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Abstract
The 7th Cardiovascular Outcome Trial (CVOT) Summit on Cardiovascular, Renal, and Glycemic Outcomes, was held
virtually on November 18–19, 2021. Pursuing the tradition of the previous summits, this reference congress served
as a platform for in-depth discussion and exchange on recently completed CVOTs. This year’s focus was placed on
the outcomes of EMPEROR-Preserved, FIGARO-DKD, AMPLITUDE-O, SURPASS 1–5, and STEP 1–5. Trial implications for
diabetes and obesity management and the impact on new treatment algorithms were highlighted for endocrinolo‑
gists, diabetologists, cardiologists, nephrologists, and general practitioners. Discussions evolved from outcome trials
using SGLT2 inhibitors as therapy for heart failure, to CVOTs with nonsteroidal mineralocorticoid receptor antagonists
and GLP-1 receptor agonists. Furthermore, trials for glycemic and overweight/obesity management, challenges in
diabetes management in COVID-19, and novel guidelines and treatment strategies were discussed.
Trial registration The 8th Cardiovascular Outcome Trial Summit will be held virtually on November 10–11, 2022 (http://
www.cvot.org)
Keywords: Diabetes, Cardiovascular disease, Heart failure, Chronic kidney disease, Obesity, SGLT2 inhibitor, GLP-1
receptor agonist, Tirzepatide, Mineralocorticoid receptor antagonist, Living guidelines
Background
Diabetes mellitus is on the rise across the globe. Prevalence estimates in the 20–79-year age group have
increased from 463 million (9.3% of the world population) in 2019 to 537 million (10.5%) in 2021 [1, 2].
According to the World Health Organization (WHO),
44% of people with diabetes have overweight or obesity
[3]. The International Diabetes Federation (IDF) predicts
that the diabetes prevalence will rise to 783.2 million by
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2045 (12.2%), with a relatively mild increase in the proportion of people with diabetes of 13% in Europe, 24% in
North America and the Caribbean, and 27% in the Western Pacific [1, 2]. Higher increases will be noticeable in
South and Central America (50%), South-East Asia (68%),
and the Middle East and North Africa (87%). The highest
increase is predicted for Sub-Saharan Africa (134%) [1].
The increasing diabetes prevalence is accompanied by
a rise in direct diabetes costs. According to the IDF, the
total estimated global healthcare expenditure for people
with diabetes aged 20–79 increased from 232 billion USD
in 2007 to 966 billion USD in 2021 [1, 2].
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Diabetes is in the long-term commonly accompanied
by at least one comorbidity. Nearly 75% of persons with
diabetes have concomitant hypertension [4]. Cardiovascular disease (CVD) is a major comorbidity of diabetes
[5, 6]. A metanalysis including more than 4.5 million persons with type 2 diabetes mellitus (T2D) indicated that
32.2% of the subjects had CVD, including 29.1% with
atherosclerosis, 21.2% with coronary heart disease, 14.9%
with heart failure (FH), 14.6% with angina, 10.0% with
myocardial infarction (MI), and 7.6% with stroke [5]. Cardiovascular (CV) deaths comprised 50.3% of all deaths
[5]. Furthermore, long-term elevated glucose levels cause
damage to the nervous system. In this regard, 13–26% of
people with diabetes have a chronic painful distal symmetric sensorimotor polyneuropathy [7, 8]. The kidney
is another organ affected by diabetes. It has been shown
that approximately 20–40% of patients with diabetes
develop kidney disease due to diabetes (DKD) [9, 10]. In
persons with T2D and diagnosed DKD, life expectancy is
estimated to be reduced by 16 years [11].
Because of the health-compromising comorbidities of
diabetes and the quality-of-life impairment of affected
individuals, the continuous development of effective,
accessible, affordable, and safe medications is necessary.
Regarding drugs’ safety, the U.S. Food and Drug
Administration (FDA) in 2008 issued a guidance to evaluate CV risk in new glucose lowering therapies for T2D as
a response to the potentially elevated risk for micro- and
macrovascular events of some glucose-lowering medications [12, 13]. Since then, cardiovascular outcome trials
(CVOTs) have been conducted, mainly for three glucoselowering medication classes: glucagon-like peptide-1
receptor agonists (GLP-1 RAs), dipeptidylpeptidase-4
inhibitors (DPP-4is), and sodium–glucose cotransporter-2 inhibitors (SGLT2is). By 2020, five CVOTs have
been conducted for DPP-4is [14–18]. For the SGLT2is,
five CVOTs [19–23], two kidney outcome trials [24, 25],
and three HF outcome trials [26–28] were published.
Regarding the GLP-1 RAs, seven CVOTs have been conducted [29–33]. In addition, a renal outcome trial for a
novel mineralocorticoid receptor antagonist (MRA) in
patients with chronic kidney disease (CKD) and T2D
was published [34]. In 2021, the list of outcome trials was
expanded by two further CVOTs (AMPLITUDE-O—
Efpeglenatide [35] and FIGARO-DKD—Finerenone [36])
and a HF outcome trial in patients with HF and a preserved ejection fraction (HFpEF) with or without diabetes (EMPEROR-Preserved—Empagliflozin [37]).
In addition to CVOTs, five global trials of the SURPASS program (SURPASS 1–5) investigating the efficacy
and safety of tirzepatide, a novel dual glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like
peptide-1 (GLP-1) receptor agonist, with regard to its
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glucose-lowering effect in persons with T2D were published [38–42]. Furthermore, the results of four trials of
the STEP clinical trial program (STEP 1–5) evaluating
the effect of the GLP-1 RA semaglutide 2.4 mg on weight
reduction in persons with or without T2D were issued
[43–46].
As in previous years [47–52], we present and summarize key aspects discussed at the seventh CVOT Summit held virtually on 18–19 November 2021. The CVOT
Summit on Cardiovascular, Renal, and Glycemic Outcomes 2021, was an interdisciplinary platform, which was
also organized in conjunction with four study groups:
Primary Care Diabetes Europe (PCDE, www.pcdeurope.
org), European Diabetic Nephropathy Study Group
(EDNSG, www.ednsg.org), the Incretin Study Group
(www.easd-incretin.ku.dk), and the Working Group Diabetes & Herz (www.ddg.org). Participants from 88 countries and five continents with specialties in diabetology,
endocrinology, cardiology, nephrology, and primary care
contributed to the discussions of the CVOT Summit on
Cardiovascular and Renal Outcomes 2021 (www.cvot.
org).

Updates on CVOTs
A summary of the characteristics and results of HF and
CV outcome trials published in 2021 is listed in Tables 1,
2 and 3.
SGLT2 inhibitors
EMPEROR‑Preserved (Table 2: HF outcome)

The EMPEROR-preserved trial [37] assessed the effect
of empagliflozin (10 mg/daily) in 5988 patients, men
and women, aged ≥ 18 years, with chronic HF (New
York Heart Association (NYHA) class II, III or IV) for
≥ 3 months and an ejection fraction of more than 40%
(HFpEF) [53]. The median duration of follow-up was
2.2 years. Nearly half of the patients had T2D (48.9% in
the empagliflozin-treated group and 49.2% in the placebo
group). The primary endpoint was a composite of CV
death or hospitalization for heart failure (HHF). Regarding the secondary endpoints, the first one was the occurrence of HHF and the second one was the rate of decline
in the estimated glomerular filtration rate (eGFR) during double blind treatment. Additional prespecified outcomes are presented in Table 2.
Empagliflozin showed a significant improvement of the
primary composite outcome with a reduced combined
risk for CV death or HHF (hazard ratio (HR) 0.79 [95%
confidence interval (CI) 0.69–0.90]; p < 0.001). This result
was mainly related to a lower risk of HHF (HR 0.71 [95%
CI 0.60–0.83]) and a slight decrease in CV death risk (HR
0.91 [95% CI 0.76–1.09]). Subgroup analysis showed consistent benefit of empagliflozin on the primary composite
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Table 1 Overview of basic characteristics of heart failure and cardiovascular outcome trials published in 2021
Study name

Study status Drug

Drug class

Intervention

Primary
outcome

n

EMPERORpreserved
[37]

Completed

Empagliflozin

FIGARO-DKD
[36]

Completed

Finerenone

SGLT2 inhibitor Empagliflozin
10 mg once
daily vs. pla‑
cebo

Composite of
CV death or
HHF

5988 2.2

03.2017–
04.2021

NCT03057951

Mineralocorti‑
coid receptor
antagonist

Composite of 8246 3.4
death from
CV causes,
nonfatal MI,
nonfatal stroke,
or HHF

09.2015–
02.2021

NCT02545049

AMPLITUDE-O
[35]

Terminated

Efpeglenatide GLP-1 receptor Efpeglenatide
agonist
4 mg or 6 mg
subcutaneous
once a week vs.
placebo

Composite of 4077 1.8
nonfatal MI,
nonfatal stroke,
or death from
CV or undeter‑
mined causes

04.2018–
12.2020

NCT03496298

Finerenone
10 mg or
20 mg once
daily vs. pla‑
cebo

Median
follow
up

Start and end Clinicaltrials.
date
gov ID

HHF hospitalization for heart failure

Table 2 Heart failure outcome trials completed in 2021: comparison of active vs. placebo group
EMPEROR-preserved [37]
Class and cardiovascular outcomes

HR (95% CI)

p-value

0.79 (0.69–0.90)

< 0.001

0.73 (0.61–0.88)

< 0.001

1.36 (1.06–1.66)

< 0.001

Primary composite outcome
Composite of cardiovascular death or hospitalization for heart failure
Secondary outcome
Total number of hospitalizations for heart failure
Secondary outcome
Mean slope of change in eGFR per year—ml/min/1.73 m2
Other prespecified analyses
Change in KCCQ clinical summary score at week 52

1.32 (0.45–2.19)

Other prespecified analyses
Total number of hospitalizations for any cause

0.93 (0.85–1.01)

Other prespecified analyses
Composite renal outcome

0.95 (0.73–1.24)

Other prespecified analyses
Onset of new diabetes in patients with prediabetes

0.84 (0.65–1.07)

Other prespecified analyses
Death from any cause

1.00 (0.87–1.15)

Adverse events

Event rate (%) active vs. placebo group

Urinary tract infections

9.9 vs. 8.1

Genital infections

2.2 vs. 0.7

Hypotension

10.4 vs. 8.6

KCCQ Kansas City Cardiomyopathy Questionnaire

outcome in patients with diabetes (HR 0.79 [95% CI
0.67–0.94]) or without diabetes (HR 0.78 [95% CI 0.64–
0.95]). Regarding the first secondary outcome, a significant 27% relative reduction in the total number of HHF
was reported (HR 0.79 [95% CI 0.69–0.90]). In addition,

the decline rate in the eGFR (second secondary outcome)
was slower in the empagliflozin-treated group compared
to placebo (− 1.25 vs. − 2.62 ml/min/1.73 m2 per year;
Between-group difference in slope: 1.36 ml/min/1.73 m2
per year [95% CI 1.06–1.66]; p < 0.001). The results of
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Table 3 Cardiovascular trials in diabetes completed in 2021: comparison of active vs. placebo group
FIGARO-DKD [36]—Finerenone

AMPLITUDE-O [35]—Efpeglenatide

Class and cardiovascular outcomes

HR (95% CI), p-value

Number of participants

7437

Primary composite outcome
Composite of CV death, nonfatal MI, nonfa‑
tal stroke, and HHF

0.87 (0.76–0.98), p = 0.03

Number of participants

4076

Incident MACE

0.73 (0.58–0.92),
p < 0.001

+

Secondary outcome
0.87 (0.76–1.01)

Secondary outcome
Hospitalization for any cause

HR (95% CI), p-value

Primary composite outcome

Secondary outcome
Composite of onset of kidney failure, sus‑
tained ≥ 40% eGFR decline or death from
renal causes

Class and cardiovascular outcomes

Expanded MACE composite outcome
event

0.79 (0.65–0.96), *p = 0.02

Secondary outcome
0.97 (0.90–1.04)

Composite renal outcome event

0.68 (0.57–0.79), *p < 0.001

Secondary outcome
All-cause mortality

0.89 (0.77–1.04)

Secondary outcome
Kidney composite outcome
Adverse events

0.77 (0.60–0.99)
Event rate (%) active vs.
placebo group

Adverse events

Event rate (%) active vs.
placebo group (p-value)

Severe gastrointestinal event

3.3 vs. 1.8 (p=0.009)

Hyperkalemia

10.8 vs. 5.3

Hypokalemia

1.1 vs. 2.4

Gynecomastia

0.1 vs. 0.1

+
*

p-value for noninferiority

p-value for superiority

other prespecified analyses are presented in Table 2.
Regarding adverse events, although in general infrequent,
urinary tract infections, genital infections, and hypotension were somewhat more often with empagliflozin
(Table 2) [37].

GLP‑1 receptor agonists
AMPLITUDE‑O (Table 3: CV outcome)

The randomized, placebo-controlled trial AMPLITUDEO analyzed the effect of the exendin-based GLP-1 RA,
efpeglenatide, on adverse CV events [35] in persons with
T2D. The participants were 18 years or older, had glycated hemoglobin A1c (HbA1c) > 7%, a history of CVD
or were ≥ 50 years old (if male) or ≥ 55 (if female) and
had kidney disease [35]. 2717 of the 4076 participants
received efpeglenatide. They were divided into two
groups: The first group received efpeglenatide at a weekly
dose of 2 mg for 4 weeks. The dose was then increased to
4 mg for the remaining duration of the study. The second
group was treated with efpeglenatide 2 mg for 4 weeks,
then 4 mg weekly for 4 weeks, and finally 6 mg weekly
until the end of the study [35].
The primary composite outcome was the first occurrence of a major adverse CV event (MACE), defined as
a composite of nonfatal MI, nonfatal stroke, or death
from CV or undetermined causes. In addition, there

were two key secondary outcomes: an expanded MACE
(MACE, coronary revascularization, or hospitalization for unstable angina) and a composite renal outcome (incident macroalbuminuria, plus an increase
in the urine albumin-to-creatinine ratio (UACR) of
≥ 30% from baseline, a continual decrease in the eGFR
of ≥ 40% for ≥ 30 days, renal-replacement therapy for
≥ 90 days, or a continuous eGFR of < 15 ml/min/1.73m2
for ≥ 30 days) [35].
During a median follow-up of 1.81 years, efpeglenatide
significantly reduced the relative risk of the primary composite outcome (MACE) by 27% (HR 0.73 [95% CI 0.58–
0.92]; p < 0.001 for noninferiority). With regard to the
key secondary outcomes, efpeglenatide showed a significant reduction in the incidence of at least one expanded
MACE composite event (HR 0.79 [95% CI 0.65–0.96];
p = 0.02 for superiority) and at least one composite renal
outcome event (HR 0.68 [95% CI 0.57–0.79]; p < 0.001 for
superiority) [35].
Severe gastrointestinal events occurred significantly
more often in the group assigned to receive efpeglenatide (3.3% vs. 1.8% for placebo; P = 0.009). They were
mainly due to diarrhea, constipation, nausea, vomiting,
or bloating (2.2% vs. 1.4% for placebo; P = 0.03) [35]. On
the sponsor’s decision that was not related to safety concerns, the AMPLITUDE-O trial was terminated.
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Mineralocorticoid receptor antagonists
FIGARO‑DKD (Table 3: CV outcome)

The FIGARO-DKD trial assessed the cardiovascular and
renal effects of the selective nonsteroidal mineralocorticoid receptor antagonist, finerenone, in patients with
T2D and a wide range of CKD [36]. Eligible patients
(4076 participants; ≥ 18 years old) had to have a UACR
of 30–300 mg/g and an eGFR of 25–90 ml/min/1.73m2
(stage 2–4 CKD) or a UACR of 300–5000 mg/g and an
eGFR ≥ 60 ml/min/1.73m2 (stage 1 or 2 CKD) [36]. All
patients were treated with renin-angiotensin system
(RAS) blockade at the maximum tolerated dose. The primary outcome was composite of death from CV causes,
nonfatal MI, nonfatal stroke, or HHF. The key secondary
outcome was a composite of the first occurrence of kidney failure, a sustained decrease from baseline of at least
40% in the eGFR for a period of at least 4 weeks, or death
from renal causes. Main further secondary outcomes
were hospitalization for any cause, death from any cause,
and a kidney composite outcome (first onset of kidney
failure, a sustained decrease from baseline of at least
57% in the eGFR for at least 4 weeks, or death from renal
causes) [36].
In the finerenone-treated group, a significant decrease
in the relative risk of the primary composite outcome by
13% was observed (HR 0.87 [95% CI 0.76–0.98]; p = 0.03).
The effect was primarily driven by a lower incidence of
HHF (HR 0.71 [95% CI 0.56–0.90]). There was no significant decrease in the risk of the secondary composite
outcome (occurrence in 9.5% in the finerenone group
(N = 3686) and 10.8% in the placebo group (N = 3666);
HR 0.87 [95% CI 0.76–1.01]). Also, no significant reduction in the risk for the secondary outcomes (hospitalization for any cause and death from any cause) was
observable. The kidney secondary composite outcome
(first onset of kidney failure, a sustained decrease from
baseline of at least 57% in the eGFR for at least 4 weeks,
or death from renal causes) occurred in 2.9% in the finerenone group and 3.8% in the placebo group [36].
The hyperkalemia incidence was twofold higher with
finerenone (10.8%) than placebo (5.3%). Also, the incidence of permanent discontinuation of the trial regimen due to hyperkalemia was higher with finerenone
than with placebo (1.2% vs. 0.4%). Furthermore, patients
treated with finerenone showed higher mean serum
potassium levels (> 5.5 mmol/l) than patients who
received a placebo (13.5% vs. 6.4%). The hypokalemia
incidence was lower in the finerenone-treated group than
in the placebo group (1.1% vs. 2.4%). There was no difference in the gynecomastia incidence between finerenone
and placebo (0.1% vs. 0.1%). Two phase 3 trials investigating the efficacy and safety of finerenone in patients
with HFpEF (FINEARTS-HF) and in patients with
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non-diabetes-related CKD (FIND-CKD) are at present
being conducted [54, 55].

Glycemic outcome trials
SURPASS trials: (Tables 4 and 5)

The SURPASS clinical trial program aims at evaluating
the efficacy and safety of tirzepatide, a novel, once-weekly
injectable dual glucose-dependent insulinotropic polypeptide (GIP) and GLP-1 receptor agonist (GIP/GLP-1
RA). The program includes seven global trials (SURPASS
1 to 6 and the SURPASS-CVOT), two trials for the Japanese market (SURPASS J-mono and SURPASS J-combo),
and one trial for the Asia Pacific region (China) (SURPASS-AP-Combo) [56].
The SURPASS 1–6 randomized phase 3 trials aimed
to evaluate the efficacy and safety of tirzepatide as a
glucose-lowering medication in people with T2D. All
patients in SURPASS 1–6 were ≥ 18 years, had T2D, and
had a stable weight (± 5%) for at least 3 months. In case
of background medication use, this had to be stable for
at least 3 months before screening. Recruited patients
had an HbA1c range ≥ 7.0% (SURPASS-6: ≥ 7.5%) and
≤ 10.5% (SURPASS-1: ≤ 9.5%; SURPASS-6: ≤ 11.0%).
The body mass index (BMI) was ≥ 23 kg/m2 or ≥ 25 kg/
m2 depending on the trial (Table 4). A further commonality was the random assignment of the participants to a
once-weekly subcutaneous injection of tirzepatide (either
5 mg, 10 mg, or 15 mg). The starting dose (2.5 mg) was
increased gradually at 4-week intervals to mitigate gastrointestinal side effects from the GLP-1 RA. Common key exclusion criteria were type 1 diabetes mellitus
(T1D), history of pancreatitis, history of proliferative diabetic retinopathy, diabetic maculopathy, or non-proliferative diabetic retinopathy requiring acute treatment. The
studies were conducted for 40–52 weeks.
The primary endpoint was the mean change in HbA1c
from baseline at 40–52 weeks, and the key secondary
endpoint was the mean reduction in body weight from
baseline at 40–52 weeks. Additionally, the proportion
of participants who reached the HbA1c target < 7.0%,
≤ 6.5%, and < 5.7%, and the percentage of those who
achieved weight loss ≥ 5%, ≥ 10%, and ≥ 15% was evaluated. To date, the results of SURPASS 1–5 phase 3 trials
have been published [38–42].
SURPASS-1 tested the effect of tirzepatide versus placebo in participants with an inadequately controlled
HbA1c with diet and exercise alone. The tirzepatidetreated group showed a significant dose-dependent
decrease in HbA1c from baseline by 1.87–2.07% versus
an increase of 0.04% in the placebo group. 87% to 92%
of the participants reached the target HbA1c < 7.0%.
Regarding body weight, a significant weight loss of 7.0–
9.5 kg compared to placebo (0.7 kg) could be observed.

NCT03987919

NCT03882970

NCT03730662

NCT04039503

NCT04537923

SURPASS-2
[39]

SURPASS-3
[40]

SURPASS-4
[41]

SURPASS-5
[42]

SURPASS-6
[57]

SC subcutaneous

NCT03954834

SURPASS-1
[38]

Key inclusion criteria

457 HbA1c 7.0–10.5%,
BMI ≥ 23 kg/m2 at screening
Stable background medi‑
cations (insulin glargine
(U100) ± metformin)

2002 HbA1c 7.0–10.5%,
BMI ≥ 25 kg/m2 at screening
Increased risk of CV events
Stable background medica‑
tions (metformin ± sulfonylu‑
rea or SGLT2i)

1444 HbA1c 7.0–10.5%,
BMI ≥ 25 kg/m2 at screening
Stable background medica‑
tions (metformin ± SGLT2i)

1879 HbA1c 7.0–10.5%,
BMI ≥ 25 kg/m2 at screening
Stable background medica‑
tions (metformin)

478 Naive to diabetes injectable
therapies, HbA1c 7.0–9.5%,
BMI ≥ 23 kg/m2 at screening

n

Active, not recruiting 1182 HbA1c 7.5–11%, BMI ≥ 23 and
≤ 45 kg/m2 at screening
Stable background medi‑
cations (insulin glargine
(U100) ± metformin)

Completed

Completed

Completed

Completed

Completed

Clinicaltrials.gov ID Study status

Study name

Tirzepatide 5, 10, or 15 mg SC
once a week vs. semaglutide
1 mg once a week
Tirzepatide 5, 10, or 15 mg
SC once a week vs. insulin
degludec SC once a day
Tirzepatide 5, 10, or 15 mg
SC once a week vs. insulin
glargine SC once a day

Tirzepatide 5, 10, or 15 mg SC
once a week vs. placebo

Tirzepatide 5, 10, or 15 mg SC Insulin glargine or insulin glar‑
once a week vs. insulin lispro
gine + metformin
(U100) SC three times a day
with insulin glargine (U100) SC

eGFR < 45 ml/min/1.73m2

eGFR < 45 ml/min/1.73m2
Other medications than met‑
formin ± SGLT2i
Other medications than
metformin ± sulfonylurea or
SGLT2i

eGFR < 30 ml/min/1.73m2
(< 45 if treated with met‑
formin)

eGFR < 30 ml/min/1.73m2
(< 45 if treated with met‑
formin)

Insulin glargine or insulin glar‑
gine + metformin

Metformin or metformin + sul‑
fonylurea or SGLT2i

Metformin or met‑
formin + SGLT2i

Metformin

None

Tirzepatide 5, 10, or 15 mg SC
once a week vs. placebo

Use of any oral antihyper‑
glycemic medications for
3 months before screening,
eGFR < 30 ml/min/1.73m2

Adjunctive therapy

Intervention

Key exclusion criteria

Table 4 Key information of the SURPASS 1–6 clinical trials with the glucose-lowering dual GIP/GLP-1 receptor agonist tirzepatide
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Table 5 Primary (mean change in HbA1c from baseline at study end) and key secondary outcomes of the SURPASS 1–5 clinical trials
with the obtained results
Study name

Primary/
secondary
endpoint(s)
(weeks)

Mean
HbA1c at
baseline (%)

Mean HbA1c
Percentage
Mean body
reduction from of patients
weight at
baseline (%)
who met
baseline (kg)
with tirzepatide +HbA1c < 7.0%;
#
5/10/15 mg
HbA1c ≤ 6.5%
and
*
HbA1c < 5.7%
with tirzepatide
5/10/15 mg

SURPASS-1
[38]

40

7.94

1.87/1.89/2.07

SURPASS-2
[39]

40

8.28

SURPASS-3
[40]

52

8.17

SURPASS-4
[41]

52

8.52

SURPASS-5
[42]

40

8.31

+

Mean reduction
in body weight
from baseline
(kg) with
tirzepatide
5/10/15 mg

Percentage of
patients who met
a weight loss of
a
≥ 5%; b≥ 10%;
and c≥ 15%
with tirzepatide
5/10/15 mg

7.0/7.8/9.5

a

87/92/88
82/81/86
*34/31/52

85.9

2.01/2.24/2.30

+

82/86/86
69/77/80
*
27/40/46

93.7

7.6/9.3/11.2

a

1.93/2.20/2.37

+

82/90/93
71/80/85
*
26/39/48

94.3

7.5/10.7/12.9

a

2.24/2.43/2.58

+

81/88/91
66/76/81
*
23/33/43

90.3

7.1/9.5/11.7

a

2.11/2.40/2.34

+

95.2

5.4/7.5/8.8

a

#

#

#

#

87/90/85
74/86/80
*
24/42/50
#

67/78/77
31/40 /47
13/17/27

b
c

65/76/80
34/47/57
c
15/24/36
b

66/84/88
37/56/69
13/28/43

b
c

63/78/85
36/53/66
c
14/24/37
b

56/68/85
24/49/48
8/28/27

b
c

Results of the SURPASS-6 trial are not yet available

67% to 78% of the participants reached a weight loss of
5% or greater with tirzepatide versus 14% with placebo
(Table 5) [38].
In SURPASS-2, the efficacy and safety of tirzepatide
versus semaglutide were investigated. The randomly
assigned patients received a once-weekly subcutaneous
injection of either tirzepatide or semaglutide (1 mg). In
addition, all participants received metformin (≥ 1500 mg
per day) [39]. With the three tested concentrations of
tirzepatide, a significantly higher reduction of HbA1c and
body weight from baseline could be achieved compared
to semaglutide. Furthermore, significantly more participants reached the HbA1c targets < 7% and < 5.7% with
10 mg and 15 mg doses than with semaglutide. Further
results are presented in Table 5 [39].
SURPASS-3 compared tirzepatide with insulin degludec in insulin-naive patients in whom oral glucose lowering drugs had failed to achieve therapeutic goals. The
baseline therapy consisted of metformin with or without
SGLT2is. The randomly assigned participants received
either tirzepatide or once-daily insulin degludec (initially
given at 10 Units per day and titrated once weekly to a
fasting self-monitored blood glucose of less than 90 mg/
dl) (Table 4) [40]. Independently of the doses, a significant reduction in HbA1c and body weight at week 52
could be observed with tirzepatide compared to insulin degludec. Additionally, significantly more patients
achieved the HbA1c targets < 7.0%, ≤ 6.5%, and < 5.7 and

the weight loss targets (≥ 5%, ≥ 10%, and ≥ 15% of body
weight) (Table 5) [40].
In SURPASS-4, tirzepatide’s comparator was insulin
glargine (100 U/ml). Participants in each group remained
on currently prescribed treatment with metformin,
SGLT2is, and/or sulfonylureas. All three doses of tirzepatide led to a significant reduction of HbA1c (− 2.24%
(5 mg), − 2.43% (10 mg), and − 2.58% (15 mg) vs. − 1.44%
insulin glargine) and body weight [− 7.1 kg (5 mg),
− 9.5 kg (10 mg), and − 11.7 kg (15 mg) vs. + 1.9 kg
(insulin glargine)] from baseline. Significantly more
patients achieved the HbA1c targets < 7.0% and < 5.7%.
No increase in adjusted MACE-4 events (CV death, MI,
stroke, hospitalization for unstable angina) was noticeable on tirzepatide compared with insulin glargine (HR
0.74 [95% CI 0.51–1.08]). Further results are shown in
Table 5 [41].
In SURPASS-5, tirzepatide was compared with placebo. Participants received insulin glargine (U100), once
daily with or without metformin as background medication (Table 4). Tirzepatide 5 mg, 10 mg, and 15 mg was
superior to placebo in HbA1c change from baseline, body
weight reduction, and percentage of participants achieving glycemic and weight loss targets (Table 5) [42].
The most common adverse effects in all SURPASS 1–5
trials of the tirzepatide-treated groups were gastrointestinal (mainly nausea, vomiting, and diarrhea). Their
severity was generally mild to moderate and mainly

Schnell et al. Cardiovascular Diabetology

(2022) 21:50

dose-dependent. They occurred more frequently in
the tirzepatide-treated groups than in the comparator
groups. The incidence of severe hypoglycemia and blood
glucose concentrations less than 54 mg/dl was lower with
tirzepatide compared to insulin degludec and insulin
glargine respectively (SURPASS-3 and 4) or did not differ between the tirzepatide and the comparator groups
(SURPASS-1, 2, and 5) [38–42].
The SURPASS-CVOT, whose estimated completion
date is October 2024, aims to investigate the cardiovascular safety of tirzepatide compared to dulaglutide 1.5 mg.
The primary endpoint is a composite of MI, stroke, and
CV death over 52 weeks. In SURMOUNT-1 the effect of
tirzepatide primarily on weight loss in people with diabetes and obesity is being investigated. Primary outcomes
are body reduction from baseline and the percentage of
participants achieving ≥ 5% body weight reduction by
week 72.

Obesity and overweight outcome trials
STEP trials: (Table 6)

The STEP trial 1 to 5 investigated the effect of semaglutide 2.4 mg as adjunctive therapy to lifestyle intervention
on weight loss in adults with obesity or overweight [43–
46, 58].
In these randomized, double-blind trials, ≥ 18 years
old participants without T2D and with a BMI ≥ 30 kg/
m2 or ≥ 27 kg/m2 and one or more treated or untreated
weight-related comorbidities (hypertension, dyslipidemia, obstructive sleep apnea, or CV disease) were
included. An exception was the STEP 2 trial, which
explicitly included patients with T2D and BMI ≥ 30 kg/
m2 or ≥ 27 kg/m2.
The primary endpoints were the percentage change in
body weight from baseline to the end of treatment (STEP
4: from week 20 to week 68) and the proportion of participants achieving ≥ 5% weight loss from baseline after the
end of treatment (except for STEP 4) (Table 6) [43–46,
58].
In the STEP 1 trial, semaglutide 2.4 mg was associated
with a significant reduction in body weight (− 14.9%)
compared to placebo (− 2.4%). Moreover, significantly
more participants achieved a weight loss ≥ 5% with
semaglutide than with placebo (86.4% vs. 31.5%).
In STEP 2, which included participants with T2D, the
percentage change in mean body weight was − 9.6% with
semaglutide 2.4 mg and − 3.4% with placebo. At week
68, significantly more participants achieved a weight loss
of ≥ 5% with semaglutide than with placebo (68.8% vs.
28.5%).
In the STEP 3 trial, the lifestyle intervention was
more intensive than STEP 1 (low-/hypocaloric diet,
weekly physical activity, and behavioral therapy versus
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behavioral counselling visits every 4 weeks in STEP 1).
The mean body weight change from baseline was 16.0%
for semaglutide 2.4 mg and 5.7% for placebo. Compared
with placebo, significantly more participants treated with
semaglutide lost ≥ 5% body weight.
In STEP 4, all the participants received semaglutide
2.4 mg for 20 weeks (run-in period). They were then
randomized to continue the semaglutide treatment or
to switch to placebo for 48 weeks. The weight loss effect
of continuing semaglutide treatment versus switching to
placebo from week 20 to week 68 was investigated. After
completion of the run-in period, participants achieved a
mean weight loss of 10.6%. The mean body change from
week 20 to week 68 was − 7.9% for semaglutide and
+ 6.9% for placebo, indicating a maintained weight loss
effect for the treatment with semaglutide 2.4 mg [46].
In the STEP 5 trial, the long-term weight loss effect of
semaglutide was evaluated [semaglutide 2.4 mg vs. placebo for 2 years (104 weeks)]. The participants treated
with semaglutide had, on average, a significant and sustained weight loss compared to those treated with placebo (15.2% vs. 2.6%) and were more likely to achieve a
weight loss ≥ 5% (Table 6) [58].
The most reported adverse events in the STEP 1–5 trials were nausea and diarrhea. These were mild to moderate and were more frequent with semaglutide 2.4 mg
than placebo [43–46, 58].

Key topics discussed during the 7th CVOT Summit
Key aspects of the ESC heart failure guidelines 2021

In the 2021 European Society of Cardiology (ESC)
Guidelines for the diagnosis and treatment of acute
and chronic heart failure [59], the definition of HF with
mildly reduced ejection fraction (HFmrEF) was slightly
modified. A mildly reduced ejection fraction (HFmrEF)
is defined as a range of 41–49%. Elevated natriuretic
peptides, structural heart disease, or diastolic dysfunction are no longer required criteria. Regarding recommendations for pharmacological treatments of HF with
reduced ejection fraction (HFrEF; LVEF ≤ 40%), the
guidelines issued a class I; level A (IA) recommendation
for angiotensin-converting-enzyme inhibitors (ACEis),
beta-blockers, MRAs, and the SGLT2is dapagliflozin and
empagliflozin to reduce the risk of HHF and death [59].
Angiotensin-receptor blockers (ARBs) are recommended
(class I, level B) to reduce the risk of HHF and CV death
in symptomatic patients unable to tolerate ACEis or
angiotensin receptor-neprilysin inhibitors (ARNIs). Loop
diuretics are still recommended for patients with congestion symptoms (class I, level C). The therapeutic algorithm for the management of patients with HFrEF has
been updated accordingly. It is now recommended to
initiate therapy with ACEis/ARBs, Beta-blockers, MRAs,

NCT03548935

NCT03552757

NCT03611582

NCT03548987

NCT03693430

STEP 1 [43]

STEP 2 [44]

STEP 3 [45]

STEP 4 [46]

STEP 5 [58]

Completed

Completed

Completed

Completed

Completed

Participants

304 With obesity or over‑
weight, without T2D

902 With obesity or over‑
weight, without T2D

611 With obesity or over‑
weight, without T2D

1210 With obesity or over‑
weight, with T2D

1961 With obesity or over‑
weight, without T2D

Study name Clinicaltrials.gov ID Study status n

Semaglutide 2.4 mg
once a week vs.
placebo

Semaglutide 2.4 mg
once a week for the
first 20 weeks, then
random assignment:
semaglutide 2.4 mg
once a week vs. pla‑
cebo for 48 weeks

Semaglutide 2.4 mg
once a week vs.
placebo in addition to
intensive behavioral
therapy

Semaglutide 2.4 mg
once a week vs.
semaglutide 1.0 mg
and placebo

Semaglutide 2.4 mg
once a week vs.
placebo

Intervention

Mean body
weight at
baseline (kg)

99.8

Percentage change
in body weight and
weight reduction of
at least 5% at week
104

Percent change in
body weight from
week 20 to week 68

106.0

107.2

Percentage change
105.8
in body weight and
weight reduction of
at least 5% at week 68

Percentage change
in body weight and
weight reduction of
at least 5% at week 68

Percentage change
105.3
in body weight and
weight reduction of
at least 5% at week 68

Primary outcome

Table 6 Key information of the STEP 1–5 clinical trials with the GLP-1 receptor agonist semaglutide 2.4 mg

− 15.2% vs. − 2.6%

− 7.9% vs. + 6.9%

− 16.0% vs. − 5.7%

− 9.6% vs. − 3.4%

− 14.9% vs. − 2.4%

Mean percentage
change in
body weight
from baseline
semaglutide 2.4 mg
vs. placebo

77.1% vs. 34.4

Not applicable

86.6% vs. 47.6%

68.8% vs. 28.5%

86.4% vs. 31.5%

Percentage of
patients who met a
weight loss of ≥ 5%
with semaglutide
2.4 mg vs. placebo
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and dapagliflozin/empagliflozin simultaneously; loop
diuretics are prescribed for fluid retention. The SGLT2is
canagliflozin, dapagliflozin, empagliflozin, ertugliflozin
and sotagliflozin received the recommendation class I
for persons with T2D at risk for CV events. For persons
with T2D and HFrEF, dapagliflozin, empagliflozin, and
sotagliflozin were recommended (class I). The guidelines
emphasize patient profiling and phenotyping to personalize medication use and achieve the best possible therapeutic effect [59, 60].
The “living guidelines” approach—the future of guideline
creation?

More than 660,000 publications and 5300 registered or
ongoing trials related to COVID-19 have been recorded.
In the light of constantly and rapidly emerging new
research evidence, the publication of systematic reviews
including the latest evidence can become a complicated
and resource-demanding task that affects the timely
update of guidelines. The “living guidelines” approach,
meaning the continuous update of the guideline recommendations and sustained by advances in evidence-based
medicine and digitalization technology, was developed to
tackle this challenge and create trustworthy, timely, and
accessible guidelines [61, 62]. The core of living guidelines are high-quality, accessible systematic reviews that
are constantly kept updated (living systematic reviews)
and potentially network meta-analyses [63]. Regarding
living guidelines for COVID-19, the WHO, the Australian National COVID-19 Clinical Evidence Taskforce, the
National Institute for Health and Care Excellence (NICE)
in the UK, and the Association of the Scientific Medical Societies in Germany (AWMF) in cooperation with
COVID-19 evidence ecosystem (CEOsys) used the webbased platform MAGICapp of the nonprofit organization
MAGIC Evidence Ecosystem Foundation to develop and
disseminate COVID-19 living guidelines [64–69]. Concerning diabetes, the Australian Living Evidence for Diabetes Consortium has already published living guidelines
preceding the COVID-19 breakthrough [62, 70].
In 2019, an interdisciplinary experts’ panel (Taskforce
of the Guideline Workshop) convened to develop strategies to optimize guideline processes in diabetes, CVD,
and kidney diseases [71]. In 2020 The Taskforce initiated a pilot project supporting the creation of evidencebased guidelines for the use of SGLT2is and GLP-1 RAs
to manage very high risk T2D patients (presence of both
CVD and DKD) using the MAGICapp platform [72].
Importantly, this guideline was based on a high-quality
systematic review and network meta-analysis of these
drugs in T2D patients, demonstrating moderate to high
certainty evidence for their beneficial effects on cardiorenal outcomes [73].
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One of the Taskforce’s conclusions from this successful pilot was to move towards living guidelines for
cardiorenal outcomes in diabetes, as demonstrated in
the COVID-19 pandemic. The Taskforce will now be
included in an update of the above-mentioned systematic review and network meta-analysis. The addition
of new CVOT trials, and in particular determining the
relative effectiveness of finerenone, can help the societies
update their respective guidelines. The next goal would
be for the professional societies to move to living guidelines, based on living systematic reviews with network
meta-analysis to inform dynamic and rapid updates of
recommendations.
Kidney disease due to diabetes—FIDELITY meta‑analysis

FIDELITY was designed as a prespecified individual
meta-analysis of the trials FIDELIO-DKD and FIGARODKD (data of 13.026 persons with T2D and CKD; median
follow up of 3 years) [34, 36, 74]. The CV outcome was a
composite of time to first occurrence of CV death, nonfatal MI, non-fatal stroke, or HHF. The kidney outcome
was a composite of time to first occurrence of kidney
failure, a sustained ≥ 57% decrease in eGFR from baseline over 4 weeks, or renal death. The composite CV outcome occurred in 12.7% of the finerenone-treated group
and 14.4% of the placebo-treated group (HR 0.86 [95%
CI 0.78–0.95]; p = 0.0018). The relative risk of the composite kidney outcome was significantly reduced by 23%
with finerenone (occurrence of a kidney-related event
in 5.5% of the individuals who received finerenone and
7.1% of those treated with a placebo (HR, 0.77 [95% CI
0.67–0.88]; p = 0.0002). Hyperkalemia leading to permanent treatment discontinuation was more frequent in the
finerenone-treated group than in the placebo group (1.7%
vs. 0.6%) [74].
DARE‑19 trial

Since COVID-19 may impair multiple organs, through
among others vascular damage, endothelial dysfunction,
and inflammation resulting in thrombosis and potential
organ damage [75] and knowing the significant protective effects of dapagliflozin on the heart and kidney [25,
26], the Dapagliflozin in Respiratory failure in patients
with COVID-19 trial (DARE-19) was conducted to
evaluate the organ-protective effect of dapagliflozin in
patients with cardiometabolic risk factors hospitalized
with COVID-19 [76]. The trial included patients hospitalized for COVID-19 with at least one cardiometabolic
risk factor (i.e., atherosclerotic CVD, hypertension, T2D,
HF, and CKD). Key exclusion criteria were critical illness, eGFR < 25 ml/min/1.73m2, T1D, and prior diabetic ketoacidosis. The participants were randomized
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to receive dapagliflozin (10 mg/day) or a placebo for
30 days. The trial had dual composite primary endpoints:
a prevention endpoint (time to new or worsened organ
dysfunction or death from any cause) and a hierarchical
recovery endpoint (change in clinical status by day 30).
Safety outcomes (in patients who received ≥ 1 study medication dose) included serious adverse events, adverse
events leading to discontinuation, and adverse events of
interest. The prevention endpoint (time to organ dysfunction or death) occurred in 70 patients (11.2%) in
the dapagliflozin group, and 86 (13.8%) in the placebo
group (HR 0.80 [95% CI 0.58–1.10]; p = 0.17). The primary outcome of recovery (clinical status improvement)
was numerically in favor of the dapagliflozin group than
the placebo group [n = 547 (87.5%) vs. n = 532 (85.1%)];
however, this was statistically not significant (win ratio
1.09 [95% CI 0.97–1.22]; p = 0.14). Serious adverse events
occurred in 65 (10.6%) of 613 dapagliflozin-treated participants and in 82 (13.3%) of 616 patients who received
a placebo [76]. Although some recommendations suggest stopping SGLT2is in case of a COVID-19 infection
in people with diabetes [77, 78], the results provided by
the DARE-19 trial do not support the discontinuation
of SGLT2is as long as patients with COVID-19 and cardiometabolic risk factors are monitored. The DARE-19
results have already led to an update of consensus recommendations on COVID-19 and metabolic disease [79].
Insulins and the glycemic management
Biosimilar insulins

The World Health Organization (WHO), the FDA, and
the European Medicines Agency (EMA) define biosimilars as biotherapeutic/biological products/medicines that
are highly similar to already approved biotherapeutic/
biological products/medicines [80–82]. Biosimilar insulins are intended to have the same effect in the human
body, at the same dose level, and therefore should be
taken in the same way as the original (reference) insulin.
Although biosimilar insulins are manufactured using the
same human genome sequence as the reference insulin, they cannot be exact copies of the reference insulin
due to differences in the manufacturing process of biologics [83, 84]. Minor differences in clinical action may
exist, but a biosimilar product only receives regulatory
approval after demonstrating its high similarity to the
reference product with no meaningful differences in
terms of safety, purity, and potency based on its “totality of evidence” [85]. This stepwise approach to establish
biosimilarity includes comparative assessments, preclinical cell-based and animal studies, and clinical studies in
humans. Deviation at the end-stage, including receptor
binding, pharmacokinetic and pharmacodynamic studies, and immunogenicity profile, have a critical impact
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on regulatory decisions [86]. As adopted in Europe, the
USA, and many other strictly regulated countries, these
requirements are designed to prevent products of substandard quality from entering the market [87, 88].
Because of the typically shorter development period, biosimilars provide a more cost-effective treatment option
[89]. This ensures stronger competitiveness and can
improve the affordability and accessibility of persons with
diabetes to appropriate insulin therapy.
Perspectives of the insulin therapy

The prospective trial ORIGIN, which involves people with CV risk factors and impaired fasting glucose,
impaired glucose tolerance, or T2D, showed a neutral
effect of insulin glargine on CV outcomes (risk for nonfatal MI, nonfatal stroke, or death from CV causes and
these ± revascularization or HHF) and cancer compared
to standard-care [90]. In addition, the DEVOTE trial
showed no difference in the risk of 3-point MACE (CV
death, nonfatal MI, or nonfatal stroke) between insulin degludec and insulin glargine U100 in persons with
T2D at high risk for CV events [91]. The results of the
completed GRADE trial comparing insulin glargine,
glimepiride, sitagliptin, and liraglutide in combination
with metformin regarding their efficacy and, among others, CVD risk factors have yet to be published, but preliminary results indicate comparable effects of insulin
glargine, glimepiride, and sitagliptin concerning the combined CVD endpoint [92, 93].
Glycemic management

Major clinical trials conducted in the last decades regarding diabetes management used the surrogate, long-term
marker HbA1c to assess the efficacy of diabetes care
in routine clinical care for both T1D and T2D [94, 95].
Improvements in HbA1c levels significantly reduced the
risk of microvascular complications [94, 95]. However, in
some T2D trials, a tight HbA1c-guided metabolic control
led to increased overall mortality, possibly due to a higher
rate of hypoglycemic events in the intensive treatment
arm [96–98]. By its physiological nature, the HbA1c has
some limitations. It does not reflect glycemic variability
or hypo- and hypoglycemic excursions [99]. Besides, various factors (e.g., hemoglobinopathies, CKD, individual
changes in red blood cells lifespan) may lead to interindividual glycation variabilities affecting the accuracy
and informative value of HbA1c [100, 101]. Parallel to
HbA1c, continuous glucose monitoring (CGM) has seen
a strong development over the past decade. The improvements were not only reflected in the development of
better algorithms and more accurate interstitial sensors [102–104], but also in the standardization of CGM
metrics and their clear visualization using a single-page
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report (Ambulatory Glucose Profile (AGP) report) [105].
Although no results of long-term studies using CGM are
available to date, an analysis using data of the seven-point
blood glucose found an association of the time in range
(TIR) (70–180 mg/dl) and the progression of retinopathy
and microalbuminuria in T1D. The retinopathy progression and microalbuminuria outcome increased significantly with lesser TIR [106]. Also, in T2D, a negative
correlation between TIR and both diabetic retinopathy
and neuropathy was detected [107, 108]. A more recent
prospective cohort study with 6225 patients with T2D
using CGM indicated that a lower TIR correlated with
an increased risk of all-cause and CV mortality [109].
It is also to mention that, in contrast to HbA1c, CGM
metrics allow the assessment of glucose variability and
hypo- and hyperglycemic excursions [105]. Regarding
regulatory measures, the American Diabetes Association
(ADA), in its Standard of Medical Care in Diabetes, 2021
referred, that glycemic control is assessable by HbA1c
measurement, CGM, and self-monitoring of blood glucose (SMBG) and attributed CGM an essential role in
both T1D and T2D [110]. In 2018 the FDA approved the
first CGM system with a fully implantable glucose sensor
[111] and, in 2020, expanded the availability and capability of non-invasive remote monitoring devices, including CGM systems, because of the COVID-19 pandemic
[112]. This evolution indicates the growing importance of
CGM in diabetes management alongside HbA1c.

Conclusion
The 7th Cardiovascular Outcome Trial (CVOT) Summit on Cardiovascular, Renal and Glycemic Outcomes
offered an interactive and multi-disciplinary platform to
discuss key results of recently published trials. The virtual
format enabled attendants from 88 countries to participate. The summit covered two CVOTs (FIGARO-DKD
and AMPLITUDE-O) and one HF trial (EMPERORPreserved). In addition, glycemic (SURPASS 1–5) and
overweight/obesity outcome trials (STEP 1–5) were discussed. The meeting provided novel data, insights, strategies, and guidelines for specialists and primary care for
the management of diabetes, obesity, HF, CV, and kidney disease. In-depth discussions and presentations of
upcoming CV, kidney, HF, glycemic, and obesity trials
will be resumed at the 8th edition of the CVOT Summit,
which will be held virtually on November 10–11, 2022
(https://www.cvot.org).
Abbreviations
ACEi: Angiotensin-converting-enzyme inhibitor; ADA: American Diabetes
Association; AGP: Ambulatory Glucose Profile; ARB: Angiotensin-receptor
blocker; ARNI: Angiotensin receptor-neprilysin inhibitor; AWMF: Arbeitsge‑
meinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften; BMI:

Page 12 of 16

Body mass index; CGM: Continuous glucose monitoring; CI: Confidence
interval; CKD: Chronic kidney disease; CV: Cardiovascular; CVD: Cardiovascular
disease; CVOT: Cardiovascular outcome trial; DKD: Kidney disease due to
diabetes; DPP-4i: Dipeptidylpeptidase-4 inhibitor; eGFR: Estimated glomerular
filtration rate; EMA: European Medicines Agency; ESC: European Society of
Cardiology; FDA: U.S. Food and Drug Administration; GIP: Glucose-dependent
insulinotropic polypeptide; GLP-1 RA: Glucagon-like peptide-1 receptor ago‑
nist; HbA1c: Glycated hemoglobin 1Ac; HF: Heart failure; HFmrEF: Heart failure
with mildly reduced ejection fraction; HFpEF: Heart failure with preserved
ejection fraction; HFrEF: Heart failure with reserved ejection fraction; HHF:
Hospitalization for heart failure; HR: Hazard ratio; IDF: International diabetes
federation; KCCQ: Kansas City Cardiomyopathy Questionnaire; LVEF: Left ven‑
tricular ejection fraction; MACE: Major adverse cardiovascular event; MI: Myo‑
cardial infarction; MRA: Mineralocorticoid receptor antagonist; NICE: National
Institute for Health and Care Excellence; NYHA: New York Heart Association;
RAS: Renin-angiotensin system; SC: Subcutaneous; SGLT2i: Sodium–glucose
cotransporter-2 inhibitor; SMBG: Self-monitoring of blood glucose; T1D: Type
1 diabetes mellitus; T2D: Type 2 diabetes mellitus; TIR: Time in Range; UACR:
Urine albumin-to-creatinine ratio; WHO: World Health Organization.
Acknowledgements
We would like to thank all speakers and participants of the 7th CVOT Summit
for their active involvement in the scientific discussions leading to the present
report. We also like to thank Dr. Badreddine Mecheri, Sciarc GmbH, for his writ‑
ing and editorial support of the manuscript. Moreover, we want to acknowl‑
edge the industry for their support of the summit.
Authors’ contributions
OS, TB, RB, MB, MB, FB, RDC, AC, TF, FG, BG, HJLH, BI, LJ, MK, NL, ML, NM, MN,
HWR, GMCR, PR, LR, FS, PMSD, POV, TV, CW, CW, and ES contributed to the
discussion and content of the report. All authors read and approved the final
manuscript.
Funding
No funding supported the generation of this manuscript.
Availability of data and materials
Data sharing not applicable to this article as no datasets were generated dur‑
ing the current study.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The following authors declare competing interests: OS (Oliver Schnell): Astra‑
Zeneca, Bayer, Boehringer Ingelheim, Grünethal, Lilly, MSD, Mundipharma,
Novo Nordisk, Roche, Sanofi, Wörwag. RB (Richard Bergenstal): Richard M.
Bergenstal, MD has received research support, acted as a consultant, or been
on the scientific advisory board for Abbott Diabetes Care, Ascensia, Bigfoot
Biomedical, CeQur, DexCom, Eli Lilly, Hygieia, Insulet, Medtronic, Novo Nord‑
isk, Onduo, Sanofi, United Healthcare and Zealand. Dr. Bergenstal’s employer,
non-profit HealthPartners Institute, contracts for his services and he receives
no personal income for these services. MB (Matthias Blüher): Honoraria as
a consultant and speaker from Amgen, AstraZeneca, Bayer, BoehringerIngelheim, Daiichi-Sankyo, Lilly, Novo Nordisk, Novartis, Pfizer, and Sanofi.
MB (Michael Böhm): Research support (DFG, SFB-TTR 219, S-01): Deutsche
Forschungsgemeinschaft; Speakers honoraria: Abbott, Amgen, Astra Zeneca,
Bayer, Boehringer-Ingelheim, Bristol Myers Squibb, Cytokinetics, Edwards,
Medtronic, Novartis, Servier, Vifor; Advisory board: Amgen, Bayer, Boehringer
Ingelheim, Cytokinetics, Edwards, Medtronic, Novartis, Pfizer, ReCor, Servier,
Vifor. HJLH (Hiddo Heerspink): Payments to my institution: AstraZeneca,
Boehringer Ingelheim, Janssen, Novo Nordisk; Payments for consultancy to
my institution: Dr. L Heerspink reports consulting fees from AstraZeneca,
Abbvie, Boehringer Ingelheim, CSL Behring, Bayer, Chinook, Dimerix, Gilead,
Goldfinch, Merck, Novo Nordisk, Janssen, Travere Pharmaceuticals; Payment

Schnell et al. Cardiovascular Diabetology

(2022) 21:50

or honoraria for lectures, presentations, speakers bureaus, manuscript writing
or educational events: Institution: AstraZeneca. BI (Baruch Itzhak): Advisory
Board, Consultancy, Lectures: Novo Nordisk, Sanofi, Eli Lilly, Bayer, AstraZeneca,
Boehringer Ingelheim, Merck Sharp & Dohme, Pfizer, Roche Diagnostic, and
Medtronic. MK (Mikhail Kosiborod): Research Grant: Astra Zeneca, Boehringer
Ingelheim; Consultant/Advisory Board: Alnylam, Amgen, Applied Therapeutics,
Astra Zeneca, Bayer, Boehringer Ingelheim, Cytokinetics, Eli Lilly, Esperion
Therapeutics, Janssen, Lexicon, Merck (Diabetes and Cardiovascular), Novo
Nordisk, Pharmacosmos, Sanofi, Vifor Pharma; Other Research Support: Astra
Zeneca; Honorarium: Astra Zeneca, Boehringer Ingelheim, Novo Nordisk. NM
(Nikolaus Marx): Speaker: Abbott, AstraZeneca, Bayer, Boehringer Ingel‑
heim / Lilly, Bristol-Myers Squibb, Novo Nordisk, Sanofi Aventis; Consultant:
AstraZeneca, Bayer, Boehringer Ingelheim / Lilly, MSD, Novo Nordisk; Grant
support: Boehringer Ingelheim, MSD. PR (Peter Rossing): Consultancy and/or
speaking fees (to his institution) from Astellas, AstraZeneca, Bayer, Boehringer
Ingelheim, Eli Lilly, Gilead, MSD, Mundipharma, Novo Nordisk, Vifor, and Sanofi
Aventis; Research grants from AstraZeneca and Novo Nordisk. LR (Lars Rydén):
The authors declare that they have no competing interests. PMSD (PetraMaria Schumm-Draeger): Grant to institution; Consulting fees: AstraZeneca,
Boehringer Ingelheim, Novo Nordisk, Sanofi, Lilly; Payment or honoraria for
lectures, presentations, speakers bureaus, manuscript writing or educational
events: Boehringer Ingelheim, AstraZeneca, Lilly, Novo Nordisk, Sanofi, Hexal,
AristoPharma, MSD, Berlin Chemie, Merck, GSK, BMS; Participation on a Data
Safety Monitoring Board or Advisory Board: Sanofi, Novo Nordisk, Boehringer
Ingelheim, Merck, BMS, AstraZeneca, GSK; Executive Board: European Federa‑
tion of Internal Medicine; Leadership and executive board: German Society of
Internal Medicine; Executive board: Professional German Society of Internal
Medicine. POV (Per Olav Vandvik): CEO of MAGIC Evidence Ecosystem Founda‑
tion, responsible for MAGICapp as a platform to produce, publish and dynami‑
cally update guidelines. MAGIC supports WHO, NICE and other organisations
in living guidelines. CW (Christoph Wanner): Grants to institution: Idorsia,
Sanofi and Boehringer Ingelheim; Consulting fees: AstraZeneca, Boehringer
Ingelheim, Idorsia, Bayer, GILEAD, GSK, and MSD; Payment or honoraria for
lectures, presentations, speakers bureaus, manuscript writing or educational
events: Boehringer Ingelheim, AstraZeneca, FMC, Chiesi, Lilly, and Vifor; Par‑
ticipation on Data Safety Monitoring Board or Advisory Board: Sanofi and the
Australasian Kidney Trials Network; Leadership: European Renal Association.
TB (Tadej Battelino), FB (Frank Brosius), RDC (Richard D. Carr), AC (Antonio
Ceriello), TF (Thomas Forst), FG (Francesco Giorgino), BC (Bruno Guerci), LJ
(Linong Ji), NL (Nebojša Lalić), ML (Michael Lehrke), MN (Michael Nauck), HWR
(Helena W. Rodbard), GMCR (Giuseppe M.C. Rosano), FS (Francesca Santilli), TV
(Tina Vilsbøll), CW (Carol Wysham), ES (Eberhard Standl) did not declare any
competing interests.
Author details
1
Forschergruppe Diabetes e. V., Helmholtz Center Munich, Ingolstaedter
Landstraße 1, 85764 Munich, Germany. 2 University Medical Center, Ljubljana,
Slovenia. 3 University Children’s Hospital, Ljubljana, Slovenia. 4 Faculty of Medi‑
cine, University of Ljubljana, Ljubljana, Slovenia. 5 International Diabetes
Center at Park Nicollet, Health Partners, Minneapolis, MN, USA. 6 Department
of Medicine, University of Leipzig, Leipzig, Germany. 7 Klinik für Innere Medizin
III, Universitätsklinikum des Saarlandes, Saarland University, Homburg, Ger‑
many. 8 College of Medicine, University of Arizona, Tuscon, AZ, USA. 9 University
College London, London, UK. 10 IRCCS MultiMedica, Milan, Italy. 11 CRS Clinical
Research Services Mannheim GmbH, Mannheim, Germany. 12 Department
of Emergency and Organ Transplantation, University of Bari Aldo Moro, Bari,
Italy. 13 Department of Endocrinology Diabetology and Nutrition, Nancy
University Hospital, Nancy, France. 14 Faculty of Medicine, University of Lorraine,
Vandoeuvre‑lès‑Nancy, France. 15 Department of Clinical Pharmacy and Phar‑
macology, University Medical Center Groningen, University of Groningen,
Groningen, The Netherlands. 16 Clalit Health Services and Technion Faculty
of Medicine, Haifa, Israel. 17 Peking University People’s Hospital, Xicheng
District, Beijing, China. 18 Cardiometabolic Center of Excellence, University
of Missouri-Kansas City, Kansas City, MO, USA. 19 Faculty of Medicine, Clinic
for Endocrinology, Diabetes and Metabolic Diseases, University Clinical Center
of Serbia, University of Belgrade, Belgrade, Serbia. 20 Department of Internal
Medicine I, University Hospital Aachen, Aachen, Germany. 21 Diabetes Division,
Katholisches Klinikum Bochum, St. Josef‑Hospital, Ruhr University Bochum,
Bochum, Germany. 22 Endocrine and Metabolic Consultants, Rockville, MD,
USA. 23 Department of Medical Sciences, IRCCS, Rome, Italy. 24 Steno Diabetes
Center Copenhagen, Herlev, Denmark. 25 Department of Clinical Medicine,

Page 13 of 16

University of Copenhagen, Copenhagen, Denmark. 26 Department of Medi‑
cine K2, Karolinska Institute, Stockholm, Sweden. 27 Department of Medicine
and Aging, Hospital and, University of Chieti, Chieti, Italy. 28 Centre Internal
Medicine Fünf Höfe, Munich, Germany. 29 Department of Medicine, Lovisen‑
berg Diaconal Hospital, Oslo, Norway. 30 Center for Diabetes Research, Gentofte
Hospital, University of Copenhagen, Hellerupn, Denmark. 31 University Hospital
of Würzburg, Würzburg, Germany. 32 Section of Endocrinology and Metabo‑
lism, MultiCare Rockwood Clinic, Spokane, WA, USA.
Received: 8 March 2022 Accepted: 14 March 2022

References
1. International Diabetes Federation. IDF diabetes atlas, 10th edn. Brussels,
Belgium. 2021. https://www.diabetesatlas.org. Accessed 22 Feb 2022.
2. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB,
et al. IDF diabetes atlas: global, regional and country-level diabetes
prevalence estimates for 2021 and projections for 2045. Diabetes Res
Clin Pract. 2021;183: 109119.
3. Leitner DR, Frühbeck G, Yumuk V, Schindler K, Micic D, Woodward
E, et al. Obesity and type 2 diabetes: two diseases with a need for
combined treatment strategies—EASO can lead the way. Obes Facts.
2017;10(5):483–92.
4. Long AN, Dagogo-Jack S. Comorbidities of diabetes and hypertension:
mechanisms and approach to target organ protection. J Clin Hyper‑
tens. 2011;13(4):244–51.
5. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular
disease in type 2 diabetes: a systematic literature review of scientific
evidence from across the world in 2007–2017. Cardiovasc Diabetol.
2018;17(1):83.
6. Sarwar N, Gao P, Seshasai SR, Gobin R, Kaptoge S, Emerging Risk Factors
C, et al. Diabetes mellitus, fasting blood glucose concentration, and risk
of vascular disease: a collaborative meta-analysis of 102 prospective
studies. Lancet. 2010;375(9733):2215–22.
7. Schmidt C, Reitzle L, Paprott R, Bätzing J, Holstiege J. Diabetes mellitus
and comorbidities—a cross-sectional study with control group based
on nationwide ambulatory claims data. 2021(2):19–35.
8. Ziegler D, Papanas N, Vinik AI, Shaw JE. Epidemiology of polyneuropa‑
thy in diabetes and prediabetes. Handb Clin Neurol. 2014;126:3–22.
9. Alicic RZ, Rooney MT, Tuttle KR. Diabetic kidney disease: challenges,
progress, and possibilities. Clin J Am Soc Nephrol. 2017;12(12):2032–45.
10. American Diabetes Association. Standards of medical care in diabe‑
tes—2021. Diabetes Care. 2021;44(1):S1–232.
11. Wen CP, Chang CH, Tsai MK, Lee JH, Lu PJ, Tsai SP, et al. Diabetes with
early kidney involvement may shorten life expectancy by 16 years.
Kidney Int. 2017;92(2):388–96.
12. Regier EE, Venkat MV, Close KL. More than 7 years of hindsight: revisit‑
ing the FDA’s 2008 guidance on cardiovascular outcomes trials for type
2 diabetes medications. Clin Diabetes. 2016;34(4):173–80.
13. U.S. Food and Drug Administration. Guidance for industry diabetes mel‑
litus—evaluating cardiovascular risk in new antidiabetic therapies to
treat type 2 diabetes. 2008. https://www.fda.gov/media/71297/downl
oad. Accessed 22 Feb 2022.
14. Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirshberg B,
et al. Saxagliptin and cardiovascular outcomes in patients with type 2
diabetes mellitus. N Engl J Med. 2013;369(14):1317–26.
15. Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg J, et al.
Effect of sitagliptin on cardiovascular outcomes in type 2 diabetes. N
Engl J Med. 2015;373(3):232–42.
16. White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM, Bakris GL,
et al. Alogliptin after acute coronary syndrome in patients with type 2
diabetes. N Engl J Med. 2013;369(14):1327–35.
17. Rosenstock J, Perkovic V, Johansen OE, Cooper ME, Kahn SE, Marx N,
et al. Effect of linagliptin vs placebo on major cardiovascular events in
adults with type 2 diabetes and high cardiovascular and renal risk: the
CARMELINA randomized clinical trial. JAMA. 2019;321(1):69–79.

Schnell et al. Cardiovascular Diabetology

(2022) 21:50

18. Rosenstock J, Kahn SE, Johansen OE, Zinman B, Espeland MA, Woerle
HJ, et al. Effect of linagliptin vs glimepiride on major adverse cardio‑
vascular outcomes in patients with type 2 diabetes: the CAROLINA
randomized clinical trial. JAMA. 2019;322(12):1155–66.
19. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al.
Canagliflozin and cardiovascular and renal events in type 2 diabetes. N
Engl J Med. 2017;377(7):644–57.
20. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. Dapa‑
gliflozin and cardiovascular outcomes in type 2 diabetes. N Engl J Med.
2019;380(4):347–57.
21. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.
Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabe‑
tes. N Engl J Med. 2015;373(22):2117–28.
22. Cannon CP, Pratley R, Dagogo-Jack S, Mancuso J, Huyck S, Masiukiewicz
U, et al. Cardiovascular outcomes with ertugliflozin in type 2 diabetes. N
Engl J Med. 2020;383(15):1425–35.
23. Bhatt DL, Szarek M, Pitt B, Cannon CP, Leiter LA, McGuire DK, et al.
Sotagliflozin in patients with diabetes and chronic kidney disease. N
Engl J Med. 2020;384:129–39.
24. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan
DM, et al. Canagliflozin and renal outcomes in type 2 diabetes and
nephropathy. N Engl J Med. 2019;380(24):2295–306.
25. Heerspink HJL, Stefánsson BV, Correa-Rotter R, Chertow GM, Greene T,
Hou F-F, et al. Dapagliflozin in patients with chronic kidney disease. N
Engl J Med. 2020;383:1436–46.
26. McMurray JJV, Solomon SD, Inzucchi SE, Kober L, Kosiborod MN, Mar‑
tinez FA, et al. Dapagliflozin in patients with heart failure and reduced
ejection fraction. N Engl J Med. 2019;381(21):1995–2008.
27. Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al.
Cardiovascular and renal outcomes with empagliflozin in heart failure.
N Engl J Med. 2020;383:1413–24.
28. Bhatt DL, Szarek M, Steg PG, Cannon CP, Leiter LA, McGuire DK, et al.
Sotagliflozin in patients with diabetes and recent worsening heart
failure. N Engl J Med. 2020;384:117–28.
29. Hernandez AF, Green JB, Janmohamed S, D’Agostino RB Sr, Granger CB,
Jones NP, et al. Albiglutide and cardiovascular outcomes in patients
with type 2 diabetes and cardiovascular disease (harmony out‑
comes): a double-blind, randomised placebo-controlled trial. Lancet.
2018;392(10157):1519–29.
30. Holman RR, Bethel MA, Mentz RJ, Thompson VP, Lokhnygina Y, Buse JB,
et al. Effects of once-weekly exenatide on cardiovascular outcomes in
type 2 diabetes. N Engl J Med. 2017;377(13):1228–39.
31. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, Nauck
MA, et al. Liraglutide and cardiovascular outcomes in type 2 diabetes. N
Engl J Med. 2016;375(4):311–22.
32. Pfeffer MA, Claggett B, Diaz R, Dickstein K, Gerstein HC, Kober LV, et al.
Lixisenatide in patients with type 2 diabetes and acute coronary syn‑
drome. N Engl J Med. 2015;373(23):2247–57.
33. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, et al.
Semaglutide and cardiovascular outcomes in patients with type 2
diabetes. N Engl J Med. 2016;375(19):1834–44.
34. Bakris GL, Agarwal R, Anker SD, Pitt B, Ruilope LM, Rossing P, et al. Effect
of finerenone on chronic kidney disease outcomes in type 2 diabetes.
N Engl J Med. 2020;383:2219–29.
35. Gerstein HC, Sattar N, Rosenstock J, Ramasundarahettige C, Pratley R,
Lopes RD, et al. Cardiovascular and renal outcomes with efpeglenatide
in type 2 diabetes. N Engl J Med. 2021;385(10):896–907.
36. Pitt B, Filippatos G, Agarwal R, Anker SD, Bakris GL, Rossing P, et al.
Cardiovascular events with finerenone in kidney disease and type 2
diabetes. N Engl J Med. 2021;385(24):2252–63.
37. Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Böhm M, et al.
Empagliflozin in heart failure with a preserved ejection fraction. N Engl
J Med. 2021;385(16):1451–61.
38. Rosenstock J, Wysham C, Frías JP, Kaneko S, Lee CJ, Fernández Landó L,
et al. Efficacy and safety of a novel dual GIP and GLP-1 receptor agonist
tirzepatide in patients with type 2 diabetes (SURPASS-1): a doubleblind, randomised, phase 3 trial. Lancet. 2021;398(10295):143–55.
39. Frías JP, Davies MJ, Rosenstock J, Pérez Manghi FC, Fernández Landó
L, Bergman BK, et al. Tirzepatide versus semaglutide once weekly in
patients with type 2 diabetes. N Engl J Med. 2021;385(6):503–15.

Page 14 of 16

40. Ludvik B, Giorgino F, Jódar E, Frias JP, Fernández Landó L, Brown K, et al.
Once-weekly tirzepatide versus once-daily insulin degludec as add-on
to metformin with or without SGLT2 inhibitors in patients with type 2
diabetes (SURPASS-3): a randomised, open-label, parallel-group, phase
3 trial. Lancet. 2021;398(10300):583–98.
41. Del Prato S, Kahn SE, Pavo I, Weerakkody GJ, Yang Z, Doupis J, et al.
Tirzepatide versus insulin glargine in type 2 diabetes and increased car‑
diovascular risk (SURPASS-4): a randomised, open-label, parallel-group,
multicentre, phase 3 trial. Lancet. 2021;398(10313):1811–24.
42. Dahl D, Onishi Y, Norwood P, Huh R, Bray R, Patel H, et al. Effect of
subcutaneous tirzepatide vs placebo added to titrated insulin glargine
on glycemic control in patients with type 2 diabetes: the SURPASS-5
randomized clinical trial. JAMA. 2022;327(6):534–45.
43. Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay I,
et al. Once-weekly semaglutide in adults with overweight or obesity. N
Engl J Med. 2021;384(11):989–1002.
44. Davies M, Færch L, Jeppesen OK, Pakseresht A, Pedersen SD, Perreault
L, et al. Semaglutide 2.4 mg once a week in adults with overweight
or obesity, and type 2 diabetes (STEP 2): a randomised, doubleblind, double-dummy, placebo-controlled, phase 3 trial. Lancet.
2021;397(10278):971–84.
45. Wadden TA, Bailey TS, Billings LK, Davies M, Frias JP, Koroleva A,
et al. Effect of subcutaneous semaglutide vs placebo as an adjunct
to intensive behavioral therapy on body weight in adults with
overweight or obesity: the STEP 3 randomized clinical trial. JAMA.
2021;325(14):1403–13.
46. Rubino D, Abrahamsson N, Davies M, Hesse D, Greenway FL, Jensen C,
et al. Effect of continued weekly subcutaneous semaglutide vs placebo
on weight loss maintenance in adults with overweight or obesity: the
STEP 4 randomized clinical trial. JAMA. 2021;325(14):1414–25.
47. Schnell O, Standl E, Cos X, Heerspink HJL, Itzhak B, Lalic N, et al. Report
from the 5th cardiovascular outcome trial (CVOT) summit. Cardiovasc
Diabetol. 2020;19(1):47.
48. Schnell O, Standl E, Catrinoiu D, Itzhak B, Lalic N, Rahelic D, et al. Report
from the 4th cardiovascular outcome trial (CVOT) summit of the dia‑
betes & cardiovascular disease (D&CVD) EASD study group. Cardiovasc
Diabetol. 2019;18(1):30.
49. Schnell O, Standl E, Catrinoiu D, Genovese S, Lalic N, Lalic K, et al. Report
from the 3rd cardiovascular outcome trial (CVOT) summit of the dia‑
betes & cardiovascular disease (D&CVD) EASD study group. Cardiovasc
Diabetol. 2018;17(1):30.
50. Schnell O, Standl E, Catrinoiu D, Genovese S, Lalic N, Skra J, et al. Report
from the 2nd cardiovascular outcome trial (CVOT) summit of the diabe‑
tes and cardiovascular disease (D&CVD) EASD study group. Cardiovasc
Diabetol. 2017;16(1):35.
51. Schnell O, Standl E, Catrinoiu D, Genovese S, Lalic N, Skra J, et al. Report
from the 1st cardiovascular outcome trial (CVOT) summit of the dia‑
betes & cardiovascular disease (D&CVD) EASD study group. Cardiovasc
Diabetol. 2016;15:33.
52. Schnell O, Cos X, Cosentino F, Forst T, Giorgino F, Heersprink HJL, et al.
Report from the CVOT summit 2020: new cardiovascular and renal
outcomes. Cardiovasc Diabetol. 2021;20(1):75.
53. Anker SD, Butler J, Filippatos GS, Jamal W, Salsali A, Schnee J, et al. Evalu‑
ation of the effects of sodium–glucose co-transporter 2 inhibition with
empagliflozin on morbidity and mortality in patients with chronic heart
failure and a preserved ejection fraction: rationale for and design of the
EMPEROR-preserved trial. Eur J Heart Fail. 2019;21(10):1279–87.
54. Study to evaluate the efficacy (effect on disease) and safety of finer‑
enone on morbidity (events indicating disease worsening) & mortality
(death rate) in participants with heart failure and left ventricular ejec‑
tion fraction (proportion of blood expelled per heart stroke) greater or
equal to 40% (FINEARTS-HF). https://www.clinicaltrials.gov/ct2/show/
NCT04435626?term=finerenone+heart+failure&draw=2&rank=1.
Accessed 07 Mar 2022.
55. A trial to learn how well finerenone works and how safe it is in adult
participants with non-diabetic chronic kidney disease (FIND-CKD).
https://www.clinicaltrials.gov/ct2/show/NCT05047263?term=finer
enone+Non-diabetic+CKD&draw=2&rank=1. Accessed 07 Mar 2022.
56. Min T, Bain SC. The role of tirzepatide, dual GIP and GLP-1 receptor ago‑
nist, in the management of type 2 diabetes: the SURPASS clinical trials.
Diabetes Ther Res Treat Educ Diabetes Relat Disord. 2021;12(1):143–57.

Schnell et al. Cardiovascular Diabetology

(2022) 21:50

57. A study of tirzepatide (LY3298176) versus insulin lispro (U100) in partici‑
pants with type 2 diabetes inadequately controlled on insulin glargine
(U100) with or without metformin (SURPASS-6). https://clinicaltrials.
gov/ct2/show/NCT04537923. Accessed 22 Feb 2022.
58. Garvey TW, Batterham RL, Bhatta M, Buscemi S, Christensen LN, Frias JP,
et al. Two-year effect of semaglutide 2.4 mg vs placebo in adults with
overweight or obesity: STEP 5. In: 9th annual meeting of the obesity
society (TOS) held at ObesityWeek®, virtual meeting, November 1–5,
2021. https://sciencehub.novonordisk.com/content/dam/hcpexperie
nce/kol/en/congresses/ow/2021/ow21-step-5-primary-lb/pdfs/PPT_
Garvey_Two_year_effect_semaglutide_2.4mg_STEP_5_no%20ani
mations.pdf. Accessed 07 Feb 2022.
59. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M,
et al. 2021 ESC guidelines for the diagnosis and treatment of acute and
chronic heart failure: developed by the Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European Society
of Cardiology (ESC) with the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur Heart J. 2021;42(36):3599–726.
60. Rosano GMC, Moura B, Metra M, Böhm M, Bauersachs J, Ben Gal T, et al.
Patient profiling in heart failure for tailoring medical therapy. A consen‑
sus document of the Heart Failure Association of the European Society
of Cardiology. Eur J Heart Fail. 2021;23(6):872–81.
61. Akl EA, Meerpohl JJ, Elliott J, Kahale LA, Schünemann HJ. Living system‑
atic reviews: 4. Living guideline recommendations. J Clin Epidemiol.
2017;91:47–53.
62. Elliott J, Lawrence R, Minx JC, Oladapo OT, Ravaud P, Tendal Jeppesen
B, et al. Decision makers need constantly updated evidence synthesis.
Nature. 2021;600(7889):383–5.
63. Elliott JH, Synnot A, Turner T, Simmonds M, Akl EA, McDonald S, et al.
Living systematic review: 1. Introduction-the why, what, when, and
how. J Clin Epidemiol. 2017;91:23–30.
64. Agarwal A, Rochwerg B, Lamontagne F, Siemieniuk RA, Agoritsas
T, Askie L, et al. A living WHO guideline on drugs for covid-19. BMJ.
2020;370: m3379.
65. Australian National COVID-19 Clinical Evidence Taskforce. Australian
guidelines for the clinical care of people with COVID-19. https://files.
magicapp.org/guideline/ecc67186-0078-4d40-89fb-fc70d3a783af/
published_guideline_6047-50_1.pdf. Accessed 15 Feb 2022.
66. National Institute for Health and Care Excellence (NICE). COVID-19 rapid
guideline: managing COVID-19. https://files.magicapp.org/guideline/
bb3004bb-1496-4827-886b-e8a45e5ef4cb/published_guideline_6040-
20_2.pdf. Accessed 22 Feb 2022.
67. Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachge‑
sellschaften (AWMF) in Kooperation mit COVID-19 Evidenzökosystem
(CEOsys): COVID-19 Evidenzsynthesen und Leitlinienempfehlungen.
https://files.magicapp.org/guideline/f0d042d0-ee1d-4282-b165-65942
b4b4d5a/published_guideline_5691-4_0.pdf. Accessed 22 Feb 2022.
68. World Health Organization. Infection prevention and control in the
context of coronavirus disease (COVID-19): living guideline. 2021.
https://files.magicapp.org/guideline/32c9b52a-30fb-424a-a68b-fa51c
4555125/published_guideline_5962-1_3.pdf. Accessed 15 Feb 2022.
69. World Health Organization. Therapeutics and COVID-19: living guide‑
line. 2022. https://files.magicapp.org/guideline/8d102c12-6858-4dfe-
ab34-bb8639c158ab/published_guideline_5999-9_2.pdf. Accessed 15
Feb 2022.
70. Living Evidence for Diabetes Consortium. Australian evidence-based
clinical guidelines for diabetes. https://diabetessociety.com.au/20211
104%20Guideline-Australian-Evidence-Based-Clinical-Guidelines-for-
Diabetes.pdf. Accessed 15 Feb 2022.
71. Marx N, Ryden L, Brosius F, Ceriello A, Cheung M, Cosentino F, et al.
Proceedings of the guideline workshop 2019—strategies for the
optimization of guideline processes in diabetes, cardiovascular diseases
and kidney diseases. Diabetes Res Clin Pract. 2020;162: 108092.
72. Marx N, Ryden L, Brosius F, Ceriello A, Cheung M, Cosentino F, et al.
Towards living guidelines on cardiorenal outcomes in diabetes: a pilot
project of the Taskforce of the guideline workshop 2020. Diabetes Res
Clin Pract. 2021;177: 108870.
73. Palmer SC, Tendal B, Mustafa RA, Vandvik PO, Li S, Hao Q, et al.
Sodium–glucose cotransporter protein-2 (SGLT-2) inhibitors and

Page 15 of 16

74.

75.
76.

77.

78.

79.
80.

81.

82.
83.
84.
85.
86.
87.

88.

89.
90.
91.
92.

glucagon-like peptide-1 (GLP-1) receptor agonists for type 2 dia‑
betes: systematic review and network meta-analysis of randomised
controlled trials. BMJ. 2021;372: m4573.
Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P, Joseph A, et al.
Cardiovascular and kidney outcomes with finerenone in patients
with type 2 diabetes and chronic kidney disease: the FIDELITY
pooled analysis. Eur Heart J. 2021;43(6):474–84.
Ayres JS. A metabolic handbook for the COVID-19 pandemic. Nat
Metab. 2020;2(7):572–85.
Kosiborod MN, Esterline R, Furtado RHM, Oscarsson J, Gasparyan SB,
Koch GG, et al. Dapagliflozin in patients with cardiometabolic risk
factors hospitalised with COVID-19 (DARE-19): a randomised, doubleblind, placebo-controlled, phase 3 trial. Lancet Diabetes Endocrinol.
2021;9(9):586–94.
Diabetes UK. Concise advice on inpatient diabetes (COVID:diabetes):
front door guidance. 2020. https://www.diabetes.org.uk/resources-
s3/public/2020-04/COvID_Front_Door_v1.0.pdf. Accessed 22 Feb
2022.
Bornstein SR, Rubino F, Khunti K, Mingrone G, Hopkins D, Birken‑
feld AL, et al. Practical recommendations for the management of
diabetes in patients with COVID-19. Lancet Diabetes Endocrinol.
2020;8(6):546–50.
Steenblock C, Schwarz PEH, Ludwig B, Linkermann A, Zimmet P, Kule‑
byakin K, et al. COVID-19 and metabolic disease: mechanisms and
clinical management. Lancet Diabetes Endocrinol. 2021;9(11):786–98.
World Health Organization. Guideline on evaluation of similar bio‑
theraoeutic products (SBPs). 2013. https://www.who.int/biologicals/
publications/trs/areas/biological_therapeutics/TRS_977_Annex_2.
pdf?ua=1. Accessed on 22 Feb 2022.
European Medicines Agency and the European Commission. Biosimi‑
lars in the EU—information guide for healthcare professionals. 2019.
https://www.ema.europa.eu/en/documents/leaflet/biosimilars-eu-
information-guide-healthcare-professionals_en.pdf. Accessed 22 Feb
2022.
U.S. Food and Drug Administration. Biological product definitions.
https://www.fda.gov/files/drugs/published/Biological-Product-Defin
itions.pdf. Accessed 22 Feb 2022.
Kuhlmann M, Covic A. The protein science of biosimilars. Nephrol Dial
Transplant. 2006;21(Suppl 5):v4–8.
Vulto AG, Jaquez OA. The process defines the product: what really
matters in biosimilar design and production? Rheumatology.
2017;56(suppl_4):iv14–29.
Chow S-C, Song F, Bai H. Analytical similarity assessment in biosimilar
studies. AAPS J. 2016;18(3):670–7.
Kirchhoff CF, Wang XZM, Conlon HD, Anderson S, Ryan AM, Bose A.
Biosimilars: key regulatory considerations and similarity assessment
tools. Biotechnol Bioeng. 2017;114(12):2696–705.
U.S. Food and Drug Administration. Guidance document. Scientific
considerations in demonstrating biosimilarity to a reference product.
2015. https://www.fda.gov/regulatory-information/search-fda-guida
nce-documents/scientific-considerations-demonstrating-biosimilar
ity-reference-product. Accessed 22 Feb 2022.
European Medicines Agency. Guideline on non-clinical and clinical
development of similar biological medicinal products containing
recombinant human insulin and insulin analogues. 2015. https://
www.ema.europa.eu/en/documents/scientific-guideline/guideline-
non-clinical-clinical-development-similar-biological-medicinal-produ
cts-containing_en-0.pdf. Accessed 22 Feb 2022.
Agbogbo FK, Ecker DM, Farrand A, Han K, Khoury A, Martin A, et al.
Current perspectives on biosimilars. J Ind Microbiol Biotechnol.
2019;46(9–10):1297–311.
Gerstein HC, Bosch J, Dagenais GR, Diaz R, Jung H, Origin Trial Inves‑
tigators, et al. Basal insulin and cardiovascular and other outcomes in
dysglycemia. N Engl J Med. 2012;367(4):319–28.
Marso SP, McGuire DK, Zinman B, Poulter NR, Emerson SS, Pieber TR,
et al. Efficacy and safety of degludec versus glargine in type 2 diabe‑
tes. N Engl J Med. 2017;377(8):723–32.
Nathan DM, Buse JB, Kahn SE, Krause-Steinrauf H, Larkin ME, Staten
M, et al. Rationale and design of the glycemia reduction approaches
in diabetes: a comparative effectiveness study (GRADE). Diabetes
Care. 2013;36(8):2254–61.

Schnell et al. Cardiovascular Diabetology

(2022) 21:50

93. Nathan DM, Buse JB, Tiktin MA, Younes N. Major results from the gly‑
caemia reduction approaches in diabetes: a comparative effective‑
ness (GRADE) study. In: Poster presented at: virtual 57th EASD annual
meeting; 27 September–1 October 2021.
94. Diabetes C, Nathan DM, Genuth S, Lachin J, Cleary P, Complica‑
tions Trial Research G, et al. The effect of intensive treatment
of diabetes on the development and progression of long-term
complications in insulin-dependent diabetes mellitus. N Engl J Med.
1993;329(14):977–86.
95. UK Prospective Diabetes Study (UKPDS) Group. Intensive bloodglucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS 33). Lancet. 1998;352(9131):837–53.
96. Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT, Action
to Control Cardiovascular Risk in Diabetes Study G, et al. Effects
of intensive glucose lowering in type 2 diabetes. N Engl J Med.
2008;358(24):2545–59.
97. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Reaven PD,
et al. Glucose control and vascular complications in veterans with
type 2 diabetes. N Engl J Med. 2009;360(2):129–39.
98. Group AC, Patel A, MacMahon S, Chalmers J, Neal B, Billot L, et al.
Intensive blood glucose control and vascular outcomes in patients
with type 2 diabetes. N Engl J Med. 2008;358(24):2560–72.
99. Rayman G. Glycaemic control, glucose variability and the triangle of
diabetes care. Br J Diabetes. 2016;16(Suppl1):S3–6.
100. Gallagher EJ, Le Roith D, Bloomgarden Z. Review of hemoglobin
A(1c) in the management of diabetes. J Diabetes. 2009;1(1):9–17.
101. Campbell L, Pepper T, Shipman K. HbA1c: a review of non-glycaemic
variables. J Clin Pathol. 2019;72(1):12–9.
102. Freckmann G, Pleus S, Grady M, Setford S, Levy B. Measures of accu‑
racy for continuous glucose monitoring and blood glucose monitor‑
ing devices. J Diabetes Sci Technol. 2019;13(3):575–83.
103. Galindo RJ, Aleppo G. Continuous glucose monitoring: the achieve‑
ment of 100 years of innovation in diabetes technology. Diabetes Res
Clin Pract. 2020;170: 108502.
104. Weinstock RS, Aleppo G, Bailey TS, Bergenstal RM, Fisher WA, Green‑
wood DA, et al. The role of blood glucose monitoring in diabetes
management American Diabetes Association © 2020 by American
Diabetes Association all rights reserved none of the contents may be
reproduced without the written permission of the American Diabe‑
tes Association Arlington (VA); 2020.
105. Battelino T, Danne T, Bergenstal RM, Amiel SA, Beck R, Biester T, et al.
Clinical targets for continuous glucose monitoring data interpreta‑
tion: recommendations from the international consensus on time in
range. Diabetes Care. 2019;42(8):1593–603.
106. Beck RW, Bergenstal RM, Riddlesworth TD, Kollman C, Li Z, Brown AS,
et al. Validation of time in range as an outcome measure for diabetes
clinical trials. Diabetes Care. 2019;42(3):400–5.
107. Lu J, Ma X, Zhou J, Zhang L, Mo Y, Ying L, et al. Association of time in
range, as assessed by continuous glucose monitoring, with diabetic
retinopathy in type 2 diabetes. Diabetes Care. 2018;41(11):2370–6.
108. Mayeda L, Katz R, Ahmad I, Bansal N, Batacchi Z, Hirsch IB, et al.
Glucose time in range and peripheral neuropathy in type 2 diabetes
mellitus and chronic kidney disease. BMJ Open Diabetes Res Care.
2020;8(1): e000991.
109. Lu J, Wang C, Shen Y, Chen L, Zhang L, Cai J, et al. Time in range
in relation to all-cause and cardiovascular mortality in patients
with type 2 diabetes: a prospective cohort study. Diabetes Care.
2021;44(2):549–55.
110. American Diabetes Association. 6. Glycemic targets: stand‑
ards of medical care in diabetes—2021. Diabetes Care.
2020;44(Supplement_1):S73–84.
111. U.S. Food and Drug Administration. FDA approves first continuous
glucose monitoring system with a fully implantable glucose sensor
and compatible mobile app for adults with diabetes. 2018. https://
www.fda.gov/news-events/press-announcements/fda-approves-
first-continuous-glucose-monitoring-system-fully-implantable-gluco
se-sensor-and. Accessed 22 Feb 2022.
112. U.S. Food and Drug Administration. Enforcement policy for noninvasive remote monitoring devices used to support patient moni‑
toring during the coronavirus disease 2019 (COVID-19) public health

Page 16 of 16

emergency (revised). 2020. https://www.fda.gov/regulatory-infor
mation/search-fda-guidance-documents/enforcement-policy-non-
invasive-remote-monitoring-devices-used-suppor t-patient-monit
oring-during. Accessed 22 Feb 2022.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

