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Abstract

The 9th Cardiovascular Outcome Trial (CVOT) Summit: Congress on Cardiovascular, Kidney, and Metabolic 
Outcomes was held virtually on November 30-December 1, 2023. This reference congress served as a platform 
for in-depth discussions and exchange on recently completed outcomes trials including dapagliflozin (DAPA-MI), 
semaglutide (SELECT and STEP-HFpEF) and bempedoic acid (CLEAR Outcomes), and the advances they represent 
in reducing the risk of major adverse cardiovascular events (MACE), improving metabolic outcomes, and treating 
obesity-related heart failure with preserved ejection fraction (HFpEF). A broad audience of endocrinologists, 
diabetologists, cardiologists, nephrologists and primary care physicians participated in online discussions on 
guideline updates for the management of cardiovascular disease (CVD) in diabetes, heart failure (HF) and chronic 
kidney disease (CKD); advances in the management of type 1 diabetes (T1D) and its comorbidities; advances in 
the management of CKD with SGLT2 inhibitors and non-steroidal mineralocorticoid receptor antagonists (nsMRAs); 
and advances in the treatment of obesity with GLP-1 and dual GIP/GLP-1 receptor agonists. The association of 
diabetes and obesity with nonalcoholic steatohepatitis (NASH; metabolic dysfunction-associated steatohepatitis, 
MASH) and cancer and possible treatments for these complications were also explored. It is generally assumed 
that treatment of chronic diseases is equally effective for all patients. However, as discussed at the Summit, this 
assumption may not be true. Therefore, it is important to enroll patients from diverse racial and ethnic groups in 
clinical trials and to analyze patient-reported outcomes to assess treatment efficacy, and to develop innovative 
approaches to tailor medications to those who benefit most with minimal side effects. Other keys to a successful 
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Background

The CVOT Summit is an annual gathering and discussion 
forum held in Munich, Germany, and broadcast online. 
Its primary focus is on the data released annually from 
cardiovascular, kidney, and metabolic outcomes trials, 
and it showcases the latest treatment innovations in the 
areas of diabetes, obesity, CVD, CKD, nonalcoholic fatty 
liver disease (NAFLD; metabolic dysfunction associated 
steatotic liver disease, MASLD) and NASH (MASH).

Diabetes and obesity are metabolic diseases of increas-
ing global prevalence and concern. The International 
Diabetes Federation (IDF) estimates that the number 
of people with diabetes will increase from 537  million 
(10.5%) in 2021 to 783.2 million (12.2%) in 2045 [1] and 
according to the estimates of the World Obesity Federa-
tion, more than the half of the world population will have 
overweight or obesity by the year 2035 [2]. Both condi-
tions are independently associated with an increased risk 
of cardiovascular (CV) complications and diseases, which 
can be the cause of death for at least half of individuals 
with type 2 diabetes (T2D) [3] and more than two thirds 
of individuals with high body mass index (BMI) [4].

Uncertainty about the CV safety of the thiazolidin-
edione rosiglitazone [5], a glucose-lowering medica-
tion approved for the treatment of T2D by the U.S. Food 
and Drug Administration (FDA), sparked controversy 
and prompted the FDA to update its guidance to indus-
try in 2008 [6], requiring that all new T2D therapies be 
evaluated in long-term CVOTs. Since then, new classes 
of glucose-lowering drugs have been introduced for the 
treatment of T2D, namely di-peptidyl peptidase 4 inhibi-
tors (DPP-4is), sodium-glucose cotransporter-2 inhibi-
tors (SGLT2is), glucagon-like peptide 1 receptor agonists 
(GLP-1 RAs) and, since 2022, tirzepatide, a dual glucose-
dependent insulinotropic polypeptide (GIP)/ GLP-1 
RA. Finerenone, a nsMRA, has also been developed and 
approved for patients with T2D and CKD.

CKD and HF are major complications of diabetes. 
CKD develops in at least 40% of people with T2D [7, 8], 
reducing their life expectancy by 16 years [9], whereas 
HF affects 10–30% of all subjects with T2D [10]. There-
fore, not only CVOTs, but also kidney outcome and HF 
trials have been conducted with these new medications. 
Until 2022, five and six CVOTs have been conducted for 
DPP-4is [11–15] and GLP-1 RAs [16–21], respectively, 
and five CVOTs [22–26], five HF [27–31] and three kid-
ney [32–34] outcome trials with SGLT2is were published. 

The RENAL LIFECYCLE trial (NCT05374291) is cur-
rently evaluating the CV and kidney outcomes with dapa-
gliflozin (SGLT2i) in patients with severe CKD. Regarding 
finerenone, one CVOT [35] and one kidney outcome trial 
[36] have been completed and one HF study, FINEARTS-
HF (NCT04435626), is ongoing. In addition, FIND-CKD 
(NCT05047263) is evaluating its effects in non-diabetic 
CKD patients, and CAPTIVATE-CKD (NCT06058585) 
is evaluating the best finerenone treatment or combi-
nation of treatments to slow CKD progression. In the 
case of tirzepatide, two CVOTs are currently being con-
ducted: SURPASS-CVOT (NCT04255433) in people 
with T2D and a history of CVD and SURMOUNT-MMO 
(NCT05556512) in people who are overweight or living 
with obesity. Tirzepatide is also being evaluated in HF 
and CKD in the SUMMIT (NCT04847557) and TREA-
SURE-CKD (NCT05536804) trials, respectively.

Typically, CVOTs with DDP-4is, GLP-1RAs, SGLT2is 
and finerenone included a three-point composite of 
major adverse cardiovascular events (3P-MACE): CV 
death, nonfatal myocardial infarction (MI), and non-
fatal stroke. DPP-4is were noninferior to placebo in the 
3P-MACE [11–15]. In addition, CV benefits, including 
reduction in the number of hospitalizations for heart fail-
ure (HHF), have been observed with SGLT2is [22–31], 
GLP-1 RAs [16–21], and finerenone [35–37]. A further 
CVOT, DAPA-MI [38] investigating the effect of dapa-
gliflozin (SGLT2i) in patients hospitalized for MI, but 
without prior diabetes or chronic symptomatic HF was 
completed in 2023.

Beyond the glucose-lowering benefits, significant 
effects on weight reduction were shown in trials with 
semaglutide (GLP-1RA) [39–42] and tirzepatide (GIP/
GLP-1 RA) [43–48] in people with or without T2D. In 
2023, this list of trials was augmented by one CVOT, the 
SELECT trial [49], and one HF trial, STEP-HFpEF [50], 
with semaglutide in people with overweight or obesity 
but without diabetes, as based on HbA1c determinations, 
though some 50% of participants were in the dysglycemic 
range.

Both diabetes and obesity are often accompanied by 
atherogenic dyslipidemia, characterized by elevated 
triglycerides, low high-density lipoprotein choles-
terol (HDL-C) level and normal-to-mildly elevated 
low-density lipoprotein cholesterol (LDL-C) [51]. The 
first-line therapy for lowering LDL-C remains statins, 
which reduce cholesterol synthesis by inhibiting 

management of diabetes and comorbidities, including dementia, entail the use of continuous glucose monitoring 
(CGM) technology and the implementation of appropriate patient-physician communication strategies. The 10th 
Cardiovascular Outcome Trial Summit will be held virtually on December 5–6, 2024 (http://www.cvot.org).

Keywords Cardiovascular disease, Chronic kidney disease, CGM, Diabetes, Finerenone, GLP-1 RA, Guidelines, Heart 
failure, MASLD, NAFLD, Obesity, SGLT2 inhibitor, Teplizumab
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3-hydroxy-3-methylglutaryl coenzyme A reductase 
(HMC-CoA reductase) and have demonstrated clear effi-
cacy in preventing CV events and reducing CV mortality 
[52]. However, 7–29% of patients complain about statin-
associated muscle symptoms [53].

In contrast to statins, bempedoic acid is a prodrug 
activated in the liver and not in the peripheral tissues. 
This compound reduces cholesterol synthesis by inhibit-
ing ATP citrate lyase, upstream of HMG-CoA reductase 
[54]. In 2023, the results of the CLEAR Outcomes trial, 
a CVOT evaluating the effects of bempedoic acid on 
adverse CV events in people at high risk for CVD, were 
published [55].

Following the practice of previous years [56–63], we 
present and summarize the key aspects discussed at the 
9th CVOT Summit: Congress on Cardiovascular, Kidney, 
and Metabolic Outcomes held virtually on November 
30- December 1, 2023. The Summit was an interdisciplin-
ary platform organized in collaboration with five study 
groups: Primary Care Diabetes Europe (PCDE, www.
pcdeurope.org), Diabetes and Cardiovascular Disease 
EASD Study Group (DCVD, www.dcvd.org), European 
Diabetic Nephropathy Study Group (EDNSG, www.
ednsg.org) the European Incretin Study Group (www.
increti-studygroup.ch) and the Working Group Diabe-
tes & Herz (www.ddg.org). An international audience 
of specialists in diabetology, endocrinology, cardiology, 
nephrology, and primary care from 45 countries joined 
the speakers and contributed to the discussions at the 
CVOT Summit on Cardiovascular, Kidney and Metabolic 
Outcomes 2023 (www.cvot.org).

Updates on CVOTs

A summary of the characteristics and results of CV and 
HF outcome trials published in 2023 is listed in Tables 1, 
2, 3 and 4.

SGLT2 inhibitors

DAPA-MI

The DAPA-MI trial [38] investigated the effect of dapa-
gliflozin (10 mg/daily) when added to standard of care in 
4017 patients hospitalized for MI, with impaired left ven-
tricular (LV) systolic function or Q-wave MI, but without 
prior diabetes or chronic symptomatic HF. Participants 
were eligible if they were ≥ 18 years old, clinically stable, 
and hospitalized for acute MI, including ST-segment ele-
vation MI (STEMI) and non-STEMI [38]. The exclusion 
criteria included an established diagnosis of diabetes, 
chronic symptomatic HF with HHF within the last year 
associated with a LVEF ≤ 40% and current treatment with 
an SGLT2 inhibitor. Patients were assigned to receive 
either dapagliflozin (n = 2019) or placebo (n = 1998).

The primary outcome was defined as a hierarchical 
composite of seven components: death, HHF, nonfatal 

MI, atrial fibrillation/flutter, T2D, New York Heart Asso-
ciation (NYHA) functional classification at the last visit, 
and body weight decrease ≥ 5% at the last visit. The key 
secondary outcome was the same composite as the pri-
mary outcome excluding body weight. Other secondary 
endpoints included time to the first occurrence of CV 
death or HHF [38].

The treatment and the placebo group did not differ in 
the baseline characteristics. On admission, 9.1% of the 
patients had prior MI, 2.4% had prior stroke and 72% had 
STEMI. The mean HbA1c at index hospitalization was 
5.7% (39 mmol/mol) [38].

The differences in the primary and the key secondary 
outcomes of the dapagliflozin and placebo group were 
analyzed with the win ratio method [64]. The other sec-
ondary endpoints were analyzed with Cox-proportional-
hazards models.

The DAPA-MI estimated trial duration was 30 months, 
and the statistical analysis included data from patients 
with at least three months of follow-up. The primary hier-
archical seven-component composite outcome resulted 
in 32.9% wins for dapagliflozin and 24.6% wins for pla-
cebo (win ratio (WR) 1.34; 95% CI 1.20 to 1.50; p < 0.001) 
(Table  1) [38]. The key secondary outcome including 
six of the components resulted in 20.3% wins for dapa-
gliflozin and 16.9% wins for placebo (WR 1.20; 95% CI 
1.04 to 1.40; p = 0.015) (Table 1) [38]. Overall, treatment 
with dapagliflozin compared to placebo resulted in a sig-
nificant benefit in cardiometabolic outcomes (34% more 
wins in the primary outcome and 20% more wins in the 
key secondary outcome).

The rates of the composite time to CV death or HHF 
(other secondary endpoints) were similar in the two 
treatment groups: 2.5% (n = 50) in the dapagliflozin group 
vs. 2.6% (n = 52) in the placebo group (HR 0.95; 95% CI 
0.64 to 1.40) (Table  1) [38] and were not considered 
statistically significant. The rates of other prespecified 
secondary endpoints listed in Table 1 were low, with dif-
ferences between groups not reaching nominal statistical 
significance.

No safety concerns were reported. Serious adverse 
advents on treatment leading to death occurred in 1.5% 
(n = 30) in the dapagliflozin group and in 1.5% (n = 29) in 
the placebo group [38].

GLP-1 receptor agonists

SELECT

The SELECT trial [49] studied the effect of subcutane-
ous semaglutide (2.4 mg/weekly) on adverse CV events in 
patients with overweight or obesity without diabetes. A 
total of 17,604 patients, ≥ 45 years old, with a BMI ≥ 27 
and established CVD were enrolled and randomly 
assigned to semaglutide (n = 8803) or placebo (n = 8801). 
CVD was defined as previous MI, previous stroke, or 

http://www.pcdeurope.org
http://www.pcdeurope.org
http://www.dcvd.org
http://www.ednsg.org
http://www.ednsg.org
http://www.increti-studygroup.ch
http://www.increti-studygroup.ch
http://www.ddg.org
http://www.cvot.org
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symptomatic peripheral arterial disease, but participants 
were ineligible if they were within 60 days of a CV or 
neurological event or if they were scheduled to undergo 
coronary, carotid, or peripheral revascularization. Other 
key exclusion criteria included a previous diagnosis of 
diabetes, HbA1c ≥ 6.5% (48 mmol/mol), treatment with 
GLP-1 RA or any glucose-lowering medication within 
the previous 90 days, NYHA functional class IV, or end 
stage kidney disease or dialysis [49].

Over 75% of the patients had had a previous MI and 
approximately 25% had chronic HF. Most of the patients 
were receiving lipid-lowering medications (90.1%), 
platelet-aggregation inhibitors (86.2%) and beta blockers 
(70.2%) [49]. Additionally, 45% of the patients were tak-
ing angiotensin-converting-enzyme inhibitors (ACEis) 
and 29.5% were taking angiotensin-receptor blockers 
(ARBs) [49].

The primary efficacy endpoint, assessed in a time-
to first-event analysis, was a 3P-MACE: death from CV 
causes, nonfatal MI, or nonfatal stroke [49]. The confir-
matory secondary endpoints, assessed in a time-to first-
event analysis and tested in hierarchical order, were death 
from CV causes, a composite HF endpoint with three 
components, including death from CV causes or HHF or 
an urgent medical visit for HF, and death from any cause 
[49]. Additional secondary endpoints have been defined 
and described [49].

The mean duration of exposure to semaglutide and 
placebo in the overall trail population was 33.3 and 
35.1 months, respectively. The target dose of 2.4  mg of 
semaglutide was achieved gradually after 16 weeks of 

treatment, with the starting dose being 0.24  mg once 
weekly, increased every 4 weeks to once weekly doses of 
0.5, 1.0, 1.7 and 2.4 mg [49].

The endpoints were analyzed using a Cox proportional 
hazards regression model. Treatment with semaglutide 
for approximately 33 months resulted in a mean body 
weight loss of 9.4% and a 20% reduction of the 3P-MACE 
composite risk (HR 0.80; 95% CI 0.72 to 0.90; p < 0.001) 
(Table 2) [49]. Death from CV causes, the first confirma-
tory second endpoint, occurred in 2.5% (n = 223) of the 
patients in the semaglutide group and in 3.0% (n = 262) of 
the patients of the placebo group (HR 0.85; 95% CI 0.71 
to 1.01; p = 0.07) (Table 2) and did not meet the required 
p-value for hierarchical testing [49]. Therefore, between-
group differences were not reported for the subsequent 
secondary endpoints, including the composite of HF (HR 
0.82; 95% CI 0.71 to 0.96) and death from any cause (HR 
0.81; 95% CI 0.71 to 0.93) (Table 2).

The incidence of serious adverse advents was lower 
in the semaglutide group than in the placebo group 
(Table  2). Serious adverse events, including cardiac dis-
orders, infections and infestations, nervous system disor-
ders, surgical and medical procedures, neoplasms benign, 
malignant and unspecified, and gastrointestinal disorders 
were reported in 33.4% (n = 2941) patients of the sema-
glutide group and 36.4% (n = 3204) patients of the placebo 
group (p < 0.001) (Table 2) [49]. However, the number of 
adverse events leading to treatment discontinuation was 
higher in the semaglutide group (16.6%; n = 1461) than 
in the placebo group (8.2%; n = 718) (p < 0.001) (Table 2). 
These events included gastrointestinal disorders such 

Table 1 Key information of the DAPA-MI trial [38]
DAPA-MI

Class &

Cardiovascular (CV) outcomes

WR (95% CI) p-value‡

Primary outcome

Composite of death, HHF, nonfatal MI, AF/flutter, T2D, NYHA class, body weight decrease ≥ 5% 1.34 (1.20 to 1.50) < 0.001

Key secondary outcome

Composite of death, HHF, nonfatal MI, AF/flutter, T2D, NYHA class 1.20 (1.04 to 1.40) 0.015

Other secondary endpoints HR (95% CI)

Composite of CV death/HHF 0.95 (0.64 to 1.40)

CV death/HHF/MI 0.95 (0.70 to 1.29)

MACE (MI, stroke, or CV death) 0.94 (0.67 to 1.31)

All-cause death 1.22 (0.77 to 1.92)

CV death 1.15 (0.66 to 2.01)

MI 1.11 (0.72 to 1.71)

Stroke 0.61 (0.28 to 1.34)

New diagnosis of T2D 0.53 (0.36 to 0.77)

New diagnosis of AF/flutter 0.88 (0.45 to 1.73)

All-cause hospitalization 1.12 (0.97 to 1.29)

Adjudicated HHF 0.83 (0.50 to 1.39)

‡ Only significant p-values are presented

AF, atrial fibrillation; CI, confidence interval; CV, cardiovascular; HF, heart failure; HHF, hospitalization for HF; HR, hazard ratio; MACE, major adverse cardiovascular 

event; MI, myocardial infarction; NYHA, New York Heart Association; T2D, type 2 diabetes; WR, win ratio
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as nausea, vomiting and diarrhea reported by 10.0% 
(n = 880) of the patients in the semaglutide group vs. 2.0% 
(n = 172) in the placebo group (p < 0.001). Gallbladder-
related disorders were reported by 2.8% (n = 246) patients 
in the semaglutide group and 2.3% (n = 203) patients in 
the placebo group (p = 0.04) (Table 2) [49]. The incidence 
of other adverse events of interest is shown in Table 2.

STEP-HFpEF trial

The STEP-HFpEF trial [50] evaluated the safety and effi-
cacy of semaglutide (2.4 mg/weekly) injected subcutane-
ously in 529 patients with heart failure with preserved 
ejection fraction (HFpEF) and obesity, without diabe-
tes. Participants ≥ 18 years old were eligible if they had a 
LVEF ≥ 45%, a BMI ≥ 30, NYHA functional class II, III, or 
IV symptoms, a Kansas City Cardiomyopathy Question-
naire clinical summary score (KCCQ-CSS) < 90 points, a 
6-minute walk distance of at least 100 m, and a least one 
of the following: elevated left ventricular filling pressures 
(invasively measured) or elevated natriuretic peptides 
(stratified according to BMI at baseline) plus echocardio-
graphic abnormalities, or HHF in the previous 12 months 

plus ongoing treatment with diuretics or echocardio-
graphic abnormalities [50]. Key exclusion criteria were 
a patient self-reported weight change > 5  Kg within 90 
days before screening, HbA1c ≥ 6.5% (48 mmol/mol) or a 
known history of diabetes.

Participants were randomly assigned to receive sema-
glutide (n = 263) or placebo (n = 266) for 52 weeks fol-
lowed by a 5-week follow-up period. The target dose of 
2.4  mg of semaglutide was achieved gradually after 16 
weeks of treatment, with the starting dose of semaglutide 
being 0.25  mg once weekly, increased every 4 weeks to 
once weekly doses of 0.5, 1.0, 1.7 and 2.4 mg [50].

Dual primary endpoints were established: a change 
in the KCCQ-CSS and the percentage change in body 
weight from baseline to week 52. Three confirmatory sec-
ondary endpoints were defined: the 6-minute walk dis-
tance from baseline to week 52, a hierarchical composite 
endpoint and a change in the level of C-reactive protein 
(CRP) from screening (week − 2) to week 52. The hier-
archical composite endpoint included death from any 
cause from baseline to week 57, the number and timing 
of HF events requiring hospitalization or urgent HF visit 

Table 2 Key information of the SELECT trial [49]
SELECT

Class &

Cardiovascular (CV) outcomes

HR (95% CI) p-value‡

Primary efficacy endpoint

Composite of 3P-MACE: CV death, nonfatal MI, or nonfatal stroke 0.80 (0.72 to 0.90) < 0.001

Confirmatory secondary efficacy endpoints

CV death 0.85 (0.71 to 1.01) 0.07

Composite of HF: CV death, HHF, or urgent medical visit for HF 0.82 (0.71 to 0.96)

Death from any cause 0.81 (0.71 to 0.93)

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

Serious adverse events 33.4 vs. 36.4 < 0.001

Cardiac disorders 11.5 vs. 13.5 < 0.001

Infections and infestations 7.1 vs. 8.4 0.001

Nervous system disorders 5.0 vs. 5.6 0.08

Surgical and medical procedures 4.9 vs. 6.2 < 0.001

Neoplasms benign, malignant, and unspecified 4.6 vs. 4.6 0.94

Gastrointestinal disorders 3.9 vs. 3.7 0.48

Adverse events leading to treatment discontinuation 16.6 vs. 8.2 < 0.001

Gastrointestinal disorders 10.0 vs. 2.0 < 0.001

Nervous system disorders 1.4 vs. 1.0 0.03

Metabolism and nutrition disorders 1.2 vs. 0.3 < 0.001

General disorders and administration-site conditions 1.2 vs. 0.5 < 0.001

Neoplasms benign, malignant, and unspecified 0.9 vs. 1.2 0.07

Infections and infestations 0.9 vs. 1.0 0.47

Other adverse events of interest

Gallbladder-related disorders 2.8 vs. 2.3 0.04

Acute kidney failure 1.9 vs. 2.3 0.13

Acute pancreatitis 0.2 vs. 0.3 0.28

‡ p-values after the first nonsignificant p-value are not presented

CI, confidence interval; CV, cardiovascular; HF, heart failure; HHF, hospitalization for HF; HR, hazard ratio; MACE, major adverse cardiovascular event; MI, myocardial 

infarction
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from baseline to week 57, differences of at least 15, 10, 
or 5 points in KCCQ-CSS change between baseline and 
week 52 and a difference of at least 30 m in the change 
in the 6-minute walk distance from baseline to week 52 
[50]. Supportive secondary endpoints have also been 
described [50].

The dual primary and confirmatory secondary end-
points were assessed for all randomized patients using 
the intend-to-treat principle (treatment policy estimand). 
Continuous endpoints in this trial were evaluated using 
analysis of covariance [50]. The hierarchical compos-
ite endpoint was evaluated using the win ratio approach 
[64]. The CRP levels in the two groups were compared 
by first estimating the geometric mean ratio of the week 
52 value to the baseline value for each group, and then 
calculating the ratio between the values obtained for the 
semaglutide and placebo groups [50].

The mean change in KCCQ-CSS at week 52, one of the 
primary endpoints, was 16.6 points in the semaglutide 
group and 8.7 points in the placebo group (estimated dif-
ference 7.8 points; 95% CI 4.8 to 10.9; p < 0.001) (Table 3). 
The other dual primary endpoint, the mean percentage 
change in body weight at week 52 was − 13.3% in the 
semaglutide group and − 2.6% in the placebo group (esti-
mated difference − 10.7%; 95% CI -11.9 to -9.4; p < 0.001) 
(Table 3).

Analysis of the confirmatory secondary endpoints 
resulted in a mean change in the 6-minute walk distance 
at week 52 of 21.5 m in the semaglutide group and 1.2 m 
in the placebo group (estimated difference 20.3  m; 95% 
CI 8.6 to 32.1; p < 0.001) (Table  3). Participants in the 
semaglutide group had a 43.5% reduction in CRP level at 

52 weeks (geometric mean ratio [week 52 value to base-
line value], 0.56), as compared with a 7.3% reduction with 
placebo (geometric mean ratio [week 52 value to base-
line value], 0.93) (estimated treatment ratio 0.61; 95% CI, 
0.51 to 0.72; p < 0.001) [50]. The results of the hierarchi-
cal composite secondary endpoint comparing all partici-
pants in the semaglutide and placebo groups within each 
BMI stratum (< 35 and ≥ 35) revealed a score of 60.1 wins 
for the semaglutide group and 34.9 wins for the placebo 
group (stratified WR 1.72; 95% CI 1.37 to 2.15; p < 0.001), 
with a difference of at least 15 points in the change in 
KCCQ-CSS contributing the most wins for semaglutide 
(Table 3) [50].

Serious adverse events were reported in 13.3% (n = 35) 
of the participants in the semaglutide group and 26.7% 
(n = 71) participants in the placebo group (p < 0.001)
(Table 3) [50] and were mainly attributed to cardiac dis-
orders, which were reported in 2.7% (n = 7) of the patients 
in the semaglutide group and in 11.3% (n = 30) of the 
patients in the placebo group (p < 0.001) (Table  3). Gas-
trointestinal disorders were similarly reported with an 
incidence of 2.7% (n = 7) in the semaglutide group and 
of 2.6% (n = 79 in the placebo group (p = 1.00) (Table  3). 
These events were the most common reason for discon-
tinuation in both the semaglutide (n = 6) and placebo 
(n = 6) groups.

Death from any cause, death from CV causes and HF 
event were adjudicated as adverse events by an external 
committee. A total of 7 patients died during the study, 
3 in the semaglutide group and 4 in the placebo group, 
for an incidence of 1.1% and 1.5%, respectively (Table 3). 
None of the deaths in the semaglutide group were 

Table 3 Key information of the STEP-HFpEF trial [50]
STEP-HFpEF

Class &

Cardiovascular (CV) outcomes

Estimated difference or ratio (95% CI) p-value

Dual primary endpoints

Change in KCCQ-CSS from baseline to week 52 (points) 7.8 (4.8 to 10.9) < 0.001

Change in body weight from baseline to week 52 (%) -10.7 (-11.9 to -9.4) < 0.001

Confirmatory secondary endpoints

Change from baseline to week 52 in 6-minute 
walk distance (m)

20.3 (8.6 to 32.1) < 0.001

Change from baseline to week 52 in CRP level (%) 0.61 (0.51 to 0.72) < 0.001

Hierarchical composite endpoint (crude % of wins) 1.72 (1.37 to 2.15) < 0.001

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

Serious adverse events 13.3 vs. 26.7 < 0.001

Cardiac disorder 2.7 vs. 11.3 < 0.001

Gastrointestinal disorders 2.7 vs. 2.7 1.0

Adjudicated events

Death from any cause 1.1 vs. 1.5 n.a.

CV death 0 vs. 0.4 n.a.

HF event 0.4 vs. 4.5 n.a.

CI, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard ratio; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire clinical summary score; n.a., not 

applicable
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attributed to CV causes [50]. The incidence of HF events 
was low. It occurred in 0.4% (n = 1) of the participants in 
the semaglutide group and in 4.5% (n = 12) of the partici-
pants in the placebo group (Table 3) [50].

Novel cholesterol-lowering medication

CLEAR outcomes

The CLEAR Outcomes trial [55] evaluated the effects of 
bempedoic acid (180 mg/daily) on adverse CV events in 
patients at high risk for CVD, who were unable or unwill-
ing to take statins owing to unacceptable adverse effects 
[55].

A total of 13,970 individuals aged 18 to 85 years were 
randomly assigned to bempedoic acid (n = 6992) or pla-
cebo (n = 6978). Participants were eligible if they had a 
clinical feature that placed them at high risk for a cardio-
vascular event (30%; n = 4206) or a previous cardiovascu-
lar event (70%; n = 9764). Patients who were receiving a 
very low average daily statin dose without unacceptable 
adverse effects or other lipid-lowering therapies could be 
enrolled [55]. The mean LDL cholesterol (LDL-C) level 
at baseline was 139  mg/dL (3.59 mmol/L). Among the 
patients, 45.6% (n = 6373) had diabetes and 22.7% were 
taking very low dose statin therapy [55].

The primary endpoint, assessed in a time-to first-
event analysis, was a four-point composite of major 
adverse cardiovascular events (4P-MACE), defined as 
death from cardiovascular causes, nonfatal MI, nonfatal 
stroke, or coronary revascularization. The key second-
ary endpoints, assessed in a time-to first-event analysis 
and tested in hierarchical order, included a 3P-MACE of 
death from CV causes, nonfatal stroke, or nonfatal MI; 
fatal or nonfatal MI; coronary revascularization; fatal or 
nonfatal stroke; death from CV causes; and death from 
any cause. Additional secondary endpoints established 
for this trial have been further described [55].

At baseline, the mean LDL-C level was 139.0  mg/
dL (3.59 mmol/L) in both the treatment and placebo 
groups [55]. After 6 months of treatment with bempe-
doic acid, the average level of LDL-C in this patient group 
decreased by 21.1% from baseline to 107.0  mg/dL (2.77 
mmol/L), whereas in the placebo group, a mean reduc-
tion of 0.8% to 136.0 mg/dL (3.52 mmol/L) was observed. 
During the same period, a 21.6% reduction in the CRP 
level was observed in the bempedoic acid group com-
pared to the placebo group [42].

After 12 months of treatment with bempedoic acid, the 
mean change in the HbA1c level of patients with inad-
equately controlled T2D [HbA1c > 7% (53 mmol/mol) at 
baseline] was − 0.04% in the bempedoic acid group com-
pared to -0.01% in the placebo group [55].

Following a median 40.6 months trial follow-up, a 
primary endpoint MACE event was observed in 11.7% 
(n = 819) of the patients in the bempedoic acid group and 

in 13.3% (n = 927) of the patients of the placebo group, 
resulting in a significant 13% lower MACE incidence in 
the treatment group (hazard ratio (HR) 0.87; 95% confi-
dence interval (CI) 0.79 to 0.96; p = 0.004) (Table 4) [55]. 
The risk of events of the first key secondary endpoint, 
the composite of 3P-MACE, was also 15% lower in the 
bempedoic acid group than in the placebo group (8.2% 
[n = 575] vs. 9.5% [n = 663]; HR 0.85; 95% CI 0.76 to 0.96; 
p = 0.006)(Table  4) [55]. The other hierarchical tested 
two secondary endpoints also showed significant ben-
efits with bempedoic acid over placebo: fatal and non-
fatal MI [3.7% (n = 261) vs. 4.8% (n = 334); HR 0.77; 95% 
CI 0.66 to 0.91; p = 0.002] and coronary revascularization 
[6.2% (n = 435) vs. 7.6% (n = 529); HR 0.81; 95% CI 0.72 to 
0.92; p = 0.001] (Table 4) [55]. The incidences of the other 
key secondary endpoints: fatal or nonfatal stroke, death 
from cardiovascular causes, and death from any cause, 
were not significantly different between the two groups 
(Table 4), and similar results were observed for additional 
defined secondary endpoints [55].

The overall incidence of adverse events, musculoskel-
etal adverse events and other adverse events of interest 
including new onset of diabetes, worsening hyperglyce-
mia, hypoglycemia, and metabolic acidosis did not differ 
meaningfully between both groups (Table  4). However, 
the bempedoic acid group had higher incidences of ele-
vated hepatic-enzyme levels, renal impairment, hyperuri-
cemia, gout and cholelithiasis (Table 4) [55].

Key topics discussed during the 9th CVOT Summit

Guidelines

Evidence production and guideline’s development

Typically, recommendations in clinical guidelines have 
been formulated based on evidence from CVOTs and 
outcomes of systematic reviews, including meta-anal-
yses of all readily available randomized controlled trials 
(RCTs). However, the field of diabetology is advancing so 
rapidly that the magnitude of the data provided by RCTs 
makes it impractical to use this approach for risk-bene-
fit determinations when there are multiple treatment 
options for patients with the same disease [65]. Hence, 
another statistical technique that combines both direct 
and indirect evidence in a single analysis is currently 
being employed for comparing multiple interventions 
for a specific condition: network meta-analysis (NMA). 
In 2023, an NMA and systematic review on the benefits 
and harms of medical treatments for adults with T2D, 
validated through CVOTs, was published [66]. The analy-
sis identified 816 trials with a total of 471 038 patients, 
evaluated 13 different drug classes and confirmed the 
benefits of SGLT2is and GLP-1 RAs in reducing CV 
death, nonfatal MI, HHF and end-stage kidney disease 
[66]. According to the same analysis, finerenone is likely 
to reduce HHF, end-stage renal disease and possibly CV 
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death [66]. Only GLP-1 RAs were found to reduce non-
fatal stroke and SGLT2is were found to be superior to 
other drugs in reducing end-stage kidney disease [66]. 
Reported adverse events were largely drug class-specific 
(e.g., genital infections with SGLT2is; serious gastroin-
testinal adverse events with tirzepatide and GLP-1 RAs; 
hyperkalemia requiring hospitalization with finerenone). 
The study showed that tirzepatide is likely to result in the 
greatest weight loss, while basal insulin and thiazolidine-
diones are likely to result in the greatest weight gain [66]. 
In addition, the absolute benefit of SGLT2is, GLP-1 RAs, 
and finerenone in people with T2D was found to vary 
according to baseline risk for CV and kidney outcomes 
[66].

Production of reliable evidence in a research field that 
requires constant information update can be costly and 
time consuming [67]. The Alliance for Living Evidence 
(www.aliveevidence.org) is a global initiative of the 
Future Evidence Foundation. It is collaborating with a 
range of partners to continuously update reviews of sci-
ence and deliver timelier, trustworthy, and affordable evi-
dence for better decision-making.

Update on HF and CV risk management in guidelines

In 2023 a focused update of the 2021 European Society of 
Cardiology (ESC) guidelines for the diagnosis and treat-
ment of acute and chronic HF [68] as well as new ESC 
guidelines for the management of CVD in patients with 
diabetes [69] were published. Both guidelines reflect 
in their recommendations new evidence from recent 
CVOTs with SGLT2is [30, 31] and finerenone [35–37].

The focused update of the ESC HF guidelines [68] rec-
ommends a SGLT2i (dapagliflozin or empagliflozin) in 
patients with HF with mildly reduced ejection fraction 
(HFmrEF) or with HFpEF, as well as in patients with T2D 
and CKD, to reduce the risk of HHF or CV death. Finere-
none is recommended in patients with T2D and CKD 
to reduce the risk of HHF [68]. Intravenous iron supple-
mentation is recommended to alleviate HF symptoms 
and improve quality of life in symptomatic patients with 
heart failure with reduction fraction (HFrEF) or HFmrEF 
and iron deficiency [68].

The 2023 ESC guidelines on the management of CVD 
in patients with diabetes [69] recommend systematic 
screening for diabetes in all individuals with CVD, using 
fasting glucose and/or HbA1c and introduce a novel 
10-year CVD risk score (SCORE2-Diabetes) specific for 
patients with T2D without atherosclerotic cardiovascular 

Table 4 Key information of the CLEAR Outcomes trial [55]
CLEAR Outcomes

Class &

Cardiovascular (CV) outcomes

HR (95% CI) p-value‡

Primary efficacy endpoint

Composite of 4P-MACE: CV death, nonfatal MI, nonfatal stroke, or coronary revascularization 0.87 (0.79 to 0.96) 0.004

Key secondary efficacy endpoints

Composite of 3P-MACE: CV death, nonfatal stroke, or nonfatal MI 0.85 (0.76 to 0.96) 0.006

Fatal or nonfatal MI 0.77 (0.66 to 0.91) 0.002

Coronary revascularization 0.81 (0.72 to 0.92) 0.001

Fatal or nonfatal stroke 0.85 (0.67 to 1.07) 0.16

CV death 1.04 (0.88 to 1.24)

Death from any cause 1.03 (0.90 to 1.18)

Adverse events of special interest Event rate (%) active vs. placebo group

Any adverse event that started or worsened after the first dose
 of a trial agent

86.3 vs. 85.0

Any muscle disorder adverse event 15.0 vs. 15.4

Myalgia 5.6 vs. 6.8

New onset diabetes in patients without diabetes at baseline 16.1 vs. 17.1

Worsening hyperglycemia 22.7 vs. 23.1

Hypoglycemia 4.3 vs. 3.8

Metabolic acidosis 0.2 vs. 0.2

Elevated hepatic-enzyme level 4.5 vs. 3.0

Renal impairment 11.5 vs. 8.6

Hyperuricemia 10.9 vs. 5.6

Gout 3.1 vs. 2.1

Cholelithiasis 2.2 vs. 1.2

‡ p-values after the first nonsignificant p-value are not presented

CI, confidence interval; CV, cardiovascular; HR, hazard ratio; MACE, major adverse cardiovascular event; MI, myocardial infarction

http://www.aliveevidence.org
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disease (ASCVD) or severe target-organ damage (TOD). 
On the other hand, patients with T2D and ASCVD are 
recommended to initiate treatment with GLP-1 RAs and 
SGLT2is to reduce CV risk, independent of glucose con-
trol and in addition to antiplatelet, anti-hypertensive or 
lipid-lowering therapy [69]. In patients with T2D and 
CKD it is recommended to add a SGLT2i (canagliflozin, 
dapagliflozin or empagliflozin) and finerenone to stan-
dard of care, to reduce CV and kidney failure risk [69]. 
The guidelines also address the treatment of patients 
with HF and T2D with glucose-lowering medications. 
An SGLT2i is recommended to reduce HF-related out-
comes in all patients with T2D and HF (HFpEF, HFmrEF, 
HFrEF), independent of HbA1c level or concomitant use 
of glucose-lowering medications. Moreover, the addi-
tion of other glucose-lowering agents with neutral effects 
on HF, such as a GLP-1 RA, sitagliptin or linagliptin, 
metformin, or insulin glargine or degludec, should be 
considered if additional glycemic control is needed. Pio-
glitazone and saxagliptin are not recommended due 
to their association with an increased risk for HHF as 
shown in CVOTs [69].

Towards the recognition of treatment disparities and the 

inclusion of patient-reported outcomes (PROs) in clinical 

guidelines

Although significant advances have been made in dia-
betes management, population-specific efficacy and 
safety information has yet to be incorporated into clini-
cal guidelines. In general, racial, and ethnic groups are 
underrepresented in clinical trials, and recommendations 
for diabetes practice are based on the assumption of over-
all broad-based drug efficacy. But this may not always be 
the case. A recent meta-analysis of CVOTs with SGLT2is 
and GLP-1 RAs [70] found substantial racial/ethnic dis-
parities in the cardiorenal effects of SGLT2is and GLP-1 
RAs in patients with T2D, with consistent benefits 
observed among white and Asian populations and con-
sistent lack of benefits in black populations [70]. How-
ever, the observed trends in the black populations may be 
due to lower enrollment in clinical trials (2.4-8,3%) and 
wide variability in outcomes [70]. Also not to be over-
looked is the impact of the social determinants of health 
on disparities in the equity of care, such as access to dia-
betes technology.

Another important aspect to consider in guidelines is 
the inclusion of patient-reported outcomes (PROs). In 
fact, diabetes is unique among chronic diseases in the 
extent to which clinical outcomes are controlled by the 
patient. Achieving and maintaining control of the con-
dition is challenging and requires the individual to deal 
with a wide range of behaviors and cognitions, result-
ing in a high burden of psychological distress [71]. This 
means that the patients’ experience and perspective on 

the impact of attempting to control these outcomes can 
significantly influence their health-related quality of life. 
Therefore, when evaluating the effectiveness of a diabe-
tes treatment, it is important to consider patient needs 
and feedback as well as clinical endpoints, a position sup-
ported by the IDF [72].

Importance of screening, identification, and management 

of CKD in primary care

CKD is a progressive condition that affects > 10% of the 
general population worldwide [73]. Globally, diabetes 
is the leading cause of CKD morbidity [74]. Diabetic 
nephropathy is asymptomatic in early stages, making it 
difficult to control. Early identification, risk stratification, 
and treatment can reduce both morbidity and mortality 
rates from CKD and its related complications, like CVD. 
The American Diabetes Association (ADA) and Kidney 
Disease: Improving Global Outcomes (KDIGO) rec-
ommend annual screening of patients with diabetes for 
CKD, beginning 5 years after diagnosis of T1D and diag-
nosis of T2D [75]. Screening should be made by measur-
ing both the urine albumin-to-creatinine ratio (UACR) 
and the estimated glomerular filtration rate (eGFR) [75].

Primary care can play an important role in the early 
detection and management of CKD, as well as in patient 
education. Nevertheless, a survey of primary care profes-
sionals in Europe [76] found that only 32.4% were fully 
confident in interpreting UACR results. Currently, UACR 
can also be determined by point-of-care testing (POCT) 
[77]. The survey also revealed that there is an unmet need 
for more information on screening, detection, and man-
agement of CKD [76]. Similar results are being observed 
in China and were reported at the CVOT Summit. The 
International Society of Nephrology (ISN) has made 
available online a new clinical one-pager on “Chronic 
Kidney Disease (CKD) Management-Early Identifica-
tion and Intervention in Primary Care”- which has been 
endorsed by primary care organizations like PCDE and 
World family doctors Caring for people (Wonca) Europe 
[78].

Advances in the management of CKD with SGLT2is and 

nsMRAs

KDIGO published in 2022 clinical practical guidelines 
for diabetes management in CKD [79], recommending 
SGLT2is as first-line drug therapy and considering finere-
none for additional risk-based therapy in individuals with 
persistent albuminuria despite use of ACEis or ARBs. 
GLP-1 RAs are not currently indicated to improve kidney 
outcomes, although there is accumulating evidence from 
CVOTs of a kidney and cardioprotective effect in people 
with T2D and CKD [80]. However, since GLP-1 RAs 
effectively reduce HbA1c and CKD is associated with 
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CVD, the guideline recognizes the potential of GLP-1 
RAs as adjuncts to metformin and SGLT2i [79].

The benefit of SGLT2is to delay CKD progression are 
consistent in patients with and without T2D [81]. Prom-
ising results in reducing UACR in CKD patients with 
an eGFR > 20  ml/min/1.73  m² and an UACR of 150–
5000 mg/g with a combination treatment of dapagliflozin 
and zibotentan, an endothelial A receptor antagonist, 
have been reported [82]. EMPA-KIDNEY results suggest 
that empagliflozin may slow CKD progression in patients 
with CKD and T1D [34].

There have also been advances in the management of 
CKD and comorbidities with nsMRAs. Ocedurenone has 
been shown to reduce systolic blood pressure in patients 
with CKD stage 3b/4 with uncontrolled or resistant 
hypertension [83]. A FIDELITY subgroup analysis [84] 
showed that finerenone consistently reduced albumin-
uria and eGFR decline in patients with CKD stage 4 and 
T2D, but the effects on the composite kidney outcome 
were not consistent over time. The FINE-ONE trial [82] 
is ongoing and is evaluating the effects of finerenone in 
patients with CKD and T1D.

Diabetes, obesity, liver disease and cancer

Diabetes and obesity are well-established risk factors for 
several human cancers. The combined effect of diabe-
tes and high BMI (25 kg/m²) as independent risk factors 
was responsible for 5.7% of all incident cancers in 2012, 
accounting for 24.5% of all liver cancer cases and 38.4% 
of all endometrial cancer cases [85]. In 2019, high BMI 
was the third leading risk factor for risk-attributable can-
cers and DALYs for both sexes, after smoking and alcohol 
consumption [86].

T2D and obesity share common metabolic pathways 
which may contribute to the development of cancer. For 
instance, the adipose tissue is an organ that produces adi-
pokines, such as leptin, which is involved in the regula-
tion of energy balance and has receptors widely expressed 
in the peripheral tissue, including pancreatic beta-cells. 
This hormone is commonly elevated in individuals with 
obesity and diabetes due to leptin resistance without 
any reduction in appetite [87]. Association of leptin with 
metastasis and cancer aggressiveness has been shown 
and attributed to its mitogenic and proinflammatory 
effects [88].

Moreover, obesity-associated insulin resistance and 
hyperinsulinemia are also associated with inflammation 
and carcinogenesis, through the activation of insulin and 
IGF-1 receptor signal transduction pathways, as demon-
strated for pancreatic cancer and hepatocellular carci-
noma (HCC) [89, 90].

HCC is the most prevalent form of liver cancer and 
may develop from progressive fibrosis in fatty liver dis-
ease. Hepatic fibrosis is triggered by inflammation and is 

a key stage in the progression of organ failure and death 
[91].

To date, no pharmacologic agent is approved for the 
treatment of NASH. However, Phase III clinical trials 
with resmetirom, a thyroid hormone receptor beta ago-
nist, showed positive results [92] and resmetirom has 
been submitted to the FDA for approval, with a decision 
expected in March 2024.

Further trials with efruxifermin [93] and pegozafermin 
[94], fibroblast growth factor 21 (FGF21) agonists and 
with the glucose-lowering agents semaglutide (GLP-1 
RA) [95] and tirzepatide (GIP/GLP-1 RA) [96] are 
ongoing.

Indeed, both NAFLD and NASH have been acknowl-
edged as metabolic dysfunctions and have been renamed 
metabolic dysfunction associated steatotic liver disease 
(MASLD) and metabolic dysfunction associated steato-
hepatitis (MASH), respectively [97]. The nomenclature 
has been changed in 2023, to avoid potential stigmatiz-
ing language and to abridge the presence of at least 1 of 5 
cardiometabolic risk factors in MASLD [98].

Harnessing incretin and glucagon physiology for diabetes 

and obesity management

The quest for better diabetes and weight loss medi-
cines hasn’t stopped with GIP/GLP-1 RAs. Research on 
the physiology of GIP and the GIP receptor (GIPR) has 
shown that GIP decreases body weight and food intake 
without affecting meal frequency via GIPR signaling in 
the central nervous system [99]. More recently, GIP and 
GIPR/GLP-1 R co-agonists were shown to decrease body 
weight and food intake via signaling through GABAergic 
GIPR neurons [100]. On the other hand, glucagon, which 
is secreted from pancreatic alpha-cells in response to 
blood glucose levels, is also known to reduce food intake, 
increase energy expenditure and promote hepatic fatty 
acid oxidation [101]. Hence, the current focus of research 
on diabetes and obesity is on the development of triple 
agonists that target all three receptors, specifically GIP/
GLP-1/glucagon receptor agonists.

In the year 2023, the results of two Phase II clinical tri-
als with the triple agonist retatrutide in T2D [102] and 
obesity [103] were published. These findings have dem-
onstrated that subcutaneous retatrutide administered at 
a dose of 12 mg can result in a mean change in HbA1c 
of 2.2% compared to baseline and a reduction in body 
weight of 24.2% [102, 103].

Also in 2023, the results of the PIONEER PLUS trial 
were published [104]. PIONEER PLUS evaluated the 
effects of high-dose oral semaglutide (50  mg) on both 
glycemic and weight control. It showed that a 2.2% reduc-
tion in HbA1c and a 9.2% reduction in body weight could 
be achieved, relative to a mean baseline HbA1c of 9% (75 
mmol/mol) and a mean baseline body weight of 96.4 kg 
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[104]. Moreover, promising results with orforglipron 
[105], a nonpeptide oral GLP-1 RA were also presented 
at the CVOT Summit. At week 26, there was a significant 
change in mean placebo adjusted HbA1c (-1.67%) and 
bodyweight (-7.9 kg) [105].

Patient-physician communication in the management of 

diabetes and obesity

Patients with diabetes report experiencing stigma in 
many life domains [106], a concern shared by people with 
obesity [107]. The psychological impact of living with a 
stigmatized condition is significant and may be a barrier 
to optimal self-care. Patient-physician communication 
plays an important role in diabetes and obesity manage-
ment, and careful and constructive language should be 
used in conversations with people living with obesity, 
as well as a positive approach to recommending weight 
management programs [107, 108].

New developments in the treatment of T1D

The IDF reported that in 2022, approximately 8.75  mil-
lion people were living with T1D [109], and its prevalence 
is estimated to increase up to 17.4 million by 2040 [110]. 
T1D is an autoimmune disease that can be triggered by 
environmental factors, such as viral infection, diet, and 
growth (in children), in individuals who are genetically 
susceptible [111]. Screening in childhood and detecting 
the disease earlier in its course leads to a more favorable 
clinical outcome at symptom onset [112]. In this regard, 
the Global Platform for the Prevention of Autoimmune 
Diabetes (GPPAD) (https://www.gppad.org/) is conduct-
ing two primary prevention studies: the “Primary preven-
tion with oral insulin” (POInT) and the ”Supplementation 
with Bifidobacterium infantis for Mitigation of Type 1 
Diabetes Autoimmunity” (SINT1A) in children with an 
increased risk of developing T1D.

In secondary prevention, a breakthrough was achieved 
with the FDA approval in November 2022 of the first dis-
ease-modifying therapy, teplizumab, to delay the progres-
sion of autoimmunity in patients aged ≥ 8 years with stage 
2 T1D (preclinical disease). Teplizumab, a humanized 
monoclonal antibody, targets T-lymphocytes carrying 
CD3 on their surface, delivering a partial agonistic signal 
and inhibiting the immune attack on pancreatic beta-
cells. In this early phase of T1D, a single 14-day course of 
teplizumab has been demonstrated to defer the progres-
sion from stage 2 to stage 3 by 59.6 months and enhance 
beta-cell function [113]. In PROTECT [114], a subse-
quent 78-week Phase III RCT in children and adoles-
cents (8–17 years old) newly diagnosed with stage 3 T1D, 
teplizumab has been shown to halt beta-cell destruc-
tion as measured by quantifying the level of stimulated 
C-peptide in the blood following a 4-hour mixed meal 
tolerance test. In this study, only patients with a peak 

C-peptide ≥ 0.2 pmol/mL at baseline were considered eli-
gible [114]. Participants received teplizumab (n = 217) or 
placebo (n = 111) in two 12-day courses separated by 26 
weeks, with the primary endpoint being the change from 
baseline in stimulated C-peptide levels at week 78 [114]. 
Stimulated C-peptide levels were then observed to be sig-
nificantly higher in the teplizumab group than in the pla-
cebo group (least squares mean difference 0,13 pmol/mL; 
95% CI 0.09 to 0.17; p < 0.001) [114], mainly due to the 
effect of the first treatment course. Furthermore, 94.9% of 
the patients treated with teplizumab maintained a peak 
C-peptide level ≥ 0.2 pmol/mL, compared to 79.2% in 
the placebo group [114], indicating a protective effect of 
teplizumab on pancreatic beta-cells. Noteworthy, tepli-
zumab-treated patients required lower doses of insulin 
than placebo-treated patients [114] to achieve the same 
glycemic goal [HbA1c < 7% (53 mmol/mol)], also reflect-
ing the protective effect on functional active beta-cells 
at stage 3 T1D (symptom onset). The groups did not dif-
fer significantly in the key secondary endpoints (HbA1c, 
TIR, clinically important hypoglycemic events) [114]. 
The most common adverse events leading to study dis-
continuation were protocol defined liver function test 
elevations (teplizumab 6.9%; placebo 2.7%) and cytokine 
release syndrome (teplizumab 1.8%; placebo 0%) [114].

Microvascular complications

Diabetic peripheral neuropathy (DPN) is a major micro-
vascular complication in people with diabetes. The preva-
lence of DPN in T1D was determined to be 23.5% during 
a follow-up period of 7.3 years, with women exhibiting 
the highest frequency of developing painful DPN [115]. 
Among guideline-recommended first-line analgesic 
monotherapies, the OPTION-DM trial [116] found that 
amitriptyline, duloxetine and pregabalin had similar effi-
cacy and that combination treatment was well tolerated 
and led to improved pain relief in patients with subop-
timal pain control on monotherapy. Pregabalin was the 
best tolerated monotherapy associated with the least dis-
continuation due to treatment emergent adverse events 
[116].

Recently, a consensus recommendation on screening, 
diagnosis, and management of diabetic sensorimotor 
polyneuropathy (DSPN) in clinical practice was pub-
lished [117]. As pathogenetically oriented pharmaco-
therapies the antioxidant alpha-lipoic acid (ALA) and 
benfotiamine, a thiamine derivative (prodrug) and AGE 
inhibitor, are approved for clinical use in several coun-
tries. Both compounds have favorable safety profiles, 
even with long-term treatment [117]. Treatment with 
600 mg oral administered ALA once daily for 5 weeks and 
twice daily for 6 months reduced pain, paresthesia, and 
numbness in patients with DSPN [118, 119]. In addition, 
in patients with mild to moderate DSPN, neuropathic 

https://www.gppad.org/
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deficits were improved after 4 years of treatment with 
600 mg ALA once daily [120]. Twice-daily treatment with 
300 mg benfotiamine for 6 weeks improved neuropathic 
symptoms as assessed by Neuropathy Symptom Score 
(NSS) in patients with symmetrical, distal diabetic neu-
ropathy [121].

Nonetheless, enhanced glucose control, lifestyle modi-
fication, control of CV risk factors, and utmost attention 
to foot care, remain fundamental measures for the pre-
vention and management of DPN [117].

CGM metrics and cognitive disorders

Aside from CVD, T2D is also associated with dementia 
[122]. It has been observed that the HR increases with 
higher glucose levels [122]. People diagnosed with diabe-
tes before the age of 60 were found to have a threefold 
increased risk of dementia [123] and in adults with T2D 
aged 70 years or older using CGM, a higher time above 
range (TAR) was found associated with cognitive impair-
ment of both executive and working memories [124]. 
Importantly, glycemic variability and time below range 
(TBR) were not found associated with any cognitive 
function [124]. Furthermore, subcortical brain damage 
has been found associated with hyperglycemia [125, 126] 
independently of lifestyle and CV risk factors [126], but 
not with HbA1c [126]. Thus, evidence is accumulating to 
support the use of CGM in people with T2D. Not only 
because time in range (TIR) is a surrogate marker for all-
cause and CV mortality [127], but also because analysis 
of CGM metrics may be helpful for early intervention 
and prevention of dementia in the future.

Conclusions

The 9th CVOT Summit: Congress on Cardiovascular, 
Kidney, and Metabolic Outcomes provided an interac-
tive and multidisciplinary platform to discuss key results 
from recently published trials with SGLT2i (DAPA-MI), 
GLP-1 RA (SELECT and STEP-HFpEF), and bempedoic 
acid (CLEAR Outcomes). Important advances have been 
made in the treatment of CVD, HF and CKD in diabetes 
or obesity, and a breakthrough was achieved in the sec-
ondary prevention of T1D in 2023. Further developments 
in the treatment of MASH and obesity are expected 
in 2024. At the CVOT Summit these and other topics 
including guideline development, enrollment of ethnic/
racial groups in clinical trials, and the importance of 
patient-physician communication and PROs were dis-
cussed by a broad audience of both specialists and pri-
mary care physicians. The 10th CVOT Summit will be 
held virtually on December 5–6, 2024 (http://www.cvot.
org).
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