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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 !: 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, 
a!ect treatment e"cacy. Although duration of drug action 
did not seem to modify the treatment e!ect, there was a 

suggestion of a possible interaction related to chemical 
structure, with a potentially smaller e!ect 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 !: 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 di!er between GLP-1 
receptor agonist treatment and placebo (appendix p 9). 
The incidence of retinopathy also did not di!er 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 di!er 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 
e!ect 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 di!erences in the patient populations studied

We did several subgroup analyses to address the 
proposed explanations for the di!erent e!ects on 
cardiovascular outcomes reported in the various GLP-1 
receptor agonist trials. These include di!erences 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 
e!ect also di!ers substantially between the drugs studied, 
although e!ect duration does not reflect structural 

Figure !: 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/m" and >32 kg/m#. ‡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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The incidence of severe hypoglycaemia, pancreatitis, 
and pancreatic cancer did not di!er between GLP-1 
receptor agonist treatment and placebo (appendix p 9). 
The incidence of retinopathy also did not di!er 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 di!er 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 
e!ect 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 di!erences in the patient populations studied

We did several subgroup analyses to address the 
proposed explanations for the di!erent e!ects on 
cardiovascular outcomes reported in the various GLP-1 
receptor agonist trials. These include di!erences 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 
e!ect also di!ers substantially between the drugs studied, 
although e!ect duration does not reflect structural 

Figure !: 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/m" and >32 kg/m#. ‡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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Semaglutide (SUSTAIN and PIONEER) Reduces Cardiovascular
Events in Type 2 Diabetes Across Varying Cardiovascular Risk 

Husain M et al., DOM 2020 
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The incidence of severe hypoglycaemia, pancreatitis, 
and pancreatic cancer did not di!er between GLP-1 
receptor agonist treatment and placebo (appendix p 9). 
The incidence of retinopathy also did not di!er 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 di!er 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 
e!ect 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 di!erences in the patient populations studied

We did several subgroup analyses to address the 
proposed explanations for the di!erent e!ects on 
cardiovascular outcomes reported in the various GLP-1 
receptor agonist trials. These include di!erences 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 
e!ect also di!ers substantially between the drugs studied, 
although e!ect duration does not reflect structural 

Figure !: 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/m" and >32 kg/m#. ‡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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The incidence of severe hypoglycaemia, pancreatitis, 
and pancreatic cancer did not di!er between GLP-1 
receptor agonist treatment and placebo (appendix p 9). 
The incidence of retinopathy also did not di!er 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 di!er 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 
e!ect 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 di!erences in the patient populations studied

We did several subgroup analyses to address the 
proposed explanations for the di!erent e!ects on 
cardiovascular outcomes reported in the various GLP-1 
receptor agonist trials. These include di!erences 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 
e!ect also di!ers substantially between the drugs studied, 
although e!ect duration does not reflect structural 

Figure !: 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/m" and >32 kg/m#. ‡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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The incidence of severe hypoglycaemia, pancreatitis, 
and pancreatic cancer did not di!er between GLP-1 
receptor agonist treatment and placebo (appendix p 9). 
The incidence of retinopathy also did not di!er 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 di!er 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 
e!ect 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 di!erences in the patient populations studied

We did several subgroup analyses to address the 
proposed explanations for the di!erent e!ects on 
cardiovascular outcomes reported in the various GLP-1 
receptor agonist trials. These include di!erences 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 
e!ect also di!ers substantially between the drugs studied, 
although e!ect duration does not reflect structural 

Figure !: 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/m" and >32 kg/m#. ‡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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 2007/17 597 (11%)
 1297/10 430 (12%)

 1403/11 904 (12%)
 1892/16 011 (12%)

 1346/13 948 (10%)
 1965/14 079 (14%)

 865/5432 (16%)
 1773/17 598 (10%)

0·86 (0·79–0·94)
0·95 (0·83–1·08)

0·84 (0·78–0·91)
0·90 (0·84–0·97)

0·84 (0·71–1·00)
0·89 (0·84–0·94)

0·92 (0·80–1·05)
0·85 (0·78–0·93)

0·84 (0·79–0·90)
0·95 (0·85–1·06)

0·87 (0·77–0·98)
0·86 (0·81–0·92)

0·85 (0·72–0·99)
0·87 (0·81–0·93)

0·88 (0·76–1·03)
0·85 (0·76–0·96)

Established cardiovascular disease
   Yes
   No
Baseline HbA1c*
   High
   Low
Median duration of follow!up 
   <3 years
   "3 years
Drug dosing
   Daily
   Weekly
Human GLP!1 homology
   Yes
   No
BMI, kg/m#
   <30†
   "30†
Age, Years
   <65 
   "65 
Baseline eGFR, mL/min per m#
   <60
   "60

 0·22
 

 0·20

 0·53
 

 0·34
 

 0·06
 

 0·87
 

 0·79
 

 0·72

Favours 
placebo

Favours GLP-1 
receptor agonist

Do exendin-4 vs GLP-1 based agonists differ
in signaling and bioeffects?

Kristensen S, et al, Lancet 2019



Effects of GLP-1 or GLP-1 Receptor Agonists in Human Studies, 
with Potential Impact on Cardiovascular Function
Effect GLP-1 [7-36 amide or 7-37] Liraglutide Exenatide
Cardioprotection
against ischemia

↑ LVEF; 
↑ regional wall motility

preserved LVEF after 
PCI/NSTEMI

↑ salvage index after 
STEMI; 
↓ infarct size

Angiogenesis,
ECs Proliferation
CPCs survival

New vessel formation from 
ECs;
↓ CPCs apoptosis by 
oxidative stress

Not reported Proliferation of 
coronary artery ECs;
↓ CPCs apoptosis by 
saturated fatty acids

Endothelium-dependent
vasodilation (NO
production)

↑ eNOS in HUVECs;
↑ ACh–induced
vasodilation (healthy
subjects and T2D with stable
CAD)

↓ TNFα-induced oxidative 
stress in HUVECs; 
↑ eNOS;
↑ ACh–induced forearm 
blood flow (ns)

↑ eNOS in HUVECs; 
↑ postprandial
endothelial function

Inflammatory cytokines
in mononuclear cells

↓ IL-6 ↓ TNFα, ↓ IL-1s, ↓ IL-6 ↓ TNFα, ↓ IL-1s, etc.

C-reactive protein Not reported ↓ by 23% ↓ by 61%
ACh, acetylcholine; CAD, coronary artery disease; CPC, cardiac progenitor cell; CV, cardiovascular; EC, endothelial cell; eNOS, endothelial nitric oxide synthase; GLP-1 RA, glucagon-like peptide-1 receptor 
agonist; HUVEC, human umbilical vein endothelial cell; IL, interleukin; LVEF, left ventricular ejection fraction; NO, nitric oxide; ns, not significant; NSTEMI, non ST-elevated myocardial infarction;
PCI, percutaneous coronary intervention; T2D, type 2 diabetes mellitus; TNF, tumour necrosis factor.
Adapted from Nauck MA, et al. Circulation. 2017;136:849–870



CV Benefit

What is the contribution of 
correction of hyperglycaemia and 
control of other CV risk factors to 
the CV benefit?

Baseline characteristics of study 
population (age, diabetes duration, 

HbA1c,%, CV disease, etc.)

CV, cardiovascular; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated haemoglobin; MI, myocardial infarction. 

Reductions in HbA1c, blood 
pressure, lipids

Reduction in body weight

Reduction in hypoglycaemia 

GLP-1 RA
vs. “Usual Care”

CV Mortality Non-fatal MI Non-fatal Stroke Unstable Angina

Potential Factors in
CV Outcomes Trials
with GLP-1 RAs

↓ All-cause Mortality

Direct effects on CV system
(anti-inflammatory, anti-atherosclerotic) 
and other targets



GLP-1 RA vs Usual Care: Changes in Factors Potentially
Affecting CV Risk

Caruso I et al., Trends Endocrinol Metab 2019;30(9):578-589*p<0.05; **p<0.01;***p<0.001
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were randomly assigned to groups (4731 patients in the 
albiglutide group and 4732 patients in the placebo group) 
and formed the intention-to-treat population who were 
included in the analysis of the primary outcome (figure 1). 
1330 patients were excluded, of whom the majority 
(1040 [78%] patients) did not meet inclusion criteria or 
met exclusion criteria.

The demographic and clinical characteristics of the 
patients were similar between the two groups (table 1). The 
mean age of the participants was 64·1 years and 31% were 
women. The mean duration of diabetes was 14·1 years, the 
mean eGFR was 79 mL/min per 1·73 m!, and the mean 
glycated haemoglobin concen tration was 8·7% (SD 1·5). 
Among the participants, 6678 (71%) par ticipants had a 
history of coronary artery disease, 2354 (25%) had 
peripheral artery disease, 2342 (25%) had cerebrovascular 
disease and 1922 (20%) had a history of heart failure. 
Patients received standard therapies for diabetes and 
cardiovascular disease.

From Nov 8, 2017, when it was projected that 
611 primary endpoints and a median follow-up of at least 
1·5 years had accrued, subjects returned for a final visit 
and discontinuation from study treatment, with the last 

patient study visit on March 12, 2018. The actual median 
duration of follow-up was 1·6 years (IQR 1·3–2·0; 
maximum 2·6) for the primary outcome. Vital status was 
not known for 61 (0·6%) of 9463 participants, which 
included 30 patients from the albiglutide group and 
31 patients from the placebo group (figure 1). 1140 (24%) of 
4731 patients assigned to receive albiglutide and 
1297 (27%) of 4732 patients assigned to receive placebo 
discontinued study medication prematurely for reasons 
other than death. Study treatment was taken for 87% of 
the total follow-up time for cardiovascular outcomes in 
the albiglutide group and 85% of that time in the placebo 
group. Among patients who received at least one dose of 
albiglutide or placebo, 2371 (50%) of 4717 patients in the 
albiglutide group were taking the maximum dose of 
50 mg at the time of their last recorded dose, and 
2982 (63%) of 4715 patients in the placebo group were 
taking the volume-matched equivalent.

The primary composite endpoint occurred in 
338 (7%) of 4731 patients at an event rate of 4·57 events 
per 100 person-years in the albiglutide group and in 
428 (9%) of 4732 patients at an event rate of 5·87 events 
per 100 person-years in the placebo group (HR 0·78, 

Figure !: E!ects of once-weekly albiglutide
Data are the e!ects of once-weekly administration of albiglutide on (A) glycated haemoglobin concentration, (B) bodyweight, (C) systolic blood pressure, 
and (D) estimated glomerular filtration rate.
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was sustained, with an average difference across 
all visits of !0.27 percentage points (95% CI, 
!0.31 to !0.22; P<0.001) (Fig. 2). Hypoglycemic 
episodes during the study were reported in 504 
patients (16.6%) in the lixisenatide group and in 
462 (15.2%) in the placebo group (P = 0.14). Seri-
ous hypoglycemic episodes (requiring assistance 
from another person) were numerically less fre-
quent with lixisenatide (14 patients reporting 16 
events) than with placebo (24 patients reporting 
37 events).

A modest but significant between-group dif-
ference in the change in body weight from base-
line was apparent at 12 weeks (!0.6 kg in the 
lixisenatide group vs. !0.0 kg in the placebo group, 
P<0.001). This relative weight difference was 
sustained throughout the follow-up period, with 
an average between-group difference (lixisena-
tide minus placebo) across all visits of !0.7 kg 
(95% CI, !0.9 to !0.5; P<0.001) (Fig. S2 in the 
Supplementary Appendix).

A modest relative difference (lixisenatide minus 
placebo) in systolic blood pressure in the lixisena-
tide group as compared with the placebo group 
was sustained throughout follow-up, with an av-
erage difference across all visits of !0.8 mm Hg 
(95% CI, !1.3 to !0.3) in favor of lixisenatide 
(P = 0.001) (Fig. S3 in the Supplementary Appen-
dix). A small but significant difference in heart 
rate was observed, with, on average, 0.4 more 
beats per minute (95% CI, 0.1 to 0.6) in the lix-

isenatide group than in the placebo group across 
all visits (P = 0.01). This result appeared to be 
due predominantly to an increase of 1 beat per 
minute at weeks 2 and 6 that was not detected 
at later time points (Fig. S4 in the Supplemen-
tary Appendix).

Although the prespecified analysis of the 
percentage change in the urinary albumin-to-
creatinine ratio (with albumin measured in milli-
grams and creatinine measured in grams) from 
baseline to 108 weeks showed a modest differ-
ence in favor of lixisenatide over placebo (24% 
vs. 34%, P = 0.004), the median values at baseline 
(ratio, 10 in each study group) and follow-up 
(ratio, 12 in the lixisenatide group and 13 in the 
placebo group) were clinically similar (Table S3 
in the Supplementary Appendix). In a post hoc 
model that included further adjustment for the 
glycated hemoglobin level as measured at base-
line and at 3 months after randomization, this 
difference was attenuated (P = 0.07) (Table S3 in 
the Supplementary Appendix).

Adverse Events
Adverse events that led to the permanent discon-
tinuation of lixisenatide or placebo occurred in 
347 patients (11.4%) in the lixisenatide group 
and in 217 (7.2%) in the placebo group (P<0.001). 
The most common adverse event leading to dis-
continuation was a gastrointestinal event, which 
was reported in 149 patients (4.9%) in the lix-
isenatide group and in 37 (1.2%) in the placebo 
group (P<0.001) (Table S4 in the Supplementary 
Appendix). Within this category, nausea or vom-
iting accounted for most of the between-group 
difference in the discontinuation of lixisenatide 
or placebo, with 91 patients (3.0%) in the lix-
isenatide group and 11 (0.4%) in the placebo 
group discontinuing because of nausea and 33 
(1.1%) in the lixisenatide group and 5 (0.2%) in 
the placebo group discontinuing because of 
vomiting (P<0.001 for both comparisons).

Serious adverse events were reported in 625 
patients (20.6%) in the lixisenatide group and in 
669 (22.1%) in the placebo group. Serious ad-
verse events that were attributed to the gastro-
intestinal system were reported in 66 patients 
(2.2%) in the lixisenatide group and in 81 (2.7%) 
in the placebo group (Table 3). While the patients 
were receiving lixisenatide or placebo, pancreati-
tis occurred in 5 patients in the lixisenatide 
group and in 8 in the placebo group; 3 patients 

Figure!2.!Mean!Glycated!Hemoglobin!Level,!According!to!Study!Visit.

I bars indicate 95% confidence intervals.
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Semaglutide and Cardiovascular Outcomes in Diabetes

those receiving 1.0 mg; in the placebo group, the 
corresponding changes were an increase of 0.1 
bpm and a decrease of 0.1 bpm. Thus, the mean 
pulse rate in the semaglutide group, as compared 
with the placebo group, was 2.0 bpm higher in 
the group receiving 0.5 mg and 2.5 bpm higher 
in the group receiving 1.0 mg (P<0.001 for both 
comparisons). Changes in diastolic blood pres-
sure were similar in the treatment groups. Lipid 
measurements are provided in Table S10 in the 
Supplementary Appendix.

Safety
Gastrointestinal disorders were more frequent 
in the semaglutide group than in the placebo 
group (Table 3, and Table S11 in the Supplemen-
tary Appendix). The majority of gastrointestinal 
events were mild or moderate in severity and 
occurred during the first 30 weeks. Treatment 
discontinuation because of adverse events (main-
ly gastrointestinal) was more frequent in the 
semaglutide group than in the placebo group. 
The frequency and rate of serious adverse events, 
including serious cardiac disorders, were lower 
in the semaglutide group than in the placebo 
group (Table S11 in the Supplementary Appendix).

Acute pancreatitis occurred in 9 patients in 
the semaglutide group and in 12 in the placebo 
group; all events were mild, according to the re-
vised Atlanta criteria.7 Lipase and amylase levels 
were significantly higher in the semaglutide 
group than in the placebo group (Fig. S7 in the 
Supplementary Appendix). Gallbladder disorders 
occurred in 58 patients in the semaglutide group 
and 61 in the placebo group. The rates of malig-
nant neoplasms, which were similar in the two 
groups, were higher in the semaglutide group 
receiving 1.0 mg and lower in the group receiv-
ing 0.5 mg than in the placebo groups (Table 3, 
and Fig. S8 in the Supplementary Appendix). 
Pancreatic cancer occurred in 1 patient receiving 
1.0 mg of semaglutide and in 4 patients receiv-
ing placebo. No medullary thyroid carcinomas 
were confirmed by the event-adjudication com-
mittee in either treatment group. Antibodies 
against semaglutide were detected in 30 patients 
treated with semaglutide, with the greatest num-
ber of patients (14) testing positive at week 44. 
In the majority of patients, antibody formation 
was transient — only 4 patients tested positive 
during follow-up — and antibody titers were 
generally low.

Similar numbers and occurrence rates of se-
vere hypoglycemic episodes or hypoglycemia as 
confirmed on plasma glucose testing were seen 
with semaglutide doses of 0.5 mg and 1.0 mg 
(191 [23.1%] and 178 [21.7%], respectively), as 
compared with placebo doses of 0.5 and 1.0 mg 
(177 [21.5%] and 173 [21.0%]).

Discussion

In this cardiovascular outcomes trial, we con-
firmed our primary hypothesis that semaglutide 
would be noninferior to placebo. Semaglutide-
treated patients had a significant 26% lower risk 
of the primary composite outcome of death from 
cardiovascular causes, nonfatal myocardial infarc-
tion, or nonfatal stroke than did those receiving 

Figure!2.!Glycated!Hemoglobin!and!Body!Weight.

Shown are the mean values for glycated hemoglobin (Panel A) and body 
weight (Panel B) during the trial period. The I bars represent standard errors. 
Data were estimated on the basis of scheduled visits in the full analysis set 
with the use of a mixed model for repeated measures with treatment group 
(semaglutide doses of 0.5 mg and 1.0 mg and corresponding placebo doses) 
and all possible combinations of stratification factors used for randomization 
as fixed factors.
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Change in HbA1c from Baseline throughout the Trial

Adapted from Pfeffer MA, et al. N Engl J Med 2015;373:2247–2257; Marso SP, et al., N Engl J Med 2016;375:311-22; Marso SP, et al., N Engl J Med 2016 375:1834-1844; Holman RR et al., N 
Engl J Med 2017;377:1228-1239; Hernandez A et al., Lancet 2018 Oct 1; pii: S0140-6736(18)32261-X.



Overall LSM Difference: -0.61% (95% CI -0.65, -0.58)
P < 0.0001

Dulaglutide’s Effect on HbA1c

§ CV effects in low HbA1c range (6.5-7.0%)
§ Low HbA1c range maintained for >5 years
§ Effects on ~70% T2D in primary prevention

Gerstein, H.C. et al. Lancet (2019) .1016/S0140-6736(19)31149-3 



Caruso I et al., Metabolism 2020

Does Glycemia Matter?

MACE

CV death AMI

Stroke



REWIND: Cumulative Incidence of Stroke

non-fatal stroke

fatal or non-fatal stroke disabling stroke

fatal stroke

Gerstein Hc et al. Lancet Diabetes Endocrinol. 2020 Jan 7. [Epub ahead of print]



GLP-1 RA vs Usual Care: Changes in Factors Potentially
Affecting CV Risk

*p<0.05; **p<0.01;***p<0.001 Caruso I et al., Trends Endocrinol Metab 2019;30(9):578-589



CV Benefit

Does it matter how the study is 
designed and executed?

Baseline characteristics of study 
population (age, diabetes duration, 

HbA1c,%, CV disease, etc.)

Study setting and follow-up

Drugs allowed in “usual care” arm

Discontinuation rate

CV, cardiovascular; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated haemoglobin; MI, myocardial infarction.

GLP-1 RA
vs. “Usual Care”

CV Mortality Non-fatal MI Non-fatal Stroke Unstable Angina

Potential Factors in
CV Outcomes Trials
with GLP-1 RAs

↓ All-cause Mortality

Reductions in HbA1c, blood 
pressure, lipids

Reduction in body weight

Reduction in hypoglycaemia 

Direct effects on CV system
(anti-inflammatory, anti-atherosclerotic) 
and other targets
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Potential Impact of Cardioprotective Drop-in Medication
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Changes in Anti-Hyperglycaemic Therapy in CV Outcomes 
Trials with GLP-1 RA
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Holman RR, et al. N Engl J Med. 2017;377:1228–1239. 

CV, cardiovascular; GLP-1 RA, glucagon-like peptide-1 receptor agonist; SGLT-2i, SGLT-2 inhibitor; SU, sulphonylurea
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Changes in Anti-Hyperglycaemic Therapy in CV Outcomes 
Trials with GLP-1 RA (continued)

Gerstein HC, et al. Lancet. 2019;394:121-130. 

*Medications used at the last study visit.
CV, cardiovascular; GLP-1 RA, glucagon-like peptide-1 receptor agonist; SGLT-2i, SGLT-2 inhibitor; SU, sulphonylurea
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EXSCEL Study Censoring Analysis – MACE-3 Endpoint

aPatients starting concomitant medications post randomization were censored at the time of drop-in.
CI, confidence interval; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HR, hazard ratio; MACE, major adverse cardiovascular event; 
SGLT2i,  sodium-glucose cotransporter-2 inhibitor.  

Bethel A et al. Circulation 2020

After censoring events on “drop-in” of concomitant medications, the HR effect size was consistent with the main 
EXSCEL results and ranged from 0.87 to 0.92.  



Mean Percentage of Time That Participants
Received the Trial Regimen

Lixisenatide t1/2 of ~3 h, 
à ~60% 24-h exposure time Lixisenatide 20 µg

Liraglutide 1.8 mg 
Semaglutide 0.5 mg

Placebo Semaglutide 1 mg
Exenatide LAR 20 mg
Albiglutide 30-50 mg
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H, hours; LAR, long-acting release; t½, elimination half-life.

Adapted from: Pfeffer MA, et al. N Engl J Med. 2015;373:2247–2257; Marso SP, et al. N Engl J Med. 2016;375:311–22; Marso SP, et al. N Engl J Med. 2016 375:1834–1844; Holman RR, et al. 
N Engl J Med. 2017;377:1228–1239; Hernandez AF, et al. Lancet. 2018;392(10157):1519–1529; Gerstein HC, et al. Lancet. 2019 Jun 7. pii: S0140-6736(19)31149-3.

Dulaglutide 1.5 mg



Correlation between Percentage of 
Time Exposure to Study Drug and 
MACE ARR and HR

• Time of exposure to the investigational GLP-1 RA is 
positively correlated with the MACE ARR and, 
accordingly, negatively correlated with the MACE HR. 
(Actual exposure to lixisenatide in ELIXA is estimated to be 
approximately 56%)

• Baseline CV risk level does not seem to be related to 
changes in CV outcomes. 
(Sphere size represents the baseline CV risk of the study 
population, expressed as MACE incidence rate in the control 
arm [# events per 100 patient-year])

ARR, absolute risk reduction; CV; GLP-1 RA, glucagon-like peptide-1 receptor agonist; 
HR, hazard ratio; MACE, major adverse cardiovascular event.

(a) The percentage of time exposure to study drug is expressed as median in ELIXA, 
HARMONY Outcomes and REWIND, and as mean in LEADER, SUSTAIN–6 and EXSCEL 

Caruso I et al., Trends Endocrinol Metab 2019



Main Reason for Investigational Product Discontinuation 
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§% of premature discontinuation due to AE, mostly GI

Control Arm – GI AE
Intervention Arm – GI AE Intervention Arm – Patient/Proxy Decision

Control Arm – Patient/Proxy Decision

Pfeffer MA et al., N Engl J Med 2015; Marso SP, et al., N Engl J Med 2016; Marso SP, et al., N Engl J Med 2016; Holman RR et al., N Engl J Med 2017; Hernandez AF et al., 
Lancet 2018; Gerstein HC et al., Lancet 2019; Husain M et al., N Engl J Med 2019.



REWIND: Follow up time, Retention, Adherence
• Median follow-up period: 5.4 years (IQR 5.1, 5.9)

• Person years of follow-up: 51820

• Retention: 97.1%

• Vital Status: 99.7%

• Adherence (F/U time on drug): 82.2% dulaglutide; 83.1% placebo

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

F/U = follow-up

Gerstein HC, et al. Lancet. 2019;394(10193):121-130.



GLP-1 RA and cardiovascular benefit: conclusions
1. CV risk level of the exposed T2D population may not influence the benefit: CV 

benefit was not seen in ELIXA (ACS patients) but was evident in HARMONY 
(100% with CVD) and in the lower-risk patients of REWIND.

2. Exendin-4-based and GLP-1-based agonists have the potential to differ in 
signalling and biological effects. However, they seem to not differ qualitatively in 
their direct positive effects on cardiovascular cells and tissues, supporting the 
hypothesis of a «class effect».

3. It is unclear whether differences in HbA1c and weight, or in hypoglycaemia may 
explain heterogeneity in the results. HbA1c reduction may contribute to stroke 
prevention by GLP-1RA (see REWIND and SUSTAIN-6).

4. The time of drug exposure during the trial appears to be the most important 
factor for CV benefit. High adherence and persistence to GLP-1 RA treatment 
(resulting from frequent follow-up and/or ease of drug administration) are 
important to achieve CV protection.

ACS, acute coronary syndrome; CVD, cardiovascular disease; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated haemoglobin; T2D, type 2 diabetes mellitus.



GLP-1 RAs demonstrate significant improvement in renal 
outcomes versus placebo …

1Marso SP, et al. N Engl J Med. 2016;375:311–322; 2Vilsbøll T. Presented at 52nd European Association for the Study of Diabetes Annual Meeting; 16th September 2016; 
Munich, Germany; OP S35.3
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SUSTAIN-62

New or worsening nephropathy

LEADER: Cumulative incidences were estimated with the Kaplan–Meier method, and the HRs with the Cox proportional-hazard regression model; the data analyses are truncated at 54 months because <10% of 
the patients had an observation time beyond 54 months
CI, confidence interval; ESRD, end-stage renal disease; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HR, hazard ratio



Liraglutide Placebo

HR (95% CI) N % N %
Number of patients 4668 100 4672 100
Microvascular endpoint 0.84 (0.73, 0.97) 355 7.6 416 8.9
Renal event 0.78 (0.67, 0.92) 268 5.7 337 7.2
New onset of persistent macroalbuminuriaa 0.74 (0.60, 0.91) 161 3.4 215 4.6
Persistent doubling of serum creatinineb 0.88 (0.66, 1.18) 87 1.9 97 2.1
Need for continuous renal replacement therapy 0.87 (0.61, 1.24) 56 1.2 64 1.4
Death due to renal disease 1.59 (0.52, 4.87) 8 0.2 5 0.1

Eye event 1.15 (0.87, 1.52) 106 2.3 92 2.0
Vitreous haemorrhage 1.45 (0.84, 2.50) 32 0.7 22 0.5
Treatment with photocoagulation or intravitreal agent 1.16 (0.87, 1.55) 100 2.1 86 1.8

2 310.50.2

Favours liraglutide Favours placebo
HR (95% CI)

LEADER: time to first microvascular endpoints

Marso SP, et al. N Engl J Med. 2016;375:311–322

Full analysis set. EAC-confirmed microvascular events including events with onset between date of randomisation and date of follow-up; Cox proportional hazard model adjusted for treatment; development of 
diabetes-related blindness was not analysed as an individual component because only one event was observed; anew onset of persistent macroalbuminuria: urine albumin ≥300 mg/g creatinine; bpersistent
doubling of serum creatinine level and eGFR ≤45 mL/min/1.73 m2 per MDRD 
CI, confidence interval; EAC, event adjudication committee; eGFR, estimated glomerular filtration rate; HR, hazard ratio; MDRD, modification of diet in renal disease



LEADER: change in eGFR during the trial in subgroups stratified 
according to eGFR at baseline

Mann JFE, et al. N Engl J Med. 2017;377:839–848

eGFR >90

eGFR <30eGFR 30-59

eGFR 60-90

eGFR, estimated glomerular filtration rate, ml/min/1.73m2



AWARD-7: Study Design

• Multicenter, parallel-arm, randomized, 52-week clinical trial assessing the efficacy and safety 
of dulaglutide at two dose levels compared to insulin glargine in people with type 2 diabetes 
and moderate or severe chronic kidney disease

• Key inclusion criteria: adults with T2D, eGFR of <60 to ≥15 mL/min/1.73 m2, BMI 23-45 kg/m2, 
A1c ≥7.5% and ≤10.5% for patients receiving insulin + OAM(s) and/or pramlintide or only 
insulin prior to screening

Sc
re

en
in

ga

Safety Follow-
upDulaglutide 0.75 mg once weekly + prandial lispro

Insulin glargine + prandial lispro

Lead Ina Treatment Period Follow-up

Dulaglutide 1.5 mg once weekly + prandial lispro

Visit:
Group A     1 1A                    2 3b T4 T5 T6 7 T8 9 T10 11 T12 13 T14 15 T16 17     18     19      20      21      22      23     24                                     25
Group B     1 1A 2

Week:
Group A     -13  -12                  -1  0b 1   2   3  4   6   8   10   12   14  16  18  20  23    25     26     30     34      40      46      51     52                56
Group B     -3     1A -1

Primary Endpoint Final EndpointRandomization

aGroup A: patients who were taking oral antihyperglycemic medication(s) ± pramlintide in addition to insulin at Screening had a 13-week Screening/Lead-in Period; Group B: patients who only take
insulin at screening had a 3-week Screening/Lead-In Period; bOnce patients are randomized, there is no distinction between Groups A and B. Insulin glargine dose was adjusted to target fasting
plasma glucose (PG) values between 100-150 mg/dL, and insulin lispro doses were adjusted to target pre-prandial PG values between 120-180 mg/dL
BMI, body mass index; eGFR, estimated glomerular filtration rate; OAM, oral antidiabetic medication; PG, plasma glucose

Tuttle KR, et al. Lancet Diabetes Endocrinol 2018;6:605–17



AWARD-7: Changes in eGFR

Tuttle KR, et al. Lancet Diabetes Endocrinol 2018;6:605–17

eGFR, estimated glomerular filtration rate
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AWARD-7: Changes in eGFR and Albuminuria by 
Macroalbuminuria Status at Baseline

Tuttle KR, et al. Lancet Diabetes Endocrinol 2018;6:605–17
eGFR, estimated glomerular filtration rate



REWIND: Microvascular Composite Outcome

HR 0.87 (95% CI 0.79, 0.95)HR 0.90 (95% CI 0.80, 1.01)

Eye laser, anti VEGF, vitrectomy  
or

Kidney new macroalbuminuria, or
30% fall in eGFR, or 
renal replacement Rx

Gerstein HC, et al. Lancet. 2019;394(10193):121-130.



REWIND: Renal Composite Outcome
New Macroalbuminuria, 30% fall in eGFR, or Renal Replacement Rx

HR 0.85 (95% CI 0.77, 0.93)
P = 0.0004

Gerstein, H.C. et al. Lancet 2019



REWIND: Development of New Macroalbuminuria
New Urine Albumin/Creatinine > 33.9 mg/mmol (300 mg/g)

HR 0.77 (95% CI 0.68, 0.87)
P < 0.0001

Gerstein, H.C. et al. Lancet 2019



REWIND: Sustained eGFR Decline ≥ 30, 40 & 50% 

Sustained 
eGFR decline 
≥ 40%

HR 0.70 (0.57, 0.85) 0.0004

Sustained 
eGFR decline 
≥ 50%

HR 0.56 (0.41, 0.76) 0.0002

≥ 30% Decline

≥ 40% Decline   

≥ 50% Decline   

Sustained
eGFR decline 
≥ 30%

HR 0.89 (0.78, 1.01) 0.066

Sensitivity Analyses

Gerstein, H.C. et al. Lancet 2019



The Protective Roles of GLP-1 RA in Diabetic Kidney Disease

cAMP, cyclic adenosine monophosphate; GLP-1 RA, glucagon-like peptide-1 receptor agonist;
GSH, glutathione; NADPH, nicotinamide adenine dinucleotide phosphate; PKA, protein kinase A;SOD, superoxide dismutase
Fujita H, et al. Kidney Int 2014;85:579–89

GLP-1

GLP-1 receptor

Renal glomerulus and 
blood vessels

GLP-1 receptor
signalling

cAMP PKA

NAD(P)H 
oxidase

Diabetes

Oxidative 
renal injury O2

.‒

H2O2

H2O

Catalase GSH peroxidase

SOD



*Action whenever these become new clinical observations, regardless of background glucose-lowering medication; †If eGFR adequate; ‡If SGLT2 inhibitor not tolerated or contraindicated or if 
eGFR less than adequate
ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like 
peptide-1; HbA1c, glycated haemoglobin; HF, heart failure; HHF, hospitalisation for heart failure; MACE, major adverse cardiovascular events; SGLT2, sodium-glucose co-transporter-2
1. Buse JB et al. Diabetes Care 2020;43:487; 2. American Diabetes Association. Diabetes Care 2020;43:S1 

ADA/EASD and ADA recommend that the choice of second-line 
therapy should be based on assessment of ASCVD, HF or CKD

FIRST-LINE therapy is metformin and comprehensive lifestyle change

Indicators of high-risk or established ASCVD, HF or CKD*

Preferably 
GLP-1 receptor agonist with proven CV benefit

OR
SGLT2 inhibitor with proven CV benefit† 

Preferably
SGLT2 inhibitor with evidence of reducing HF 

and/or CKD progression 
OR

(if can’t use SGLT2i) GLP-1 receptor agonist with 
proven CV benefit‡

Consider independently of baseline HbA1c

If ASCVD predominates If HF or CKD predominates

ADA level of evidence T2D patient population Treatment recommendation

A ASCVD, ASCVD risk factors or DKD To reduce the risk of MACE and HHF

A ASCVD or ASCVD risk factors To reduce the risk of MACE

10.43a SGLT2 inhibitor2

10.43b GLP-1 receptor agonist2



2019 ESC/EASD guidelines recommend SGLT2 inhibitors or GLP-1 RA as first 
line therapy in drug naïve T2D patients with ASCVD or high CV risk

aVery high risk was defined as: patients with diabetes and established CVD; or proteinuria, eGFR <30 mL/min/1.73 m2, left ventircular hypertrophy, or retinopathy; or three or more 
of age, hypertension, dyslipidemia, smoking or obesity; or early onset T1D for >20 years. High risk was defined as: patients with diabetes ≥10 years without target organ damage 
plus any other additional risk factor. Moderate risk was defined as: T1D patients aged <35 years or T2D patients aged <50 years with diabetes duration <10 years, without other 
risk factors; bUse drugs with proven CV benefit  
ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; CVD, cardiovascular disease; DPP-4i, dipeptidyl peptidase-4 inhibitor; EASD, European Association for the 
Study of Diabetes; eGFR, estimated glomerular filtration rate; ESC, European Society of Cardiology; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated 
hemoglobin; HF, heart failure; SGLT2i, sodium–glucose co-transporter 2 inhibitor; SU, sulfonylurea; T1D, Type 1 diabetes;T2D, Type 2 diabetes; TZD, thiazolidinedione
Cosentino F, et al. Eur Heart J 2020;41:255–323

T2D – drug-naïve patients T2D – on metformin 
ASCVD, or high / very high CV risk

(target organ damage or multiple risk factors)a
ASCVD, or high / very high CV risk

(target organ damage or multiple risk factors)a

Add SGLT2 inhibitor
or GLP-1 RAb

SGLT2 inhibitor
or GLP-1 RA monotherapyb

If HbA1c above target If HbA1c above target

Add metformin • Consider adding the other class 
(GLP-1 RA or SGLT2i) with 
proven CVD benefit

• DPP-4i if not on GLP-1 RA
• Basal insulin
• TZD (not in HF patients)
• SU

If HbA1c above target

• Consider adding the other class 
(GLP-1 RA or SGLT2i) with 
proven CVD benefit

• DPP-4i if not on GLP-1 RA
• Basal insulin
• TZD (not in HF patients)
• SU

Metformin monotherapy

If HbA1c above target

If HbA1c above target

SGLT2i 
or TZD

SGLT2i 
or TZD

GLP-1 RA 
or DPP-4i or TZD

SGLT2i or DPP-4i 
or GLP-1 RA 

If HbA1c above target

Continue with addition of other agents as outlined above

If HbA1c above target

Consider the addition of SU or basal insulin:
• Choose later-generation SU with lower risk of hypoglycaemia
• Consider basal insulin with lower risk of hypoglycaemia

Continue metformin monotherapy

If HbA1c above target

If HbA1c above target

SGLT2i 
or TZD

SGLT2i 
or TZD

GLP-1 RA 
or DPP-4i or TZD

SGLT2i or DPP-4i 
or GLP-1 RA 

If HbA1c above target

Continue with addition of other agents as outlined above

If HbA1c above target

Consider the addition of SU or basal insulin:
• Choose later-generation SU with lower risk of hypoglycaemia
• Consider basal insulin with lower risk of hypoglycaemia

DPP-4i GLP-1 RA TZDSGLT2i if eGFR adequateDPP-4i GLP-1 RA TZDSGLT2i if eGFR adequate

+ − + −



T2DM and ASCVD or HF
Prefer GLP-1RA Prefer SGLT-2i Choose GLP-1RA if SGLT-2i not suitable due to

eGFR 60-15 mL/min/m2 

(any albuminuria)
eGFR>60 mL/min/m2
(any albuminuria) eGFR <60 mL/min/1.73 m2

Overweight/obesity 
(semaglutide > 
dulaglutide/liraglutide)

Previous amputations or history of peripheral artery 
disease (canagliflozin)

Risk of stroke High susceptibility to genital infections

NASH Elderly on loop diuretics

PAD, diabetic foot ulcers, 
previous amputations 
(liraglutide)

Severe carbohydrate restriction, severe illness

High fracture risk

High risk of volume 
depletion (elderly, loop 
diuretics) Giorgino F et al., Metabolism 2020

Patient Phenotypes for SGLT-2i vs. GLP-1RA


