical trial report
§Percentages do not account for dual ACEI-ARB therapy
∥Mann J. Kidney Week 2016, November 15–20, 2016, Chicago, IL22
¶Non-fatal events only
**Values approximated from individual dosing groups presented in original manuscript
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Empagliflozin

SGLT2 inhibitors are relatively new glucose-lowering agents
that promote urinary glucose excretion32; they rarely cause
hypoglycemia unless used in combination with sulfonylureas
or insulin. In addition, these drugs have modest beneficial
effects on systolic blood pressure, likely related to their diuret-
ic properties, and on body weight, resulting from chronic
calorie loss. In the first CV outcome trial to report with this
category of medications, EMPA-REG OUTCOME,18

empagliflozin showed a modest reduction in the primary com-
posite outcome of death from CV causes, nonfatal MI, or
nonfatal stroke (major adverse cardiovascular events; MACE)
from 12.5% to 10.5% (HR = 0.86 [p = 0.04]). Although not an
extraordinary degree of risk reduction, this was still notable,
because it represented the first time that any single diabetes
drug had unequivocally improved overall CV outcomes in a
large trial involving high-risk individuals. Even more impres-
sive was the fact that the component that drove the overall
reduction in MACE was CV mortality, which was markedly
reduced, from 5.9% to 3.7% (HR = 0.62 [p < 0.0001]). All-
cause mortality was also cut by 32% (p < 0.0001) with active
therapy. The other MACE components (non-fatal MI
[HR = 0.87; p = 0.22] and non-fatal stroke [HR = 1.24;
p = 0.16]) were not significantly affected. Among several
secondary endpoints, notable was a significant 35% reduction
in heart failure hospitalization. In a subsequent report, it ap-
peared that the reduced incidence of hospitalization due to
heart failure was seen in patients both with and without
established heart failure at baseline, suggesting that the drug
may not only improve the progression of heart failure but
could also prevent its development.33 All the CV benefits
occurred, somewhat surprisingly, within a short time period,
with event curve divergence within 1–2 months, and persisted
over the median follow-up of 3.1 years. More recently report-
ed was another clinically significant secondary outcome: a
reduction in incident or worsening nephropathy (composite
of progression to macroalbuminuria, doubling of serum creat-
inine level, initiation of renal replacement therapy, death from
renal disease), from 18.8% to 12.7% (HR = 0.61;
p < 0.0010).34

Based on these findings, the US FDA recently allowed a
label change for this compound, now including a new indica-
tion for the reduction in CV mortality in patients with T2DM
and established CVD. The American Diabetes Association
(ADA) also recently recommended consideration of its use
in this subgroup of patients.35 Additional CV outcome trials
with two other SGLT2 inhibitors, canagliflozin and
dapagliflozin, are currently under way and include patients
both with and without prior CVD.
There is much speculation concerning the possible mecha-

nisms underlying these benefits, but few data exist. The early
separation of the event curves for CV mortality and heart
failure hospitalization suggests that the effect is not mediated
through slowing of the atherosclerotic process. It is tempting
to consider that the CV mortality benefits were simply due to

the diuretic properties of this SGLT2 inhibitor, particularly in
light of the positive heart failure outcomes. However, the vast
majority of the trial participants did not have heart failure at
baseline, and death directly related to heart failure constituted
less than 10% of all fatal CV outcomes. What is clear, how-
ever, is that the observed CV and renal benefits of
empagliflozin had little to do with glucose lowering, given
the minor difference in HbA1c between the empagliflozin-
and placebo-treated patients during the study (approximately
−0.4%).

Liraglutide and Semaglutide

GLP-1 receptor agonists are injectable agents that lower blood
glucose via several mechanisms: they increase glucose-
dependent insulin secretion, lower postprandial glucagon
levels, slow gastric emptying, and cause satiety and reduced
food intake.36 They do not, however, increase the risk of
hypoglycemia unless used in combination with sulfonylureas
or insulin. Additional potential benefits include weight loss
and a modest reduction in systolic blood pressure.
The Liraglutide Effect and Action in Diabetes: Evaluation

of Cardiovascular Outcome Results (LEADER) trial was a
multi-center placebo-controlled trial that evaluated the effects
of liraglutide, a once daily GLP-1 receptor agonist, on CV
outcomes in patients with T2DM.20 Two key subgroups of
patients were included: those aged 50 years or older with
established CVD, and those aged 60 years or older with at
least one risk factor for CVD. Patients were randomly
assigned to 1.8 mg liraglutide or matching placebo adminis-
tered subcutaneously, with a median follow-up of 3.8 years.
The primary endpoint was time to the first MACE event.
Liraglutide demonstrated a modest reduction of the primary

MACE endpoint, from 14.9% to 13.0% (HR = 0.87; p = 0.01).
Importantly, the rates of CV deaths and all-cause mortality were
also reduced in liraglutide-treated patients, from 6.0% to 4.7%
(HR = 0.88; p = 0.007) and from 9.6% to 8.2% (HR = 0.85;
p = 0.02), respectively. Rates of non-fatalMI and non-fatal stroke
and hospitalizations for heart failure were not significantly affect-
ed, however. Use of the agent was also associated with decreased
risk of new onset macroalbuminuria. Of note, the ADA also
recently recommended consideration of the use of this GLP-1
receptor agonist in patients with T2DM and history of CVD.35

The Trial to Evaluate Cardiovascular and Other Long-term
Outcomes with Semaglutide in Subjects with Type 2 Diabetes
(SUSTAIN-6) was a multi-center, randomized, placebo-
controlled trial designed to evaluate the effects of
semaglutide—an investigational once-weekly GLP-1 receptor
agonist—on CVoutcomes in patients with T2DM.21 The prima-
ry outcome here was also time to the first MACE event. Patients
were stratified into two key subgroups similar to the LEADER
trial (see above), and were randomly assigned to either 0.5 mg or
1.0 mg once-weekly semaglutide or placebo, administered sub-
cutaneously, and were followed for a median of 2.1 years.
Semaglutide significantly reduced the primary MACE out-

come, from 8.9% to 6.6% (HR = 0.74; p = 0.02), due to an
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additive beneficial effect on non-fatal MI (HR = 0.84;
p = 0.12) and non-fatal stroke (HR = 0.61; p = 0.04). However,
there was no significant difference between semaglutide and
placebo in rates of CV death or all-cause mortality. Use of the
agent was also associated with decreased risk of new onset
macroalbuminuria. However, for unclear reason, rates of reti-
nopathy complications were significantly higher with
semaglutide than with placebo (HR = 1.76; p = 0.02).
Similar to the results of the EMPA-REG OUTCOME trial,

the mechanism(s) of CV benefit in the LEADER and
SUSTAIN-6 trials are not known; however, a few observations
and comparisons are worth pointing out. The reductions in CV
and all-cause mortality using liraglutide were less profound
than those observedwith empagliflozin, and took considerably
longer to emerge. These findings, along with the fact that all
components of the MACE composite and the secondary end-
point of coronary revascularization trended in favor of
liraglutide, suggest that, in contrast to empagliflozin, the
mechanisms of CV benefit from the GLP-1 receptor agonists
involve atherosclerosis. The samemay be said for semaglutide
in SUSTAIN-6, with effects on MACE emerging after
12 months of follow-up. In addition, although caution must
be exercised when interpreting subgroup analyses, the benefit
of both liraglutide and semaglutide on the primary endpoint
was significant only in the pre-specified subgroup of patients
with established CVD, and not in those with risk factors only.

Summary of Effects of the Above Agents

Figure 1 lists the major effects of the medications used in
the above trials. Importantly, the four medications
reviewed all reduce CVD events in persons with a
history of CVD. Two compounds (empagliflozin and
liraglutide) significantly reduced CV and all-cause mor-
tality. Hospitalization due to heart failure was increased
with the use of pioglitazone in earlier trials, but this was
not observed in IRIS, which, as mentioned, excluded
those with heart failure at enrollment and allowed for
dose down-titration for fluid retention-related side ef-
fects. Hospitalization for heart failure was less frequent-
ly with empagliflozin, and there was a neutral effect
with liraglutide and semaglutide. All four agents are

associated with fewer hypoglycemic events compared
to prior experience with sulfonylureas and insulin. With
the exception of pioglitazone, the medications discussed
also reduce body weight but are costly.

CONCLUSIONS

Treatment of T2DM is undergoing a major transformation that
holds the promise of improved outcomes for patients. For
decades, more intensive glucose control strategies have failed
to positively impact what are important outcomes for this
group, namely CV events and mortality. Now, in less than a
2 year span of time, four large clinical trials evaluating four
different glucose-lowering drugs have convincingly demon-
strated CV benefits. Moreover, taken in the context of previ-
ous CVD outcome studies in patients with T2DM undergoing
intensification of glucose control, achieving relatively large
HbA1c reductions up to 1.6%, the effect of these medications
is almost certainly mediated by mechanisms other than glu-
cose lowering, given the comparatively modest decreases in
HbA1c observed in these studies between the active therapy
and placebo groups.
Based on the above recent findings, the time may have

arrived for a paradigm shift in our thinking and our approach
to the management of T2DM, with a focus not only on
effective glycemic control, but also on whether the agents
reduce CV risk. Figure 2 shows the spectrum of CVD as
manifested by patients with T2DM and the corresponding
clinical trial evidence involving the seven major categories
of glucose-lowering drugs. Because the main goal in treating
patients with T2DM is to prolong healthy life and improve its
quality, and since CVD is the leading cause of increased
mortality and morbidity in patients with T2DM, glycemia-
lowering treatments that have been proven to lower CV and
all-cause mortality and to reduce CV complications should
now be prioritized in individuals with overt CVD.
Therefore, the current algorithms for management of

T2DM that are based primarily on HbA1c values ought to
shift towards a new paradigm—one in which the patients’
cardiovascular risk and their likelihood of realizing a CVD
benefit are incorporated into the glucose-lowering drug

Figure 1 Risk of CVD outcomes, CVD-related and all-cause mortality, key side effects, and cost associated with use of listed agents. Data are
from the following trials: IRIS (pioglitazone),19 EMPA-REG OUTCOME (empagliflozin),18 LEADER (liraglutide),20 and SUSTAIN-6

(semaglutide).21 Downward arrows (green) indicate a reduction, and upward arrows (red) indicate an increase; horizontal arrows (yellow)
indicate neutral effect. *Denotes major adverse cardiovascular events, most commonly a composite of cardiovascular death, nonfatal MI, and
nonfatal stroke. †Denotes hospitalization due to heart failure. ‡Risk for severe hypoglycemia is compared to that observed in patients using

sulfonylureas or insulin. ∮Based on several studies using pioglitazone (excluding IRIS). aCost assumed since drug is not yet marketed.
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selection process. Guideline committees will need to consider
whether agents proven to improve important clinical out-
comes, including mortality, should now be preferred as a
secondary prevention strategy in patients with T2DM and
established CVD. An opinion piece with views similar to
those expressed in this article was published recently.38

We look forward to the results of studies with these and
other SGLT2 inhibitors and GLP-1 receptor agonists to better
understand whether the improved outcomes found thus far
might also apply to other members of these medication
classes. In addition, we anticipate results of the next gener-
ation of trials using these drugs at earlier stages of T2DM,
especially in patients without prevalent CVD. Further study
is also now needed to explore the effects on hard clinical
outcomes of combining classes of compounds with possible
complementary benefits.23 Of course, a rate-limiting step in
the implementation of any new recommendations favoring
non-generic medications is their high cost. We encourage the
pharmaceutical industry and pharmaceutical benefit plans to
work with insurers to assist large populations of patients
with T2DM and CVD in improving their access to these
treamtents.
As always, individualization of goals and therapy should

continue to play a central role in decision-making. In choosing
a therapeutic regimen, we should continue to consider, in
addition to prevalent CVD, each patient’s capabilities, fi-
nances, living situation, support systems, cognitive status,
other comorbidities, and life expectancy, while implementing
shared decision-making.39, 40 However, we expect that apply-
ing an updated paradigm for the management of T2DM in
clinical practice will likely result in longer and healthier sur-
vival for patients afflicted with this disease.
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ITEMS FOR THE BOX

1. A major challenge faced by patients with type 2 diabetes
and clinicians caring for them is cardiovascular disease
(CVD), the main cause of excess mortality in this group.

2. More intensive glycemic control improves certain micro-
vascular outcomes but has not substantially reduced the

Figure 2 Indications and CVevidence of glucose-lowering agents in type 2 diabetes. Arrow bar denotes patient category in which the medication
class is currently indicated. Green indicates effectiveness (i.e., reduced CVevents), yellow indicates CV neutrality, and no color indicates lack of
CV data from randomized clinical trials, as interpreted by the authors. For CV effectiveness, the specific types of events reduced are also listed
(MACE = major adverse CV events; CVM = CV mortality; HHF = hospitalization for heart failure.) *Metformin effectiveness demonstrated in
UKPDS-34 (n = 1704),1 Kooy et al. (n = 390),2 and SPREAD-DIMCAD (n = 304).3 †Sulfonylurea safety demonstrated for glibenclamide and
chlorpropamide in UKPDS-33 (n = 3867).6 ‡ For thiazolidinediones, safety shown for rosiglitazone for patients with CV risk factors (RECORD,
n = 4447)25 and effectiveness shown for pioglitazone in PROactive (n = 5238)23 and IRIS (insulin-resistant stroke population with no diabetes,
n = 3876.).19 Contraindicated in heart failure. § Dipeptidyl peptidase-4 (DPP-4) inhibitor safety shown for saxagliptin (SAVOR-TIMI 53,

n = 16,492),14 alogliptin (EXAMINE, n = 5380),15 and sitagliptin (TECOS, n = 14,671).16 SAVOR found an increased HHF with saxagliptin,
with a similar trend in EXAMINE; current guidelines caution the use of saxagliptin and alogliptin in heart failure patients. ll SGLT2 inhibitor
effectiveness demonstrated for empagliflozin in EMPA-REG OUTCOME (n = 7020)18; although HHF was reduced in that study, the drug has
not yet been tested in a dedicated heart failure study. ¶ Only GLP-1 receptor agonist effectiveness demonstrated for liraglutide (MACE, CVM)
in LEADER (n = 9340)20 and the investigational semaglutide (MACE only) in SUSTAIN-6 (n = 3297).21 ** Insulin safety shown in UKPDS-33

(n = 3867)6 and ORIGIN (n = 12,537).37 Acute in-hospital studies are not considered.
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risk of cardiovascular (CV) mortality and other adverse
CVevents such as myocardial infarction and stroke.

3. Based on the results of recent trials, the use of
medications now proven to reduce CV complications
should be prioritized in patients with established CVD,
while continuing a multifaceted approach for controlling
hypertension and dyslipidemia.

4. We anticipate future trials using SGLT2 inhibitors or
GLP-1 receptor agonists at earlier stages of type 2
diabetes, especially in those without prevalent CVD.

5. Current algorithms for the management of type 2
diabetes based primarily on HbA1c values ought to shift
towards a new paradigm that incorporates patients’ CV
risk and their likelihood of realizing a CVD benefit into
the glucose-lowering drug selection process.
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