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BACKGROUND
Four glucagon-like peptide-1 (GLP-1) receptor agonists that are structurally similar 
to human GLP-1 have been shown to reduce the risk of adverse cardiovascular events 
among persons with type 2 diabetes. The effect of an exendin-based GLP-1 receptor 
agonist, efpeglenatide, on cardiovascular and renal outcomes in patients with type 
2 diabetes who are also at high risk for adverse cardiovascular events is uncertain.

METHODS
In this randomized, placebo-controlled trial conducted at 344 sites across 28 coun-
tries, we evaluated efpeglenatide in participants with type 2 diabetes and either a 
history of cardiovascular disease or current kidney disease (defined as an estimated 
glomerular filtration rate of 25.0 to 59.9 ml per minute per 1.73 m2 of body-surface 
area) plus at least one other cardiovascular risk factor. Participants were randomly 
assigned in a 1:1:1 ratio to receive weekly subcutaneous injections of efpeglenatide 
at a dose of 4 or 6 mg or placebo. Randomization was stratified according to use 
of sodium–glucose cotransporter 2 inhibitors. The primary outcome was the first 
major adverse cardiovascular event (MACE; a composite of nonfatal myocardial 
infarction, nonfatal stroke, or death from cardiovascular or undetermined causes).

RESULTS
A total of 4076 participants were enrolled; 2717 were assigned to receive efpeglena-
tide and 1359 to receive placebo. During a median follow-up of 1.81 years, an in-
cident MACE occurred in 189 participants (7.0%) assigned to receive efpeglenatide 
(3.9 events per 100 person-years) and 125 participants (9.2%) assigned to receive 
placebo (5.3 events per 100 person-years) (hazard ratio, 0.73; 95% confidence in-
terval [CI], 0.58 to 0.92; P<0.001 for noninferiority; P = 0.007 for superiority). A 
composite renal outcome event (a decrease in kidney function or macroalbumin-
uria) occurred in 353 participants (13.0%) assigned to receive efpeglenatide and in 
250 participants (18.4%) assigned to receive placebo (hazard ratio, 0.68; 95% CI, 
0.57 to 0.79; P<0.001). Diarrhea, constipation, nausea, vomiting, or bloating oc-
curred more frequently with efpeglenatide than with placebo.

CONCLUSIONS
In this trial involving participants with type 2 diabetes who had either a history 
of cardiovascular disease or current kidney disease plus at least one other cardio-
vascular risk factor, the risk of cardiovascular events was lower among those who 
received weekly subcutaneous injections of efpeglenatide at a dose of 4 or 6 mg 
than among those who received placebo. (Funded by Sanofi; AMPLITUDE-O 
ClinicalTrials.gov number, NCT03496298.)
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The incidence of adverse cardiovas-
cular events among persons with diabetes 
is triple that among persons without dia-

betes1; the incidence of adverse renal events is 
also high among persons with diabetes.2 The 
incidence of adverse cardiovascular events rises 
with increasing duration of diabetes,3 increasing 
glycated hemoglobin level,4 increasing urinary 
albumin-to-creatinine ratio,5 the presence of 
kidney dysfunction,6 a history of cardiovascular 
disease,7 and the presence of other cardiovascu-
lar risk factors. Similar factors increase the inci-
dence of adverse renal events.8,9 Although the 
effects of glucagon-like peptide-1 (GLP-1) recep-
tor agonists on cardiovascular and renal out-
comes in persons with cardiovascular disease 
have been reported,10 their effects on these out-
comes when those agents are taken alone or in 
combination with a sodium–glucose cotrans-
porter 2 (SGLT2) inhibitor11 are unknown, be-
cause these trials included very few persons who 
were receiving an SGLT2 inhibitor.

Efpeglenatide, a GLP-1 receptor agonist ad-
ministered weekly by means of subcutaneous 
injection, has been shown to lower glucose lev-
els without causing hypoglycemia.12,13 The drug 
consists of a modified exendin-4 molecule con-
jugated with an IgG4 Fc fragment.14 Its mecha-
nism of action is akin to that of GLP-1 receptor 
agonists that are structurally similar to human 
GLP-1, which have been shown to reduce the 
risk of adverse cardiovascular events.10 This 
similarity and an acceptable safety profile sug-
gest that efpeglenatide may also have cardiovas-
cular and renal benefits in patients with diabe-
tes and concomitant cardiovascular disease, 
kidney disease, or both.

Me thods

Trial Design and Participants

We conducted an international, randomized, con-
trolled trial (the AMPLITUDE-O trial) at 344 
sites in 28 countries.15 The trial was designed by 
the sponsor (Sanofi) in conjunction with an in-
dependent international steering committee. 
Sanofi also managed the trial sites and collected 
the data. The final verified data were transferred 
to the Population Health Research Institute in 
Hamilton, Canada, where all the analyses to be 
included in the manuscript were performed. The 
initial draft of the manuscript was written by 
the first author, who had full access to the data. 

All the authors contributed to the manuscript, 
agreed to submit the manuscript for publication, 
and vouch for the integrity, accuracy, and com-
pleteness of the data and for the fidelity of the 
trial to the protocol and analysis plans. The trial 
was approved by research ethics boards at each 
participating site, and written informed consent 
was obtained from all the participants.

Persons with type 2 diabetes mellitus and a 
glycated hemoglobin level greater than 7% were 
enrolled if they were at least 18 years of age and 
had a history of cardiovascular disease (defined 
as coronary artery disease, stroke, or peripheral 
artery disease) or if they were at least 50 (if male) 
or 55 (if female) years of age and had kidney 
disease (defined as an estimated glomerular 
filtration rate [eGFR] of 25.0 to 59.9 ml per min-
ute per 1.73 m2 of body-surface area) and at least 
one additional cardiovascular risk factor.15 Key 
exclusion criteria were gastroparesis, uncontrolled 
reflux, prolonged nausea or vomiting, severe 
retinal disease, pancreatitis, or use of a GLP-1 re-
ceptor agonist or a dipeptidyl peptidase 4 (DPP-4) 
inhibitor within the previous 3 months. A com-
plete list of inclusion and exclusion criteria are 
provided in the protocol and in the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org.

Randomization and Masking

The participants were randomly assigned in a 
1:1:1 ratio to receive efpeglenatide at a weekly 
dose of 2 mg for 4 weeks and then 4 mg per 
week until the end of the trial; efpeglenatide at 
a dose of 2 mg per week for 4 weeks, then 4 mg 
per week for 4 weeks, and then 6 mg per week 
until the end of the trial; or placebo. The treat-
ment period was from the time of randomiza-
tion until the end of the trial, death, or discon-
tinuation of the assigned regimen. The trial 
medications and placebo were provided in iden-
tically appearing prefilled syringes in a blinded 
manner. Randomization was performed through 
an interactive Web-response system and was 
stratified according to current or potential future 
use of SGLT2 inhibitors (i.e., current use at the 
time of randomization, SGLT2 inhibitor likely to 
be added to therapy, or SGLT2 inhibitor unlikely 
to be added to therapy) to minimize between-
group differences in therapy with various cardio-
protective medications. Only the data monitor-
ing committee had access to unmasked data 
until the database lock.

A Quick Take 
is available at 
NEJM.org
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Trial Procedures

Efpeglenatide or placebo was added to each par-
ticipant’s current therapy in a blinded manner. If 
the baseline glycated hemoglobin level was lower 
than 7.5%, investigators could reduce any dose 
of insulin, sulfonylurea, or meglitinide to mini-
mize hypoglycemia. Subsequently, the use of 
glucose-lowering drugs remained unchanged for 
the first 12 weeks, after which any such drug 
except for a GLP-1 receptor agonist or a DPP-4 
inhibitor could be added. Trial visits occurred at 
12 weeks after randomization, 24 weeks after 
randomization, and then every 24 weeks there-
after until the final visit; participants were also 
contacted by telephone during the 24-week in-
tervals. Participants who missed up to two doses 
of efpeglenatide or placebo were encouraged to 
restart their usual dose unless there was a con-
traindication. If three or more consecutive doses 
were missed, the dose-adjustment period was 
restarted in a blinded manner. Unless consent 
was revoked, participants were followed until 
the end of the trial, regardless of adherence. The 
participants who had continued to receive ef-
peglenatide or placebo through the end of the 
trial discontinued the assigned regimen and had 
a final off-drug assessment 6 weeks later. Be-
cause of a funding decision made by the sponsor 
that was unrelated to any trial data, final visits 
began before the prespecified number of 330 
participants with a primary outcome event had 
accrued.

Outcomes

The primary outcome was the first occurrence 
of a major adverse cardiovascular event (MACE; 
a composite of nonfatal myocardial infarction, 
nonfatal stroke, or death from cardiovascular or 
undetermined causes). Key secondary outcomes 
included an expanded MACE composite outcome 
(MACE, coronary revascularization, or hospital-
ization for unstable angina) and a composite re-
nal outcome (incident macroalbuminuria [defined 
as a urinary albumin-to-creatinine ratio of >300, 
as measured in milligrams of albumin to grams of 
creatinine, or >33.9, as measured in milligrams 
of albumin to millimoles of creatinine], plus an 
increase in the urinary albumin-to-creatinine 
ratio of ≥30% from baseline, a sustained decrease 
in the eGFR of ≥40% for ≥30 days, renal-replace-
ment therapy for ≥90 days, or a sustained eGFR 
of <15 ml per minute per 1.73 m2 for ≥30 days).

Additional outcomes included the compo-
nents of the expanded MACE outcome and com-
posite renal outcome, death from any cause, 
hospitalization for heart failure, glycated hemo-
globin level, vital signs, weight, presence of anti-
bodies against efpeglenatide, pancreatic enzyme 
levels, and other laboratory test results.15 Three 
additional composite secondary outcomes were 
defined before unblinding: MACE or death from 
noncardiovascular causes; a kidney-function out-
come (a decrease in the eGFR of ≥40% for ≥30 
days, end-stage kidney disease [defined as dialysis 
for ≥90 days, kidney transplantation, or an eGFR 
of <15 ml per minute per 1.73 m2 for ≥30 days], 
or death from any cause); and MACE, death 
from noncardiovascular causes, hospitalization 
for heart failure, or a kidney-function outcome 
event. An independent clinical end-point commit-
tee, the members of which were unaware of the 
trial-group assignments, adjudicated all deaths, 
myocardial infarctions, strokes, hospitalizations 
for unstable angina or heart failure, and pan-
creatic events. Spontaneously reported and pre-
specified adverse events were documented at each 
visit.

Statistical Analysis

We estimated that a sample size of 4000 partici-
pants followed for up to 3 years (with a primary 
outcome event occurring in 330 participants) 
would provide the trial with more than 99% 
power and 90% power to show noninferiority of 
efpeglenatide to placebo at noninferiority mar-
gins of 1.8 and 1.3, respectively (as suggested in 
a 2008 regulatory guidance16). This estimation 
was calculated on the basis of the following as-
sumptions: an incidence of MACE of 3.7% for 
the estimated 27% of participants who would be 
receiving an SGLT2 inhibitor during the trial 
and an incidence of 4.4% for the remaining par-
ticipants, a recruitment period of 12 months, an 
annual rate of discontinuation of efpeglenatide 
or placebo of 2%, and a two-sided type 1 error 
rate of 5%. It was also assumed that the data 
from both efpeglenatide dose groups would be 
pooled for the comparison with placebo. The non-
inferiority margin represents the upper bound of 
the 95% confidence interval of the hazard ratio 
for a primary outcome event.

All analyses were performed in accordance 
with two prespecified plans and were finalized 
before any unblinding occurred (see the Supple-
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mentary Appendix). In accordance with the inten-
tion-to-treat principle, all outcomes that occurred 
between the time of randomization and the last 
assessment were counted. Data from participants 
were censored at two different time points: for 
the analyses of cardiovascular outcomes or death, 
data were censored at the last date of follow-up, 
and for the analyses of renal outcomes, data 
were censored at the last day that data on renal 
outcome status were available. Continuous vari-
ables were summarized as mean values with 
standard deviations or median values with inter-
quartile ranges, and categorical variables were 
summarized as counts and percentages. Chang-
es in continuous variables over time were ana-
lyzed with the use of a mixed-effects model for 
repeated measures fitted through restricted 
maximum likelihood estimation. The baseline 
value was treated as the covariate and the par-
ticipant as a random effect. Geographic region 
(United States and Canada, Mexico and Central 
and South America, Europe, or other), the ran-
domization stratification factor regarding SGLT2 
inhibitor use, assigned trial group, trial visit, 
and trial-group–by–visit interaction were treated 
as fixed effects.

Incidence rates of a particular composite out-
come event and the frequency of the total burden 
of single or composite outcome events were sum-
marized as the number of events per 100 person-
years of follow-up for that outcome. Kaplan–
Meier curves were used to display cumulative 
risks, and Cox proportional-hazards models ad-
justed for geographic region and the randomiza-
tion stratification factor were used to estimate 
the hazard ratios and 95% confidence intervals 
for the effect of efpeglenatide (with data from 
both dose groups combined) on the primary and 
secondary outcomes. Unless death from noncar-
diovascular causes was included in a composite 
outcome, it was not adjusted for as a competing 
risk in the Cox models. Assumptions of the Cox 
models were verified by plotting the log of the 
negative log of the survival function against the 
log of survival time. The proportional-means 
model17 was used to estimate the hazard ratio 
and 95% confidence interval for the total burden 
of events, including recurrent events. Missing data 
were assumed to be missing at random. P values 
were one-sided for noninferiority and two-sided 
for superiority. The effect of efpeglenatide with-
in subgroups was assessed by including the 

subgroups and interaction terms in the Cox 
proportional-hazards models.

If noninferiority was shown with respect to 
the primary outcome at both the 1.8 and 1.3 mar-
gin, the outcomes were assessed hierarchically 
for superiority in the following order: incident 
MACE; the expanded MACE outcome; the com-
posite renal outcome; MACE or death from non-
cardiovascular causes; the kidney-function out-
come; and MACE, death from noncardiovascular 
causes, hospitalization for heart failure, or a 
kidney-function outcome event. The testing was 
continued until a result of an outcome analysis 
did not reach significance. Sample size was cal-
culated with the use of PASS 13 software 
(NCSS), and all other statistical analyses were 
performed with the use of SAS software, version 
9.4 (SAS Institute).

R esult s

Participants

A total of 5732 patients underwent screening 
between May 11, 2018, and April 25, 2019. Eligi-
bility criteria were met by 4076 participants, who 
then underwent randomization — 1359 partici-
pants were assigned to receive the 4-mg dose of 
efpeglenatide, 1358 to receive the 6-mg dose 
of efpeglenatide, and 1359 to receive placebo. 
Follow-up ended on December 10, 2020, after a 
median follow-up period of 1.81 years (inter-
quartile range, 1.69 to 1.98), for a total follow-up 
of 7395.4 person-years. At that time, status with 
respect to the primary outcome was known for 
3941 of the 4076 participants (96.7%), and the 
vital status was known for 4073 (99.9%) (Fig. S1 
and Table S1 in the Supplementary Appendix). 
The participants assigned to receive efpeglena-
tide were exposed to the drug for 88.9% of their 
maximum follow-up time, and those assigned to 
receive placebo were exposed to placebo 91.1% 
of their maximum follow-up time.

Baseline Characteristics

The mean (±SD) age of the participants was 
64.5±8.2 years; 1954 (47.9%) were younger than 
65 years of age, and 1344 (33.0%) were female 
(Table 1). A total of 3650 participants (89.6%) 
had a history of cardiovascular disease, 1287 
(31.6%) had an eGFR of less than 60 ml per 
minute per 1.73 m2, 888 (21.8%) had both car-
diovascular disease and a low eGFR, and 618 
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Table 1. Demographic and Clinical Characteristics of the Trial Participants at Baseline.*

Characteristic

All 
Participants 
(N = 4076)

Efpeglenatide,  
4 or 6 mg 
(N = 2717)

Placebo 
(N = 1359)

Age — yr 64.5±8.2 64.6±8.2 64.4±8.3

Female sex — no. (%) 1344 (33.0) 925 (34.0) 419 (30.8)

Geographic region — no. (%)

Canada and United States 1079 (26.5) 728 (26.8) 351 (25.8)

Mexico and Central and South America 924 (22.7) 605 (22.3) 319 (23.5)

Europe 1285 (31.5) 862 (31.7) 423 (31.1)

Other 788 (19.3) 522 (19.2) 266 (19.6)

White race — no. (%)† 3534 (86.7) 2372 (87.3) 1162 (85.5)

Duration of diabetes — yr 15.4±8.8 15.6±8.8 15.1±8.7

Current use of tobacco — no. (%) 633 (15.5) 427 (15.7) 206 (15.2)

History of cardiovascular disease — no. (%)‡ 3650 (89.6) 2420 (89.1) 1230 (90.5)

Current kidney disease — no. (%)§ 1287 (31.6) 863 (31.8) 424 (31.2)

History of cardiovascular disease and current 
kidney disease — no. (%)

888 (21.8) 585 (21.5) 303 (22.3)

History of heart failure — no. (%) 737 (18.1) 487 (17.9) 250 (18.4)

History of hypertension — no. (%) 3722 (91.3) 2484 (91.4) 1238 (91.1)

History of diabetic retinopathy — no. (%)¶ 1342 (32.9) 912 (33.6) 430 (31.6)

Albuminuria — no. (%)‖ 1977 (48.5) 1319 (48.5) 658 (48.4)

Body-mass index** 32.7±6.2 32.9±6.2 32.4±6.0

Heart rate — beats/min 72.8±10.6 72.8±10.6 72.8±10.7

Systolic blood pressure — mm Hg 134.9±15.5 135.1±15.5 134.4±15.6

Diastolic blood pressure — mm Hg 76.7±9.7 76.8±9.7 76.6±9.8

Glycated hemoglobin level — % 8.91±1.48 8.90±1.46 8.94±1.52

eGFR — ml/min/1.73 m2 72.4 (22.4) 72.2 (21.9) 72.9 (23.3)

Median albumin-to-creatinine ratio (IQR)†† 28.3 (9.7–114.2) 28.3 (8.9–119.5) 28.3 (9.7–106.7)

Cholesterol level — mmol/liter

Total cholesterol 4.21±1.23 4.21±1.24 4.21±1.22

LDL cholesterol 2.07±0.98 2.07±0.98 2.08±0.97

HDL cholesterol 1.11±0.31 1.12±0.31 1.10±0.31

Median triglycerides (IQR) — mmol/liter 1.91 (1.37–2.75) 1.90 (1.36–2.74) 1.93 (1.40–2.75)

Medication use — no. (%)

Any insulin 2560 (62.8) 1720 (63.3) 840 (61.8)

Metformin 2985 (73.2) 1993 (73.4) 992 (73.0)

Sulfonylurea 1036 (25.4) 695 (25.6) 341 (25.1)

SGLT2 inhibitor 618 (15.2) 412 (15.2) 206 (15.2)

No glucose-lowering drug 85 (2.1) 57 (2.1) 28 (2.1)

ACE inhibitor, ARB, or ARN inhibitor 3262 (80.0) 2177 (80.1) 1085 (79.8)

Beta-blocker 2670 (65.5) 1795 (66.1) 875 (64.4)

Statin 3294 (80.8) 2202 (81.0) 1092 (80.4)

Fibrate 350 (8.6) 233 (8.6) 117 (8.6)

Acetylsalicylic acid 2768 (67.9) 1855 (68.3) 913 (67.2)
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(15.2%) were using an SGLT2 inhibitor at base-
line. Similar percentages of participants in the 
efpeglenatide groups and the placebo group 
were receiving various glucose-lowering or car-
dioprotective drugs at baseline (Table 1). How-
ever, at the last trial visit (Table S2), a greater 
percentage of participants in the placebo group 
than in the efpeglenatide groups (pooled data) 
were taking a DPP-4 inhibitor (1.9% vs. 0.9%, 
P = 0.005) or an SGLT2 inhibitor (21.2% vs. 
17.5%, P = 0.004).

Trial Outcomes

During follow-up (Table 2), 189 of 2717 partici-
pants (7.0%) assigned to receive efpeglenatide 
and 125 of 1359 participants (9.2%) assigned to 
receive placebo had at least one MACE (3.9 vs. 
5.3 events per 100 person-years; hazard ratio, 
0.73; 95% confidence interval [CI], 0.58 to 0.92; 
P<0.001 for noninferiority at both the 1.8 and 
1.3 margins and P = 0.007 for superiority). Thus, 
an estimated 46 similar patients would need to 
be treated with efpeglenatide for 1.8 years to 
prevent one MACE (Table S3). The results of ex-
ploratory analyses suggested a possible dose–
response effect, with estimated hazard ratios of 
0.82 (95% CI, 0.63 to 1.06) for the comparison 

between the 4-mg efpeglenatide group and the 
placebo group and 0.65 (95% CI, 0.50 to 0.86) 
for the comparison between the 6-mg efpeglena-
tide group and the placebo group (Fig. S2).

Participants assigned to receive efpeglenatide 
also reported a significantly lower incidence of 
at least one expanded MACE composite event 
(hazard ratio, 0.79; 95% CI, 0.65 to 0.96; P = 0.02), 
a renal composite outcome event (hazard ratio, 
0.68; 95% CI, 0.57 to 0.79; P<0.001), and a MACE 
or death from noncardiovascular causes (hazard 
ratio, 0.73; 95% CI, 0.59 to 0.91; P = 0.004) 
(Fig. 1). The median time to death from noncar-
diovascular causes among all trial participants 
was 1.81 years (interquartile range, 1.69 to 1.98). 
Other outcomes, including analyses of recurrent 
events, are reported in Table  2, Table S4, and 
Figure S3.

Analyses of the evident effect of efpeglenatide 
on the primary outcome within predefined, clini-
cally relevant subgroups of participants (Fig. 2) 
showed no variation with sex, age, race, duration 
of diabetes, glycated hemoglobin level, body-
mass index, eGFR, history of cardiovascular dis-
ease, use of SGLT2 inhibitors, or use of metfor-
min. Point estimates of effect across the four 
geographic regions showed wide variation and 

Characteristic

All 
Participants 
(N = 4076)

Efpeglenatide,  
4 or 6 mg 
(N = 2717)

Placebo 
(N = 1359)

Other antiplatelet drug 1049 (25.7) 705 (25.9) 344 (25.3)

*	� Plus–minus values are means ±SD. To convert the values for cholesterol and triglycerides to milligrams per deciliter, 
divide by 0.02586 and by 0.01129, respectively. ACE denotes angiotensin-converting enzyme, ARB angiotensin receptor 
blocker, ARN angiotensin receptor–neprilysin, HDL high-density lipoprotein, IQR interquartile range, LDL low-density 
lipoprotein, and SGLT2 sodium–glucose cotransporter 2.

†	� Race was reported by the participants.
‡	� A history of cardiovascular disease included coronary artery disease (i.e., previous myocardial infarction, ≥50% steno-

sis in the left main coronary artery or in at least two other coronary arteries, revascularization of either two or more 
coronary arteries or one coronary artery with ≥50% stenosis in another, or ≥50% stenosis in one coronary artery with 
either a noninvasive test showing ischemia or hospitalization for unstable angina in the previous 12 months), stroke, 
or peripheral artery disease (i.e., limb angioplasty, peripheral-artery stent revascularization or bypass surgery, limb or 
foot amputation due to circulatory insufficiency, ankle–brachial index of <0.9 [the ankle–brachial index is the ratio of 
the systolic blood pressure in the ankle to the blood pressure in the upper arm, with lower values indicating possible 
narrowing of the arteries in the legs], or angiographic evidence).

§	� Kidney disease was defined as an estimated glomerular filtration rate (eGFR) of 25.0 to 59.9 ml per minute per 1.73 m2 
of body-surface area. The eGFR was calculated with the use of the four-variable Modification of Diet in Renal Disease 
formula: 175 × (serum creatinine level [μmol per liter]/88.4)−1.154 × age (year)−0.203 × 1.212 (if Black) × 0.742 (if female).

¶	� A history of diabetic retinopathy was reported by the participant or was determined according to documented vitrec-
tomy, laser therapy, or ocular injections.

‖	� Albuminuria was defined as an albumin-to-creatinine ratio of at least 30, as measured in milligrams of albumin to 
grams of creatinine, or at least 3.39, as measured in milligrams of albumin to millimoles of creatinine.

**	� The body-mass index is the weight in kilograms divided by the square of the height in meters.
††	� The albumin-to-creatinine ratio was measured as milligrams of albumin to grams of creatinine.

Table 1. (Continued.)
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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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lower by 1.5 mm Hg (95% CI, 0.8 to 2.2) and 
0.6 mm Hg (95% CI, 0.2 to 1.0), respectively; a 
pulse pressure that was lower by 2.1 mm Hg 
(95% CI, 1.4 to 2.7); a heart rate that was higher 
by 3.9 beats per minute (95% CI, 3.4 to 4.4); a low-
density lipoprotein cholesterol level that was 

lower by 2.7 mg per deciliter (95% CI, 1.2 to 4.6) 
(0.07 mmol per liter [95% CI, 0.03 to 0.12]); a 
urinary albumin-to-creatinine ratio that was low-
er by 21% (95% CI, 14 to 28), and a least-squares 
mean eGFR that was higher by 0.9 ml per min-
ute per 1.73 m2 (95% CI, 0.3 to 1.5) (Table S5 

Figure 2. Prespecified Subgroup Analyses of Incident MACE (the Primary Efficacy Outcome).

Race was reported by the participants. The hazard ratio was not calculated for “other” race because there were too few participants with 
events. The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. SGLT2 denotes sodium–
glucose cotransporter 2.
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and Fig. S4). The apparent change in the eGFR 
with time suggested consistent effects during 
follow-up (Fig. S5). The numbers of participants 
with missing data for these variables are pro-
vided in Table S6.

Adverse Effects

The percentage of participants who reported 
severe gastrointestinal adverse effects was high-
er among those assigned to receive efpeglenatide 
than among those assigned to receive placebo 
(P = 0.009) (Table 3), and the percentage of those 
who reported constipation, diarrhea, nausea, 
vomiting, or bloating was also higher among 
those assigned to receive efpeglenatide (P = 0.03). 
Other prespecified safety outcomes (Table  3) 
and other adverse effects (Tables S7 and S8) 
were similar among the participants assigned to 
receive efpeglenatide and those assigned to re-
ceive placebo.

Discussion

In this cardiovascular outcomes trial, weekly sub-
cutaneous injections of efpeglenatide (4 or 6 mg) 
for a median of 1.8 years led to a 27% lower risk 
of incident MACE and a 32% lower risk of a 
composite renal outcome event than placebo 
among persons with type 2 diabetes and either 
a history of cardiovascular disease or current 
kidney disease. The results suggest that these 
cardiovascular and renal benefits occurred inde-
pendently of the baseline use of SGLT2 inhibi-
tors, the baseline use of metformin, and the 
baseline eGFR. The participants in the two ef-
peglenatide groups had gastrointestinal adverse 
events (as have also been observed in prior trials 
of other GLP-1 receptor agonists), but there was 
no evidence of retinal, pancreatic, or thyroid-
related events.

The previously reported salutary effects of 

Table 3. Adverse Events of Special Interest.*

Event

Efpeglenatide,  
4 or 6 mg 
(N = 2717)

Placebo 
(N = 1359) P Value†

number (percent)

Discontinuation of assigned regimen because of adverse 
events

147 (5.4) 49 (3.6) 0.02

Severe gastrointestinal event 90 (3.3) 25 (1.8) 0.009

Constipation, diarrhea, nausea, vomiting, or bloating 32 (1.2) 6 (0.4) 0.03

Other severe gastrointestinal event 59 (2.2) 19 (1.4) 0.10

Confirmed pancreatic event 32 (1.2) 15 (1.1) 0.87

Confirmed pancreatic cancer 2 (<0.1) 3 (0.2) NA

Confirmed pancreatitis 11 (0.4) 7 (0.5) 0.59

Any cancer 72 (2.6) 37 (2.7) 0.81

Rise in calcitonin level of >20 pg/ml 41 (1.5) 20 (1.5) 0.99

Thyroid C-cell neoplasm 0 0 NA

Severe hypoglycemia 24 (0.9) 13 (1.0) 0.67

Diabetic retinopathy and related complications 47 (1.7) 27 (2.0) 0.50

Acute kidney failure 88 (3.2) 39 (2.9) 0.62

Severe injection-site reaction 0 1 (<0.1) NA

Severe allergic reactions 5 (0.2) 1 (<0.1) NA

Severe immune complex disease 13 (0.5) 1 (<0.1) 0.10

*	�Participants could be counted more than once for an event. NA denotes not applicable.
†	�P values are from Cox models for the relationship between random assignment to efpeglenatide and each adverse event, 

adjusted for geographic region and use of sodium–glucose cotransporter 2 inhibitors (randomization stratification factor).
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

GLP-1 receptor agonists on cardiovascular and 
renal outcomes10 were observed in our trial 
population, which included more high-risk pa-
tients and had a higher prevalence of kidney 
disease than seven previously completed cardio-
vascular outcomes trials of GLP-1 receptor ago-
nists. We observed a high incidence of MACE in 
the placebo group (5.3 per 100 person-years), but 
the hazard ratio was 27% lower among the par-
ticipants assigned to receive efpeglenatide. More-
over, the fact that these findings accrued with a 
long-acting exendin-4–based GLP-1 receptor ago-
nist suggests that the cardiovascular benefits of 
this class of agents are not restricted to GLP-1 
receptor agonists that are structurally similar to 
human GLP-1. Finally, the concomitant use of an 
SGLT2 inhibitor by more than 15% of the par-
ticipants during the trial and the overlapping 
confidence intervals for the cardiovascular ef-
fects with or without SGLT2 inhibitors suggest 
that the beneficial cardiovascular effects of ef-
peglenatide may be independent of those of an 
SGLT2 inhibitor.

A variety of possibilities may account for the 
protective effects of efpeglenatide on the heart 
and the kidneys. The drug significantly reduced 
several risk factors for both cardiovascular and 
kidney disease, including glycated hemoglobin 
level,18 blood pressure,19 body-mass index,20 low-
density lipoprotein cholesterol level,21 eGFR, and 
the albumin-to-creatinine ratio.22 Indeed, pub-
lished mediation analyses from cardiovascular 
outcomes trials of other GLP-1 receptor agonists 
have suggested that their cardiovascular or renal 
benefits (or both) may be partially mediated by 
their effects on glycated hemoglobin level, blood 
pressure, or the albumin-to-creatinine ratio,23-25 
and a meta-regression analysis suggested a linear 
relation between the degree of lowering of gly-
cated hemoglobin level and the hazard of MACE 
with GLP-1 receptor agonists.26 The observed 

reductions in the eGFR, pulse pressure, and risk 
of a composite renal outcome event in this trial 
suggest that efpeglenatide may also have salu-
tary endothelial and microvascular effects, as 
has been suggested for other GLP-1 receptor 
agonists.27,28 Other possible mechanisms include 
antiinflammatory, antifibrotic, antiatherosclerot-
ic, vasodilatory, and other hemodynamic effects, 
as noted in studies of other GLP-1 receptor ago-
nists.29,30

Limitations of our trial include the short fol-
low-up period, the occurrence of a primary out-
come event in a lower number of participants 
than originally planned (314 vs. 330), and selec-
tion for previous cardiovascular or kidney dis-
ease, which limit the power of our trial and its 
generalizability to lower-risk persons with type 2 
diabetes. Strengths of our trial include the high 
adherence and retention, the recruitment of a 
high-risk population for the assessment of car-
diovascular and renal outcomes, and the inclu-
sion of an appreciable number of participants 
who were receiving an SGLT2 inhibitor. These 
features, plus the fact that a high proportion of 
all participants were receiving guideline-recom-
mended cardioprotective and renal protective 
therapies, suggest that the results of the current 
trial are generalizable to similar high-risk pa-
tients with type 2 diabetes.

The results of our trial show that efpeglena-
tide reduces the risk of serious adverse cardio-
vascular and renal events among persons with 
type 2 diabetes and either a history of cardiovas-
cular disease or current kidney disease.

Supported by Sanofi.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.
We thank all the participants and all the AMPLITUDE-O com-

mittee members, investigators, and site personnel for their con-
tributions to the trial.

References
1.	 Shah AD, Langenberg C, Rapsomani-
ki E, et al. Type 2 diabetes and incidence 
of cardiovascular diseases: a cohort study 
in 1.9 million people. Lancet Diabetes En-
docrinol 2015;​3:​105-13.
2.	 Koye DN, Magliano DJ, Nelson RG, 
Pavkov ME. The global epidemiology of 
diabetes and kidney disease. Adv Chronic 
Kidney Dis 2018;​25:​121-32.
3.	 Nanayakkara N, Curtis AJ, Heritier S, 
et al. Impact of age at type 2 diabetes mel-

litus diagnosis on mortality and vascu-
lar complications: systematic review and 
meta-analyses. Diabetologia 2021;​64:​275-
87.
4.	 Laiteerapong N, Ham SA, Gao Y, et al. 
The legacy effect in type 2 diabetes: im-
pact of early glycemic control on future 
complications (the Diabetes & Aging Study). 
Diabetes Care 2019;​42:​416-26.
5.	 Gerstein HC, Mann JF, Yi Q, et al. Albu-
minuria and risk of cardiovascular events, 

death, and heart failure in diabetic and 
nondiabetic individuals. JAMA 2001;​286:​
421-6.
6.	 Cherney DZI, Repetto E, Wheeler DC, 
et al. Impact of cardio-renal-metabolic 
comorbidities on cardiovascular outcomes 
and mortality in type 2 diabetes mellitus. 
Am J Nephrol 2020;​51:​74-82.
7.	 Emerging Risk Factors Collaboration. 
Association of cardiometabolic multimor-
bidity with mortality. JAMA 2015;​314:​52-60.

The New England Journal of Medicine 
Downloaded from nejm.org at INSERM DISC DOC on September 2, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



n engl j med 385;10  nejm.org  September 2, 2021 907

Cardiovascular and Renal Outcomes with Efpeglenatide

8.	 Ninomiya T, Perkovic V, de Galan BE, 
et al. Albuminuria and kidney function 
independently predict cardiovascular and 
renal outcomes in diabetes. J Am Soc 
Nephrol 2009;​20:​1813-21.
9.	 Coresh J, Heerspink HJL, Sang Y, et al. 
Change in albuminuria and subsequent 
risk of end-stage kidney disease: an indi-
vidual participant-level consortium meta-
analysis of observational studies. Lancet 
Diabetes Endocrinol 2019;​7:​115-27.
10.	 Kristensen SL, Rørth R, Jhund PS, et al. 
Cardiovascular, mortality, and kidney out-
comes with GLP-1 receptor agonists in 
patients with type 2 diabetes: a systematic 
review and meta-analysis of cardiovascu-
lar outcome trials. Lancet Diabetes Endo-
crinol 2019;​7:​776-85.
11.	 Clegg LE, Penland RC, Bachina S, et al. 
Effects of exenatide and open-label SGLT2 
inhibitor treatment, given in parallel or 
sequentially, on mortality and cardiovas-
cular and renal outcomes in type 2 diabe-
tes: insights from the EXSCEL trial. Car-
diovasc Diabetol 2019;​18:​138.
12.	 Yoon K-H, Kang J, Kwon SC, et al. 
Pharmacokinetic and dose-finding stud-
ies on efpeglenatide in patients with type 2 
diabetes. Diabetes Obes Metab 2020;​22:​
1292-301.
13.	 Rosenstock J, Sorli CH, Trautmann 
ME, et al. Once-weekly efpeglenatide dose-
range effects on glycemic control and 
body weight in patients with type 2 diabe-
tes on metformin or drug naive, refer-
enced to liraglutide. Diabetes Care 2019;​
42:​1733-41.
14.	 Sharma D, Verma S, Vaidya S, Kalia K, 
Tiwari V. Recent updates on GLP-1 ago-
nists: current advancements & challenges. 
Biomed Pharmacother 2018;​108:​952-62.
15.	 Gerstein HC, Branch K, Heenan L, et al. 
Design and baseline characteristics of the 

AMPLITUDE-O cardiovascular outcomes 
trial of efpeglenatide, a weekly glucagon-
like peptide-1 receptor agonist. Diabetes 
Obes Metab 2021;​23:​318-23.
16.	 Food and Drug Administration. Dia-
betes mellitus — evaluating cardiovascu-
lar risk in new antidiabetic therapies to 
treat type 2 diabetes. Guidance for indus-
try. December 2008 (https://www​.fda​.gov/​
media/​71297/​download).
17.	 Lin DY, Wei LJ, Yang I, Ying Z. Semi-
parametric regression for the mean and 
rate functions of recurrent events. J R Stat 
Soc Series B Stat Methodol 2000;​62:​711-30.
18.	Ghosh-Swaby OR, Goodman SG, Leit-
er LA, et al. Glucose-lowering drugs or 
strategies, atherosclerotic cardiovascular 
events, and heart failure in people with or 
at risk of type 2 diabetes: an updated sys-
tematic review and meta-analysis of ran-
domised cardiovascular outcome trials. 
Lancet Diabetes Endocrinol 2020;​8:​418-35.
19.	 Thomopoulos C, Parati G, Zanchetti 
A. Effects of blood pressure-lowering treat-
ment on cardiovascular outcomes and 
mortality. 13. Benefits and adverse events 
in older and younger patients with hyper-
tension: overview, meta-analyses and meta-
regression analyses of randomized trials. 
J Hypertens 2018;​36:​1622-36.
20.	 Zomer E, Gurusamy K, Leach R, et al. 
Interventions that cause weight loss and 
the impact on cardiovascular risk factors: 
a systematic review and meta-analysis. 
Obes Rev 2016;​17:​1001-11.
21.	Navarese EP, Robinson JG, Kowalew
ski M, et al. Association between baseline 
LDL-C level and total and cardiovascular 
mortality after LDL-C lowering: a system-
atic review and meta-analysis. JAMA 2018;​
319:​1566-79.
22.	Matsushita K, Coresh J, Sang Y, et al. 
Estimated glomerular filtration rate and 

albuminuria for prediction of cardiovas-
cular outcomes: a collaborative meta-
analysis of individual participant data. 
Lancet Diabetes Endocrinol 2015;​3:​514-25.
23.	 Buse JB, Bain SC, Mann JFE, et al. 
Cardiovascular risk reduction with lira-
glutide: an exploratory mediation analysis 
of the LEADER trial. Diabetes Care 2020;​
43:​1546-52.
24.	Gerstein HC, Hart R, Colhoun HM, 
et al. The effect of dulaglutide on stroke: 
an exploratory analysis of the REWIND 
trial. Lancet Diabetes Endocrinol 2020;​8:​
106-14.
25.	Gerstein HC, Colhoun HM, Dagenais 
GR, et al. Dulaglutide and renal outcomes 
in type 2 diabetes: an exploratory analysis 
of the REWIND randomised, placebo-
controlled trial. Lancet 2019;​394:​131-8.
26.	Giugliano D, Chiodini P, Maiorino MI, 
Bellastella G, Esposito K. Cardiovascular 
outcome trials and major cardiovascular 
events: does glucose matter? A systematic 
review with meta-analysis. J Endocrinol 
Invest 2019;​42:​1165-9.
27.	 Rizzoni D, Rizzoni M, Nardin M, et al. 
Vascular aging and disease of the small 
vessels. High Blood Press Cardiovasc Prev 
2019;​26:​183-9.
28.	Almutairi M, Al Batran R, Ussher JR. 
Glucagon-like peptide-1 receptor action in 
the vasculature. Peptides 2019;​111:​26-32.
29.	Nauck MA, Quast DR. Cardiovascular 
safety and benefits of semaglutide in pa-
tients with type 2 diabetes: findings from 
SUSTAIN 6 and PIONEER 6. Front Endo-
crinol (Lausanne) 2021;​12:​645566.
30.	 Alicic RZ, Cox EJ, Neumiller JJ, Tuttle 
KR. Incretin drugs in diabetic kidney dis-
ease: biological mechanisms and clinical 
evidence. Nat Rev Nephrol 2021;​17:​227-
44.
Copyright © 2021 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at INSERM DISC DOC on September 2, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 


