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ABSTRACT

Introduction: Following the US Food and Drug
Administration (FDA) guidance on the evalua-
tion of novel agents for the treatment of type 2
diabetes mellitus (T2DM), a number of cardio-
vascular outcomes safety trials (CVOTs) on
sodium-glucose cotransporter-2 inhibitors
(SGLT2i) have been conducted. These trials
show similarities in study design and definition
of primary endpoints, but differ in their eligi-
bility criteria. The aim of the present study was
to investigate the generalizability of CVOTs on
SGLT2i to Italian adults with T2DM; we

estimated the proportions of this patient pop-
ulation who would be eligible for enrollment in
EMPA-REG OUTCOME (empagliflozin), CAN-
VAS (canagliflozin), DECLARE-TIMI 58 (da-
pagliflozin), and VERTIS-CV (ertugliflozin)
studies.
Methods: This observational, cross-sectional
study was conducted in 222 Italian diabetes
clinics. Data on 455,662 adult patients with
T2DM seen during 2016 were analyzed against
the published patient eligibility criteria for the
four CVOTs. The current use of SGLT2i in
potentially eligible patients was assessed.
Results: Among the population identified, the
proportion of patients meeting major eligibility
criteria was 11.7% for EMPA-REG OUTCOME,
29.4% for CANVAS, 55.9% for DECLARE-TIMI
58, and 12.8% for VERTIS-CV. Of the patients
eligible for these CVOTs, only a minority (range
4.4–6.8%) was actually prescribed an SGLT2i.
Compared with patients in the CVOTs, eligible
patients in the real world showed older age and
longer diabetes duration, lower BMI and HbA1c
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levels, lower prevalence of established cardio-
vascular and cerebrovascular disease, and higher
rates of microvascular complications and
peripheral arterial disease.
Conclusion: The percentage of patients poten-
tially eligible for treatment with SGLT2i varies
as a reflection of different eligibility criteria
applied in the trials. A large number of patients
that could benefit from SGLT2i in terms of not
only cardiovascular protection but also renal
protection do not receive the treatment.
Funding: AstraZeneca.

Keywords: Cardiovascular outcomes safety
trials; Electronic medical records; Eligibility
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world data; Sodium-glucose cotransporter-2
inhibitors; Type 2 diabetes

INTRODUCTION

Cardiovascular complications represent the
leading cause of morbidity and mortality
among people with type 2 diabetes mellitus
(T2DM) [1]. Improving cardiovascular outcomes
thus represents a primary objective of diabetes
management [2]. In recent years, following the
US Food and Drug Administration (FDA) guid-
ance on the evaluation of novel agents for the
treatment of T2DM with respect to major
adverse cardiac events [3], a number of cardio-
vascular outcomes safety trials (CVOTs) have
been conducted. These trials have confirmed
the cardiovascular safety of new drug classes
such as GLP-1 receptor agonists (GLP-1 RAs) and
sodium-glucose cotransporter-2 inhibitors
(SGLT2i) [4–11]. In addition, several of these
large randomized controlled trials reported sta-
tistically significant reductions in cardiovascu-
lar events for three of the FDA-approved SGLT2i
(empagliflozin, canagliflozin, dapagliflozin)
[4, 9, 10, 12] and three FDA-approved GLP-1 RAs
(liraglutide, albiglutide, and semaglutide)
[6, 7, 11]. The results of these trials are partic-
ularly relevant, since they suggest a paradigm
shift in the management of patients with T2DM
and established CV disease, from lowering
HbA1c alone to a broader focus on lowering CV
risk.

SGLT2 inhibitors lower blood glucose levels
by preventing the reabsorption of glucose from
the proximal renal tubule in the kidney, with
the consequent excretion of excess glucose in
the urine; they also show additional benefits on
body weight and blood pressure [13] as
demonstrated in clinical trials of canagliflozin
[14], dapagliflozin [15–17], and empagliflozin
[18].

Three large CVOTs on SGLT2i have been
completed so far, EMPA-REG OUTCOME (em-
pagliflozin) [4], CANVAS (canagliflozin) [9], and
DECLARE-TIMI 58 (dapagliflozin) [12], while
VERTIS-CV (ertugliflozin) [19] is still in pro-
gress. All these trials show similarities in study
design and definition of primary endpoints, in
accordance with FDA guidelines. However, eli-
gibility criteria such as patients’ ages, glycated
hemoglobin (HbA1c) levels at baseline, history
of CV disease, and presence of CV risk factors
vary among trials (Table 1).

These differences in study populations may
prevent meaningful comparisons between the
findings of the different CVOTs, and pose
problems when assessing the potential CV
safety of a particular treatment in a real-world
T2DM population. An understanding of the
generalizability of the eligibility criteria of
CVOTs can help clinicians evaluate the appli-
cability of the findings to their patients. In fact,
restrictive inclusion criteria make study results
less applicable, due to the lack of similarity
between study participants and the vast major-
ity of patients encountered in clinical practice.

In Italy, since 2006 the Italian Association of
Diabetologists (Associazione Medici Dia-
betologi, AMD) has promoted a monitoring and
continuous quality of care improvement initia-
tive called AMD Annals. This initiative is based
on clinical data stored in electronic medical
records (EMR) of a large network of diabetes
clinics, which are periodically extracted and
used to assess specific quality indicators of dia-
betes care [20–22]. The current availability of
this large database can allow an accurate
investigation of the generalizability of the four
SGLT2 inhibitor CVOTs to Italian adults with
T2DM. The aim of our study was to estimate the
proportions of this patient population who
would be eligible for enrollment in each of
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Table 1 Main characteristics of the CVOTs considered

EMPA-REG
OUTCOME

CANVAS program DECLARE-TIMI 58 VERTIS-CV

SGLT2i tested Empagliflozin Canagliflozin Dapagliflozin Ertugliflozin

Control group Placebo Placebo Placebo Placebo

Number of patients 7020 10,142 17,160 8238

Primary endpoint CV death, nonfatal

MI, nonfatal

stroke

CV death, nonfatal

MI, nonfatal

stroke

CV death, nonfatal MI,

nonfatal stroke

CV death, nonfatal

MI, nonfatal

stroke

Mean follow-up (years) 3.1 3.6 4.2 In progress

Inclusion criteria

T2DM 9 9 9 9

Age (years) C 18 C 30 plus

established CVD

OR

C 50 plus C 2 CV

risk factors

C 40 plus established

CVD

OR

C 55 (M)/60 (F) plus

C 1 CV risk factor

C 18

HbA1c 7–10% 7–10.5% C 6.5% 7–10.5%

eGFR (ml/

min 9 1.73 m2)

C 30 C 30 – –

BMI (kg/m2) B 45 – C 18

Established CVD

Myocardial infarction 9 9 9 9

CHD 9 – 9 9

PCI 9 9 9 9

CABG 9 9 9 9

Angina 9 9 9 –

Stroke 9 9 9 9

Peripheral arterial disease 9 9 9 9

Peripheral reperfusion/

revascularization

9 9 9 9

Peripheral bypass surgery 9 9 9 9

TIA – 9 – –

Amputation – 9 9 9
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these studies, and compare the characteristics of
the CVOTs populations with those of everyday
practice patients potentially eligible for these
trials; we also evaluated which proportion of all
potentially eligible patients was actually treated
with an SGLT2i.

METHODS

This observational, cross-sectional study was
conducted in a network of 222 Italian diabetes
clinics participating in the last edition of AMD
Annals initiative. These centers, accounting for
approximately one-fourth of all the clinics
operating within the national healthcare sys-
tem, all share the same software for data
extraction from electronic medical records.
Data from participating centers are annually

collected and centrally analyzed anonymously.
For the purposes of the present study, data on
all patients with T2DM seen during 2016 were
analyzed against the published patient eligibil-
ity criteria for CVOTs on the SGLT2i canagli-
flozin (CANVAS) [9], dapagliflozin (DECLARE-
TIMI 58) [12], empagliflozin (EMPA-REG OUT-
COME) [4], and ertugliflozin (VERTIS-CV) [19]
(Table 1).

The primary aim of the study was to estimate
the proportion of adults with T2DM attending
diabetes clinics in Italy who would meet the
criteria for inclusion in each of the four SGLT2i
CVOTs. We also compared the characteristics of
the CVOTs populations with those of everyday
practice patients potentially eligible for these
trials, and evaluated which proportion of all
potentially eligible patients was actually treated
with an SGLT2i.

Table 1 continued

EMPA-REG
OUTCOME

CANVAS program DECLARE-TIMI 58 VERTIS-CV

CV risk factors

Duration of diabetes

(years)

– C 10 – –

Systolic blood pressure

(mmHg)

– C 140 Treated with

antihypertensive

agents

–

Smoking – 9 9 –

Micro/macroalbuminuria – 9 – –

HDL cholesterol (mg/dl) – \ 39 – –

LDL cholesterol (mg/dl) – – [ 130 –

Main results (SGLT2i vs. placebo)

MACEa 0.86 (0.74–0.99) 0.86 (0.75–0.97) 0.93 (0.84–1.03) –

CV mortalitya 0.62 (0.49–0.77) 0.87 (0.72–1.06) 0.98 (0.82–1.17) –

Total mortalitya 0.68 (0.57–0.82) 0.87 (0.74–1.01) 0.93 (0.82–1.04) –

Hospitalization for heart

failurea
0.65 (0.50–0.85) 0.67 (0.52–0.87) 0.73 (0.61–0.88) –

eGFR estimated glomerular filtration rate, CVD cardiovascular disease, CHD coronary heart disease, PCI percutaneous
coronary intervention, CABG coronary artery bypass graft surgery, TIA transient ischemic attack, MACE death from
cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke
a Hazard ratio and 95% confidence intervals
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Fig. 1 Percentages of adults with type 2 diabetes in the AMD Annals database who would have met inclusion criteria for
cardiovascular outcomes trials with empagliflozin, canagliflozin, dapagliflozin, or ertugliflozin

Table 2 Characteristics of patients in EMPA-REG and those of patients in the AMD Annals database eligible for the trial

Characteristics Class AMD Annals database EMPA-REG OUTCOME

No. 40,039 7034

Gender (%) Female 31.6 28.5

Male 68.4 71.5

Age (years) 72.7 ± 9.0 63.1 ± 8.6

Smoking (%) 16.9 13.0

Body mass index (kg/m2) 29.3 ± 4.8 30.6 ± 5.3

Duration of diabetes B 5 years 12.5 18.0

5–10 years 18.0 24.9

[ 10 years 69.5 57.1

HbA1c (%) 7.9 ± 0.7 8.1 ± 0.8

Glucose-lowering agents (%) Metformin 54.1 73.8

Secretagogues 28.3 42.7

TZDs 3.2 4.3

DPP-IV inhibitors 20.2 11.3

GLP-1 RA 3.4 2.8

Insulin 56.4 48.2

Lipid profile (mg/dl) Total cholesterol 157.8 ± 37.3 162.2 ± 42.5

LDL cholesterol 84.2 ± 30.8 84.9 ± 34.8

HDL cholesterol 45.8 ± 12.7 46.3 ± 11.6

Triglycerides 146.0 ± 86.9 168.0 ± 123.9

Lipid-lowering agents (%) Statins 72.2 76.6

Fibrates 2.7 9.0
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Information collected included age, gender,
diabetes duration, BMI, HbA1c, blood pressure,
lipid profile, albuminuria, estimated glomerular
filtration rate (CKD-EPI formula), presence of
diabetic retinopathy, glucose-lowering drugs,
antihypertensive drugs, lipid-lowering drugs,
and antiplatelet agents. Major cardiovascular,
cerebrovascular, and peripheral vascular events
were classified using the ICD-9-CM coding sys-
tem, as reported in Supplementary Table 1.

For patients with more than one clinic visit
during the study period, the most recent visit
was used for analysis.

Data are summarized as mean and standard
deviation (continuous variables) or percentages
(categorical variables).

The AMD Annals initiative has been
approved by the ethics committees of all par-
ticipating centers (Supplementary Table 2). On

the basis of Italian regulations, the written
informed consent from participants was not
required, being extracted data anonymous. This
study was performed in accordance with the
Helsinki Declaration of 1964 and its later
amendments.

RESULTS

EMPA-REG OUTCOME

During 2016, 455,662 patients with T2DM were
seen by the participating centers. Overall,
342,205 patients could be evaluated for eligi-
bility (presence of information on all relevant
inclusion criteria), of whom 50.2% had an
HbA1c value between 7.0% and 10.0%, and
23.8% had established CV disease. Among the

Table 2 continued

Characteristics Class AMD Annals database EMPA-REG OUTCOME

Blood pressure (mmHg) Systolic 135.9 ± 18.4 135 ± 17

Diastolic 75.4 ± 9.3 77 ± 10

Antihypertensive agents (%) 86.9 94.4

Diuretics 47.4 –

Beta-blockers 54.6 80.3

Calcium channel blockers 27.1 30.1

ACE inhibitors and/or ARBs 69.4 80.3

Antiplatelets (%) Aspirin 62.8 85.2

Renal function Micro/macroalbuminuria (%) 55.4 39.6

eGFR (ml/min 9 1.73 m2) 69 ± 20 74 ± 21

eGFR\ 60 ml/min 9 1.73 m2 (%) 36.2 25.5

CVD (%) CHD 44.2 57.3

Myocardial infarction 17.8 46.6

CABG 13.0 24.7

Stroke 15.4 23.2

Peripheral arterial disease 39.4 20.6

TZDs thiazolidinediones, ARB angiotensin receptor blocker, eGFR estimated glomerular filtration rate, CVD cardiovascular
disease, CHD coronary heart disease, CABG coronary artery bypass graft surgery
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adult T2DM population identified, 11.7%
(40,039 patients) would have met the eligibility
criteria for EMPA-REG OUTCOME (Fig. 1). Of
these, only 2073 (5.2%) were actually treated
with an SGLT2i.

Compared with patients in the trial, EMPA-
REG OUTCOME eligible patients in the AMD
Annals database were older, had a longer dura-
tion of diabetes and lower BMI andHbA1c levels,
were less likely to have a diagnosis of myocardial
infarction or stroke, but weremore likely to have
albuminuria andadiagnosis of peripheral arterial
disease (Table 2). Furthermore, patients in the
AMD Annals database were less likely to be trea-
tedwithmetformin and secretagogues, andmore
likely to be treated with DPP-IV inhibitors and
insulin. Treatment with beta-blockers and ACE
inhibitors or angiotensin II receptor blockers
(ARBs) was also less frequently documented in
the real-world population.

CANVAS

There were 149,064 patients with no missing
information on all major eligibility criteria of
CANVAS, of whom 50.2% had an HbA1c value
between 7.0% and 10.0%, and 24.4% had
established CV disease.

Among the T2DM population identified,
29.4% (43,883 patients) would have met the
eligibility criteria for CANVAS (Fig. 1). Of these,
only 2917 (6.6%) were actually treated with an
SGLT2i.

CANVAS eligible patients in the AMD Annals
database differed in many aspects from those in
the trial. In particular, they were older, had a
longer duration of diabetes, higher systolic
blood pressure, and lower HbA1c and BMI. They
were also less likely to have a diagnosis of
coronary artery disease, cerebrovascular disease,
and chronic heart failure, but were more likely
to have albuminuria and diabetic retinopathy
(Table 3). Furthermore, patients in the AMD
Annals database were less likely to be treated
with metformin and secretagogues, and more
likely to be treated with DPP-IV inhibitors.
Patients in CANVAS were more likely to be
treated with beta-blockers and ACE inhibitors or
ARBs.

DECLARE-TIMI 58

Overall, 257,694 patients could be evaluated for
eligibility, of whom 74.8% had an HbA1c
value C 6.5% and 25.1% had established CV
disease. Among patients in the AMD Annals
database, 55.9% (144,166 patients) would have
met the eligibility criteria for DECLARE-TIMI 58
(Fig. 1). Of these, 6373 (4.4%) were actually
treated with an SGLT2i.

Compared with patients in the trial,
DECLARE-TIMI 58 eligible patients in the AMD
Annals database were older, had a longer dura-
tion of diabetes, lower BMI and markedly lower
HbA1c levels, were less likely to have coronary
artery disease, but were more likely to have
albuminuria, eGFR\ 60 ml/min, diabetic
retinopathy, and a diagnosis of peripheral arte-
rial disease (Table 4). Furthermore, patients in
the AMD Annals database were less likely to be
treated with metformin and secretagogues, and
more likely to be treated with DPP-IV inhibitors
and insulin. Treatment with beta-blockers, cal-
cium channel blockers, ACE inhibitors or ARBs,
and statins was also less frequently documented
in the AMD Annals population, while the use of
diuretics was more common.

VERTIS-CV

There were 342,205 patients in the AMD Annals
database evaluable for eligibility in VERTIS-CV,
of whom 51.4% had an HbA1c value between
7.0% and 10.5%, and 23.6% had established CV
disease. Among these patients, 12.8% (46,631
patients) would have been eligible for VERTIS-
CV (Fig. 1), of whom 2148 (4.9%) were actually
treated with an SGLT2i.

Compared with patients in the trial, eligible
patients in the AMD Annals database were
older, had a longer duration of diabetes, lower
BMI and HbA1c levels, were less likely to have
coronary artery disease, stroke, and congestive
heart failure, but were more likely to have
albuminuria, eGFR\ 60 ml/min, diabetic
retinopathy, and a diagnosis of peripheral arte-
rial disease (Table 5). Furthermore, patients in
the AMD Annals database were less likely to be
treated with metformin and secretagogues, and
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Table 3 Characteristics of patients in CANVAS and those of patients in the AMD Annals database eligible for the trial

Characteristics Class AMD Annals database CANVAS

No. 43,883 10,142

Gender (%) Female 36.3 35.8

Male 63.7 64.2

Age (years) 70.8 ± 9.2 63.3 ± 8.3

Smoking (%) 22.9 17.8

Body mass index (kg/m2) 29.9 ± 5.3 32.0 ± 5.9

Duration of diabetes (years) 16.4 ± 9.3 13.5 ± 7.8

HbA1c (%) 7.9 ± 0.8 8.2 ± 0.9

Glucose-lowering agents (%) Metformin 60.5 77.2

Secretagogues 30.1 43.0

DPP-IV inhibitors 22.4 12.4

GLP-1 RA 4.8 4.0

Insulin 53.2 50.2

Lipid profile (mg/dl) Total cholesterol 164.8 ± 37.9 170.1 ± 46.4

LDL cholesterol 89.7 ± 31.5 88.9 ± 34.8

HDL cholesterol 46.0 ± 13.1 46.4 ± 11.6

Triglycerides 151.8 ± 92.4 177.1 ± 88.6

Lipid-lowering agents (%) Statins 63.2 74.9

Blood pressure (mmHg) Systolic 140.1 ± 19.2 136.6 ± 15.8

Diastolic 77.6 ± 9.5 77.7 ± 9.7

Antihypertensive agents (%) 86.9 94.4

Diuretics 43.6 44.3

Beta-blockers 39.5 53.5

ACE inhibitors and/or ARBs 69.2 80.0

Antiplatelets (%) 57.4 73.6

Renal function Micro/macroalbuminuria (%) 63.8 30.2

eGFR (ml/min 9 1.73 m2) 71.9 ± 20.5 76.5 ± 20.5

CVD (%) Coronary disease 21.9 56.4

Cerebrovascular disease 9.4 19.3

Peripheral arterial disease 20.5 20.8

CHF 3.7 14.4

Amputation 0.9 2.3

ARB angiotensin receptor blocker, eGFR estimated glomerular filtration rate, CVD cardiovascular disease, CHD coronary heart

disease, CHF chronic heart failure
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Table 4 Characteristics of patients in DECLARE-TIMI 58 and those of patients in the AMD Annals database eligible for
the trial

Characteristics Class AMD Annals database DECLARE-TIMI 58

No. 144,166 17,160

Gender (%) Female 42.3 37.4

Male 57.7 62.6

Age (years) 71.9 ± 8.4 63.8 ± 6.8

Smoking (%) 17.5 14.5

Body mass index (kg/m2) 29.7 ± 5.3 32.1 ± 6.0

Duration of diabetes (years) 13.9 ± 9.6 11.8 ± 7.8

HbA1c (%) 7.6 ± 1.1 8.3 ± 1.2

Glucose-lowering agents (%) Metformin 59.5 78.5

Secretagogues 27.5 41.1

DPP-IV inhibitors 21.1 16.0

GLP-1 RA 3.6 4.2

Insulin 41.4 39.6

Lipid profile (mg/dl) Total cholesterol 169.2 ± 39.5 169.8 ± 46.3

LDL cholesterol 93.3 ± 33.6 88.8 ± 34.7

HDL cholesterol 48.3 ± 13.3 46.3 ± 11.6

Triglycerides 144.2 ± 84.6 177.0 ± 132.7

Lipid-lowering agents (%) Statins 61.4 71.3

Fibrates 3.2 8.3

Omega-3 7.9 4.6

Ezetimibe 3.5 7.4

Blood pressure (mmHg) Systolic 137.6 ± 18.6 135.0 ± 15.5

Diastolic 76.9 ± 9.5 78.0 ± 9.1

Antihypertensive agents (%) 88.5 89.4

Diuretics 48.2 38.6

Beta-blockers 40.7 46.2

Calcium channel blockers 27.0 33.0

ACE inhibitors and/or ARBs 72.1 77.1

Antiplatelets (%) Aspirin 47.1 52.1

Clopidogrel 6.1 10.9
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Table 4 continued

Characteristics Class AMD Annals database DECLARE-TIMI 58

Renal function Micro/macroalbuminuria (%) 48.8 30.2

eGFR (ml/min 9 1.73 m2) 70.1 ± 21.7 86.1 ± 21.8

eGFR\ 60 ml/min 9 1.73 m2 (%) 31.7 9.1

Retinopathy 28.2 12.4

CVD (%) Myocardial infarction 6.6 20.9

PCI 8.3 21.3

CABG 4.4 9.8

Stroke 5.4 6.5

Peripheral arterial disease 14.6 6.0

Peripheral revascularization 0.0 1.3

Peripheral bypass surgery 0.6 1.6

Amputation 0.6 0.6

ARB angiotensin receptor blocker, eGFR estimated glomerular filtration rate, CVD cardiovascular disease, PCI percutaneous
coronary intervention, CABG coronary artery bypass graft surgery

Table 5 Characteristics of patients in VERTIS-CV and those of patients in the AMD Annals database eligible for the trial

Characteristics Class AMD Annals database VERTIS-CV

No. 80,797 8238

Gender (%) Female 32.2 30.0

Male 67.8 70.0

Age (years) 72.9 ± 9.0 64.4 ± 8.1

Smoking (%) 29.5 ± 5.1 32.0 ± 5.4

Body mass index (kg/m2) 16.9 ± 10.3 12.9 ± 8.3

Duration of diabetes (years) 7.9 ± 0.8 8.3 ± 0.9

HbA1c (%) 80.797 8.238

Glucose-lowering agents (%) Metformin 50.3 76.3

Secretagogues 26.9 41.1

TZDs 3.1 1.9

DPP-IV inhibitors 19.5 11.0

GLP-1 RA 3.3 3.4

Insulin 59.1 47.2
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more likely to be treated with DPP-IV inhibitors
and insulin. Treatment with beta-blockers, ACE
inhibitors or ARBs, and statins was also less
frequently documented in the AMD Annals
population, while the use of diuretics was more
common.

DISCUSSION

The aim of this retrospective analysis was to
assess the extent to which eligibility criteria of
CVOTs on SGLT2i could be generalized to
adults with T2DM attending diabetes outpatient
clinics in Italy. The study documented

Table 5 continued

Characteristics Class AMD Annals database VERTIS-CV

Lipid profile (mg/dl) Total cholesterol 158.2 ± 37.8 169 ± 46.5

LDL cholesterol 84.4 ± 30.9 89 ± 38.3

HDL cholesterol 45.5 ± 12.7 44 ± 12.1

Triglycerides 148.6 ± 88.9 181 ± 114.6

Lipid-lowering agents (%) Statins 71.7 81.4

Ezetimibe 4.5 3.6

Blood pressure (mmHg) Systolic 135.9 ± 18.5 133 ± 13.8

Diastolic 75.3 ± 9.4 77 ± 8.5

Antihypertensive agents (%) Diuretics 49.7 40.6

Beta-blockers 54.9 69.1

Calcium channel blockers 27.8 –

ACE inhibitors and/or ARBs 68.8 81.4

Antiplatelets (%) 73.0 84.6

Renal function Micro/macroalbuminuria (%) 57.8 39.4

eGFR (ml/min 9 1.73 m2) 65.5 ± 22.9 76.0 ± 20.9

eGFR\ 60 ml/min 9 1.73 m2 (%) 40.9 22.0

Retinopathy 39.4 16.8

CVD (%) Myocardial infarction 18.1 47.9

PCI 25.4 41.4

CABG 13.3 22.0

Stroke 15.5 21.0

Peripheral arterial disease 40.2 18.8

Peripheral revascularization 0.1 8.2

Amputation 1.6 3.6

CHF 6.2 23.1

TZDs thiazolidinediones, ARB angiotensin receptor blocker, eGFR estimated glomerular filtration rate, CVD cardiovascular
disease, PCI percutaneous coronary intervention, CABG coronary artery bypass graft surgery
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substantial differences in the percentage of
patients who would have met the major eligi-
bility criteria of the different trials, ranging
between 11.7% for the EMPA-REG OUTCOME
and 55.9% for the DECLARE-TIMI 58. The dif-
ference in percentages closely reflects the
inclusion of patients with established CV dis-
ease only, as in the case of EMPA-REG OUT-
COME and VERTIS, or also patients carrying
multiple CV risk factors, as in DECLARE-TIMI
58 and CANVAS. Of note, despite one in four
patients in the AMD Annals database having
established CV disease, many of them were not
eligible for the trials, mainly because of HbA1c
levels outside the allowed range. Since the pos-
itive CV effects of SGLT2i are largely indepen-
dent of HbA1c levels, it is plausible to assume
that in everyday practice a larger proportion of
patients would benefit from the treatment.

Compared with a similar study conducted in
the USA [23], percentages of patients eligible for
the different CVOTs were higher in Italy
(DECLARE-TIMI 58: 55.9% vs. 39.8%; EMPA-
REG OUTCOME: 11.7% vs. 4.1%; CANVAS:
29.4% vs. 8.8%; VERTIS-CV 12.8% vs. 4.8%).
However, in the US study information on
complications and risk factors was derived from
the NHANES survey and was self-reported by
the participants. This could have resulted in
inaccurate estimation of the eligibility criteria,
thus leading to an underestimation of the real
proportions of patients potentially eligible.
Furthermore, the Italian sample was identified
in diabetes centers. It is plausible that patients
seen in secondary care present more severe
diabetes, making this population more similar
to that enrolled in CVOTs.

In another USA-based outpatient registry of
individuals with type 2 diabetes from 313 sites
that included cardiology, endocrinology, and
primary care practices, 26.2% patients met
major eligibility criteria for EMPA-REG OUT-
COME [24]. In this case, the participation of a
large number of cardiology practices may have
increased the proportion of patients with
established CV disease, thus leading to a higher
eligibility rate.

This observation suggests that there are
considerable differences in the characteristics of
the patients among the real-world T2D

populations in each study. The characteristics of
patients in real-world practice may be different
among areas or countries probably because of
social background, age pyramid, healthcare
system (public vs. private insurance; primary
care vs. specialist care), and reimbursement
limitations. As such, no real-world cohort can
be considered as a reference standard for
comparison.

Compared with patients in the CVOTs, eli-
gible patients in the AMD Annals database dif-
fered in many aspects, including older age and
longer diabetes duration, lower BMI and HbA1c
levels, lower prevalence of established cardio-
vascular and cerebrovascular disease, higher
rates of microvascular complications and
peripheral arterial disease, and different glu-
cose-lowering and cardiovascular background
therapies. More advanced age and longer dia-
betes duration may justify the higher preva-
lence of retinopathy, albuminuria, and reduced
eGFR. On the other hand, the lower prevalence
of macrovascular disease suggests a better con-
trol of major CV risk factors in this population.
The high prevalence of patients with peripheral
vascular disease poses some problems of gener-
alizability of trial results, considering that in
CANVAS the use of canagliflozin was associated
with a doubling in the risk of lower limb
amputations [9, 25]. Although these findings
were not confirmed in trials with other SGLT2i
and no specific etiological mechanism has been
identified, caution and close monitoring are
required when prescribing these drugs to
patients with peripheral vascular disease. On
the other hand, the high prevalence of patients
with albuminuria or reduced eGFR underlines
another important potential benefit of SGLT2i.
A recent meta-analysis documented that
SGLT2i reduced the risk of progression of renal
disease by 45%, with a similar benefit in
patients with and without atherosclerotic car-
diovascular disease [26]. These findings suggest
the need to broaden the scope for treatment
with SGLT2i, to include also the prevention or
the delay in the progression of microvascular
complications.

Despite the evidence supporting the efficacy
and safety of SGLT2i, only a minority of
patients in the AMD Annals database were
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actually treated with these drugs. In Italy
SGLT2i were introduced on the market in 2015,
and the data analyzed referred to 2016, when
only the results of EMPA-REG OUTCOME had
been published. It is therefore plausible that the
prescription of these drugs has increased in
recent years, as a result of the accumulation of
new evidence and the issuing of new guidelines
for clinical practice [27].

Our findings also have implications for future
research. In particular, eligibility criteria of
future CVOTs should more closely reflect real-
world populations to allow a greater generaliz-
ability of their results. The inclusion of larger
numbers of patients without established car-
diovascular disease, as already done in the
DECLARE-TIMI 58, with more advanced age and
lower BMI will certainly improve the external
validity of the trials, thus increasing the rele-
vance of their results for clinical practice.

Our study has strengths and limitations.
Among the strengths, the large number of dia-
betes centers and patients involved make the
study results highly generalizable. In this respect,
it should be emphasized that in Italy SGLT2i can
only be prescribed by diabetes specialists, making
outpatient diabetes centers the ideal setting to
perform the study. Furthermore, the adoption in
all centers of the same electronic medical records
system makes the information collected highly
reliable and accurate. The study also has limita-
tions. First, data analyzed refer to 2016 and they
might not reflect actual practice in a rapidly
evolving scenario. However, it is highly unlikely
that the characteristics of patients attending dia-
betes clinics have changed in most recent years,
thus making the results relating to the generaliz-
ability of CVOTs still valid. Second, information
on major exclusion criteria (e.g., liver disease or
other major comorbidities) was not available in
the AMD Annals database. Therefore, the per-
centage of patients that would have been eligible
for the different CVOTs could be overestimated.

CONCLUSIONS

Our study shows that the percentage of patients
potentially eligible for treatment with agents
that demonstrated CV risk reduction in recent

CVOTs varies as a reflection of different eligi-
bility criteria applied in the trials. These differ-
ences should be taken into consideration when
evaluating the generalizability and applicability
of CVOTs to real-world populations. In any
case, a large number of patients that could
benefit from SGLT2i in terms of not only CV
protection but also renal protection do not
receive the treatment. Since existing CVOTs
targeted high-risk populations, with either
established CV disease or multiple CV risk fac-
tors, the treatment of choice when low-risk
patients require therapy intensification remains
to be established.
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14. Cefalu WT, Stenlöf K, Leiter LA, et al. Effects of
canagliflozin on body weight and relationship to
HbA1c and blood pressure changes in patients with
type 2 diabetes. Diabetologia. 2015;58:1183–7.

15. Del Prato S, Nauck M, Durán-Garcia S, et al. Long-
term glycaemic response and tolerability of dapa-
gliflozin versus a sulphonylurea as add-on therapy
to metformin in patients with type 2 diabetes:
4-year data. Diabetes Obes Metab. 2015;17:581–90.

16. Nauck MA, Del Prato S, Durán-Garcia S, et al.
Durability of glycaemic efficacy over 2 years with
dapagliflozin versus glipizide as add-on therapies in

14

https://www.fda.gov/downloads/Drugs/Guidances/ucm071627.pdf
https://www.fda.gov/downloads/Drugs/Guidances/ucm071627.pdf


patients whose type 2 diabetes mellitus is inade-
quately controlled with metformin. Diabetes Obes
Metab. 2014;16:1111–20.

17. Weber MA, Mansfield TA, Cain VA, Igbal N, Parikh
S, Ptaszynska A. Blood pressure and glycaemic
effects of dapagliflozin versus placebo in patients
with type 2 diabetes on combination antihyper-
tensive therapy: a randomised, double-blind, pla-
cebo-controlled, phase 3 study. Lancet Diabetes
Endocrinol. 2016;4:211–20.

18. Liakos A, Karagiannis T, Athanasiadou E, et al.
Efficacy and safety of empagliflozin for type 2 dia-
betes: a systematic review and meta-analysis. Dia-
betes Obes Metab. 2014;16:984–93.

19. Cannon CP, McGuire DK, Pratley R, et al. Design
and baseline characteristics of the eValuation of
ERTugliflozin effIcacy and Safety CardioVascular
outcomes trial (VERTIS-CV). Am Heart J.
2018;206:11–23.

20. Rossi MC, Nicolucci A, Arcangeli A, et al. Baseline
quality-of-care data from a quality-improvement
program implemented by a network of diabetes
outpatient clinics. Diabet Care. 2008;31:2166–8.

21. Nicolucci A, Rossi MC, Arcangeli A, et al. Four-year
impact of a continuous quality improvement effort
implemented by a network of diabetes outpatient
clinics: the AMD-Annals initiative. Diabet Med.
2010;27:1041–8.

22. Rossi MC, Candido R, Ceriello A, et al. Trends over
8 years in quality of diabetes care: results of the
AMD Annals continuous quality improvement ini-
tiative. Acta Diabetol. 2015;52:557–71.

23. Wittbrodt ET, Eudicone JM, Bell KF, Enhoffer DM,
Latham K, Green JB. Eligibility varies among the 4
sodium-glucose cotransporter-2 inhibitor cardio-
vascular outcomes trials: implications for the gen-
eral type 2 diabetes US population. Am J Manag
Care. 2018;24(8 Suppl):S138–45.

24. Arnold SV, Inzucchi SE, Tang F, et al. Real-world use
and modeled impact of glucose-lowering therapies
evaluated in recent cardiovascular outcomes trials:
an NCDR� Research to Practice project. Eur J Prev
Cardiol. 2017;24:1637–45.

25. Matthews DR, Li Q, Perkovic V, et al. Effects of
canagliflozin on amputation risk in type 2 diabetes:
the CANVAS program. Diabetologia. 2019;62:
926–38.

26. Zelniker TA, Wiviott SD, Raz I, et al. SGLT2 inhibi-
tors for primary and secondary prevention of car-
diovascular and renal outcomes in type 2 diabetes: a
systematic review and meta-analysis of cardiovas-
cular outcome trials. Lancet. 2019;393:31–9.

27. Davies MJ, D’Alessio DA, Fradkin J, et al. A con-
sensus report by the American Diabetes Association
(ADA) and the European Association for the Study
of Diabetes (EASD). Diabetes Care. 2018;2018(41):
2669–701.

15


	Generalizability of Cardiovascular Safety Trials on SGLT2 Inhibitors to the Real World: Implications for Clinical Practice
	Abstract
	Introduction
	Methods
	Results
	Conclusion
	Funding

	Introduction
	Methods
	Results
	EMPA-REG OUTCOME
	CANVAS
	DECLARE-TIMI 58
	VERTIS-CV

	Discussion
	Conclusions
	Acknowledgements
	References




