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Abstract
Purpose of Review With recent cardiovascular outcome trial (CVOT) results for antihyperglycemic medications, the treatment
algorithm for patients with type 2 diabetes (T2DM) and atherosclerotic vascular disease (ASCVD) requires revision.
Recent Findings All completed CVOTs have demonstrated CV safety of the tested medications, with some trials demonstrating
CVefficacy. While metformin remains the first-line recommended medication for T2DM, 18–37% of the patients enrolled in the
completed CVOTs were not treated with metformin, providing substantial power to assess CVoutcomes independent of met-
formin. The safety and tolerability of metformin are indisputable, but there are no robust data proving its efficacy for either macro
ormicrovascular disease outcomes.We should reconsider the primacy ofmetformin in the management of T2DM in patients with
ASCVD.
Summary This article will review the evidence for CV effects of antihyperglycemic agents (AHAs), and propose an evidence-
based treatment algorithm for patients with T2DM and ASCVD.
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Introduction

Type 2 diabetes mellitus (T2DM) is one of the most prevalent
chronic diseases in the world, affecting over 30 million

individuals, over 10% of the adult population in the USA
and almost 10% of adults worldwide [1–3]. Cardiovascular
disease (CVD) is a major complication of T2DM and cardio-
vascular (CV) mortality is the single most common cause of
death in a patient with T2DM [4–10]. A major aim of T2DM
therapy should therefore be to reduce CV events and deaths.
For decades, this imperative was limited by a dearth of avail-
able therapies for T2DM: until the 1990s, only insulin and
sulfonylureas were available in the USA and metformin else-
where. In 1995, metformin was approved for use in the USA,
and following its introduction, the number of T2DM therapies
available began to grow rapidly, with a new class of T2DM
medication emerging into the marketplace on average every
other year over the 2 decades since. Until 2008, regulatory
requirements for approval of antihyperglycemic medications
(AHAs) were restricted to proving effectiveness on lowering
glycated hemoglobin (HbA1c) and short-term safety: there
were no trials adequately powered to evaluate cardiovascular
safety or efficacy. In 2008, increasing concern over the CV
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safety of AHAs such as rosiglitazone [11], pioglitazone [12],
tolbutamide (in fact, all sulfonylureas) [13–15], and
muraglitazar [16] prompted the FDA to announce in
December 2008 new guidance that all AHAs for T2DM must
henceforth demonstrate CV safety; the European Medicines
Agency (EMA) concomitantly put forward similar guidance
[17–19].

In the wake of the 2008 change in regulatory guidance, a
wealth of data has been generated with the completion of
several CV safety trials, with CV safety proven for the novel
therapy in each of the completed trials and with the most
exciting findings being proof of superior CV outcomes with
four novel AHAs [20••, 21••, 22••, 23••]. Prior to these car-
diovascular outcome trials (CVOTs), for patients with T2DM
and ASCVD, there were no clinical outcome data to support
the use of one specific AHA over others, and the role of
glucose control and most appropriate HbA1c targets for such
patients remained unknown [4, 24, 25, 26•]. With a paucity of
evidence for the management of hyperglycemia in patients
with T2DM and ASCVD, metformin became the default
first-line therapy [27•, 28•, 29], based on global availability,
affordability, overall safety, and tolerability along with favor-
able estimates for selected CV-related outcomes observed in
the United Kingdom Prospective Diabetes Study (UKPDS)
randomized trial [30•]. However, more recent meta-analyses
of metformin randomized comparative data support CV safety
but not incremental efficacy with metformin [31]. We now
have an abundance of treatment options that have proven
CV safety, each with a dataset more robust from single
CVOTs than for the totality of the randomized comparative
metformin data, and four AHAs thus far have proven to im-
prove CVoutcomes in patients with T2DM and ASCVD. We
review medications studied in the era of large T2DM CVOTs
and results from those trials completed, and propose a new,
evidence-based management strategy for patients with T2DM
and ASCVD that may be considered in contrast to the current
HbA1c-guided, metformin-as-first-line therapy approach.

Challenging the Current First-line Therapy: the Data
on Metformin

In 1995, metformin was approved for the management of
T2DM in the USA, though it had been available globally for
some 50 years prior. Metformin was an appealing choice for
many providers: prior to its availability, prescribers were lim-
ited to insulin or sulfonylureas, both associated with risk of
hypoglycemia and weight gain [32, 33]. Other biguanides,
phenformin and buformin, were approved but then removed
from the market after evidence emerged for associated CV
harm and high risk of lactic acidosis [34, 35]. Practitioners
grew increasingly comfortable prescribing metformin as accu-
mulating comparative data and meta-analyses results demon-
strated that metformin had no discernable effects on the

incidence of lactic acidosis, and results from the UKPDS 34
demonstrated statistically significant reductions in risk for
myocardial infarction and for CV death [30•, 36, 37]. As a
result, metformin has been recommended by most guidelines,
both in the USA and globally, as first-line in the treatment of
T2DM for decades [26•, 27•, 28•, 38•]. In recent years, use of
metformin has continued to grow, especially following suc-
cessful citizen petitions to the FDA that resulted in removal of
boxed warnings contraindicating use in patients with heart
failure (HF) in 2006, and liberalized contraindications for
those with kidney disease in 2016. Metformin use in patients
with kidney disease is now based on eGFR rather than creat-
inine, and allows patients to be initiated on metformin with
eGFRs as low as 45 mL/min/1.73 m2, and to continue metfor-
min down to an eGFR of 30 mL/min/1.73 m2 [36, 37, 39–41].
Metformin is now listed on the World Health Organization’s
essential medicines list and is the most commonly prescribed
anti-hyperglycemic worldwide [28•, 34, 42].

Though there is good evidence for the efficacy of metfor-
min on glycemic control, and millions of patient-years of clin-
ical experience supporting overall and CV safety, any incre-
mental CV efficacy of metformin remains unclear. A pivotal
trial that underpins recommendations for widespread use of
metformin is the UKPDS 34, a randomized comparison of a
policy of intense glycemic control with metformin versus usu-
al glucose management in a subset of participants of the
UKPDS, a trial that enrolled patients with newly diagnosed
T2DM. Patients eligible for randomization to metformin were
overweight or obese at trial entry. This randomized compari-
son in a subset of UKPDS patients demonstrated that metfor-
min led to a 36% reduction in all-cause mortality (RR 0.64;
95% CI 0.45–0.91) and a 39% reduction in myocardial infarc-
tion (MI) (RR 0.61; 95% CI 0.41–0.89), both achieving nom-
inal statistical significance, when compared with conventional
treatment. These analyses, however, have a number of impor-
tant limitations. Only 342 trial participants were randomized
to receive metformin, with total of 52 CV deaths for analysis
of usual care versus metformin (36 vs. 16), and a total of 251
MIs partitioned for analyses across three groups that included
patients randomized to a policy of intensive control with in-
sulins/sulfonylureas, comprising only 39 MI events in the
metformin arm. These small numbers of events yield marginal
statistical precision of the comparisons. Additionally, patients
were excluded from enrollment in UKPDS if they had had a
recentMI, HF, or angina, excluding those with the highest risk
of CVD, and limiting the generalizability of the observations
across patients with T2DM at higher CVD risk. Randomized
treatment in the UKPDS was not blinded, and there was no
placebo group; the findings of UKPDS were further chal-
lenged by other statistical issues, more completely reviewed
by Boussageon et al. [43]. Perhaps most importantly, the re-
sults of UKPDS 34 have not been replicated, and meta-
analyses of the CV effects of metformin have consistently
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failed to show significant CV risk reduction even with the
inclusion of the UKPDS data [31, 44•, 45].

For example, a meta-analysis of 13,110 patients with
T2DM, 9560 of whom were treated with metformin, was un-
able to exclude a 23% reduction or a 31% increase in all-cause
mortality, with effect estimates for CV mortality ranging from
a 33% reduction to a 64% increase by the 95% confidence
interval [44•]. Another meta-analysis that included only “iso-
lated”metformin trials directly comparing metformin use with
placebo or with another AHA included only four trials that
directly compared metformin with placebo. Within these four
trials, the number of cardiovascular events were small, and
over 50% were drawn from the UKPDS 34 study [31,
46–49]. Despite these caveats, there was no statistically sig-
nificant advantage of metformin in their analyses on any CV
outcome [31]. Therefore, based on the totality of the data, the
CVefficacy of metformin remains uncertain.

In addition to providing CV safety data on newer therapies,
recent CVOTs of novel AHAs have also highlighted a high
frequency of omission of metformin use among patients en-
rolled in these trials [20••, 21••, 22••, 23••, 50–55]. Contrary to
contemporary guidance and recommendations endorsing met-
formin as first-line therapy for all patients with T2DMwithout
contraindication [26•, 56], experimental drugs and placebo
controls were not always added to background metformin
therapy. Review of ten CVOT results with published data
available demonstrated that patients entering the trials were
not treated with metformin at baseline in 18–40% of trial
participants, comprising from 883 to > 5000 participants in
these trials (Table 1)—subsets larger than most T2DM trials
prior to 2008 when regulatory guidance required CV safety
assessments. For example, in the Saxagliptin Assessment of
Vascular Outcomes Recorded in Patients with Diabetes
Mellitus–Thrombolysis in Myocardial Infarction-53
(SAVOR-TIMI 53) trial, over 5000 trial participants (30% of
enrolled patients) were not treated with metformin at baseline
[51]. In the Trial Comparing Cardiovascular Safety of Insulin

Degludec versus Insulin Glargine in Patients with Type 2
Diabetes at High Risk of Cardiovascular Events (DEVOTE),
a CVOTexamining the CV safety of degludec versus glargine
insulins in a patient population with T2DM and prevalent
ASCVD or high risk for ASCVD, 40% of trial participants
were not on metformin at baseline [54]. Given that such a
large number of trial participants in each of these recent
CVOTs were not treated with metformin at baseline, the re-
sults of these CVOTs should not be interpreted exclusively as
adding the novel therapy to metformin, but instead as effects
on CVoutcomes independent of metformin use.

Furthermore, subgroup analyses of the recent CVOTs have
suggested mixed results when stratified by baselinemetformin
use (Table 2). There appears to be a favorable interaction
between dipeptidyl peptidase 4 inhibitors (DPP-4i) and met-
formin use, with significant reductions in both CV death and
all-cause mortality (HR 0.74; 95% CI 0.57–0.95 and HR 0.75;
95% CI 0.61–0.92) with DPP-4i versus placebo in those treat-
ed with background metformin, noting the key limitation that
these are crude analyses of overall trial results without adjust-
ment for differences in patient mix and materially confounded
by indication. More rigorous analyses of these trials will have
to be done using patient-level data with multivariable adjust-
ments and propensity adjustments for confirmation of this
heterogeneity of DPP-4i effect [57, 58]. Although there was
no statistically significant interaction between baseline met-
formin use and randomized trial assignment in the
Empagliflozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes trial (EMPA-REG OUTCOME), subgroup
analysis suggests that trial participants not on metformin at
baseline had a possible exaggerated benefit with
empagliflozin compared with those taking metformin at base-
line (not on metformin HR 0.72; 95% CI 0.56–0.94 versus on
metformin HR 0.92; 95% CI 0.77–1.10; interaction P = 0.14)
[20••]. Subgroup analyses will be informative across all of the
CVOTs of the newer AHAs to evaluate for interaction of
safety and efficacy according to background metformin use.

Table 1 Metformin use at study entry in recent type 2 diabetes cardiovascular outcomes trials

(+) Metformin (−) Metformin

n % n %

EXAMINE (alogliptin) 3562 66.2% 1818 33.8%

SAVOR-TIMI 53 (saxagliptin) 11,473 69.6% 5019 30.4%

TECOS (sitagliptin) 11,966 81.6% 2705 18.4%

EMPA-REG OUTCOME (empagliflozin) 5193 74.0% 1827 26.0%

CANVAS Program (canagliflozin) 7825 77.2% 2317 22.8%

ELIXA (lixisenatide) 4021 66.3% 2047 33.7%

LEADER (liraglutide) 7144 76.5% 2196 23.5%

SUSTAIN-6 (semaglutide) 2414 73.2% 883 26.8%

EXSCEL (exenatide ER) 11,295 76.6% 3457 23.4%

DEVOTE (degludec) 4564 59.8% 3073 40.2%
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Despite uncertainties regarding the CV efficacy of metfor-
min and the robust CV safety and efficacy evidence of the
newer therapies that have undergone formal assessment in
dedicated CVOTs, metformin is still recommended as first-
line treatment for patients with T2DM, even for those with
prevalent ASCVD, and is the most-prescribed AHA world-
wide [26•, 27•, 56]. In the absence of dedicated randomized
trial data robustly demonstrating the CV safety and efficacy
profile of metformin, and in the setting of multiple AHAs now
with proven CV safety and some with proven CV efficacy
independent of glycemic control in dedicated CVOTs with
large subsets of patients not treated with metformin, unilater-
ally endorsing metformin as first-line medication for patients
with T2DM and prevalent ASCVD and stepping down to
second-line AHAs, especially for those with proven ASCVD
efficacy, only when HbA1c is not at target are no longer
evidence-based strategies and must be reconsidered.

Cardiovascular Outcome Trials: a Summary of CVOT
Results To Date

Antihyperglycemic Therapies with Evidence for Reduction
in Cardiovascular Risk

Until recently, there were no AHAs robustly proven safe or
effective with regard to CV outcomes. Since the FDA and
EMA mandated formal evaluation of CV safety of all new
AHAs for the treatment of T2DM in 2008, results from nu-
merous randomized trials of AHAs are now available and
have demonstrated not only CV safety for all trials reported
to date, but also significant CV benefit for selected therapies.

Empagliflozin is a sodium glucose co-transporter 2 inhibi-
tor (SGLT2i) and the first AHA to demonstrate reductions in
the composite outcome of CV death/non-fatal MI/non-fatal
stroke, CV death, all-cause death, and HF hospitalizations
[20••]. In the EMPA-REG OUTCOME randomized,
placebo-controlled trial, 7020 patients with T2DM and

established ASCVD were randomized to either placebo or
one of two doses of empagliflozin (10 or 25 mg daily) and
were followed for a median of 3.1 years. Trial participants
randomized to empagliflozin had a 14% lower relative risk
of the primary composite outcome of CV death, non-fatal
MI, or non-fatal stroke (HR 0.86; 95% CI 0.74–0.99), driven
largely by a 38% reduction in CV death (HR 0.62; 95% CI
0.49–0.77) and coincident with a 35% reduction in heart fail-
ure hospitalization. As a result, empagliflozin now carries an
FDA indication for reduction of risk for CV death in patients
with T2DM with concurrent ASCVD, an indication indepen-
dent of glucose control [59]. Canagliflozin, another SGLT2i,
was evaluated in the CANVAS Trials Program, which en-
rolled 10,142 patients with T2DM and with established or at
high risk for ASCVD [21••]. Similar to the results from
EMPA-REG OUTCOME, randomization to canagliflozin
was associated with a 14% relative risk reduction in the pri-
mary composite outcome of CV death, non-fatal MI, or non-
fatal stroke (HR 0.86; 95% CI 0.75–0.97). Unlike
empagliflozin, canagliflozin was not associated with statisti-
cally significant decreases in CV death (HR 0.87; 95% CI
0.72–1.06) but did significantly reduce risk for heart failure
hospitalization similarly to empagliflozin (HR 0.67; 95% CI
0.52–0.87).

Liraglutide is a glucagon-like peptide 1 receptor analogue
(GLP-1 RA) administered subcutaneously once daily, with
CV safety assessed versus placebo in a completed CVOT. In
the Liraglutide Effect and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results (LEADER) trial, 9341 pa-
tients with T2DM and established ASCVD or at high risk for
CVDwere randomized to receive either liraglutide or placebo.
Randomization to liraglutide was associated with a 13% rela-
tive risk reduction in the primary composite outcome of CV
death, non-fatal MI, or non-fatal stroke (HR 0.87; 95% CI
0.78–0.97) and a significant reduction in CV death (HR
0.78; 95% CI 0.66–0.93) with trends for improvement in
non-fatal MI (HR 0.88; 95% CI 0.75–1.03) and non-fatal

Table 2 Study drug without and with baseline metformin and effect on cardiovascular outcome trial primary endpoint among completed trials
reporting these sub-analyses

Metformin use n Study drug event
rate (%)

Placebo event
rate (%)

HR
[95% CI]

P value for
interaction

EXAMINE (alogliptin) No 1812 16.0 13.7 1.17 [0.92–1.50] 0.029

Yes 3568 8.8 10.9 0.81 [0.66–1.00]

SAVOR-TIMI 53 (saxagliptin) No 5019 10.0 9.5 1.05 [0.88–1.25] 0.54

Yes 11,473 6.2 6.2 0.97 [0.84–1.13]

TECOS (sitagliptin) No 2705 – – 1.13 [0.93–1.38] 0.086

Yes 11,966 – – 0.93 [0.83–1.04]

EMPA-REG OUTCOME (empagliflozin) No 1827 11.9 15.5 0.72 [0.56–0.94] 0.14

Yes 5193 9.9 10.9 0.92 [0.77–1.10]

n, number of patients; HR, hazard ratio
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stroke (HR 0.89; 95% CI 0.72–1.11) [22••]. These pivotal
findings led to approval by the FDA for liraglutide to be indi-
cated for the reduction of risk of major adverse cardiovascular
events, CV death, MI, and stroke in individuals with T2DM
and established ASCVD, an indication independent of glu-
cose control [60]. The CV safety of semaglutide, another
GLP1 RA that is administered once weekly, was evaluated
in the SUSTAIN-6 trial, and demonstrated a significant reduc-
tion in the same primary composite CV outcome as in
LEADER (HR 0.74; 95% CI 0.58–0.95), but did not demon-
strate statistical differences in CVmortality [23••]. SUSTAIN-
6 was a smaller trial than LEADER and designed primarily to
demonstrate non-inferiority and accumulated only 254 prima-
ry composite outcome events for analysis (contrasted with
1302 such events in LEADER). Its statistically significant
differences in CVoutcomes support an FDA-approved claim
of CV safety without claim of statistical superiority.

Pioglitazone, a thiazolidinedione and PPARγ receptor ag-
onist, was studied in the PROactive trial [61]. This was a
randomized controlled trial of 5238 study participants with
T2DM and established ASCVD who were randomized to re-
ceive either pioglitazone 45 mg daily or placebo. The primary
composite outcome in this CVOT was different than those
described above and included a composite of all-cause death,
non-fatal MI (including silent MI), stroke, acute coronary syn-
drome, coronary or leg artery revascularization, or above the
ankle amputation. The prioritized secondary composite out-
come was a composite of all-cause death, non-fatal MI (ex-
cluding silent MI), or non-fatal stroke. There was no signifi-
cant difference in the primary composite outcome for pioglit-
azone versus placebo (HR 0.90; 95% CI 0.80–1.02), though
there was a nominally significant 16% relative risk reduction
for the prioritized secondary composite outcome (HR 0.84;
95% CI 0.72–0.98). The frequency of HF leading to hospital-
ization was higher in those patients randomized to pioglita-
zone versus placebo (HR 1.45; 95% CI 1.06–2.0) [61, 62].
The interpretation of these selected favorable results are tem-
pered by the fact that overall, PROactive failed to meet its
primary outcome. In aggregate, it appears that pioglitazone
is safe from an ASCVD perspective noting cautions about
HF, but not superior for CVoutcomes. For the gold-standard
3-point major adverse cardiovascular event (MACE) compos-
ite outcome used in most contemporary CVD trials,
PROactive results demonstrated superiority, a finding that
has since been supported by a meta-analysis of data from
16,390 patients, which yielded a similar estimate of relative
risk reduction for the composite of death, MI, or stroke with
pioglitazone (HR 0.82; 95% CI 0.72–0.94) [63].

These five medications have demonstrated not only CV
safety, but an actual reduction in risk for future CV events,
each independent of effects on glucose control. We therefore
propose that they should be considered first-line therapies in
patients with concomitant T2DM and ASCVD, at least in the

absence of systolic heart failure or advanced kidney disease
with CVOTs underway of SGLT2i in these latter two high-risk
subsets.

Therapies with Evidence for Non-inferiority Versus Placebo
for Cardiovascular Risk

Among the CVOTs of AHAs for T2DM that have been com-
pleted since the change in regulatory guidance by the FDA
and EMA in 2008, most have failed to demonstrate CV ben-
efits, but all have met non-inferiority criteria proving CV safe-
ty of the novel therapies versus placebo.

Results of large-scale randomized CVOTs of 3 DPP4i’s,
saxagliptin, alogliptin, and sitagliptin have demonstrated
non-inferiority regarding their primary CVendpoints meeting
the regulatory guidance proving cardiovascular safety, though
results of each trial failed to prove superiority versus placebo.
The Examination of Cardiovascular Outcomes with
Alogliptin versus Standard of Care (EXAMINE) trial and
the SAVOR-TIMI 53 trial investigated alogliptin and
saxagliptin, respectively, versus placebo in CVOTs with sim-
ilar primary composite outcomes of CV death, non-fatal MI,
or non-fatal stroke [50, 51]. The Trial Evaluating Cardiovas-
cular Outcomes with Sitagliptin (TECOS) studied sitagliptin
versus placebo and used a similar endpoint, but additionally
included hospitalization for unstable angina in the primary
composite outcome [52]. For all three of these trials, results
robustly proved CV safety but with no suggestion of incre-
mental CVefficacy.

Importantly, from these three trials, there is demonstration
of heterogeneous effects of the three DPP4i’s on HF outcomes
[64]. In the SAVOR-TIMI 53 trial, saxagliptin was associated
with a significant 27% higher risk of HF hospitalization com-
pared with placebo [65]. In the EXAMINE trial, the parameter
estimate for HF was a 19% increased relative risk associated
with alogliptin that did not achieve statistical significance
[66]. In TECOS, the analysis of HF risk of sitagliptin versus
placebo was completely neutral [64]. The discrepancy in HF
outcomes among DPP4i warrants additional study.

Exenatide extended-release (ER) and lixisenatide are GLP-
1RAs studied in the CVOTs, the Exenatide Study of
Cardiovascular Events (EXSCEL), and the Evaluation of
Lixisenatide in Acute Coronary Syndrome (ELIXA) that dem-
onstrated CV safety, but did not demonstrate a reduction in
CVevents, with either agent [53, 55]. Exenatide ER was non-
inferior to placebo with regard to the primary composite CV
outcome of CV death, non-fatal MI, and non-fatal stroke, but
failed to show superiority (HR 0.91; 95% CI 0.83–1.00; P <
0.001 for non-inferiority; P = 0.06 for superiority). All-cause
death was lower in individuals randomized to exenatide ER
(HR 0.86; 95% CI 0.77–0.97) but this finding was not con-
sidered statistically significant because of the hierarchical test-
ing plan controlling for multiple comparisons. Lixisenatide is
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a once-daily administered GLP-1 RA that was compared with
placebo in the ELIXA trial, which enrolled patients with
T2DM post ACS events to daily lixisenatide versus placebo
and demonstrated CV non-inferiority but not superiority for
the primary composite CVoutcome of CV death, MI, stroke,
or hospitalization for unstable angina (HR 1.02; 95% CI 0.89–
1.17).

Acarbose is an alpha-glucosidase inhibitor that was studied
in the Acarbose Cardiovascular Evaluation (ACE) trial in
which Chinese patients with impaired glucose tolerance and
CVD were randomized to receive either placebo or acarbose
[67]. Although there was a reduction in risk for incident
T2DM in those individuals randomized to receive acarbose
versus placebo, there was no difference in the primary com-
posite CV outcome of CV death, non-fatal MI, non-fatal
stroke, or hospitalization for unstable angina or heart failure
(HR 0.98; 95% CI 0.86–1.11) between the two groups.

The FDA does not provide specific guidance regarding CV
safety assessment for insulin therapies, though there are two
CVOTs examining longer-acting basal insulins. The ORIGIN
trial of over 12,000 patients with T2DM or high risk for
T2DM randomized to insulin glargine versus usual care found
no difference in CV outcomes when comparing insulin
glargine to standard therapy, demonstrating CV safety but
not incremental efficacy of insulin glargine [68].

The DEVOTE trial evaluated degludec insulin, an ultra-
long-acting once-daily basal insulin, versus once daily insulin
glargine in a patient population with T2DM with or at high
risk for ASCVD and found that degludec was non-inferior to
glargine for the primary CV safety composite outcome of CV
death, non-fatal MI, and non-fatal stroke (HR 0.91; 95% CI
0.78–1.06) [54].

Antihyperglycemic Therapies Without Cardiovascular
Outcome Trial Assessment

There are no dedicated CVOTs available for sulfonylureas,
but a large ongoing randomized CVOT is comparing the CV
effects of the sulfonylurea glimepiride with the DPP4i
linagliptin [69]. Sulfonylureas have several undesirable side
effects including weight gain and increased risk for hypo-
glycemia, and meta-analyses question the cardiovascular
safety of these agents as a class [70–73]. Based on the
observation of increased CV and all-cause mortality with
tolbutamide in the University Group Diabetes Program ran-
domized trial [14], US product labels to date have a warning
that oral hypoglycemic medications have been associated
with increased cardiovascular mortality, a warning unique
to sulfonylurea medications. Contemporary observational
analyses using state-of-the-art analytical strategies support
an ongoing concern regarding potential adverse effects of
sulfonylureas on CVoutcomes [15].

Short-acting insulins have not been shown to affect CVrisk
but have not been robustly evaluated in CVOTs [74]. Given
the lack of regulatory requirement to prove CV safety of in-
sulins, there is little to no incentive to study the CV safety and
efficacy of short-acting insulins in dedicated CVOTs and their
role in the management of patients with T2DM and prevalent
ASCVD remains uncertain.

Challenging the Use of HbA1c in the Hierarchy
of Management for Patients with T2DM and ASCVD

Contemporary T2DM CVOTs have been designed for glyce-
mic equipoise targeting the same HbA1c in both placebo and
active comparator arms. HbA1c goals in the trials were deter-
mined by individual clinical providers and based on local/
regional guidelines. In the trials reported to date, the placebo
versus active comparator arms achieved minimal differences
in HbA1c between the groups, averaging 0.2–0.4% difference
across the trials. In each of the trials, the differences in HbA1c
diminished over the course of the trial and were unrelated to
observed CV effects. Consequently, for those agents with
proven CV efficacy, the CV benefits are demonstrated to be
unrelated to their effects on HbA1c [75]. In this context, ini-
tiation of an SGLT2i and/or a GLP-1 RA in patients with
T2DM and ASCVD should not be contingent upon inade-
quate HbA1c control once treated with lifestyle interventions
and metformin, as recommended by contemporary guidance
[26•, 56], but rather indicated irrespective of HbA1c level. A
similar argument, with slightly less robust data, can be made
for consideration of pioglitazone therapy. Here, we propose a
new clinical algorithm, in which AHAs with established CV
superiority are used upstream (and in favor of metformin) and
are also considered as potential add-on therapies even if
HbA1c is controlled with other therapies, since their cardio-
vascular benefits are not related to HbA1c control.

Evidence-Based Algorithm for the Management of Patients
with T2DM and ASCVD

New cardiology guidelines acknowledge the data on CV pro-
tection that has emerged from the recent CVOTs of AHAs.
Such guidance is not predicated on concomitant use of met-
formin, challenging the contemporary T2DM management
guidance and instead buttressed by the CVOTs’ evidence.
While the American Diabetes Association (ADA) continues
to recommend metformin as the preferred pharmacologic
agent for T2DM management, it recognizes that GLP-1 RA
and SGLT2i should be considered, especially in the setting of
comorbid ASCVD but only as second line after metformin
and contingent upon not achieving target HbA1c, neither of
which were criteria for the completed CVOTs [29]. The
European Society of Cardiology similarly still gives prefer-
ence to metformin in patients with concomitant HF and
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T2DM, but also notes the potential role for empagliflozin in
treating HF [76]. The most recent American Association of
Clinical Endocrinologists (AACE) guidance radically shifted
their recommendations in the initial approach to glycemic
management and equated GLP-1 RA (liraglutide), SGLT2i
(empagliflozin and canagliflozin), and DPP4i with metformin,
citing all four classes as potential first-line agents [27•]. These
recommendations, though perhaps in varying degrees, reflect
the shift in T2DM management strategies in light of new data
from CVOTs considering CV outcome data along with im-
plied microvascular disease risk mitigation with intensive gly-
cemic control.

Here, we propose an evidence-based algorithm for the
management of patients with comorbid T2DM and ASCVD
(Fig. 1). It is imperative to note that (a) this proposed algo-
rithm is limited to those patients with T2DM with prevalent
ASCVD, (b) this algorithm excludes patients with reduced
ejection fraction heart failure (HFrEF, “systolic”), and (c) this
algorithm excludes those with severe diabetic kidney disease
(i.e., eGFR < 45 ml/kg/1.73 m2)—CVOTs in these high-risk
populations with SGLTi are ongoing. Along with lifestyle
interventions and optimization of other CV risk factors such
as blood pressure and LDL-cholesterol, AHAs with proven
CV efficacy should be incorporated irrespective of HbA1c
targets. In this paradigm, practitioners would start first with
medications shown to reduce CV complications and death,
adding additional medications stepwise from other classes

with proven CV benefits. These medications would be started
and titrated to target doses studied in randomized trials, irre-
spective of HbA1c levels, since the CV benefits of these drugs
are not attributable to glycemic control. After prescription of
medications at doses targeted in the CVOTs that demonstrated
CV benefits, HbA1c levels can then be checked to assess if at
patient-specific target. If HbA1c levels are above individual-
ized goal, additional medications that have proven CV safety
can be considered, including DPP4i’s and acarbose on similar
footing as metformin. If at any point, improved glycemic con-
trol is deemed necessary, long-acting basal insulin with either
degludec or glargine could be considered. There are many
caveats and details regarding this proposed algorithm that
are outside of the scope of this paper, including but not limited
to the uncertainty around whether the combination of SGLT2i
and GLP1 RAwill result in additive or incremental efficacy,
the serious considerations of cost of these new medications
and availability/accessibility for the average patient, and the
criteria for most trials requiring HbA1c > 7% for trial eligibil-
ity. Safety and cost implications will remain paramount as
management strategies are further developed.

This algorithm is proposed for individuals with T2DM and
prevalent ASCVD; however, it should be emphasized that
there is a lack of data regarding the safety and efficacy of these
newer agents in patients with HF with reduced ejection frac-
tion (HFrEF) and HF with preserved ejection fraction
(HFpEF), as well as uncertain incremental CVefficacy among

Fig. 1 Proposed algorithm for the treatment of type 2 diabetes in patients with atheroscleroctic cardiovascular disease. *If advanced systolic heart failure,
consider avoiding GLP-1 receptor agonists. +Avoid medications with known interactions, such as GLP-1 RA and DPP4i
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subsets at high risk for but without prevalent ASCVD. Some
of the medications discussed here should be used with caution
in those with systolic HF. Liraglutide has been evaluated in
two randomized clinical trials with results from each raising
concerns about its safety in the setting of systolic HF. In the
effect of liraglutide, a glucagon-like peptide-1 analogue, on
left ventricular function in stable chronic HF patients with and
without diabetes (LIVE) trial, an investigator-initiated ran-
domized clinical trial, liraglutide did not impair left ventricular
ejection fraction compared with placebo but was associated
with serious adverse cardiac events and higher heart failure
rates (HR 3.9; 95% CI 1.1 to 13.8) [77]. The Functional
Impact of GLP-1 for Heart Failure (FIGHT) trial, which ex-
amined the effects of liraglutide versus placebo in patients
with HFrEF who were recently hospitalized for HF, similarly
found that liraglutide had an adverse signal for HF hospitali-
zation, though it did not meet statistical significance [78].
Saxagliptin and pioglitazone have also been associated with
increased HF hospitalizations in patients with T2DM with or
at high risk for ASCVD [51, 61]. The increased HF risk seen
with saxagliptin and a similar trend toward increased HF hos-
pitalization risk with alogliptin does not appear to be a class
effect, as sitagliptin had no discernable effect on HF outcomes
[51, 52, 61, 64]. Encouragingly, empagliflozin and
canagliflozin led to reductions in HF hospitalizations in patients
with and without prior history of HF, though they did not affect
HF-related deaths [20••, 21••]. The empagliflozin outcome tri-
als in patients with chronic heart failure (EMPEROR) are cur-
rently examining the use of empagliflozin in patients with and
without T2DM and HFrEF and HFpEF. These studies will
investigate empagliflozin as a possible treatment for patients
with HFrEF or HFpEF, both with and without pre-existing
T2DM [79]. Similarly, the Study to Evaluate the Effect of
Dapagliflozin on the Incidence of Worsening Heart Failure or
Cardiovascular Death in Patients with Chronic Heart Failure
(DAPA-HF) is evaluating the effect of dapagliflozin on heart
failure incidence or CV death in patients withHFrEF, regardless
of whether or not they have T2DM [80]. The results of those
trials will likely inform future recommendations. Additional
studies are necessary to further understand the safety profile
of these medications in the setting of concomitant HF.

Conclusion

Metformin is still considered first-line therapy for the manage-
ment of T2DM in patients with CVD for most contemporary
recommendations, despite a paucity of evidence that it offers
long-term CV benefits. New AHAs have been shown, in ded-
icated CVoutcomes trials, to reduce the risk for CV death and
other CV complications in patient populations with or at high
risk for ASCVD. Targeting lower HbA1c levels with intensive
therapies has not been shown to improve macrovascular

outcomes, with some suggestion of harm in certain settings.
Furthermore, AHAs that lower the risk for CV death appear to
do so independent of their glycemic effects. Therefore, we
recommend abandoning an HbA1c-biomarker-guided ap-
proach for patients with T2DM and prevalent ASCVD.
Instead, we propose a strategy for the management of comor-
bid T2DM and ASCVD using agents proven to improve CV
outcomes irrespective of HbA1c level. Based on this
evidenced-based algorithm, metformin should no longer be
the first-line agent.
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