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LEADING CAUSES OF DEATH WORLDWIDE
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PREVALENCE OF CARDIOVASCULAR
DISEASE IN TYPE 2 DIABETES
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THE IMPACT OF CARDIOVASCULAR DISEASE AND 
CHRONIC KIDNEY DISEASE ON LIFE EXPECTANCY AND 
DIRECT MEDICAL COST IN A 10-YEAR DIABETES 
COHORT STUDY

combinations of diseases on mortality
risks and direct medical cost in patients
with DM. In this cohort of patients with
DM, the risks were observed to be ad-
ditive and nonoverlapping. The increase
in the number of conditions, including
stroke, heart disease, and CKD, corre-
sponded to the rise in mortality risks and

directmedical costs.Ourfindingsprovide
further evidence for the importance of
CVD prevention among patients with
CKD and the prevention of CKD among
patientswith CVD (31,35,36) and suggest
that prevention of CVD and CKD might
play equally important roles in decreas-
ing the disease burden in patients with

diabetes. A previous study conducted in
the Canadian general population dem-
onstrated similar mortality risks for pa-
tientswithCHDand thosewithmoderate
to severe CKD (9). Our results partially
confirmed this finding because of the
substantially higher mortality risk asso-
ciated with severe CKD compared with

Figure1—A: Yearsof life lostbydisease status forwomenatbaselinecomparedwith thosewithneither stroke,heartdisease,normoderate/severeCKD.
B: Years of life lost by disease status for men at baseline compared with those with neither stroke nor heart disease nor moderate/severe CKD.

1756 Impact of CVD and CKD in Diabetes Diabetes Care Volume 43, August 2020

Diabetes Care 2020;43:1750–1758
N Engl J Med 2017;376:1407-18; Diabetes Care 2021 Mar; 44(3): 699-706



CVOT IN T2D
26 TRIALS: N=197‘832 PATIENTS
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GLP-1-RA

2013 2015 2016 2017 2018 2019 2020

EXAMINE
N=5380

SAVOR-TIMI-53
N=16‘492

TECOS
N=14‘671

CARMELINA
N=6979

CAROLINA
N=6033

EMPA-REG
OUTCOME

N=7020

CANVAS-P
N=10‘142

DECLARE-
TIMI-58

N=17‘160

CREDENCE
N=4‘401

DAPA-HF
N=4‘744
NNT= 21

VERTIS-CV
N=8‘238

EMPA-KIDNEY
N=5‘000

DAPA-CKD
N=4‘000

EMPEROR-
REDUCED

N=3‘600

EMPEROR-
PRESERVED

N=5‘250
DELIVER
N=4‘700

SGLT-1/2-I

SOLITS-WHF
N=4‘000

SCORED
N=10‘500

ELIXA
N=6‘068

SUSTAIN-6
N=3‘297

LEADER
N=9‘340

FREEDOM-CVO
N= 4‘156

EXSCEL
N=14‘752

HARMONY
OUTCOME

N9‘463

REWIND
N=9‘901

PIONEER 6
N=3‘183superiority *

non-inferiority *

* **

*
* *

*

*

*

* *

*

*

**

**

To fullfill FDA safety guidelines: trail with 7-15‘000 patients with 3-5 y follow-up!

Adapted DC 2018; 41:14-31

*

HFrEF

HFpEF

*

*

*



BASELINE CHARACTERISTICS IN COMPLETED
CVOTS IN TYPE 2 DM

NEJM 2015, 2016, 2017
Lancet 2019
Diabetes Obes Metab 2018, 2019
ADA 2020 
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Female sex (%) 28 36 37 30 31 36 39 32 38 46 31

Diabetes duration (y) 8 14 12 13 9 13 14 15 12 10 14

History of CVD (%) 99 66 41 100 100 81 83 85 73 31 100
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Lewis JACC 2017, Udell: Lancet Diabet Endo 2015;3:356, McMurray: Lancet Diabet Endo 2014; 2: 843, Iribarren: Circulation 2001

HFpEF and epidemiological associations
- Age (~ 75 %)
- Female gender
- Hypertension (US: 115 mio)
- Diabetes (US: 30/92 mio)
- Renal failure ( ~ 25%)
- Anemia ( ~20%)
- Obesity (US: 100 mio)
- Atrial fibrillation
- OSAS
- COPD (~22%)

HFrEF
- Younger
- More males
- Less hypertension
- More diabetes
- More CAD
Death by 80-85% CV reasons

Death by CV reasons and almost equally non CV causes

For every increase of 1% HbA1c à 8% increased risk of HF
Mortality rate (%) after 1 y and 2 y after hospitalization: 29% resp. 40%!

• increase with each hospitalization

HEART FAILURE: 
THE MOST COMMON AND IMPORTANT CV COMPLICATION AND
HOSPITALIZATION OF DIABETES MELLITUS



HEART FAILURE:PREDICTORS
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failure declined significantly in non-Hispanic
whites, in this group the rates of ACS in-
creased (APC 4.5% per year [95% CL 2.1,
6.9], P = 0.002) from 2009 to 2014 and
the rates of heart failure leveled off be-
ginning in 2007 (Table 2; Fig. 2). In con-
trast, amongHispanics, the rates for heart
failure declined from 2003 to 2014 (APC
26.7% per year [28.6,24.7], P, 0.001).
Even thoughthroughout theperiodrates for
hemorrhagic and ischemic stroke showed
no consistent change for all three race/
ethnicity groups, rates for hemorrhagic
stroke in the latter part of theperiod increased

for non-Hispanic whites (APC 2.6% per year
[2.1,3.2],P, 0.001), and rates for ischemic
stroke also increased for non-Hispanic
whites (APC 6.5% per year [4.8, 8.2], P ,
0.001) and for non-Hispanic blacks (APC
4.6% per year [1.0, 8.3], P = 0.02). On the
other hand, from 2003 to 2014, hospi-
talization rates for hemorrhagic stroke
among Hispanics declined (APC 23.0%
per year [24.9, 21.0], P = 0.006).

CONCLUSIONS

Heart disease and stroke are leading causes
of death in the U.S. (16). In this analysis of

nationally representative data, we docu-
mented from 1998 to 2014 significant de-
clines in hospitalization rates for ACS,
heart failure, and hemorrhagic and ische-
mic stroke, in both the population with
diabetes and the population without di-
abetes, and a significant decline in cardiac
dysrhythmia rates in the population with
diabetes only. The average rate of decline
for the entire period was similar in both
populations. However, compared with
the population without diabetes, and
with theexceptionof cardiac dysrhythmia
and hemorrhagic stroke, rate differences
between 1998 and 2014 were greater in
the population with diabetes. Thus, de-
spite these encouraging trends, hospital-
ization rates in 2014 for theseCVDconditions
remained 2‒4 times as high in the popula-
tion with diabetes than in the population
without diabetes, with the largest differ-
ence in heart failure rates.

Other population-based studiesd
three international and one of a U.S.
statedhave reported declining trends in
hospitalization rates in the population
with diabetes for AMI (which is a condi-
tion within ACS) (17–19), heart disease
(including ischemic heart disease, cardiac
dysrhythmia, and heart failure) (20), and
stroke (17,19,20). Two studies compared
trends in AMI and stroke hospitaliza-
tion rates by diabetes status (17,18). One
study of the population of Ontario, Can-
ada, found that AMI and stroke rates
declined more in the population with di-
abetes than in the population without di-
abetes between 1992 and 2000 (17). The
second study, in England, found no differ-
ence in AMI and stroke trends by diabetes
status between 2004 and 2010, consis-
tent with our findings in trends of ACS
and hemorrhagic and ischemic stroke
(18). In bothof these international studies
(17,18), similar to our findings, hospitali-
zation rates at the end of the study period
were still greater in the population with
diabetes than in the population without
diabetes. Our findings of decreasing
trends in ACS, cardiac dysrhythmia, heart
failure, and both hemorrhagic and ische-
mic stroke hospitalization rates in the
population with diabetes in the U.S. are
also consistent with a study that found
remarkable improvements in CVD death
rates from 1997 to 2006 among U.S.
adults with diabetes (40% decrease) (7).

Declining trends in AMI and stroke hos-
pitalization andmortality rates in the U.S.
general population (i.e., populations with

Figure 1—Age-adjusted hospitalization rates for selected CVD conditions among people aged $35
years with diagnosed diabetes, by sex (U.S., 1998–2014). Per 1,000 persons with diabetes and age
adjusted based on the 2000 U.S. standard population. Symbols represent observed hospitalization
rates, and lines represent modeled trends using Joinpoint regression.-, heart failure;,, ACS;4,
ischemic stroke; C, cardiac dysrhythmia;◆, hemorrhagic stroke.

Figure 2—Age-adjusted hospitalization rates for selected CVD conditions among people aged$35
years with diagnosed diabetes, by race/ethnicity (U.S., 1998–2014). Per 1,000 personswith diabetes
and age adjusted based on the 2000 U.S. standard population. Symbols represent observed rates,
and lines represent modeled trends.-, heart failure; ,, ACS; 4, ischemic stroke; C, cardiac
dysrhythmia; ◆, hemorrhagic stroke.
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HF AS ‘MALIGNANT’ AS MANY CANCERS

HF, heart failure
Mamas MA. et al. Do patients have worse outcomes in heart failure than in cancer? A primary care-based cohort study with 
10-year follow-up in Scotland  Eur J of Heart Failure 2017.19:1095–1104
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HEART FAILURE AND LVEF

n engl j med 355;3

prevalence and outcome of heart failure with preserved ejection fr action

n engl j med 355;3 www.nejm.org july 20, 2006 255

Mortality

Survival data were available for 4594 of the 4596 
patients, with a mean (±SD) follow-up of 10.0 
±4.2 years. A total of 3691 deaths occurred dur-
ing follow-up, 120 of them during the index hos-
pitalization.

The survival rate was higher among patients 
with preserved ejection fraction than among 
those with reduced ejection fraction, although 
the difference was small (Fig. 2). The respective 
mortality rates were 29 percent and 32 percent at 
one year and 65 percent and 68 percent at five 
years. The unadjusted hazard ratio for death in 
the group with preserved ejection fraction as com-
pared with the group with reduced ejection frac-
tion was 0.96 (95 percent confidence interval, 0.93 
to 1.00; P=0.03). After adjustment for differences 
in baseline characteristics and the year of admis-
sion, the likelihood of survival was still slightly 
higher among patients with preserved ejection 
fraction than among those with reduced ejection 
fraction (hazard ratio for death, 0.96; 95 percent 
confidence interval, 0.92 to 1.00) (Table 2). Among 
patients with reduced ejection fraction, the like-
lihood of survival increased during the study pe-
riod (Fig. 3A), with an unadjusted hazard ratio for 
death of 0.98 per year (95 percent confidence 
interval, 0.97 to 1.00; P = 0.005). The survival rate 
among patients with preserved ejection fraction 
did not change significantly over time (Fig. 3B). 
After adjustment for differences in baseline char-
acteristics, the survival rate increased over time 
among those with reduced ejection fraction but 
not among those with preserved ejection frac-
tion (Table 2). Secular trends in survival were 
similar when preserved ejection fraction was de-
fined as an ejection fraction greater than 60 per-
cent and reduced ejection fraction was defined as 
an ejection fraction less than 40 percent.

In Kaplan–Meier survival analysis, the differ-
ence in survival between patients with reduced 
ejection fraction and those with preserved ejec-
tion fraction appeared less dramatic in the group 
of patients who were 65 years of age or older (haz-
ard ratio, 0.97; P = 0.06) than in the group of pa-
tients who were younger than 65 (hazard ratio, 
0.87; P = 0.003). In Cox proportional-hazards anal-
ysis, the interaction between the effects of age 
group and type of heart failure on survival was 
significant (P = 0.03).

DISCUSSION

We found that the prevalence of heart failure 
with preserved ejection fraction among patients 
with a discharge diagnosis of heart failure in-
creased significantly from 1987 to 2001. The prev-
alence of hypertension, atrial fibrillation, and 
diabetes increased during the study period, while 
the prevalence of coronary disease remained 
stable. Patients with preserved ejection fraction 
fared slightly better than patients with reduced 
ejection fraction. However, although survival im-
proved during the study period among patients 
with reduced ejection fraction, it did not improve 
among patients with preserved ejection fraction.

Heart failure has been classified as “diastolic” 
(preserved ejection fraction) or “systolic” (reduced 
ejection fraction), but this nomenclature has be-
come the subject of controversy.10,11 Because the 
recently revised American College of Cardiology–
American Heart Association guidelines for the 
diagnosis and management of heart failure12 use 
the term “heart failure with preserved ejection 
fraction” rather than “diastolic heart failure,” this 
terminology has been adopted here.

The increase in the prevalence of heart failure 
with preserved ejection fraction over time noted 
in our analysis has also been suggested by pre-
vious studies. A review of 31 studies of patients 
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Figure 2. Kaplan–Meier Survival Curves for Patients with Heart Failure 
and Preserved or Reduced Ejection Fraction.
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with preserved ejection fraction have been exten-
sively studied and compared, with disparate conclu-
sions. Previous reviews noted the variation in find-
ings of studies performed before 2001.7-9,18 More 
recent studies also report variable findings.19-32 
Six studies reported findings similar to ours, with 
time-specific hazard ratios within approximately 
10 percent of those in our study.19,20,22-24,32 These 
studies had a design similar to ours — that is, 
they were single-center or single-region studies 
confined to patients hospitalized for heart fail-
ure, measurements of ejection fraction were avail-
able for most of the patients, and all consecutive 
patients for whom measurements of ejection frac-
tion were available were included in the study. 
Eight recent studies reported greater differences 
in survival between patients with reduced ejection 
fraction and those with preserved ejection frac-
tion than we found in our study.21,25-31 Most of 
these studies enrolled outpatients,21,29-31 enrolled 
hospitalized patients who were not admitted spe-
cifically for heart failure,28 did not include all 
consecutive patients admitted for heart failure,27 
or included a much smaller percentage of consecu-
tive patients with heart failure than we did, be-
cause of the lack of echocardiographic data.21,26

The methodologic differences described above 
may have resulted in cohorts of patients with pre-
served ejection fraction who had much milder 
heart failure than did patients with reduced ejec-
tion fraction. In contrast, we enrolled patients with 
reasonably uniform symptom status (i.e., their 
symptoms were sufficiently severe that they were 
hospitalized for heart failure). The diagnosis of 
heart failure in patients with preserved ejection 
fraction and milder symptoms not requiring hos-
pital admission raises concern about the possible 
misdiagnosis of heart failure and about compari-
sons between cohorts of patients with heart fail-
ure of different severity. On the other hand, our 
requirement that patients be hospitalized empha-
sized the prognosis of patients who had reached 
a somewhat advanced stage in their illness and 
did not permit us to incorporate the natural his-
tory of heart failure with preserved ejection frac-
tion from the time of first diagnosis until the need 
for hospitalization.

Community-based studies suggest that over-
all survival among patients with heart failure is 
improving.1,2 We found a trend toward improved 
overall survival that did not achieve statistical sig-
nificance. However, among patients with reduced 

ejection fraction, survival improved significantly 
over time, whereas there was no trend toward 
improvement among patients with preserved ejec-
tion fraction. These observations suggest that 
improvement over time in the survival of broad-
er populations of patients with heart failure may 
be due primarily to improvement among those 
with reduced ejection fraction. Although several 
interventions known to improve survival among 
patients with reduced ejection fraction were in-
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Kaplan–Meier survival curves for three five-year periods according to the 
year of admission show that survival improved over time in patients with 
reduced ejection fraction (Panel A) but not in patients with preserved 
ejection fraction (Panel B).
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SGLT-2-I IN HF TRIALS

S13

Trial Inclusion criteria N pts/duration/drug Outcome

DAPA-HF
NEJM 2019

EF ≤ 40%
NYHA II-IV
NT-proBNP > 600
No DM requirement

4744 pts
18 months
Dapagliflozin

↓ CV death: 9.6% vs 11.5%
↓ HF hosp : 10.0% vs 13.7%

EMPEROR-HF
NEJM 2020

EF≤ 30 %
EF 31-40% if HF hosp/BNP ↑
No DM requirement

3730 pts
16 months
Empagliflozin

NS CV death: 10.0% vs 10.8%
↓ HF Hosp: 13.2% vs 18.3%

SOLOIST-WHF
NEJM 2021

DM type 2
HF Hospitalization
No EF requirement

1222 pts
9 months
Sotagliflozin

NS CV death: 10.6 vs 12.5 per 100 pt-
years
↓ HF Hosp/visits: 194 vs 297 per 100 
pt-years



DAPA-HF (EF≤ 40%, GFR ≥ 30ML/MIN
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Figure 2. Cardiovascular Outcomes.

The primary outcome was a composite of death from cardiovascular causes, hospitalization for heart failure, or an urgent visit resulting in intravenous therapy for heart failure (Panel A). 
The cumulative incidences of the primary outcome, hospitalization for heart failure (Panel B), death from cardiovascular causes (Panel C), and death from any cause (Panel D) were esti-
mated with the use of the Kaplan–Meier method; hazard ratios and 95% confidence intervals were estimated with the use of Cox regression models, stratified according to diabetes sta-
tus, with a history of hospitalization for heart failure and treatment-group assignment as explanatory variables. Included in these analyses are all the patients who had undergone ran-
domization. The graphs are truncated at 24 months (the point at which less than 10% of patients remained at risk). The inset in each panel shows the same data on an enlarged y axis.
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Benefit: With and without Dm in any age

Beyond of MRA and ARNI
Same baseline Tx

No difference in AE
- DKA and amputation
- More kidney AEs in the placebo

group

(US 25‘594 less death in US [JAMA Cardiol. 2020])

RRR = 26 %
NNT=21 1.5y

RRR = 30 %

RRR = 17 %   RRR = 18 %   

Less new onset Dm (p=0.019)



DAPA-HF BASED ON EJECTION
FRACTION

10.1161/CIRCULATIONAHA.119.040514

EF 40-60%
Unabhängig vom Dm



S16

CARDIOVASCULAR AND RENAL OUTCOMES WITH EMPAGLIFLOZIN
IN HEART FAILURE (EMPEROR-REDUCED)

Primary endpoint: Composite CV death or HHF
First secondary endpoint: HHF
Second secondary endpoint: slope of decline in GFR

n engl j med 383;15 nejm.org October 8, 20201420

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

two groups are shown in Table 2. The 4 patients 
in the placebo group who did not receive placebo 
were excluded from the safety analyses. Uncom-
plicated genital tract infection was reported more 

frequently with empagliflozin than with placebo. 
Adverse events of interest are listed in Table S2.

Several sensitivity analyses were performed to 
account for missing follow-up data in 42 patients 
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two groups are shown in Table 2. The 4 patients 
in the placebo group who did not receive placebo 
were excluded from the safety analyses. Uncom-
plicated genital tract infection was reported more 

frequently with empagliflozin than with placebo. 
Adverse events of interest are listed in Table S2.

Several sensitivity analyses were performed to 
account for missing follow-up data in 42 patients 
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decline in renal function in patients with chron-
ic heart failure and a reduced ejection fraction, 
regardless of the presence or absence of dia-
betes.
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Figure 3. Changes in the Estimated Glomerular Filtration Rate.

Shown are the adjusted mean changes from baseline in the estimated GFR, as calculated with the Chronic Kidney 
Disease Epidemiology Collaboration equation. The I bars indicate the standard error. The on-treatment data were 
analyzed with the use of a mixed model for repeated measures that included age and baseline estimated GFR as lin-
ear covariates and sex, region, baseline left ventricular ejection fraction, baseline diabetes status, last projected visit 
based on dates of randomization and trial closure, baseline estimated GFR according to visit, and visit according to 
treatment interactions as fixed effects. A different model was used to analyze the slope of the change in the esti-
mated GFR during double-blind treatment, as described in Table 2.
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Safety
Three patients (one in the empagliflozin group 
and two in the placebo group) did not receive the 
study medication and were excluded from the 
safety analyses. Serious adverse events occurred 
in 1436 patients (47.9%) in the empagliflozin 
group and in 1543 patients (51.6%) in the pla-
cebo group. Adverse events leading to discon-
tinuation of treatment occurred in 571 patients 
(19.1%) in the empaglif lozin group and in 551 
patients (18.4%) in the placebo group. Specific 
adverse events are listed in Table S6. Uncompli-
cated genital and urinary tract infections and 
hypotension were more common in patients 
treated with empagliflozin.

Discussion

In patients with heart failure and a preserved 
ejection fraction, SGLT2 inhibition with empa-
gliflozin led to a 21% lower relative risk in the 
composite of cardiovascular death or hospital-
ization for heart failure, which was mainly re-
lated to a 29% lower risk of hospitalization for 
heart failure with empagliflozin. The effects on 
the incidence of primary outcome events were 

generally seen consistently across all prespeci-
fied subgroups, including patients with or with-
out diabetes.

Empagliflozin also led to a lower total num-
ber of hospitalizations for heart failure and a 
longer time to first hospitalization for heart 
failure. The pattern of benefits shown in Table 2 
is similar to that reported with empagliflozin in 
a similarly designed parallel trial of patients 
with heart failure and a reduced ejection fraction 
(EMPEROR-Reduced),11 which suggests that the 
effects of SGLT2 inhibition on heart failure 
events do not vary meaningfully with the heart 
failure phenotype.

The effects of empagliflozin in patients with 
heart failure and a preserved ejection fraction 
are consistent with findings in previous reports 
that SGLT2 inhibitors reduce the risk of hospi-
talization for heart failure in patients with type 2 
diabetes.5 However, in these earlier trials, most 
patients did not have heart failure at the time of 
enrollment. Post hoc characterization of the 
heart failure phenotype, either at the time of 
randomization or at the onset of a post-randomi-
zation heart failure event, suggested that patients 
with heart failure and a preserved ejection fraction 

Figure 1. Primary Outcome, a Composite of Cardiovascular Death or Hospitalization for Heart Failure.

The estimated cumulative incidence of the primary outcome in the two groups is shown. The inset shows the same 
data on an expanded y axis.
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Table 2. Primary and Secondary Cardiovascular Outcomes.*

Variable
Empagliflozin  

(N=2997)
Placebo  

(N=2991)
Hazard Ratio or  

Difference (95% CI) P Value

events per  
100 patient-yr

events per  
100 patient-yr

Primary composite outcome — no. (%) 415 (13.8) 6.9 511 (17.1) 8.7 0.79 (0.69–0.90) <0.001

Hospitalization for heart failure 259 (8.6) 4.3 352 (11.8) 6.0 0.71 (0.60–0.83)

Cardiovascular death 219 (7.3) 3.4 244 (8.2) 3.8 0.91 (0.76–1.09)

Secondary outcomes specified in hierarchical testing procedure

Total no. of hospitalizations for heart failure 407 — 541 — 0.73 (0.61–0.88) <0.001

eGFR (CKD-EPI) mean slope change per year — ml/min/1.73 m2† −1.25±0.11 — −2.62±0.11 — 1.36 (1.06–1.66) <0.001

Other prespecified analyses

Change in KCCQ clinical summary score at 52 wk‡ 4.51±0.31 — 3.18±0.31 — 1.32 (0.45–2.19)

Total no. of hospitalizations for any cause 2566 — 2769 — 0.93 (0.85–1.01)

Composite renal outcome — no. (%) 108 (3.6) 2.1 112 (3.7) 2.2 0.95 (0.73–1.24)

Onset of new diabetes in patients with prediabetes — no. (%) 120 (12.0) 6.1 137 (14.0) 7.4 0.84 (0.65–1.07)

Death from any cause — no. (%) 422 (14.1) 6.6 427 (14.3) 6.7 1.00 (0.87–1.15)

*  All treatment effects are shown as hazard ratios, except for the slope of the change in the eGFR and the Kansas City Cardiomyopathy Questionnaire (KCCQ) clinical summary score. 
For all hazard ratios or treatment differences without P values, no adjustment has been made for multiple comparisons, so the intervals should not be used to infer definitive treatment 
effects.

†  The eGFR (Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI] formula) slope is analyzed on the basis of on-treatment data, using a random intercept–random slope model 
including age, baseline eGFR, and baseline left ventricular ejection fraction as linear covariates and sex, geographic region, baseline diabetes status, and baseline-by-time and treatment-
by-time interactions as fixed effects; the model allows for randomly varying slope and intercept between patients.

‡  Change from baseline in KCCQ clinical summary score (scores range from 0 to 100, with higher scores indicating fewer or less severe symptoms or physical limitations) was analyzed 
with a mixed model for repeated measures, including age, baseline eGFR (CKD-EPI formula based on creatinine), and baseline left ventricular ejection fraction as linear covariates and 
baseline score-by-visit, visit-by-treatment, sex, geographic region, last projected visit based on dates of randomization and trial closure, and baseline diabetes status as fixed effects. 
The analysis is based on on-treatment data. The number of patients with available measurements for the KCCQ at week 52 in the empagliflozin and placebo groups are 2333 and 2335, 
respectively.
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• For the primary outcome, the benefit was similar among patients with or

without type 2 diabetes. The benefit appeared somewhat attenuated among

patients with EF ≥60%.

• Pooled analysis of EMPEROR-Reduced and EMPEROR-Preserved on renal 

outcomes: profound and sustained decreases in eGFR or renal replacement

therapy), total n = 9,718: 2.8% vs. 3.5% for empagliflozin vs. placebo, with

significant heterogeneity between both trials (p = 0.016 for interaction).
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Figure 2. Primary Efficacy End-Point Events in Select Prespecified Subgroups.

Shown are the hazard ratios with 95% confidence intervals for primary end-point events in select prespecified sub-
groups. The confidence intervals have not been adjusted for multiple testing, and inferences drawn from the inter-
vals may not be reproducible. Left ventricular ejection fraction (LVEF) was categorized according to the randomiza-
tion stratification factor. GFR denotes glomerular filtration rate.
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Table 2. Primary End Point and Secondary End Points.

End Point
Sotagliflozin 

(N = 608)
Placebo 
(N = 614)

Hazard Ratio  
or Difference 

(95% CI)* P Value

Primary end point: deaths from cardiovascular causes and hospitalizations 
and urgent visits for heart failure — total no. of events (rate)†

245 (51.0) 355 (76.3) 0.67 (0.52 to 0.85) <0.001

Secondary end points in order of hierarchical testing

Hospitalizations and urgent visits for heart failure — total no. of 
events (rate)†

194 (40.4) 297 (63.9) 0.64 (0.49 to 0.83) <0.001

Deaths from cardiovascular causes — total no. of events (rate)† 51 (10.6) 58 (12.5) 0.84 (0.58 to 1.22) 0.36‡

Deaths from cardiovascular causes, hospitalizations for heart failure, 
nonfatal myocardial infarctions, and nonfatal strokes — total no. 
of events (rate)†

247 (51.4) 330 (71.0) 0.72 (0.56 to 0.92)

Deaths from cardiovascular causes, hospitalizations and urgent vis-
its for heart failure, and events of heart failure during hospitaliza-
tion — total no. of events (rate)†

263 (54.7) 375 (80.6) 0.68 (0.54 to 0.86)

Deaths from any cause — total no. of events (rate)† 65 (13.5) 76 (16.3) 0.82 (0.59 to 1.14)

Least-squares mean change in KCCQ-12 score to month 4 17.7 13.6 4.1 (1.3 to 7.0)

Least-squares mean change in estimated GFR — ml/min/1.73 m2 −0.34 −0.18 −0.16 (−1.30 to 0.98)

*  Hazard ratios (sotagliflozin vs. placebo) are shown for all end points except change in KCCQ-12 score to month 4 and change in estimated 
GFR, for which differences in the least-squares mean values are shown (sotagliflozin minus placebo).

†  Rate was calculated as the number of events per 100 person-years of follow-up.
‡  The hierarchical analysis was stopped after the first P value indicating nonsignificance.
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hospitalizations for heart failure (NNT, 46; 95% 
CI, 29 to 124) and 25 composite events of cardio-
vascular death, myocardial infarction, or stroke 
(NNT, 40; 95% CI, 23 to 165).

Discussion

In this trial, we found that patients with type 2 
diabetes and chronic kidney disease who re-
ceived canagliflozin had a lower risk of the pri-
mary composite outcome of end-stage kidney 

disease, doubling of the serum creatinine level, 
or death from renal or cardiovascular causes 
than those who received placebo. Patients in the 
canagliflozin group also had a lower risk of end-
stage kidney disease, hospitalization for heart 
failure, and the composite of cardiovascular 
death, myocardial infarction, or stroke. These 
results indicate that canagliflozin may be an ef-
fective treatment option for renal and cardiovas-
cular protection in patients with type 2 diabetes 
with chronic kidney disease.

The observed benefits were obtained on a 
background of renin–angiotensin system block-
ade, the only approved renoprotective medica-
tions in type 2 diabetes, a factor that highlights 
the clinical significance of the findings. In 
contrast to completed cardiovascular outcome 
trials of SGLT2 inhibitors,5-7 our trial included a 
population at high risk for kidney failure and 
had a primary outcome of major renal end 
points. In addition, we found that patients who 
received canagliflozin (including those who had 
a reduced estimated GFR at baseline) had a 
lower risk of the primary outcome overall than 
those in the placebo group, as well as less end-
stage kidney disease. These findings were ob-
served despite very modest between-group dif-
ferences in blood glucose level, weight, and 
blood pressure and in contrast to previous con-
cern about the initial acute reduction in the es-
timated GFR observed with SGLT2 inhibitors. 
This suggests that the mechanism of benefit is 
likely to be independent of glucose levels and 
may possibly stem from a reduction in intraglo-
merular pressure,11-13 with other possible mecha-
nisms presently being studied.14-17

Our trial population was also at high risk for 
cardiovascular outcomes, with cardiovascular 
death, myocardial infarction, stroke, or hospital-
ization for heart failure occurring in 13.8% of 
the population over a median of 2.62 years of 
follow-up. The significantly lower rates of car-
diovascular outcomes, including the composite 
of cardiovascular death, myocardial infarction, 
or stroke, in the canagliflozin group in our trial 
are consistent with those observed with cana-
gliflozin in the CANVAS (Canagliflozin Cardio-
vascular Assessment Study) Program,5 despite 
the smaller differences in glycemic control. The 
EMPA-REG OUTCOME trial also showed that 
empagliflozin was superior to placebo,6 and the 
DECLARE–TIMI 58 (Dapagliflozin Effect on Car-

Figure 3. Effects on Albuminuria and Estimated GFR.

Panel A shows the effects of canagliflozin and placebo on the urinary albu-
min-to-creatinine ratio in the intention-to-treat population. Panel B shows 
the change from the screening level in the estimated GFR in the on-treat-
ment population. The I bars indicate the 95% confidence interval in Panel 
A and the standard error in Panel B. The albumin-to-creatinine ratio was 
calculated with albumin measured in milligrams and creatinine measured 
in grams.
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Reduction of hyperfiltrationCV death or HHF: HR 0.69 (0.57,0.83) p< 0.001
• CV death: HR 0.78 (0.61,1.00) p=0.05
• HHF: HR 0.61 (0.47,0.80) p< 0.001

Ø Older patients without HF have a decrease

of eGFR > 10%

NNT for renal and CV outcome over 2.5 years

Ø Primary composite outcome: NNT=22

Ø ESKD: NNT=43

Ø ESKD, doubling of serum creatinine or kidney

disease death: NNT=28

Ø HHF: NNt=46

Ø CV death, MI, stroke: NNT=40
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of substantial loss of kidney function, were mostly 
unchanged (appendix p 10). The overall effect of SGLT2 
inhibitors on substantial loss of kidney function, end-
stage kidney disease, death due to cardiovascular or 
kidney disease (overall 29% reduction; figure 2) varied 
across studies, primarily because of the EMPA-REG 
OUTCOME trial, in which a greater magnitude of effect 
on death due to cardiovascular disease was observed 
(I²=60·3%, pheterogeneity=0·056).

Treatment with SGLT2 inhibitors also lowered the risk 
of acute kidney injury by 25% (figure 3), with no evidence 
of differences between studies (I²=0%, pheterogeneity=0·68). 
Acute kidney injury events, both serious and non-serious, 
were reported variably across individual trials and were 
not adjudicated (appendix p 9). The overall effects of 
SGLT2 inhibition on major kidney outcomes are 
summarised in figure 4.

The effect on the outcome of substantial loss of kidney 
function, end-stage kidney disease, or death due to 
kidney disease was reported according to eGFR and 
UACR subgroups and according to baseline use of RAS 
blockade in all four studies. We identified some evidence 
that the magnitude of benefit might be attenuated across 
progressively lower eGFR subgroups (ptrend=0·073; 
figure 5A). However, clear, separately significant evidence 
of benefit was apparent for all eGFR subgroups, 

including for participants with a baseline eGFR lower 
than 45 mL/min per 1·73 m², in whom a 
30% relative risk reduction was identified (figure 5A). 
Clear and consistent benefits were also apparent when 
participants were subdivided into those with an eGFR 
below 60 mL/min per 1·73 m² and those with an eGFR of 
60 mL/min per 1·73 m² or higher (pheterogeneity=0·33; 
appendix p 14). The results for tests of heterogeneity 
altered slightly in the different sensitivity analyses 
(appendix p 11), but the evidence of clear separate benefit 
for all eGFR subgroups remained constant. We identified 
no evidence of differences in treatment effect for the 
composite outcome across UACR subgroups (ptrend=0·66; 
figure 5B). The effect of SGLT2 inhibitors was also 
consistent between users and non-users of RAS blockade-
based treatments at baseline (pheterogeneity=0·31; figure 5C).

The absolute effect of SGLT2 inhibitors on annualised 
long-term eGFR slope is summarised in the appendix 
(p 12). In DECLARE–TIMI 58, mean eGFR over time was 
reported as a prespecified outcome, instead of annualised 
eGFR slope. The rate of eGFR decline in participants 
treated with placebo varied between trials, from 
–0·85 mL/min per 1·73 m² per year in the CANVAS 
Program to –4·59 mL/min per 1·73 m² per year in the 
CREDENCE trial. As a result, annual placebo-subtracted 
differences in eGFR also differed, with the greatest 
absolute benefit in terms of eGFR decline seen in the 
CREDENCE trial (2·74 mL/min per 1·73 m² per year, 
95% CI 2·37–3·11).

Discussion
The development of kidney failure is among the most 
important consequences of diabetic kidney disease and is 
of great concern to patients. The evidence from completed 
trials summarised in this systematic review and meta-
analysis shows that SGLT2 inhibitors can reduce the risk 
of dialysis, transplantation, or death due to kidney disease, 
with compelling evidence of benefits on a broad range of 
other clinically important kidney outcomes. Importantly, 
renoprotection was achieved across all levels of baseline 
kidney function, down to an eGFR of 30 mL/min per 
1·73 m², with clear benefits seen even for the subgroup 
with baseline eGFR between 30 and 45 mL/min per 
1·73 m², for whom these drugs are not currently approved 
for use in most countries. Additionally, the protective effect 
of SGLT2 inhibitors against acute kidney injury allays early 
concerns about the risk of adverse effects resulting from 
the haemodynamic mechanism of action of this class of 
drugs. Furthermore, the inclusion of CREDENCE, a trial 
that mandated the use of RAS blockade, further supported 
that the benefits of SGLT2 inhibitors are cumulative with 
those of RAS blockade. Our findings provide the strongest 
evidence yet that SGLT2 inhibition should be routinely 
offered to individuals with type 2 diabetes at risk of 
progressive kidney disease.

The glycaemic efficacy of SGLT2 inhibitors is directly 
proportional to glomerular filtration rate,9,28 but whether 

Figure 3: Effect of SGLT2 inhibitors on acute kidney injury
Weights were from random-effects meta-analysis. SGLT2=sodium-glucose co-transporter-2. RR=relative risk.

RR (95% CI)Events Patients

CREDENCE
DECLARE–TIMI 58
CANVAS Program
EMPA–REG OUTCOME

Overall
I²=0·0%; pheterogeneity=0·68

184
300

58
401

 4397
17 143
10 134

7010

 0·85 (0·64–1·13)
 0·69 (0·55–0·87)
 0·66 (0·39–1·11)
 0·76 (0·62–0·93)
 
 0·75 (0·66–0·85; 
 p<0·0001)

1·00·3 1·50·5

Favours placeboFavours SGLT2 inhibtor

Figure 4: Summary of the effects of SGLT2 inhibition on major kidney outcomes
ESKD=end-stage kidney disease. SGLT2=sodium-glucose co-transporter-2. RR=relative risk.
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consequently reduces hyperfiltration and related
damage (83). An elegant study recently confirmed
the SGLT2i-mediated restoration of the tubuloglo-
merular feedback, demonstrating afferent arteriolar
vasoconstriction after administration of empagli-
flozin in a diabetes mouse model (84,85). A recent
secondary analysis from the EMPA-REG (Empagli-
flozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes) Outcome trial reported that empa-
gliflozin reduced the incidence of a composite renal
outcome irrespective of baseline medication but the
magnitude of the observed reductions tended to be
larger in patients treated with angiotensin-converting
enzyme inhibitors/angiotensin receptor blocker (86).
After causing reduction of eGFR in the range of 3 to
5 ml/min/1.73 m2 over the first few weeks of SGLT2i,
eGFR then stabilizes and SGTL2i preserves and delays
the progression of CKD (Figure 5) (87,88).

A mediation analysis from the EMPA-REG Outcome
trial suggested that changes in hematocrit and he-
moglobin were important mediators of the risk
reduction of cardiovascular death by empagliflozin
(89). Given that the urinary output returns to baseline
values shortly after start of treatment, Sano and
Goto (90) have suggested that the hypoxic microen-
vironment of renal tubular cells was improved by the
persistent increase in hematocrit resulting from an
elevation in erythropoietin levels by lowering the
energy requirement of renal tubular cells. The

SGLT2i-induced reduction in glucose reabsorption
reduces the ATP demand of the basolateral Naþ/Kþ

ATPase of the tubular cells, which maintain the
electrochemical Naþ-gradient between the tubular
fluid and the tubular cells. Consequently, myofibro-
blasts, transformed through cell injury, revert into
erythropoietin-producing fibroblasts. It has been
proposed that by this mechanism, SGLT2i attenuates
metabolic stress in kidney cells and subsequently also
reduces the sympathetic nervous system overdrive
(90).

SGLT2i-mediated glucosuria and consequent
increased glucose concentrations in the distal seg-
ments of the renal tubular cells trigger the secretion
of uric acid through urate transporter 1 and glucose
transporter 9 into the tubular fluid (91,92). SGLT2i
might thereby prevent harmful downstream effects of
uric acid including inflammation, oxidative stress,
and activation of RAAS (93).

Hyperglycemia generates reactive oxygen species
and activates inflammatory responses, which
contribute to the pathogenesis of diabetic kidney
disease (94). In a diet-induced mouse model of T2DM,
canagliflozin reduced intrarenal angiotensinogen
production, monocyte/macrophage infiltration and
oxidative stress and thereby reduced renal inflam-
mation and renal tubular fibrosis (95,96). In a diabetic
mouse model with nephropathy, SGLT2i have been
found to reduce the activity of NLRP3 inflammasome

FIGURE 4 Suggested Mechanisms for Cardiorenal Protection With SGLT2i

Adapted from Evans et al. (105).
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CARDIORENAL PROTECTION IN 
SGLT-2-I

S25
Kidney International (2018) 94, 26–39

EFFECTS OF SGLT2i ON KIDNEY FUNCTION

T2DM results in multiple metabolic and hemody-
namic changes that promote structural changes in the
kidneys, affecting primarily the microcirculation
(Table 2). In the early stage of diabetic kidney disease,
glomerular hyperfiltration is observed, which is
associated with an increase of single-glomerular
filtration rate to adapt to a reduced number of
nephrons, systemic arterial hypertension, or
increased metabolic demand (81). Hemodynamic
changes through vasodilation of afferent and/or
contraction of efferent glomerular arterioles exert
mechanical (shear and tensile) stress on the glomer-
ular capillaries, basement membrane, podocytes, and
the proximal tubular epithelium, ultimately causing
renal hypertrophy and expansion of the mesangial
matrix (82). These changes activate further harmful

pathways promoting inflammation, and glomerular
fibrosis causing progressive reduction of glomerular
filtration rate, progressive albuminuria, and ulti-
mately, end-stage kidney disease.

The protective effects of SGLT2i on the kidney are
believed to be mediated by a number of both hemo-
dynamic and nonhemodynamic mechanisms (Central
Illustration). The improvements of cardiac function
by SGLT2i may contribute to their favorable effects on
the kidneys halting the “vicious cardiorenal circle”
(Tables 2 and 3, Figure 4) (25). Activation of the
tubuloglomerular feedback has been hypothesized to
be mainly responsible. The action of SGLT2i in the
proximal convoluted tubule results in increased
concentrations of Naþ at the macula densa. Primarily
driven through adenosine-mediated signal cascades,
this causes vasoconstriction of the afferent arterioles
and thereby lowers the intraglomerular pressure and

CENTRAL ILLUSTRATION Sodium-Glucose Cotransporter 2 Inhibitor Cardiorenal Protection
Mechanistic Overview

Zelniker, T.A. et al. J Am Coll Cardiol. 2020;75(4):422–34.

Adapted from Vergara et al. (106).
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Trial RR 2-Year Mortality
in HFrEF

None 35 %

ARNI ↓ 28% 25%

+ Betablocker ↓ 35% 16%

+ MRA ↓ 30% 11.5%

+ SGLT-2-i ↓ 17% 9.5 %

HFigure 2. Effect of Sacubitril/Valsartan on Clinical Outcomes Over 12 Weeks

JAMA Cardiol. doi:10.1001/jamacardio.2019.4665

categorical variables and analysis of variance or the Kruskal-

Wallis test for continuous variables, as appropriate.

To explore the timing of onset of the clinical benefit of da-

pagliflozinvsplacebo,wecalculatedthehazardratios (HRs)and

95%CIs for the treatment effect of dapagliflozin vs placebo on

the primary efficacy outcome,with the data set truncated and

iteratively reanalyzed in incremental cuts at each day follow-

ing randomization. These data were plotted over time using

locally weighted scatterplot smoothing (LOWESS). Analo-

gous plots were created for each of the components of the

primary efficacy outcome (ie, cardiovascular death andwors-

ening HF).

The rates of the efficacy outcomes across categories

defined by timing of themost recent HF hospitalization in pa-

tients in the placebo armwere calculated using 2-year Kaplan-

Meier failure estimates and compared using the log-rank test.

We evaluated the association between timing from prior HF

hospitalization and risk of the efficacy outcomes using multi-

variable Cox proportional hazards regression analysis, adjust-

ing forvariablesof apriori clinical interest (age, sex, race,LVEF,

baseline NT-proBNP concentration, and NYHA class).

We used Cox regression analysis to calculate HRs for the

treatment effect of dapagliflozin comparedwithplacebo,95%

CIs, and 2-sided P values for each of the efficacy outcomes

across categories defined by timing of the most recent HF

hospitalization. To assess the trend in HR for the primary ef-

ficacy outcome by timing of the most recent HF hospitaliza-

tion, we used an inverse-variance weighted least-squares

model. To compare absolute differences in the treatment ef-

fect ofdapagliflozinvsplaceboaccording to timingof themost

recent HF hospitalization, we calculated the absolute risk re-

duction (ARR) by subtracting theKaplan-Meier event rates for

theprimaryefficacyendpointat2years inpatients treatedwith

dapagliflozin fromthoseofpatients treatedwithplaceboacross

each subgroup. To assess the trend in ARR for the primary ef-

ficacy endpoint,weused an inverse-varianceweighted least-

squares model, regressing ARR on ordinal categories defined

by the timingof themost recentHFhospitalization. All analy-

ses were performed based on intention-to-treat status, with

diabetes status (a randomization stratification factor in the

DAPA-HF trial) as a covariate. Statistical analyses were per-

formed in Stata version 16.0 (StataCorp) and SAS version 9.4

Figure 1. Hazard Ratios (HRs) by Day Postrandomization
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A, Dapagliflozin vs placebo for the primary efficacy outcome; B, dapagliflozin vs

placebo for the primary efficacy outcome in the first 100 days; C and D, the

individual components of worsening heart failure (C) and cardiovascular death

(D). The HRs and 95% CIs observed at the end of the trial for each outcome are

provided as a point of reference.1 A reduction in the risk of the primary efficacy

outcome of cardiovascular death or worsening heart failure event was

statistically significant by 4 weeks after randomization (HR at 28 days, 0.51

[95% CI, 0.28-0.94]; P = .03).
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SUMMERY
SGLT-2 INHIBITOR IN CARDIOVASCULAR
OUTCOME TRIALS IN TYPE 2 DM

• Reduce risk of major adverse CVD events
- Decrease macroalbuminuria, slower decline in eGFR and ESKD

• CVD and CKD benefits in patients with pre-existing CV and CKD
• EMPA-RESPONSE-AHF: save in AHF! (European Journal of Heart Fai lure (2020) 22,  713–722)

• DKA with SGLT-2-i
- DARE-19: 0.3%
- Diabetic CVOT: < 0.1-0.3%
- DAPA-HF: 0.1%
- EMPEROR-reduced: 0%
- SOLOIST-WHF: 0.3% vs 0.7 placebo
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human umbilical vein endothelial cells62 (Table 1). Evi-
dence suggests that with both GLP-1RAs (liraglutide)68 
and DPP-4Is (sitagliptin69 and linagliptin70), treatment 
may reduce intimamedia thickness or slow the progres-
sive increment in intimamedia thickness, indicating in-
terference with the progression of atherosclerosis. Col-

lectively, although native GLP-1 consistently improves 
endothelial function independent of changes in insulin 
or glucose in human studies, insufficient evidence sup-
ports a similar benefit on endothelial function in human 
subjects  with diabetes mellitus treated with degrada-
tion-resistant GLP-1RAs or DPP-4Is.10
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F

Figure 1. Effects of treatment with glucagon-like peptide-1 (GLP-1) receptor agonists and dipeptidyl peptidase-4 
(DPP-4) inhibitors on cardiovascular risk factors as described in placebo-controlled clinical trials using incretin-
based medications as monotherapy.  
The placebo-subtracted differences to baseline (± standard error of the mean) are shown for glycohemoglobin (A), body 
weight (B), systolic blood pressure (C), pulse rate (D), serum triglycerides (E), low-density lipoprotein (LDL) cholesterol (F), and 
high-density lipoprotein (HDL) cholesterol (G). BID indicates twice daily; q.w., once weekly. *Significant difference (P<0.05). 
†Median instead of mean value reported. ‡Based on 24-hour monitoring. §Reported as no relevant change in vital param-
eters or lipid levels. Data displayed in Figure 2 are from Moretto et al122 and Simó et al123 (exenatide BID); Rosenstock et al124,125 
and Meier et al110 (lixisenatide); Nauck et al,126 Buse et al,127 and Dungan et al128 (liraglutide); Drucker et al129 and Diamant et 
al130 (exenatide q.w.); Nauck et al131 and Dungan et al128 (dulaglutide); Pratley et al132 and Nauck et al133 (albiglutide); Nauck et 
al134 (semaglutide, 0.8 mg/wk, dose initially slowly escalated; semaglutide has not been approved for the treatment of type 2 
diabetes; in phase 3, doses of 0.5 and 1.0 mg/wk have been used); Hanefeld et al,135 Pratley et al136 and Charbonnel et al137 
(sitagliptin); Dejager et al138 and Evans et al139 (vildagliptin); Jadzinsky et al140 and Rosenstock et al141 (saxagliptin); Zinman et 
al142 (linagliptin); and DeFronzo et al143 (alogliptin).
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human umbilical vein endothelial cells62 (Table 1). Evi-
dence suggests that with both GLP-1RAs (liraglutide)68 
and DPP-4Is (sitagliptin69 and linagliptin70), treatment 
may reduce intimamedia thickness or slow the progres-
sive increment in intimamedia thickness, indicating in-
terference with the progression of atherosclerosis. Col-

lectively, although native GLP-1 consistently improves 
endothelial function independent of changes in insulin 
or glucose in human studies, insufficient evidence sup-
ports a similar benefit on endothelial function in human 
subjects  with diabetes mellitus treated with degrada-
tion-resistant GLP-1RAs or DPP-4Is.10
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Figure 1. Effects of treatment with glucagon-like peptide-1 (GLP-1) receptor agonists and dipeptidyl peptidase-4 
(DPP-4) inhibitors on cardiovascular risk factors as described in placebo-controlled clinical trials using incretin-
based medications as monotherapy.  
The placebo-subtracted differences to baseline (± standard error of the mean) are shown for glycohemoglobin (A), body 
weight (B), systolic blood pressure (C), pulse rate (D), serum triglycerides (E), low-density lipoprotein (LDL) cholesterol (F), and 
high-density lipoprotein (HDL) cholesterol (G). BID indicates twice daily; q.w., once weekly. *Significant difference (P<0.05). 
†Median instead of mean value reported. ‡Based on 24-hour monitoring. §Reported as no relevant change in vital param-
eters or lipid levels. Data displayed in Figure 2 are from Moretto et al122 and Simó et al123 (exenatide BID); Rosenstock et al124,125 
and Meier et al110 (lixisenatide); Nauck et al,126 Buse et al,127 and Dungan et al128 (liraglutide); Drucker et al129 and Diamant et 
al130 (exenatide q.w.); Nauck et al131 and Dungan et al128 (dulaglutide); Pratley et al132 and Nauck et al133 (albiglutide); Nauck et 
al134 (semaglutide, 0.8 mg/wk, dose initially slowly escalated; semaglutide has not been approved for the treatment of type 2 
diabetes; in phase 3, doses of 0.5 and 1.0 mg/wk have been used); Hanefeld et al,135 Pratley et al136 and Charbonnel et al137 
(sitagliptin); Dejager et al138 and Evans et al139 (vildagliptin); Jadzinsky et al140 and Rosenstock et al141 (saxagliptin); Zinman et 
al142 (linagliptin); and DeFronzo et al143 (alogliptin).
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HUMAN CARDIAC GLP-1 RECEPTOR
EXPRESSION

Moreover, 3F52, but not Novus 19400002, detected
the immunoreactive GLP-1R by immunohistochemis-
try in intestinal sections containing human Brunner
glands (Fig. 7A and 7B and data not shown) and in
human pancreatic islets (Fig. 7C and 7D).

Analysis of multiple histological sections from the ven-
tricles of 35different humanhearts failed to reveal individual
GLP-1R–immunopositive cells using the 3F52 GLP-1R
antibody (representative staining depicted in Fig. 7E–7P).
We next examined whether GLP1R mRNA transcripts

Figure 1. GLP1R mRNA transcript levels in the human heart are comparable to those in human pancreas and islets. (A) GLP1R mRNA levels were
measured via qPCR analysis in multiple human tissues and in transfected BHK cells that express low levels of the human GLP-1R. For data
represented without standard error bars, each single RNA sample was analyzed in duplicate; for isolates depicted with error bars, peripheral
blood lymphocyte samples were analyzed in duplicate from two different sources, and at least three different samples were analyzed in duplicate
by qPCR for RNAs from islet, bone marrow, left atria (LA), right atria (RA), left ventricle (LV), and right ventricle (RV). (B) qPCR analysis of GLP1R
and tissue- or cell-type–specific gene expression in the indicated samples as confirmation of RNA/cDNA integrity. For (A) and (B), data are
expressed as cycle threshold (Ct) values because none of the housekeeping genes examined (ACTB, GPI, PSMB4, CHMP2A, and EMC7) exhibited
consistent expression levels in all tissues examined. Values are mean 6 standard error (where appropriate); n = 1 to 3 samples per tissue. LA
samples are from patients P01371, P01430, and P01504. RA samples are from patients P01262, P01371, and P01377. LV samples are from
patients P01262, P01430, and P01371. RV samples are from patients P01262, P01371, and P01504 (see Supplemental Table 1 and Figure 4).
Islet samples are from donors R177, R199, and R200 (see Supplemental Table 3). CA EC, coronary artery endothelial cells; CA SMC, coronary
artery smooth muscle cells; PBL, peripheral blood lymphocytes; Card FB, cardiac fibroblasts.
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amousemodel of atherosclerosis, GLP-1 RAswere found
to reverse and stabilize atherosclerotic plaques, an
effect proposed to be mediated by anti-inflammatory
mechanisms.22 Because the cardioprotective effect of
GLP-1 has been primarily demonstrated in patients with
diabetes, it is of great interest to assess whether GLP-1
RAs designed for pharmacologic effects in obesity
would have similar effects in a population with high
cardiovascular risk but without diabetes, a prospect
facilitated by the lack of hypoglycemia seen with these
agents.
The GLP-1 RAs harness the beneficial physiologic

effects of GLP-1 by enhancing GLP-1 receptor signaling
well above physiologic levels; hence, these agents lead to
glucose lowering with a low risk of hypoglycemia and
produce weight loss. Several agents in this class have
been approved to date for the treatment of type 2 diabetes:
exenatide, lixisenatide, liraglutide, dulaglutide, albiglutide,
exenatide extended release, and semaglutide.31 Further-
more, liraglutide is also approved for themedical treatment

of obesity, and semaglutide is currently under investigation
for that indication.16

All GLP-1 RAs have demonstrated no increased cardio-
vascular risk during their development programs, whereas
several of these agents demonstrated statistically significant
reduction inMACE in populations with type 2 diabetes and
high cardiovascular risk.13 Selected information on these
different studies is shown in Table II. The table highlights
that, with the exception of 1 study that was largely a
primary prevention subpopulation, all were dedicated
predominantly to secondary prevention. In general, most
of the studies have shown some beneficial effect.
The GLP-1 RAs used in these studies exerted beneficial

effects on the classical cardiovascular risk factors as they
reduce blood pressure, promote weight loss, and reduce
lipid levels in addition to lowering glucose levels.
Although the design of these studies typically included
a placebo arm with a goal of glycemic equipoise based on
following local guidelines for glycemic control, this was
not always achieved. Thus, it could be asked whether the

Figure 2
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Implications of GLP-1 physiology with regard to cardiovascular disease.18,23-30 The targets for GLP-1 that may impact the risk of developing
cardiovascular disease, and the effects of GLP-1 action in specific tissues and cell types with implications for cardiovascular disease are shown.
Adapted and reprinted from Cell Metabolism, 24, DJ Drucker, The Cardiovascular Biology of Glucagon-Like Peptide-1, 15-30, Copyright (2016),
with permission from Elsevier.12
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GLP-1-RA AND ATHEROSCLEROSIS

v GLP-1 RA reduce atherosclerosis in animal models

v Reduce inflammation

v GLP-1 cleavage peptides have metabloc and cardioprodective effects

• GLP-9-36 on the liver (reduced Gluconeogenesis and steatosis)

• GLP-9-36 and GLP-28-36 on the heart (post MI Remodeling)

v Exenatide reduce infarct size in STEMI (benefit 6 months: higher LVEF)

v Improves biomarker of CV risk as: PAI-1, HOMA-IR, CRP, Triglycerides and UACR  

(JAMA. 2015;314(7):687-699)

v Reduction of BP, decreased post-prandial TG, VLDL and CM Remnants

v Better endothelial function

Tomas et al. Regul Pept. 2011
Ban K. et al. Circulation 2008
Siraj et al. J Clin Invets 2020

Lønborg J Eur Heart j. 2012
Clin Lipidol. 2015
Drucker DK Cell Metabolism 2016



REWIND (DULAGLUTIDE)
BASELINE CHARACTERISTICS

All 
N=9901

Dulaglutide
N=4949

Placebo
N=4952

Age (y) 66.2 66.2 66.2

Females (%) 46.3 46.6 46.1

White (%) 75.7 75.9 75.6

Current tabacco 14.2 14.0 14.4

Prior CV disease (%) 31.5 31.5 31.4

Prior MI or ischemic stroke (%) 20.6 20.8 20.3

Prior stroke or TIA 9.1 9.0 9.2

Prior AF 6.4 6.6 6.2

Prior hypertension (%) 93.2 93.0 93.3

Prior HF (%) 8.6 8.5 8.7

Gerstein et la. Lancet 2019

Median follow-up period: 5.4 y

Person years of follow-up: 51‘820

Retention: 97.1%

Vital status: 99.7%

Adherence (F/U time on drug): 82 % dulaglutide; 83 % placebo

Stopped due to adverse event: 11% dulaglutide; 7.5 % placebo

Follow up time, retention, Adherence



REWIND (DULAGLUTIDE)
OUTCOME

Gerstein et la. Lancet 2019
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were not adjusted for multiple testing. The change from 
baseline in continuous variables was analysed using 
linear mixed models with baseline value as a covariate, 
participant as a random effect, and fixed effects for 
treatment, visit, and treatment–visit interaction, and 
reported as the least-squares mean (LSM) value.24 A set 
of plausible ranges for laboratory tests were defined 
before unblinding (appendix p 34) and tests with values 
outside these ranges were excluded from the analyses. 
The proportion of participants in each group who had 
prespecified adverse events of special interest were 
compared using log-rank tests, and the proportion 
who had serious adverse events and adverse events 
were compared using χ² tests. Data were analysed with 
SAS software (version 9.4). This trial is registered with 
ClinicalTrials.gov, number NCT01394952.

Role of the funding source
The trial was sponsored and funded by Eli Lilly and 
Company led by an international steering committee 
coordinated by the Population Health Research Institute 
in Hamilton, Canada, which also did all data analyses. 
Site management and data collection were provided by 
ICON Clinical Research. Scientists employed by the 
funder were on the steering committee and contributed 
to trial design, trial implementation, and data inter-
pretation. All authors and the sponsor jointly made the 
decision to submit for publication. The corresponding 
author had full access to all the data in the study and 
had final responsibility for the decision to submit for 
publication.

Results
Between Aug 18, 2011, and Aug 14, 2013, 12 133 patients 
were screened at 371 sites in 24 countries. 10 917 eligible 
patients began the 3-week run-in period, of whom 
9901 were randomly assigned to treatment group 
(dulaglutide, n=4949; placebo, n=4952; figure 1). Follow-
up ended on Aug 21, 2018.

Mean age of participants was 66·2 years [SD 6·5], and 
4589 [46·3%] were female (table 1, appendix p 35).17 At 
baseline, 3114 (31·5%) participants reported previous 
cardiovascular disease and 2199 (22·2%) had a baseline 
eGFR less than 60 mL/min per 1·73 m². The median 
duration of diabetes was 9·5 years (IQR 5·5–14·5), 
median HbA1c was 7·2% (IQR 6·6–8·1), and median 
eGFR was 74·9 mL/min per 1·73 m² (IQR 61·4–91·1).

During a median follow-up of 5·4 years (IQR 5·1–5·9) 
comprising 51 820 person-years, the primary composite 
outcome status was known in 9610 (97·1%) participants 
(figure 1). 2092 (42·3%) of 4949 participants assigned 
to dulaglutide and 2171 (43·8%) of 4952 participants 
assigned to placebo had at least one discontinuation 
of study drug during follow-up, whereas 3621 (73·2%) 
assigned to dulaglutide and 3520 (71·1%) assigned 
to placebo were taking study drug at the last visit. Par-
ticipants assigned to dulaglutide took study drug for 

82·2% of the follow-up time from randomisation until 
either a primary outcome event or final follow-up, 
compared with 83·1% of the follow-up time for patients 
assigned to placebo. Study drug was well tolerated; 
451 (9·1%) participants assigned to dulaglutide and 
310 (6·3%) assigned to placebo permanently stopped 
study drug during follow-up because of an adverse 
event. There were no between-group differences in use 
of other medications at baseline (table 1), but fewer 
participants in the dulaglutide group than in the placebo 
group were taking a GLP-1 receptor agonist, SGLT2 
inhibitor, metformin, sulfonylurea, insulin, or angioten-
sin-converting enzyme inhibitor or angiotensin-receptor 
blocker at the last visit (appendix p 36).

The primary composite outcome occurred in 
594 (12·0%) par ticipants (2·4 per 100 person-years) 
assigned to dulaglutide and 663 (13·4%) participants 
(2·7 per 100 person-years) assigned to placebo (HR 0·88, 
95% CI 0·79–0·99; p=0·026; figure 2, table 2). Consistent 
effects were observed for all three compo nents of the 
composite primary outcome (pheterogeneity=0·89),19 with HRs 
of 0·91 (95% CI 0·78–1·06; p=0·21) for cardiovascular 
death, 0·96 (0·79–1·16; p=0·65) for non-fatal myocardial 
infarction, and 0·76 (0·61–0·95; p=0·017) for non-fatal 
stroke (figure 2, table 2).

When assessed within subgroups, the HR of the 
intervention on the primary outcome was similar in 
participants with and without previous cardiovascular 

Figure 2: Cumulative incidence of cardiovascular outcomes
HR=hazard ratio. HbA1c=glycated haemoglobin A1c.
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participants. Continuous data were summarised as 
either means and SDs or medians and IQRs, and 
categorical data were summarised as numbers and 
percentages. Participants for whom there were no 
reported renal outcomes were assumed to have been 
free of the renal outcome at the end of the study or at 
the time of the participant’s last known follow-up. 
Incidence rates (number per 100 person-years) were 
calculated for each treatment group, and Kaplan-Meier 
estimates were used to indicate cumulative incidence 
risk. The effect of dulaglutide on the composite renal 
outcome and on each component of that outcome and 
on any serious renal adverse event linked to acute renal 
failure was estimated using Cox proportional hazards 
models, and the effect of dulaglutide within subgroups 
relevant to renal disease was explored by assessing the 
subgroup–dulaglutide interaction term in the model. 
The proportions of participants in each group who had 
serious adverse renal and urinary events were compared 
using χ² tests. Participants were censored at either 
the date of the final follow-up visit, the date of death, 
or the date of discontinuation. Individuals with macro-
albuminuria at baseline were included in all analyses 
but were only counted as having developed the renal 
outcome if they experienced the eGFR or chronic renal 
replacement therapy component of the outcome during 
follow-up. Proportional hazards assumptions for these 
models were verified by plotting the log of negative log 

of the survival function against the log of time, and 
consistency of the effect across the three components of 
the composite renal outcome was assessed by a 
composite treatment heterogeneity test.17 Robustness of 
the findings to the competing risk of death was also 
assessed.18 All reported p values are two-sided and a 
nominal level of significance of 0·05 was used. The 
effect of the intervention on the change from baseline of 
eGFR and the ratio of natural logarithm-transformed 
UACR to the baseline value was estimated using linear 
mixed models with baseline value as a covariate, par-
ticipant as a random effect, and fixed effects for the 
baseline value, treatment, visit, and treatment–visit 
interaction.19 Least-squares mean (LSM) values were 
reported for eGFR and least-squares proportional 
differences in the geometric mean values were reported 
for the back-transformed UACR.

Whether the effect of dulaglutide on HbA1c and 
systolic blood pressure could statistically explain its 
effect on the composite renal outcome was also explored 
using a mediation analysis approach.20 First, the updated 
mean value and the change of these measures from 
baseline to the last value measured before the renal 
outcome or end of follow-up was estimated as previously 
described.20 Second, the relation between these values 
and the renal outcome was assessed using a univariable 
Cox model (ie, with only the measurement as a 
predictor). Third, if the measurement significantly 
predicted the renal outcome, the effect size (ie, the 
adjusted hazard ratio [HR]) of dulaglutide on the 
composite renal outcome and its components was re-
estimated using a separate Cox model that included 
dulaglutide allocation as a fixed effect, the baseline value 
of the measurement, and either the updated mean or 
the change from baseline of each of these two variables as 
time-dependent covariates. The percentage difference 
between the adjusted and unadjusted hazard for the 
effect of dulaglutide (ie, the percentage by which the 
measure statistically accounted for the effect) was 
estimated by 100 × (ln HRunadjusted – ln HRadjusted)/ln HRunadjusted). 
All data were analysed with SAS software (version 9.4). 
This trial is registered with ClinicalTrials.gov, number 
NCT01394952.

Role of the funding source
The trial was sponsored and funded by Eli Lilly and 
Company led by an international steering committee 
coordinated by the Population Health Research Institute 
in Hamilton, Canada, which also did all data analyses. Site 
management and data collection were provided by ICON 
Clinical Research. Scientists employed by the funder were 
on the steering committee and contributed to trial design, 
trial implementation, and data interpretation. All authors 
and the sponsor jointly made the decision to submit for 
publication. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Figure 1: Cumulative incidence of renal outcomes
HR=hazard ratio. eGFR=estimated glomerular filtration rate.
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Results
Between Aug 18, 2011, and Aug 14, 2013, 9901 participants 
were randomly assigned, 4949 to dulaglutide and 4952 to 
placebo. Median follow-up was 5·4 years (IQR 5·1–5·9), 
comprising 51 820 person-years. Baseline characteristics 
and renal protective drugs used at baseline are shown in 
table 1. Mean HbA1c was 7·3% (SD 1·1), mean eGFR was 
76·9 mL/min per 1·73 m² (SD 22·7), 3467 (35·0%) 
participants had albuminuria (ie, UACR ≥3·39 mg/mmol), 
and 2199 (22·2%) had an eGFR less than 60 mL/min 
per 1·73 m². Participants assigned to dulaglutide took 
study drug for 82·4% of the follow-up time from 
randomisation until either they had the composite renal 
outcome or their last follow-up visit, compared with 
83·4% of the follow-up time for participants assigned to 
placebo. At the final visit, fewer participants in the 
dulaglutide group than in the placebo group were taking 
drugs linked to long-term improve ments in renal 
outcomes, including an SGLT2 inhibitor (259 [5·3%] of 
4932 in the dulaglutide group vs 361 [7·3%] of 4935 in 
the placebo group) or either an angiotensin-convert-
ing enzyme inhibitor or angiotensin-receptor blocker 
(3739 [75·8%] vs 3829 [77·6%]; appendix p 30).

The renal component of the composite microvascular 
outcome occurred in 848 (17·1%) of 4949 participants 
assigned to dulaglutide and in 970 (19·6%) of 
4952 participants assigned to placebo (HR 0·85, 95% CI 
0·77–0·93; p=0·0004; figure 1). This effect was unchanged 
after accounting for the competing risk of death (HR 0·86, 
95% CI 0·78–0·94; p=0·0010).18 Consistent effects 
(pinteraction=0·59 for heterogeneity)17 were observed for the 
three components of the composite renal outcome, with 
HRs of 0·77 (95% CI 0·68–0·87; p<0·0001) for progression 
to macroalbuminuria, 0·89 (0·78–1·01; p=0·066) for 

sustained decline in eGFR of 30% or more, and 0·75 
(0·39–1·44; p=0·39) for chronic renal replacement therapy 
(figure 1, table 2). Similar effects of dulaglutide on the 
composite renal outcome were noted in subgroups 
defined by eGFR, baseline albuminuria, and the use of 
angiotensin-converting enzyme inhibitors or angiotensin-
receptor blockers (table 3), as well as in subgroups defined 
by age, sex, duration of diabetes, and HbA1c (appendix 
p 32). There were no significant differences between 
the dulaglutide and placebo groups in serious renal and 
urinary adverse events (appendix p 33).

The robustness of these estimates of the effect of 
dulaglutide on renal outcome was further explored in a 
set of sensitivity analyses. These analyses showed that 
dulaglutide was associated with a reduced incidence 
of a sustained eGFR decline of 40% or more (HR 0·70, 
95% CI 0·57–0·85) and 50% or more (HR 0·56, 
0·41–0·76), with corresponding HRs of 0·76 (0·68–0·84) 
and 0·74 (0·66–0·84) for the respective composite renal 
outcomes (table 2).

In participants assigned to dulaglutide, the proportional 
change from baseline in geometric mean UACR was 0·96 
(SE 1·02) in the dulaglutide group and 1·17 (SE 1·02) in 
the placebo group (figure 2, appendix p 31). During follow-
up, UACR values were lower in the dulaglutide group 
than in the placebo group (LSM proportional differ-
ence 0·82, 95% CI 0·78–0·86; p<0·0001). The eGFR 
concomitantly decreased by 1·62 mL/min per 1·73 m² 
(SE 0·24) in the dulaglutide group and by 1·47 mL/min 
per 1·73 m² (SE 0·24) in the placebo group during the 
first year of therapy (p=1·00), and by 4·32 mL/min 
per 1·73 m² (SE 0·19) in the dulaglutide group and 
by 4·75 mL/min per 1·73 m² (SE 0·19) in the placebo 
group during the entire follow-up period, with an overall 

Dulaglutide (n=4949) Placebo (n=4952) Hazard ratio 
(95% CI)

p value

Number of 
patients (%)

Incidence rate 
(number of 
events per 
100 person-
years)

Number of 
patients (%)

Incidence rate 
(number of 
events per 
100 person-
years)

Main analyses of renal effect

Composite renal outcome 848 (17·1%) 3·47 970 (19·6%) 4·07 0·85 (0·77–0·93) 0·0004

Components of composite renal outcome

New macroalbuminuria 441 (8·9%) 1·76 561 (11·3%) 2·29 0·77 (0·68–0·87) <0·0001

Sustained decline in eGFR of ≥30% 453 (9·2%) 1·79 500 (10·1%) 2·00 0·89 (0·78–1·01) 0·066

Chronic renal replacement therapy 16 (0·3%) 0·06 21 (0·4%) 0·08 0·75 (0·39–1·44) 0·39

Serious renal adverse event* 84 (1·7%) 0·32 93 (1·9%) 0·36 0·90 (0·67–1·20) 0·46

Sensitivity analyses of renal effect

Sustained decline in eGFR of ≥40% 169 (3·4%) 0·66 237 (4·8%) 0·93 0·70 (0·57–0·85) 0·0004

Composite renal outcome with this decline 587 (11·9%) 2·36 751 (15·2%) 3·10 0·76 (0·68–0·84) <0·0001

Sustained decline in eGFR of ≥50% 61 (1·2%) 0·24 108 (2·2%) 0·42 0·56 (0·41–0·76) 0·0002

Composite renal outcome with this decline 496 (10·0%) 1·99 649 (13·1%) 2·66 0·74 (0·66–0·84) <0·0001

eGFR=estimated glomerular filtration rate. *Based on a search of the REWIND database for any reported adverse event linked to acute renal failure.

Table 2: Effect of treatment allocation on renal outcomes
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Orales Sema 1591 1583 1575 1564 1557 1547 1512 1062 735 16
Placebo 1592 1577 1565 1551 1538 1528 1489 1032 713 11

A l l e  E r e i g n i s s e  v o n  E A C  b e s t ä t i g t .  C V ,  k a r d i o v a s k u l ä r ;  E A C ,  E v e n t  A d j u d i c a t i o n C o m m i t t e e ;  H R ,  H a z a r d R a t i o ;  M A C E ,  s c h w e r w i e g e n d e s  u n e r w ü n s c h t e s  k a r d i o v a s k u l ä r e s  E r e i g n i s ;  M I ,  H e r z i n f a r k t .
H u s e i n e t  a l .  O r a l  s e m a g l u t i d e a n d  c a r d i o v a s c u l a r  o u t c o m e s  i n  p a t i e n t s  w i t h  t y p e  2  d i a b e t e s .  N  E n g l J  M e d  2 0 1 9 ; 3 8 1 ( 9 ) : 8 4 1 - 5 1 .
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Hazard Ratio 
(95% CI)

Orales Sema Placebo

N E N E

Primäre Analyse

MACE 0.79 [0.57; 1.11] 1591 61 1592 76

Erweiterter MACE 0.82 [0.61; 1.10] 1591 83 1592 100

CV Tod 0.49 [0.27; 0.92]* 1591 15 1592 30

Nicht-fataler MI 1.18 [0.73; 1.90] 1591 37 1592 31
Nicht-fataler Schlaganfall 0.74 [0.35; 1.57] 1591 12 1592 16

Instable Angina pectoris mit 
Hospitalisation 1.56 [0.60: 4.01] 1591 11 1592 7

HI mit Hospitalisation 0.86 [0.48; 1.55] 1591 21 1592 24
All-cause death/non-fatal MI 
or non-fatal stroke 0.77 [0.56; 1.05] 1591 69 1592 89

All-cause death 0.51 [0.31; 0.84]* 1591 23 1592 45

Fatal or non-fatal MI 1.04 [0.66; 1.66] 1591 37 1592 35

Fatal or non-fatal stroke 0.76 [0.37; 1.56] 1591 13 1592 17

A l l  e v e n t s  c o n f i r m e d  b y  E A C .  H a z a r d  r a t i o  w i t h  9 5 %  c o n f i d e n c e  i n t e r v a l s ,  C o x  p r o p o r t i o n a l  h a z a r d s  m o d e l  w i t h  t r e a t m e n t  a s  f a c t o r ,  ' p - v a l u e ' :  u n a d j u s t e d  t w o - s i d e d  p - v a l u e  f o r  t e s t  o f  n o  d i f f e r e n c e  f r o m  1 .  
C I ,  c o n f i d e n c e  i n t e r v a l ;  E A C ,  e v e n t  a d j u d i c a t i o n  c o m m i t t e e ;  H F ,  h e a r t  f a i l u r e ;  H R ,  h a z a r d  r a t i o ;  M I ,  m y o c a r d i a l  i n f a r c t i o n .
H u s e i n e t  a l .  O r a l  s e m a g l u t i d e a n d  c a r d i o v a s c u l a r  o u t c o m e s  i n  p a t i e n t s  w i t h  t y p e  2  d i a b e t e s .  N  E n g l J  M e d  2 0 1 9 ; 3 8 1 ( 9 ) : 8 4 1 - 5 1 .

PIONEER 6: FIRST EVENT
SEMAGLUTIDE
SECONDARY ENDPOINTS
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SUSTAIN 6 AND PIONEER 6
S/C VS ORAL SEMAGLUTIDE
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Week 0 16 32 48 64 80 96

S.c. semaglutide OW 1,648 1,619 1,601 1,584 1,568 1,543 1,524

Placebo 1,649 1,616 1,586 1,567 1,534 1,508 1,479

Week 0 9 18 27 36 45 54 63 72 83

Oral semaglutide OD 1,591 1,583 1,575 1,564 1,557 1,547 1,512 1,062 735 16

Placebo 1,592 1,577 1,565 1,551 1,538 1,528 1,489 1,032 713 11

Number of  subjects at risk

S.c. semaglutide OW 
(SUSTAIN 6)

Placebo
(SUSTAIN 6)

Placebo
(PIONEER 6)

Oral semaglutide OD
(PIONEER 6)

SUSTAIN 6
HR: 0.74 (95% CI 0.58, 0.95)
P<0.001 for noninferiority
P=0.02 for superiority†

PIONEER 6
HR: 0.79 (95% CI 0.57;1.11)
P<0.001 for noninferiority
P=0.17 for superiority

F IGURE 1 Cumulative incidence plot of time to first occurrence of event adjudication committee-confirmed three-component major adverse
cardiovascular events (MACE) (cardiovascular [CV] death, nonfatal myocardial infarction [MI] and nonfatal stroke) with semaglutide versus
placebo in SUSTAIN 6 and PIONEER 6. Combined population omitted owing to different trial durations; SUSTAIN 6 and PIONEER 6 have already
been individually reported.32,33 Data are “in-trial”, analysed using Cox proportional hazards models with treatment as categorical fixed factor,
stratified by CV risk at screening (established cardiovascular disease [CVD] and/or chronic kidney disease [CKD], or CV risk factors only). †Not
prespecified. CI, confidence interval; HR, hazard ratio; OD, once daily; OW, once weekly; s.c., subcutaneous

No. of events/analysed subjects 
[incidence rate per 100 subject-years]

HR (95% CI)Semaglutide Placebo

MACE

SUSTAIN 6 108/1,648 [3.2] 146/1,649 [4.4] 0.74 (0.58, 0.95)

PIONEER 6 61/1,591 [2.9] 76/1,592 [3.7] 0.79 (0.57, 1.11)

SUSTAIN 6 + PIONEER 6 169/3,239 [3.1] 222/3,241 [4.2] 0.76 (0.62, 0.92)

CV death

SUSTAIN 6 44/1,648 [1.3] 46/1,649 [1.4] 0.98 (0.65, 1.48)

PIONEER 6 15/1,591 [0.7] 30/1,592 [1.4] 0.49 (0.27, 0.92)

SUSTAIN 6 + PIONEER 6 59/3,239 [1.1] 76/3,241 [1.4] 0.78 (0.56, 1.10)

Nonfatal MI

SUSTAIN 6 47/1,648 [1.4] 64/1,649 [1.9] 0.74 (0.51, 1.08)

PIONEER 6 37/1,591 [1.8] 31/1,592 [1.5] 1.18 (0.73, 1.90)

SUSTAIN 6 + PIONEER 6 84/3,239 [1.5] 95/3,241 [1.8] 0.88 (0.66, 1.18)

Nonfatal stroke

SUSTAIN 6 27/1,648 [0.8] 44/1,649 [1.3] 0.61 (0.38, 0.99)

PIONEER 6 12/1,591 [0.6] 16/1,592 [0.8] 0.74 (0.35, 1.57)

SUSTAIN 6 + PIONEER 6 39/3,239 [0.7] 60/3,241 [1.1] 0.65 (0.43, 0.97)

0.1 1.0 10.0

HR (semaglutide:placebo)

Favours semaglutide Favours placebo

Time to !rst event

F IGURE 2 Time to first occurrence of event adjudication committee-confirmed three-component major adverse cardiovascular events
(MACE) (cardiovascular [CV] death, nonfatal myocardial infarction [MI] and nonfatal stroke) and its components with semaglutide versus placebo
in SUSTAIN 6 and PIONEER 6. SUSTAIN 6 and PIONEER 6 have already been individually reported.32,33 Data are “in-trial”, analysed using Cox
proportional hazards models with treatment as a categorical fixed factor, stratified by trial (SUSTAIN 6 or PIONEER 6) and CV risk at screening
(established cardiovascular disease [CVD] and/or chronic kidney disease [CKD], or CV risk factors only). CI, confidence interval; CV, cardiovascular;
HR, hazard ratio; MACE, major adverse cardiovascular events; MI, myocardial infarction
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0∙75 mg, –20∙1% [–33∙1 to –4∙6], p=0·458 vs insulin 
glargine). Notably, in participants with baseline 
macroalbuminuria (UACR >300 mg/g), UACR decreased 
from baseline in a dose-related manner in the dulaglutide 
groups at 26 weeks and 52 weeks (figure 4C). At both 
timepoints, UACR decreases were significantly larger 
with dulaglutide 1∙5 mg than with insulin glargine 
(LSM at 26 weeks: insulin glargine, –14∙3% [95% CI 
–30∙9 to 6∙3]; dulaglutide 1∙5 mg, –43∙1% [–54∙7 to –28∙6; 
p=0∙008 vs insulin glargine]; dulaglutide 0∙75 mg, –25∙3% 
[–40∙2 to –6∙8; p=0∙360 vs insulin glargine]; LSM at 
52 weeks: insulin glargine, 0∙1% [95% CI –18∙8 to 23∙4]; 
dulaglutide 1∙5 mg, –29∙0% [–43∙0 to –11∙5; p=0∙020 vs 

insulin glargine]; dulaglutide 0∙75 mg, –12∙3% [–29∙0 to 
8∙5; p=0∙363 vs insulin glargine]). Decreases in UACR 
were not significant with dulagutide 0·75 mg compared 
with insulin glargine.

Numerically, but not significantly, smaller proportions 
of participants treated with dulaglutide had adjudicated 
kidney events resulting in chronic kidney disease 
progression by 52 weeks (19 [10%] of 192 with dulaglutide 
1∙5 mg, p=0∙075 vs insulin glargine; 24 [13%] of 190 with 
dulaglutide 0∙75 mg, p=0∙349 vs insulin glargine; 
31 [16%] of 194 with insulin glargine; appendix). 
End-stage renal disease occurred in 38 participants by 
52 weeks, without significant between-group differences 

Figure 3: Change in estimated glomerular filtration rate
Values estimated by Chronic Kidney Disease Epidemiology Collaboration equation by cystatin C or creatinine. (A and C) Data presented as estimated glomerular filtration rate (eGFR) values by 
geometric least squares mean (LSM, SE) from log-transformed analysis; statistical significance was only tested for between-group differences versus insulin glargine. (B and D) Data presented as actual 
untransformed change from baseline in eGFR values (LSM, 95% CI); p values are reported for statistical significance versus baseline (within group) and versus insulin glargine. Values shown above or 
below the bars are LSM. Numbers of patients analysed at baseline and endpoints are shown under the x axis. Data are for safety population by use of a mixed-effects repeated measures model analysis. 
p values are reported for statistical significance at the 26 and 52 week prespecified analyses points. *Versus baseline. †Versus insulin glargine.
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(eight [4%] of 192 with dulaglutide 1∙5 mg, 14 [7%] of 
190 with dulaglutide 0∙75 mg, 16 [8%] of 194 with insulin 
glargine; overall p=0·231; table 2).

The overall proportion of patients with serious adverse 
events did not differ between groups (table 2). The most 
commonly reported serious adverse events were 
hypoglycaemia (20 [4%] of 576 serious adverse events), 
acute myocardial infarction (nine [2%] of 576), acute kidney 

injury (nine [2%] of 576), and increase in blood creatinine 
concentrations (eight [1%] of 576). No significant 
differences were observed between groups for these 
serious adverse events, apart from lower rates of 
hypoglycaemia with dulaglutide 1·5 mg treatment 
compared with insulin glargine.

Higher rates of nausea and diarrhoea were observed 
with both dulaglutide doses than with insulin glargine 

Figure 4: Changes in estimated glomerular filtration rate and albuminuria by macroalbuminuria status at baseline
(A) Estimated glomerular filtration rate (eGFR; calculated by Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI] equation by cystatin C) by macroalbuminuria status at baseline, presented as 
geometric least squares mean (LSM, SE) from log-transformed analysis; statistical significance was only tested for between-group differences versus insulin glargine. (B) Actual untransformed change 
from baseline in eGFR (calculated by CDK-EPI equation by cystatin C) by macroalbuminuria status at baseline, with values presented as LSM (95% CI), with p values reported for statistical significance 
versus baseline (within group) and versus insulin glargine; values shown above or below the bars are LSM. (C) Urine albumin-to-creatinine ratio (UACR) by macroalbuminuria status at baseline, 
presented as LSM (95% CI) for percentage change from baseline, with p values reported for statistical significance versus baseline (within group) and versus insulin glargine. Data presented for safety 
population, by use of a mixed-effects repeated measures model analysis. p values are reported for statistical significance at the 26 and 52 week prespecified analyses points. Numbers of patients 
analysed at baseline and endpoints are shown under the x axis. *Versus baseline. †Versus insulin glargine.
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risk of hospital admission for heart failure was reduced 
by 9% in patients treated with a GLP-1 receptor agonist 
(HR 0·91, 95% CI 0·83–0·99; p=0·028), giving an NNT 
to prevent one event of 312 (165–2810; figure 4) over the 
estimated median follow-up of 3·2 years.

Data for kidney events were not available for Harmony 
Outcomes or PIONEER 6, so these trials were excluded 
from the analysis of these outcomes. Treatment with 
a GLP-1 receptor agonist reduced the broader composite 
kidney outcome (which consisted of development 
of macroalbuminuria, worsening kidney function 

[doubling of serum creatinine or 40% or greater decline in 
eGFR], end-stage kidney disease, and kidney-related death) 
by 17% (HR 0·83, 95% CI 0·78–0·89), with an NNT to 
prevent one event of 62 (48–96) over the estimated median 
follow-up of 3·2 years (figure 4). This finding was mainly 
due to a reduction in urinary albumin excretion (appendix 
p 4).20,21 The narrower worsening of kidney function 
outcome was reduced by 13%, but this finding was not 
significant (HR 0·87, 0·73–1·03); the corresponding NNT 
was 245 (118 to –1064 [upper bound is negative to indicate 
number needed to harm]; figure 4).

Figure 2: Risk of MACE and each of its components
Three-component MACE consisted of cardiovascular death, myocardial infarction, and stroke. NNTs are calculated over an estimated median follow-up of 3·2 years. 
MACE=major adverse cardiovascular events. GLP-1=glucagon-like peptide-1. NNT=number needed to treat. *For PIONEER 6, data for fatal and non-fatal myocardial 
infarction and stroke were not available, so numbers and estimates refer to non-fatal myocardial infarction and non-fatal stroke exclusively.
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homology, with some GLP-1 receptor agonists of each type 
having a short pharmacologic half-life (eg, lixisenatide 
2–3 h and liraglutide 12 h), and with others having a long 
half-life (eg, dulaglutide 120 h and subcutaneous 
semaglutide 170 h) or being available as a sustained-
release formulation (exenatide), reflected in daily versus 
weekly dosing.26 The oral formulation of semaglutide used 
in PIONEER 6 required daily dosing. With the seven trials 
now available, it was possible to examine whether these 
pharmacological characteristics, and their permutations, 
affect treatment efficacy. Although duration of drug action 
did not seem to modify the treatment effect, there was a 

suggestion of a possible interaction related to chemical 
structure, with a potentially smaller effect on MACE of 
drugs based on exendin-4 (although this finding did not 
reach the threshold for significance). However, this 
apparent interaction could be unduly influenced by 
ELIXA, which was unique in recruiting patients with a 
recent acute coronary syndrome (and also used a very 
short-acting agent, administered once daily), and poor 
adherence in EXSCEL (40% permanent treatment 
discontinuation), or might be a chance finding. The 
ongoing AMPLITUDE-O cardio vascular outcome trial 
(NCT03496298) of efpeglenatide, a long-acting, exendin-4 

Figure 4: All-cause mortality, hospital admission for heart failure, and kidney outcomes
Data for kidney outcomes were not available for Harmony Outcomes or PIONEER 6. The broader composite kidney outcome including macroalbuminuria consisted 
of development of macroalbuminuria, doubling of serum creatinine or 40% or greater decline in estimated glomerular filtration rate (eGFR), development of 
end-stage kidney disease, or death due to kidney disease (details in appendix [pp 3–4]); for EXSCEL, data are for new-onset macroalbuminuria alone. The narrower 
worsening of kidney function outcome was defined as either doubling of serum creatinine or 40% or greater decline in eGFR (details in appendix [pp 3–4]); 
for EXSCEL, the narrower worsening of kidney function outcome included development of end-stage kidney disease or death due to kidney disease. NNTs are 
calculated over an estimated median follow-up of 3·2 years. GLP-1=glucagon-like peptide-1. NNT=number needed to treat. *Not regarded as significant because 
of hierarchical statistical testing plan. †Negative value indicates a number needed to harm. 
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The incidence of severe hypoglycaemia, pancreatitis, 
and pancreatic cancer did not differ between GLP-1 
receptor agonist treatment and placebo (appendix p 9). 
The incidence of retinopathy also did not differ between 
GLP-1 receptor agonist-treated and placebo-treated 
patients, but this outcome was not defined consistently 
among the trials (appendix p 5 and p 9). The incidence of 
thyroid carcinoma was low and did not differ between the 
GLP-1 receptor agonist and placebo groups (appendix p 6).

Discussion
Our meta-analysis includes data for 13 084 (30%) more 
patients, 1394 (29%) more MACE endpoint events, 
1818 (95%) more kidney events, and about 56 000 more 
years of patient exposure than the largest previous study 
of this type.3,22 The present report also includes data for 
6709 (95%) more primary prevention patients (ie, with 
cardiovascular risk factors rather than established 
cardiovascular disease), an additional drug in the class 
(dulaglutide) with homology to human GLP-1 and a long 
duration of action, and a novel oral formulation of one of 
the other drugs in the class (semaglutide).

Overall, three-component MACE, the primary 
endpoint in six of the seven trials included in the meta-
analysis, was reduced by 12%, reflecting a beneficial 
effect on death from cardiovascular causes (relative risk 
reduction 12%) and a reduction in the risk of stroke 
(16% relative risk reduction for fatal or non-fatal stroke). 

The reduction in myocardial infarction (9% relative risk 
reduction for fatal or non-fatal myocardial infarction) 
was less robust, although was directionally concordant. 
The NNT for MACE in our meta-analysis was 75 (95% CI 
50–151) over an estimated median duration of follow-up 
of 3·2 years. Notably, the relative risk reduction in 
MACE in a recent meta-analysis of cardiovascular out-
come trials of SGLT2 inhibitors23 was 11% (4–17) and the 
was NNT 97 (63–266) over an estimated median follow-
up of 3·3 years. The HR for death from any cause in our 
meta-analysis of GLP-1 receptor agonist trials was 0·88 
(95% CI 0·83–0·95) and the NNT was 108 (77–260); in 
the SGLT2 inhibitor meta-analysis, the corresponding 
HR was 0·85 (0·78–0·93) and the corresponding NNT 
was 101 (69–216).23 However, such comparisons between 
these meta-analyses should be interpreted cautiously, in 
view of the differences in the patient populations studied

We did several subgroup analyses to address the 
proposed explanations for the different effects on 
cardiovascular outcomes reported in the various GLP-1 
receptor agonist trials. These include differences in the 
specific molecule tested, in the patients enrolled, and in 
the duration of follow-up. Albiglutide, dulaglutide, 
liraglutide, and semaglutide are more similar, structurally, 
to native GLP-1, whereas exenatide and lixisenatide are 
based, structurally, on exendin-4.24,25 Duration of treatment 
effect also differs substantially between the drugs studied, 
although effect duration does not reflect structural 

Figure 3: Subgroup analyses for risk of three-component MACE
Three-component MACE consisted of cardiovascular death, myocardial infarction, and stroke. Subgroup denominators are participants with available data. 
MACE=major adverse cardiovascular events. GLP-1=glucagon-like peptide-1. eGFR=estimated glomerular filtration rate. *High baseline HbA1c was defined as >7·5% 
in ELIXA, >8·3% in LEADER, >8·5% in SUSTAIN-6, >8·0% in EXSCEL, >8·0% in Harmony Outcomes, >7·2% in REWIND, and >8·5% in PIONEER 6. †In REWIND, the BMI 
categories used were ≤32 kg/m2 and >32 kg/m². ‡In REWIND, the age group categories used were <66 and ≥66 years; in LEADER, the age group categories used were 
<60 and ≥60 years. 
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Cardiovascular and Renal Outcomes with Efpeglenatide

overlapping confidence intervals that may indi-
cate heterogeneity of effect.

The effect of efpeglenatide on least-squares 
mean differences in continuous variables (efpeg-
lenatide vs. placebo) during the follow-up period 
included a glycated hemoglobin level that was 

lower by 1.24% (95% CI, 1.17 to 1.32); a body-
mass index (the weight in kilograms divided by 
the square of the height in meters) that was 
lower by 0.9 (95% CI, 0.8 to 1.0); a body weight 
that was lower by 2.6 kg (95% CI, 2.3 to 2.9); 
systolic and diastolic blood pressures that were 

Figure 1. Major Cardiovascular and Renal Outcomes.

Shown are the cumulative risks of an incident major adverse cardiovascular event (MACE; the primary composite outcome of nonfatal 
myocardial infarction, nonfatal stroke, or death from cardiovascular or undetermined causes) (Panel A); an expanded MACE composite 
outcome event (a key secondary outcome comprising MACE, coronary revascularization, or hospitalization for unstable angina) (Panel B);  
a composite renal outcome event (a key secondary outcome comprising incident macroalbuminuria [defined as a urinary albumin-to-creati-
nine ratio of >300, as measured in milligrams of albumin to grams of creatinine, or >33.9, as measured in milligrams of albumin to milli-
moles of creatinine], plus an increase in the urinary albumin-to-creatinine ratio of ≥30% from baseline, a sustained decrease in the esti-
mated glomerular filtration rate [eGFR] of ≥40% for ≥30 days, renal-replacement therapy for ≥90 days, or a sustained eGFR of <15 ml 
per minute per 1.73 m2 for ≥30 days) (Panel C); and MACE or death from noncardiovascular causes (a secondary composite outcome) 
(Panel D). The risks of these outcome events were shown to be lower with efpeglenatide than with placebo. The inset in each panel 
shows the same data on an expanded y axis.
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Age 64.5 years
Tobacco use 16%
Diabetes duration 15. 4 (8.8) y
Prior CVD 90 %
eGFR < 60 ml/min 32%
Prior CVD and eGFR < 60 ml/min 22%
HF 18%
Hypertension 91%
DR 33 %
Albuminuria 49%
BMI 32.7 (6.2) kg/m2

Efpeglenatide n (%) Placebo

Had a final visit 2715 1358

Metformin 1975 (72.7) 991 (73.0)

SUH 652 (24) 354 (26.1)

Insulin 1723 (63.5) 884 (65.1)

DPP-IV-I 24 (0.9) 26 (1.9)

SGLT-2I 475 (17.5) 288 (21.2)

ACE or ARB 2161 (79.6) 1085 (79.9)

Statin 2222 (81.8) 1098 (80.9)

Betablocker 1842 (67.9) 896 (66.0)

for all subgroups
also for SGLT-2I

NNT=46 (1.8y)



SUMMERY: 
GLP-1 RA AND CVOT‘S IN TYPE2 DM

Ø Reduce risk of major adverse CVD events

Ø Atherosclerotic events

Ø CVD death (liraglutide, semaglutide, [efpeglenatide])

Ø Decrease macroalbuminuria

Ø Reduce eGFR decline from early to late stage CKD

Ø Lira- und Dulaglutide

Ø CVD and CKD benefits and safety in patients with pre-existing CKD

Ø GLP-1-RA CV effectiveness may be better in women (Raparelli. J Am Heart Assoc 2020; 9(1))

Ø Class effect



COMBINATION OF SGLT-2-I AND GLP-1 RA
DURATION-8 AND AWARD-10*

*Zelniker et al. Lancet 2019, Frias et al. Lancet Diabetes Endocrinol. 2016
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apparent from week 2 (figure 2C). 2 h postprandial 
glucose concentrations and increments (2 h postprandial 
concentration minus preprandial concentration) derived 
from the standardised meal tolerance test were likewise 
significantly reduced with exenatide plus dapagliflozin 
compared with exenatide or dapagliflozin alone (table 2; 

figure 2D). Daily average six-point SMBG concentration 
decreased from baseline to week 28 in all treatment 
groups (figure 2E; appendix), with the greatest reductions 
shown in patients receiving the combination therapy. 
Urinary glucose-to-creatinine ratio increased with both 
exenatide plus dapagliflozin and dapagliflozin alone, but 

Figure 2: Primary, secondary, and exploratory endpoints in the intention-to-treat population
(A) Least-squares mean change in HbA1c. (B) Proportion of patients achieving an HbA1c target of less than 7% or of 6·5% or less at week 28. (C) Least-squares mean 
change in FPG. (D) Least-squares mean change in 2 h PPG. (E) Mean six-point SMBG profiles at baseline (closed symbols, solid lines) and week 28 (open symbols, 
dashed lines). (F) Least-squares mean change in weight. Error bars show SEs. To convert HbA1c from a percentage to mmol/mol, multiply by 10·93 and subtract 23·50. 
To convert FPG, 2 h PPG, or SMBG from mmol/L to mg/dL, divide by 0·0555. FPG=fasting plasma glucose. PPG=postprandial glucose. SMBG=self-monitored blood 
glucose. *p<0·01 versus exenatide. †p<0·001 versus dapagliflozin. ‡p<0·001 versus exenatide. 
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a larger proportion of patients in the dulaglutide 1∙5 mg 
group than in the placebo group (p=0∙035), although the 
difference between the dulaglutide 0∙75 mg group and 
the placebo group was not significant (p=0∙35; figure 3B). 
The changes in fasting glucagon from baseline are shown 
in figure 3C. The LSM differences in fasting glucagon of 
the dulaglutide 1∙5 mg and dulaglutide 0∙75 mg groups 
versus placebo at 24 weeks were –1∙2 pmol/L (95% CI 
–2∙3 to 0∙1; p=0∙032) and –0∙6 pmol/L (–1∙7 to 0∙5; 
p=0∙27), respectively (figure 3C).

Results for the intention-to-treat population without 
data after rescue intervention are summarised in the 

appendix. Similar results to those reported above were 
seen for change in HbA1c concentration from baseline to 
24 weeks and for percentages of patients achieving HbA1c 
concentration targets of less than 7∙0% (53 mmol/mol) 
and 6∙5% (48 mmol/mol) or less. We found no significant 
between-group differences in changes in bodyweight 
from baseline in this analysis. Lack of between-group 
differences in change of bodyweight from baseline 
precluded fasting serum glucose superiority testing.

Adverse events are summarised in table 2. Two (1%) 
patients in the dulaglutide 1∙5 mg group died (one uterine 
carcinoma; one pneumonia); both deaths were determined 

Figure 2: Efficacy measures
(A) Change in HbA1c from baseline to 24 weeks. LSM change: –1·34% (SE 0·06) or –14·7 mmol/mol (0·6) for dulaglutide 1·5 mg; –1·21% (0·06) or –13·2 mmol/mol (0·6) 
for dulaglutide 0·75 mg; and –0·54% (0·06) or –5·9 mmol/mol (0·6) for placebo. LSM differences for treatment versus placebo at 24 weeks: –0·79% (95% CI –0·97 
to –0·61) or –8·6 mmol/mol (–10·6 to –6·7) for dulaglutide 1·5 mg (p<0·0001); and –0·66% (–0·84 to –0·49) or –7·2 mmol/mol (–9·2 to –5·4) for dulaglutide 0·75 mg 
(p<0·0001). (B) Percentage of patients achieving HbA1c target concentrations of less than 7·0% (53 mmol/mol) or 6·5% (48 mmol/mol) or less at 24 weeks. (C) Change 
in bodyweight from baseline to 24 weeks. LSM change: –3·1 kg (SE 0·3) for dulaglutide 1·5 mg; –2·6 kg (0·3) for dulaglutide 0·75 mg; and –2·1 kg (0·3) for placebo. 
LSM differences for treatment versus placebo at 24 weeks: –0·9 kg (95% CI –1·8 to –0·1; p=0·028) for dulaglutide 1·5 mg; and –0·5 kg (–1·3 to –0·4; p=0·26) for 
dulaglutide 0·75 mg. (D) Change in fasting serum glucose concentration from baseline to 24 weeks. LSM change: –31·6 mg/dL (SE 2·17) or –1·8 mmol/L (0·12) for 
dulaglutide 1·5 mg; –26·5 mg/dL (2·2) or –1·5 mmol/L (0·12) for dulaglutide 0·75 mg; and –6·9 mg/dL (2·21) or –0·4 mmol/L (0·12) for placebo. LSM differences for 
treatment versus placebo at 24 weeks: –24·7 mg/dL (95% CI –30·8 to –18·6) or –1·37 mmol/L (–1·70 to –1·03) for dulaglutide 1·5 mg (p<0·0001); and –19·6 mg/dL 
(–25·7 to –13·5) or –1·09 mmol/L (–1·43 to –0·75) for dulaglutide 0·75 mg (based on the graphical testing scheme, the superiority of dulaglutide 0·75 mg versus placebo 
for change in fasting serum glucose concentration from baseline to 24 weeks could not be tested). Error bars show SEs. LSM=least square means.
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• PIONEER 4: SGLT-2i and GLP-1RA



COMBINATION OF SGLT-2-I AND GLP-1 RA
DURATION-8 AND AWARD-10*

*Zelniker et al. Lancet 2019, Frias et al. Lancet Diabetes Endocrinol. 2016

Risk of cv outcomes in type 2 Dm following additon of SGLT-2-i vs SU to basline GLP-1 RA

E. Patorno, ADA Scientific Sessions 2020

Prior to Propensity score matching After propensity score matching

SGLT 2-I (N= 32‘221) SU (N=26‘894) SGLT 2-I (N= 12‘584) SU (N=12‘584)

Composite cv endpoint

Events (IR per 1‘000 person-years) 258 (9.5) 374 (14.6) 107(9.9) 129(13.0)

Mean follow up in months 10.1 11.3 10.4 9.4

Database specific HR( 95% CI)

Optum 0.64 (0.49; 0.84) 0.76 (0.51; 1.13)

MarketScan 0.77 (0.59; 1.01) 0.71 (0.43; 1.18)

Medicare 0.69 (0.51; 0.93) 0.81 (0.52; 1.26)

Pooled HR (95%CI) 0.70 (0.60; 0.82) 0.76 (0.59; 0.98)

HF hospitalizations

Events (IR per 1‘000 person-years) 324 (11.9) 581 (22.9) 141 (13.0) 206 (20.8)

Mean follow up in months 10.1 11.3 10.3 9.4

Database specific HR( 95% CI)

Optum 0.58 (0.45; 0.74) 0.79 (0.56; 1.11)

MarketScan 0.48 (0.38; 0.61) 0.51 (0.33; 0.79)

Medicare 0.66 (0.52; 0.84) 0.61 (0.42; 0.87)

Pooled HR (95%CI) 0.57 (0.49; 0.65) 0.65 (0.52; 0.80)*



EPOSTER IN SHORT

• Combination therapy of SGLT2i and GLP-1 RA confers the highest CV risk mitigation when

compared to isolated therapy (50% reduction in relative risk). 987 P-2021.
• addition of a GLP-1RA to SGLT-2i treatment was associated with further reductions in HbA1c, BW 

and SBP without additional safety concerns. 647-P 2021

• Liraglutide might have synergistic renal protection effects with SGLT2i in rapidly progressive 
DKD. 402-P 2021

• Triple combination therapy with metformin - GLP1-analog - SGLT2-inhibitor has the greatest
effectiveness in weight loss and in improving liver biochemistry. The renal improvement seen

with these drugs appears to be driven by a decrease in UACR for SGLT-2inhibitors and an 

increase in eGFR for GLP1-analogues in this retrospective 24-month study 88-LB 2021
• Early vs. Late Initiation of SGLT2i and GLP-1RA for Cardiometabolic Risk Factor Control: the

earlier the better (1207-P)
• Outcomes of Type 2 Diabetes (T2D) Clustering Replicated in the DEVOTE and LEADER Trials: 

high A1c low BMI à shorter time to MACE and CV-death (8-LB)

• the combination GLP-1ra-SGLT2i reduces UACR, especially if macroalbuminuria is present and is
correlated to improvement in either HbA1c, weight and SBP (523-P)



SITUATION TODAY

Only few patients in the US are on new drugs
GOULD*: within 12 mts from 7% to 8%!. Especially in Blacks and Medicare recipients (1211-

P around 11%). 12.8 % with both drugs in patients who recieve GLP-1A or SGLT-2i; 
Main reasons not choosing: Economic considerations • Unfamiliarity with use

1578-P and 16 B, 1429-P*

SGLT2i GLP-1-RA

DCR 2014-2016: USA 5% 6%

GOULD 2016-2018: USA 9% 8%

CAPTURE 2018-2019: 13 Countries 15% 9%

Arnold Eur J Prev Cardiol 2017
Arnold Circulation 2019
Vencio EASD 2020

Younger, educated, higher BMI
CVD, CKD, HF
Rich countries



THE FUTURE FOR CV HIGH RISK PATIENTS
INDEPENDET OF BASELINE HBA1C!

What would be the components of a training program in
cardiometabolic medicine (Figure)? This specialized train-
ing experience would be preceded by 2-3 years of focused
general internal medicine house-staff training. The next 3
years would be a composite of endocrinology and
cardiology.
The endocrine component would be metabolism-centric with

an extensive experience in conditions such as obesity, metabolic
syndrome, types 1 and 2 diabetes mellitus, lipid and lipoprotein
disorders, hypertension, and lifestyle. Part of this training would
include obesity pharmacology, frequent interactions with meta-
bolic surgeons, advanced training in basal/bolus insulin admin-
istration, insulin pumps, and glucose sensors. This would be
distinct from the classic board-certifiable training program in
endocrinology, metabolism, and diabetes because there would
be no additional education in disorders of the thyroid,
hypothalamic-pituitary-adrenal axis, reproductive endocrinol-
ogy, or metabolic bone disease, including parathyroid disorders.
The cardiology component of cardiometabolic medicine

training would be focused on primary and secondary prevention
of atherosclerotic cardiovascular disease. This would include in-
patient cardiology consults, outpatient preventive cardiology
clinic, electrocardiogram and echocardiography interpretation,
stress testing, cardiac rehabilitation, and interpretation of
noncontrast and contrasted coronary computed tomography.
To stay focused on cardiometabolic disease, there would be
no requirement for training in critical care medicine, interven-
tional cardiology, electrophysiology, advanced heart failure,
and cardiac transplantation. For more expertise in severe hyper-
tension, at least 2 months of elective time should be spent in a
multispecialty resistant hypertension clinic, with at least a 1
month spent learning vascular medicine.

Finally, a substantial component of cardiometabolic medi-
cine training would be advanced concepts in lifestyle. This ex-
perience would go far beyond inquiring about diet, exercise,
tobacco, alcohol, and illicit drug use. The cardiometabolic
physician would gain expertise in smoking cessation including
cessation pharmacology, novel tobacco products, advanced
concepts in nutrition and diet, and use of mobile health tech-
nology to promote general physical activity and individualized
exercise goals.
Who would choose such a specialty? For starters, the 2 au-

thors of this Commentary would have chosen such a specialty.
We believe that many internal medicine residents are inter-
ested in obesity and diabetes, yet may not be interested in thy-
roid, bone health, or endocrinologic cancer syndromes.
Likewise, many residents are interested in atherosclerotic car-
diovascular disease, yet do not envision training spent pre-
dominantly in the hospital setting seeing patients who are
critically ill with heart failure or performing electrophysiology
procedures. Currently, such potential cardiometabolic special-
ists pursue cardiology, perhaps begrudgingly spending more
than 6 months of training in the catheterization or electrophys-
iology lab, only later pursuing additional sub-subspecialty
training in preventive cardiology.
In the end, the cardiometabolic medicine physician would be

a new type of board-certified specialist poised to address issues
related to the major global health problem of the 21st century.
Over time, the practicing cardiometabolic physician’s practice
would grow to include nurse educators, a dietician, certified di-
abetes educator, a mobile technology hub, and an adjoining fa-
cility for cardiac rehabilitation and supervised exercise.
What are the next steps forward? The American Board of In-

ternal Medicine (ABIM) could conduct a needs assessment

Cardiology

Endocrinology
Internal 

Medicine

Cardiometabolic 
Medicine

Obesity
T2DM
HTN
Lipids

Lifestyle
Smoking
Rehab 
CVD Tes!ng

EP Interven!onal

Advanced HF

Thyroid

Reproduc!ve

Bone

Pain

Musculoskeletal

Screening

Proposed Training Plan (3 years)

Endocrinology component

Cardiology component

• Obesity
• Diabetes
• Lipids and Lipoprotein disorders

• Inpa!ent cardiology
• Cardiology consults
• EKG
• ECHO
• Stress tes!ng
• Cardiac CT
• Cardiac Rehabilita!on
• Vascular Medicine

Internal Medicine component

• Lifestyle 
• Smoking Cessa!on
• Hypertension

Figure Conceptual Approach to Cardiometabolic Medicine. The left panel of the figure illustrates the
proposed overlap among cardiology, endocrinology, and internal medicine. The right panel details a
proposed 3-year training plan for a Cardiometabolic Medicine specialist. CVD = cardiovascular disease;
EP = electrophysiology; HF = heart failure; HTN = hypertension; T2DM = type 2 diabetes mellitus.

Eckel and Blaha Cardiometabolic Medicine: New IM Specialty? 789

The American Journal of Medicine, Vol 132, No 7, July 2019

HF risk
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QUADRIGA

Am. Heart J 2011, 161;1024, Lancet 2008;372:1196, JAMA Cardio 2020 May 4

ARNI BetaBlocker MRA SGLT2i

Cumulative risk reduction in all-cause mortality with all 4
RR 72.9%, ARR: 25.5%, NNT=3.9 over 24 months



STEP SEMAGLUTIDE 2.4 MG ONCE
WEEKLY

S52

FDA approved by June 4, 2021

STEP-Program
- STEP 1: WM
- STEP 2: WM IN TYPE 2
- STEP 3: WM WITH BEHAVIORAL THERAPY
- STEP 4: SUSTAINED WM
- STEP 5: LONG-TERM WM
- STEP 6: EAST ASIAN

Mean weight loss of 15-17% in non-Dm and 10% in Dm Type 2 (1/3 more than 20% weight loss, 10% > 
30 % weight loss, BUT 10 % without and 30% with Dm fail, women> men)
- Waist: -9.4 cm
- BD syst: -3.9 mmHg
- HDL: + 7 mg/dl, LDL:0 mg/dl, VLDL -21 mg/dl, TC: -22 mg/dl
- 29 % weniger Glc-lowering-Tx, HbA1c – 1.6%
- Non DM

- Ongoing in the SELECT Trail
- NASH ongoing

ADA 2021

STEP-Program
- STEP 7: CHINA
- STEP 8: H2H VS LIRAGLUTIDE
- STEP TEENS
- SELECT: CVOT
- STEP: HFpEF
- STEP 9: KNEE OSTEOARTHRITIS



DARE-19 TRAIL: SGLT2I IN COVID 19 
PATIENTS: ≥ RISK FACTOR: HTN, DM, ASCVD, HF, CKD

S53
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level of statistical significance, analyses of subsequent 
outcomes were exploratory.

The prespecified subgroup analyses for the primary 
outcome of prevention and recovery are shown in 
(appendix 1, p 15), and were generally consistent with the 
main findings, including in patients with and without 
diabetes, although there was heterogeneity noted by sex. 
The results for the primary endpoint of prevention were 
also consistent in sensitivity analyses: after excluding 
patients that tested negative at baseline for SARS-CoV-2 
(HR 0·81; 95% CI 0·58–1·12); within subgroups of 
patients that received remdesivir at baseline 
(0·45, 0·16–1·31) and patients that did not (0·86, 
0·61–1·20; pinteraction=0·25); and within subgroups of 
patients that received systemic corticosteroids at baseline 
(0·66, 0·37–1·17) and patients that did not 
(0·86, 0·59–1·26; pinteraction=0·48; appendix 1, p 9). 

The composite kidney outcome occurred in 48 (7·7%) 
patients in the dapagliflozin group, and 65 (10·4%) in the 
placebo group (table 2, figure 3B). Acute kidney injury 
occurred in 26 (4·2%) patients that received dapagliflozin, 
and 36 (5·8%) that received placebo (0·70, CI 0·42–1·17). 
Initiation of renal replace ment therapy occurred in 
13 (2·1%) patients assigned to dapagliflozin, and 
22 (3·5%) patients assigned to placebo (0·56, 0·27–1·13). 
Results for the total number of days alive, not in an 
intensive care unit, and free from mechanical ventilation, 
and time to hospital discharge are in table 2.

12 patients in the dapagliflozin group and nine in the 
placebo group were excluded from the safety analysis 
because they did not receive study medication. In total, 
65 (10·6%) of 613 patients in the dapagliflozin group, 
and 82 (13·3%) of 616 patients in the placebo group were 
reported to have had serious adverse events (table 3; 
appendix 1, pp 10–11, 16). Adverse events leading to study 
medication discontinuation were reported in 44 (7·2%) 
patients in the dapagliflozin group and 55 (8·9%) in the 
placebo group. Diabetic ketoacidosis was reported in 
two patients in the dapagliflozin group both of whom 
had type 2 diabetes at baseline; these events were 
non-severe and resolved after study medication 
discontinuation. Safety events of acute kidney injury 
were reported in 21 (3·4%) patients in the dapagliflozin 
group, and 34 (5·5%) in the placebo group.

Discussion 
DARE-19, a randomised, double-blind, placebo-controlled 
trial of patients hospitalised with COVID-19 who had 
cardiometabolic risk factors, showed that dapagliflozin 
did not significantly reduce the rates of organ dysfunction 
or death or improve recovery. Although numerically 
fewer patients treated with dapagliflozin had organ 
failure or died, these differences were not statistically 
significant. The results were similar for the key secondary 
endpoints of worsening kidney function or death from 
any cause. Dapagliflozin was well tolerated and no new 
safety signals were identified.

Figure 2: Primary outcomes
(A) Forest plot of the primary outcome of prevention (new or worsened respiratory, cardiovascular or kidney organ 
dysfunction or death from any cause) and its components; (B) Kaplan-Meier of the cumulative estimate of the 
primary outcome of prevention; (C) the proportion of patients for each of the components of the primary outcome 
of recovery. HR=hazard ratio. WR=win ratio.
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level of statistical significance, analyses of subsequent 
outcomes were exploratory.

The prespecified subgroup analyses for the primary 
outcome of prevention and recovery are shown in 
(appendix 1, p 15), and were generally consistent with the 
main findings, including in patients with and without 
diabetes, although there was heterogeneity noted by sex. 
The results for the primary endpoint of prevention were 
also consistent in sensitivity analyses: after excluding 
patients that tested negative at baseline for SARS-CoV-2 
(HR 0·81; 95% CI 0·58–1·12); within subgroups of 
patients that received remdesivir at baseline 
(0·45, 0·16–1·31) and patients that did not (0·86, 
0·61–1·20; pinteraction=0·25); and within subgroups of 
patients that received systemic corticosteroids at baseline 
(0·66, 0·37–1·17) and patients that did not 
(0·86, 0·59–1·26; pinteraction=0·48; appendix 1, p 9). 

The composite kidney outcome occurred in 48 (7·7%) 
patients in the dapagliflozin group, and 65 (10·4%) in the 
placebo group (table 2, figure 3B). Acute kidney injury 
occurred in 26 (4·2%) patients that received dapagliflozin, 
and 36 (5·8%) that received placebo (0·70, CI 0·42–1·17). 
Initiation of renal replace ment therapy occurred in 
13 (2·1%) patients assigned to dapagliflozin, and 
22 (3·5%) patients assigned to placebo (0·56, 0·27–1·13). 
Results for the total number of days alive, not in an 
intensive care unit, and free from mechanical ventilation, 
and time to hospital discharge are in table 2.

12 patients in the dapagliflozin group and nine in the 
placebo group were excluded from the safety analysis 
because they did not receive study medication. In total, 
65 (10·6%) of 613 patients in the dapagliflozin group, 
and 82 (13·3%) of 616 patients in the placebo group were 
reported to have had serious adverse events (table 3; 
appendix 1, pp 10–11, 16). Adverse events leading to study 
medication discontinuation were reported in 44 (7·2%) 
patients in the dapagliflozin group and 55 (8·9%) in the 
placebo group. Diabetic ketoacidosis was reported in 
two patients in the dapagliflozin group both of whom 
had type 2 diabetes at baseline; these events were 
non-severe and resolved after study medication 
discontinuation. Safety events of acute kidney injury 
were reported in 21 (3·4%) patients in the dapagliflozin 
group, and 34 (5·5%) in the placebo group.

Discussion 
DARE-19, a randomised, double-blind, placebo-controlled 
trial of patients hospitalised with COVID-19 who had 
cardiometabolic risk factors, showed that dapagliflozin 
did not significantly reduce the rates of organ dysfunction 
or death or improve recovery. Although numerically 
fewer patients treated with dapagliflozin had organ 
failure or died, these differences were not statistically 
significant. The results were similar for the key secondary 
endpoints of worsening kidney function or death from 
any cause. Dapagliflozin was well tolerated and no new 
safety signals were identified.

Figure 2: Primary outcomes
(A) Forest plot of the primary outcome of prevention (new or worsened respiratory, cardiovascular or kidney organ 
dysfunction or death from any cause) and its components; (B) Kaplan-Meier of the cumulative estimate of the 
primary outcome of prevention; (C) the proportion of patients for each of the components of the primary outcome 
of recovery. HR=hazard ratio. WR=win ratio.
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level of statistical significance, analyses of subsequent 
outcomes were exploratory.

The prespecified subgroup analyses for the primary 
outcome of prevention and recovery are shown in 
(appendix 1, p 15), and were generally consistent with the 
main findings, including in patients with and without 
diabetes, although there was heterogeneity noted by sex. 
The results for the primary endpoint of prevention were 
also consistent in sensitivity analyses: after excluding 
patients that tested negative at baseline for SARS-CoV-2 
(HR 0·81; 95% CI 0·58–1·12); within subgroups of 
patients that received remdesivir at baseline 
(0·45, 0·16–1·31) and patients that did not (0·86, 
0·61–1·20; pinteraction=0·25); and within subgroups of 
patients that received systemic corticosteroids at baseline 
(0·66, 0·37–1·17) and patients that did not 
(0·86, 0·59–1·26; pinteraction=0·48; appendix 1, p 9). 

The composite kidney outcome occurred in 48 (7·7%) 
patients in the dapagliflozin group, and 65 (10·4%) in the 
placebo group (table 2, figure 3B). Acute kidney injury 
occurred in 26 (4·2%) patients that received dapagliflozin, 
and 36 (5·8%) that received placebo (0·70, CI 0·42–1·17). 
Initiation of renal replace ment therapy occurred in 
13 (2·1%) patients assigned to dapagliflozin, and 
22 (3·5%) patients assigned to placebo (0·56, 0·27–1·13). 
Results for the total number of days alive, not in an 
intensive care unit, and free from mechanical ventilation, 
and time to hospital discharge are in table 2.

12 patients in the dapagliflozin group and nine in the 
placebo group were excluded from the safety analysis 
because they did not receive study medication. In total, 
65 (10·6%) of 613 patients in the dapagliflozin group, 
and 82 (13·3%) of 616 patients in the placebo group were 
reported to have had serious adverse events (table 3; 
appendix 1, pp 10–11, 16). Adverse events leading to study 
medication discontinuation were reported in 44 (7·2%) 
patients in the dapagliflozin group and 55 (8·9%) in the 
placebo group. Diabetic ketoacidosis was reported in 
two patients in the dapagliflozin group both of whom 
had type 2 diabetes at baseline; these events were 
non-severe and resolved after study medication 
discontinuation. Safety events of acute kidney injury 
were reported in 21 (3·4%) patients in the dapagliflozin 
group, and 34 (5·5%) in the placebo group.

Discussion 
DARE-19, a randomised, double-blind, placebo-controlled 
trial of patients hospitalised with COVID-19 who had 
cardiometabolic risk factors, showed that dapagliflozin 
did not significantly reduce the rates of organ dysfunction 
or death or improve recovery. Although numerically 
fewer patients treated with dapagliflozin had organ 
failure or died, these differences were not statistically 
significant. The results were similar for the key secondary 
endpoints of worsening kidney function or death from 
any cause. Dapagliflozin was well tolerated and no new 
safety signals were identified.

Figure 2: Primary outcomes
(A) Forest plot of the primary outcome of prevention (new or worsened respiratory, cardiovascular or kidney organ 
dysfunction or death from any cause) and its components; (B) Kaplan-Meier of the cumulative estimate of the 
primary outcome of prevention; (C) the proportion of patients for each of the components of the primary outcome 
of recovery. HR=hazard ratio. WR=win ratio.
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adjustment of the regression model (the largest adjust-
ment model was used to estimate the risk).

Association of metformin with the incidence 
of cardiovascular events
We carried out detailed subgroup analyses of the effect of 
metformin on cardiovascular events, so that the pooled 
estimates were not affected by the heterogeneity due to 
the interventions and categories of patient’s baselines. 
Based on patient’s baseline characteristics we allocated 
the patients into HF subgroup and MI subgroup, type II 
diabetes mellitus (T2DM) subgroup and non-T2DM sub-
group; based on given drugs, we allocated the patients 
into sulphonylurea subgroup and non-drug subgroup. 
We had a total of six subgroup analyses.

We included 21 studies and assessed HR of incidence of 
cardiovascular events between metformin trials and non-
metformin trials for all patients without subclass analysis. 
Only two studies (Hartman [30] and Lexis [39]) presented 
HR > 1, all other 19 studies reported HR < 1, pooled aHR 
was 0. 83 (95% CI 0. 78, 0. 89), (P < 0.00001) (Fig. 4a). It 
suggested that metformin could reduce the incidence of 
CV events. I2 = 57%, heterogeneity was moderate and 
randomized effects model was used.

CAD subgroup analysis according to patient’s baseline
In MI subgroup four studies reported the pooled aHR 
was 0.87 [95% CI 0.72, 1.04] (P = 0.13), I2 = 42% (Fig. 4b). 
In HF subgroup three studies reported the pooled aHR 
was 0.83 [95% CI 0.70, 0.98] (P = 0.03),  I2 = 82% (Fig. 4c). 
Analysis suggested that the incidence of cardiovascular 
events in HF patients who took metformin was lower 
than those who didn’t take metformin. #e pooled aHR 

for MI subgroup, though, less than 1, was not statistically 
significant, suggested that metformin had not significant 
effect on MI patients.

T2DM/non-T2DM subgroup analysis according to patient’s 
baseline
In the T2DM subgroup, 18 studies reported the pooled 
aHR was 0.83 [95% CI 0.77, 0.88] (P < 0.00001), I2 = 60% 
(Fig.  5a), suggesting that the incidence of cardiovascu-
lar events in diabetic patients who took metformin was 
lower than those who didn’t take metformin. In non-
T2DM subgroup, four studies reported the pooled aHR 
was 0.92 [95% CI 0.28, 3.00] (P = 0.89), I2 = 69% (Fig. 5b). 
#e pooled aHR, though less than 1, was not statistically 
significant, suggested that metformin had no significant 
effect on non-diabetic patients.

Drugs subgroup analysis
In sulphonylurea subgroup, on the subject of incidence of 
cardiovascular events in metformin trials and sulphony-
lurea trials, seven studies reported the pooled aHR was 
0.81 [95% CI 0.77, 0.85] (P < 0.00001), I2 = 24% (Fig. 5c), 
suggesting that metformin was more helpful than sul-
phonylurea in reducing the incidence of cardiovascular 
events. In non-drug subgroup five studies reported the 
pooled aHR was 0.78 [0.66, 0.92] (P = 0.002), I2 = 44% 
(Fig.  5d), suggesting that metformin was more helpful 
than non-medication in reducing the incidence of cardio-
vascular events.

Association of metformin with cardiac function
#e effect of metformin on the cardiac function was dis-
cussed in our studies. Left ventricular ejection fraction 
(LVEF) is the key indicator of cardiac functions. Anything 

Fig. 2 Forest plot of hazard ratio of cardiovascular mortality among patients with metformin therapy vs no-metformin therapy
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Action of metformin: effects on gut AMPK, brain and liver with
- Lower inflammation
- Reduced lipogenesis and gluconeogenesis
- Higher Glc utilisation
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