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Design

Context
Dulaglutide reduced CV risk compared with PBO in the REWIND trial.
Tirzepatide demonstrated noninferiority for CV death, myocardial
infarction, or stroke (MACE-3) compared with dulaglutide in SURPASS-
CVOT.

Aim

imputed PBO in participants from SURPASS-CVOT and REWIND
with clinical characteristics predictive of high CV risk.

The indirect comparison to PBO was conducted for primary (MACE-
3) and key secondary outcomes of SURPASS-CVOT.

The analysis included data from SURPASS-CVOT, REWIND participants 
who would have been eligible for SURPASS-CVOT (prespecified), all
REWIND participants, and data from a meta-analysis of GLP-1RA
CVOTs.

Tirzepatide, When Compared With Imputed Placebo (PBO), was Associated With Reduced CV Outcomes in
Participants With T2D and Established ASCVD, Irrespective of Method Used

Favors Tirzepatide Favors PBOCVOT, cardiovascular outcomes trial; MACE, major adverse cardiovascular event; PBO, placebo; CV,
cardiovascular; T2D, type 2 diabetes; ASCVD, atherosclerotic cardiovascular disease. *REWIND
population meeting SURPASS-CVOT criteria.
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heart failure events
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Indirectly estimate the treatment e"ect of tirzepatide compared with
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Cardiovascular death or heart failure
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Tirzepatide Versus an Imputed Placebo: Indirect Comparison Using Di�erent Methods

CVOT.

D

ARTICLE HIGHLIGHTS

• Why did we undertake this study?
The SURPASS–Cardiovascular Outcomes Trial (SURPASS-CVOT) compared tirzepatide with dulaglutide for effects on major adverse
cardiovascular events (MACE), but it is also useful to estimate tirzepatide’s impact versus placebo.

• What is the specific question we wanted to answer?
Using a prespecified indirect comparison referencing the Researching Cardiovascular Events With a Weekly Incretin in Diabetes (REWIND) trial
plus a recent meta-analysis, we estimated tirzepatide’s effect versus an imputed placebo.

• What did we find?
Tirzepatide was estimated to reduce three-component MACE versus placebo, with a hazard ratio of 0.72 (95% CI 0.55, 0.94). Results were broadly
consistent across other cardiovascular outcomes, all-cause mortality, and in a post hoc analysis using a glucagon-like peptide 1 receptor agonist
meta-analysis as the reference.

• What are the implications of our findings?
These findings support cardiovascular outcome benefits for tirzepatide versus placebo in type 2 diabetes with established atherosclerotic
cardiovascular disease.
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OBJECTIVE

In prespecified analyses, the treatment effect for MACE of tirzepatide compared 
with imputed placebo was estimated using SURPASS-CVOT and REWIND data.

RESEARCH DESIGN AND METHODS

The indirect comparison with placebo was conducted for primary (MACE-3) and 
secondary outcomes of SURPASS-CVOT. The analysis included data from REWIND 
participants who would have been eligible for SURPASS-CVOT and all participants 
from SURPASS-CVOT. Propensity score estimation was used to adjust for differ
ences in participant characteristics between studies. The indirect analysis of the 
treatment effect was derived by multiplying the hazard ratio (HR) for MACE-3 be
tween tirzepatide and dulaglutide in SURPASS-CVOT by the HR for dulaglutide 
versus placebo in REWIND. Sensitivity analyses were performed using unadjusted 
analyses, including both the selected REWIND and the entire REWIND popula
tions, and adjusted analysis in the entire REWIND population. Post hoc sensitivity 
analyses used data from a recent GLP-1RA meta-analysis that included REWIND.

RESULTS

Analyses included 2,055 of 9,901 participants from REWIND and all 13,165 partic
ipants from SURPASS-CVOT. In indirect treatment effect comparisons, tirzepatide 
versus placebo was associated with lower MACE-3 (HR 0.72; 95% CI 0.55, 0.94), 
death from CV cause or heart failure events (HR 0.70; 95% CI 0.51, 0.96), and all- 
cause death (HR 0.61; 95% CI 0.45, 0.82). Sensitivity analyses, including nonad
justed or the entire REWIND cohort data or meta-analysis data for GLP-1RAs, 
were generally consistent.

CONCLUSIONS

In this indirect prespecified exploratory comparison, tirzepatide compared with im
puted placebo was associated with reduced CV outcomes and all-cause mortality in 
participants with type 2 diabetes and established atherosclerotic CV disease.

Tirzepatide is a dual agonist of both the glucose-dependent insulinotropic polypeptide 
and glucagon-like peptide 1 (GLP-1) receptors (1). Clinical trials conducted in partici
pants with type 2 diabetes have shown that tirzepatide reduces glucose, HbA1c, body 
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weight, atherogenic lipoproteins, inflam
matory markers, and blood pressure and 
preserves kidney function compared with 
placebo, various insulins, or selective GLP-1 
receptor agonists (GLP-1RAs) (2–7). The 
cardiovascular (CV) safety of tirzepatide was 
confirmed in a meta-analysis of phase 2 
and 3 tirzepatide trials (8).
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The recently completed SURPASS–
Cardiovascular Outcomes Trial (SURPASS- 
CVOT) (9) evaluated the CV efficacy and 
safety of tirzepatide compared with dula
glutide in participants with type 2 diabetes 
and established CV disease. SURPASS- 
CVOT was a randomized, double-blind, 
active comparator trial in which time to the 
first three-component major adverse cardio
vascular event (MACE-3) (CV death, myocar
dial infarction, or stroke) was the primary 
end point (10). During a median follow-up 
of 4 years, tirzepatide was noninferior to 
dulaglutide (hazard ratio [HR] 0.92; 95.3% 
CI 0.83, 1.01) and met a prespecified crite
rion for CV benefit compared with imputed 
placebo (11,12).

The noninferiority of tirzepatide to du
laglutide in the SURPASS-CVOT trial for 
MACE-3, plus prior evidence that dulaglu
tide is superior to placebo for MACE-3 in 
the Researching Cardiovascular Events With 
a Weekly Incretin in Diabetes (REWIND) 
trial (13) (which was conducted in par
ticipants with type 2 diabetes at lower 
risk for MACE-3), is consistent with the 
hypothesis that tirzepatide would be su
perior to placebo for this outcome. Multi
plying the HRs for MACE-3 of 0.92 from 
SURPASS-CVOT and 0.88 from REWIND 
yields an unadjusted HR of 0.81 for the 
effect of tirzepatide versus an imputed 
placebo on MACE-3. However, this ap
proach does not account for the overall 
difference in risk of CV events in the pop
ulations of the two trials because inclu
sion in SURPASS-CVOT required evidence 
of prior atherosclerotic CV disease while 
REWIND included participants with and 
without evident disease. To gain insight 
into the effect of tirzepatide on MACE-3, 
prespecified analyses were designed to 
compare participants in SURPASS-CVOT 
with a group from REWIND who had a 

similar high risk for new CV events. This 
REWIND subset was then used to model 
the effect of tirzepatide versus an im
puted placebo on MACE-3 and related 
outcomes, with further unadjusted and 
adjusted analyses in this subset, as well 
as in all REWIND participants.

As a post hoc analysis, we also used 
prior GLP-1RA meta-analysis data for GLP- 
1RAs type 2 diabetes CVOTs (except for 
the Evaluation of Lixisenatide in Acute Cor
onary Syndrome [ELIXA] trial) (14), given 
that there was no heterogeneity seen, as a 
measure of the CV benefit of dulaglutide. 
This then gave us a range of estimates of 
imputed CV benefit of tirzepatide, each 
with differing merits.

RESEARCH DESIGN AND METHODS

SURPASS-CVOT and REWIND Trial 
Designs
Both SURPASS-CVOT and REWIND were 
randomized, double-blind, event-driven tri
als in which the primary outcome was the 
time to the first occurrence of MACE-3. 
SURPASS-CVOT compared tirzepatide 15 mg 
or maximum tolerated dose with dulaglu
tide 1.5 mg weekly, whereas REWIND com
pared the same dose of dulaglutide with 
placebo. The inclusion criteria for both trials 
are shown in Supplementary Table 1.

Selection of Target Population for 
Indirect Comparison
The indirect treatment comparison target 
group included intention-to-treat (ITT) par
ticipants from REWIND who would have 
been eligible to enroll in SURPASS-CVOT 
and all modified ITT (mITT) participants 
from SURPASS-CVOT (all randomized par
ticipants except for those randomized in 
error). REWIND participants who would 
have been enrolled in SURPASS-CVOT were 
identified if they had a baseline HbA1c 

≥7.0% and a history of at least one of the 
following: myocardial infarction, >50% 
stenosis, coronary revascularization, ische
mic stroke, carotid artery revasculariza
tion, ankle-brachial index <0.9, peripheral 
revascularization (iliac or femoral artery), 
or amputation (Supplementary Table 1).

End Points Analyzed
Primary and key secondary CV end points 
of SURPASS-CVOT were composite MACE-3, 
CV death, all-cause death, composite CV 
death or heart failure events, and compos
ite MACE-4 (MACE-3 components or coro
nary revascularization). The number needed 
to treat to composite MACE-3 at a median 
follow-up of SURPASS-CVOT at 4.0 years 
was calculated.

Statistical Approach
In the indirect treatment comparison tar
get population, the propensity score (15), 
defined as the probability of belonging to 
SURPASS-CVOT, was estimated using a lo
gistic regression model adjusted for the de
pendent variable (1 for SURPASS-CVOT, 0 
for REWIND) and baseline covariates, in
cluding age, sex, baseline BMI, history of 
coronary revascularization, history of heart 
failure, history of myocardial infarction, his
tory of stroke, type 2 diabetes duration, 
baseline HbA1c, baseline systolic blood 
pressure, baseline estimated glomerular 
filtration rate (by the 2021 Chronic Kid
ney Disease Epidemiology Collaboration 
creatinine equation), logarithm of base
line urine albumin-to-creatinine ratio, 
baseline non-HDL cholesterol, smoking 
habit (current or noncurrent), and the 
missingness pattern of missing values. The 
propensity score estimation accounted for 
missing covariates guided by the multiple 
imputation missingness pattern approach 
(16), generating 100 imputed complete 
data sets. It was anticipated that only a 
small number of missing baseline covari
ate values from a limited number of pa
tients would require imputation.

HR estimates from Cox proportional 
hazard models, repeated for each com
plete data set, were weighted based on 
the stabilized inverse probability weight 
(17), calculated based on the estimated 
propensity score where weights >10 
were replaced by 10 (18), and the ro
bust sandwich approach was used to 
obtain variance of weighted estimates 
of HR (19). In the SURPASS-CVOT mITT 
population, the HR of tirzepatide versus 
dulaglutide was estimated based on a 
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Cox proportional hazard model stratified 
by sodium–glucose cotransporter 2 inhib
itor (SGLT-2i) use at baseline with treat
ment as a fixed effect. In the REWIND 
target population, the HR of dulaglutide 
versus placebo was estimated based on 
a Cox proportional hazard model with 
treatment as a fixed effect.

The indirect treatment effect of tirze
patide versus placebo was derived by 
multiplying the HR for SURPASS-CVOT 
tirzepatide versus dulaglutide by the 
HR for REWIND dulaglutide versus pla
cebo. The SEs of the weighted esti
mates of the logarithm of HRs were 
obtained using the Rubin formula and 
back transformed to the HR, 95% CI, 
and P value.

Number needed to treat in terms of 
MACE-3 was derived as the inverse of 
the estimated absolute risk reduction (pla
cebo minus tirzepatide) at the median 
follow-up of SURPASS-CVOT (4.0 years). 
For each complete data set, the survival 
functions for participants treated with du
laglutide and tirzepatide were estimated 
in the SURPASS-CVOT using the weighted 
Kaplan-Meier method. The survival func
tion estimates were pooled across com
plete data sets using the Rubin rule under 
the log-log transform. The survival func
tion for placebo was estimated to use 
the survival function for dulaglutide in 
SURPASS-CVOT and the weighted HR of 
dulaglutide versus placebo in REWIND, 
under the proportional hazard assump
tion. The absolute risk reduction at a time 
point is calculated by the difference in sur
vivals between placebo and tirzepatide.

Sensitivity Analyses
An indirect treatment comparison was also 
performed for the entire participant popu
lation from REWIND and SURPASS-CVOT. 
In addition, a post hoc indirect treatment 
comparison was undertaken using the 
estimate for tirzepatide versus dulaglu
tide from the entire SURPASS-CVOT pop
ulation combined with an estimate of 
GLP-1RAs versus placebo from an exter
nal meta-analysis (14), where GLP-1RAs 
are considered to represent the treat
ment outcome of dulaglutide given no 
formal heterogeneity.

Data and Resource Availability
Eli Lilly and Company provides access to all 
individual participant data collected during 
the trial, after anonymization, with the 

exception of pharmacokinetic or genetic 
data. Data are available upon request 
6 months after the indication studied has 
been approved in the U.S. and European 
Union and after primary publication accep
tance, whichever is later. No expiration 
date of data requests is currently set once 
data are made available. Access is provided 
after a proposal has been approved by an 
independent review committee identified 
for this purpose and after receipt of a 
signed data sharing agreement. Data and 
documents, including the study protocol, 
statistical analysis plan, clinical study re
port, and blank or annotated case report 
forms, will be provided in a secure data 
sharing environment. For details on sub
mitting a request, see the instructions pro
vided at https://www.vivli.org.

RESULTS

The baseline characteristics differed be
tween the overall REWIND and SURPASS- 
CVOT populations due to differences in 
inclusion criteria (Table 1). Participants in 
SURPASS-CVOT had a longer duration of 
type 2 diabetes, higher HbA1c, and higher 
proportion with established atheroscle
rotic CV disease. There was a smaller 
proportion of female participants in SUR
PASS-CVOT.

The indirect comparison target popula
tion included REWIND participants who 
met the inclusion criteria for SURPASS- 
CVOT. When the analysis was limited to 
the target population, baseline sex, use of 
tobacco, history of stroke, history of myocar
dial infarction, urinary albumin-to-creatinine 
ratio, and estimated glomerular filtration 
rate were similar between the studies. All 
other baseline characteristics were signifi
cantly different between the studies, no
tably SGLT-2i use, which was 30.6% in 
SURPASS-CVOT vs. 0% in REWIND. Of 
the 9,901 participants in REWIND, 2,055 
(21%) were eligible to be enrolled in 
SURPASS-CVOT (Table 1).

When baseline characteristics were 
adjusted using propensity score–based 
weighting, the standardized mean differ
ences in baseline characteristics between 
studies were generally smaller in the ad
justed compared with the unadjusted 
analysis (Supplementary Table 2). In this 
analysis, SURPASS-CVOT had 503 (3.8%) 
fewer participants than the mITT popula
tion, and there were 121 (5.9%) fewer 
participants in the REWIND indirect com
parison target population (Table 2 and 

Supplementary Table 3). In these partici
pants, at least one covariate was missing, 
requiring individuals’ propensity score es
timate. In indirect comparison analysis, 
missing values were accounted for by the 
multiple imputation missingness pattern 
approach.

In the 2,055 REWIND participants in
cluded in the indirect treatment compari
son, MACE-3 occurred in 165 (16.3%; 3.52 
events per 100 person-years) in the dula
glutide group and 210 (20.1%; 4.47 events 
per 100 person-years) in the placebo 
group (HR 0.78; 95% CI 0.61, 1.01; P = 
0.056). In the SURPASS-CVOT population, 
the primary composite outcome occurred 
in 801 participants (12.2%; 3.19 events 
per 100 person-years) in the tirzepatide 
group and 862 (13.1%; 3.47 events per 
100 person-years) in the dulaglutide group 
(HR 0.92; 95% CI 0.83, 1.01; P = 0.085). 
The estimated indirect treatment effect of 
tirzepatide versus placebo in MACE-3 was 
an HR of 0.72 (95% CI 0.55, 0.94; P = 
0.016) (Fig. 1 and Supplementary Table 4).

The estimated indirect treatment effect 
did not differ between the unadjusted 
(HR 0.72; 95% CI 0.58, 0.91; P = 0.005) 
and adjusted (HR 0.72; 95% CI 0.55, 0.94; 
P = 0.016) analyses in the indirect compar
ison target population (Supplementary 
Tables 4 and 5). The indirect treatment ef
fect for tirzepatide versus imputed pla
cebo was consistent for all-cause death 
(HR 0.61; 95% CI 0.45, 0.82; P = 0.001) 
and composite CV death or heart failure 
events (HR 0.70; 95% CI 0.51, 0.96; P = 
0.025). The estimated indirect treatment 
effect did not meet statistical significance 
for MACE-4 (HR 0.80; 95% CI 0.64, 1.01; 
P = 0.057) or CV death (HR 0.75; 95% CI 
0.52, 1.09; P = 0.131) with tirzepatide 
compared with imputed placebo (Fig. 1
and Supplementary Table 4). The esti
mated indirect treatment effects for key 
secondary CV outcomes were similar be
tween the unadjusted and adjusted anal
yses in the indirect comparison target 
population (Supplementary Table 5).

The estimated indirect treatment ef
fect for primary and key secondary out
comes was slightly different between 
the unadjusted and adjusted analyses in 
the entire REWIND population (Supple- 
mentary Table 6). However, adjusted esti
mates for MACE-3 were similar between 
the indirect comparison target population 
(Supplementary Table 4) and the entire 
participant population from REWIND 
(Supplementary Table 6). In addition, the 
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estimates replacing the treatment out
come of dulaglutide versus placebo (Fig. 2) 
with that of GLP-1RAs versus placebo 
were consistent, as shown in Table 2, 
which collates all estimates for all meth
ods. The estimated indirect absolute risk 
difference of imputed placebo versus 
tirzepatide in cumulative incidence of 

MACE-3 was 4.2%, so the estimated num
ber needed to treat was 23.6 for 4 years.

CONCLUSIONS

In SURPASS-CVOT, tirzepatide met a pri
mary prespecified criterion for noninfer
iority to dulaglutide, and superiority to 

imputed placebo, in rates of MACE-3 
events. The prespecified analysis pre
sented here sought to support the con
clusions reached in SURPASS-CVOT by 
using an alternative approach. The find
ings of this indirect comparison are com
patible with the results inferred from the 
tirzepatide-dulaglutide comparison, that 

Table 1—Baseline characteristics for the SURPASS-CVOT mITT population, REWIND target population, and REWIND full ITT 
population

Characteristic
SURPASS-CVOT mITT population 

(n = 13,165)
REWIND target population  

(n = 2,055)
REWIND full ITT population  

(n = 9,901)

Age, years 64.1 (8.8) 64.8 (7.3) 66.2 (6.5)

Female, n (%) 3,817 (29.0) 632 (30.8) 4,589 (46.3)

Duration of T2D, years 14.74 (8.77) 11.77 (7.65) 10.54 (7.22)

HbA1c, % 8.39 (0.93) 8.03 (0.74) 7.34 (1.05)

Systolic blood pressure, mmHg 135.30 (15.66) 136.59 (17.42) 137.16 (16.81)

Height, cm 168.27 (9.89) 167.49 (9.84) 165.44 (10.09)

Weight, kg 92.57 (18.82) 89.89 (18.68) 88.67 (18.51)

BMI, kg/m2 32.59 (5.49) 31.96 (5.67) 32.31 (5.74)

Lipids, mg/dL - - -
Cholesterol 159.24 (47.65) 168.88 (45.19) 174.88 (44.91)
HDL cholesterol 41.19 (10.88) 42.65 (11.01) 45.69 (13.23)
LDL cholesterol 80.60 (37.40) 95.07 (37.81) 98.82 (37.84)
Non-HDL cholesterol 117.95 (45.63) 126.19 (43.68) 129.10 (43.15)
Triglycerides, median (IQR) 159.43 (116.03, 224.98) 146.15 (108.00, 203.72) 141.72 (104.00, 196.63)

CV history, n (%) - - -
Prior heart failure 2,678 (20.3) 283 (13.9) 853 (8.6)
Prior stroke 2,525 (19.2) 357 (17.4) 687 (7.0)
Prior myocardial infarction 6,216 (47.2) 942 (46.1) 1,602 (16.3)
Prior coronary revascularization 7,529 (57.2) 958 (46.6) 1,657 (16.7)

Current tobacco use, n (%) 1,959 (14.9) 299 (14.5) 1,407 (14.2)

Current alcohol use, n (%) 4,774 (36.3) 746 (36.3) 3,502 (35.4)

eGFR, mL/min/1.73 m2 80.30 (21.54) 80.31 (20.49) 80.65 (19.42)

UACR, median (IQR), g/kg 22.00 (9.00, 83.00) 18.59 (6.20, 78.77) 15.05 (5.55, 58.41)

SGLT-2i use, n (%) 4,027 (30.6) 0 3 (0.0)

Data are mean (SD) unless otherwise indicated. eGFR, estimated glomerular filtration rate; IQR, interquartile range; T2D, type 2 diabetes; 
UACR, urine albumin-to-creatinine ratio.

Table 2—Comparison of the magnitude of indirect placebo treatment outcomes of tirzepatide in SURPASS-CVOT by various 
analyses

Outcome

Considering REWIND target population Considering full REWIND population

PS-based  
adjustment

Without PS-based 
adjustment

PS-based  
adjustment

Without PS-based 
adjustment

Considering GLP-1RA 
class effect

MACE-3 0.72 (0.55, 0.94) 0.72 (0.58, 0.91) 0.75 (0.60, 0.93) 0.81 (0.70, 0.94) 0.79 (0.71, 0.88)

MACE-4 0.80 (0.64, 1.01) 0.78 (0.64, 0.94) 0.79 (0.65, 0.96) 0.80 (0.71, 0.91) -

CV death or HF events 0.70 (0.51, 0.96) 0.74 (0.57, 0.96) 0.66 (0.51, 0.85) 0.80 (0.67, 0.95) -

All-cause death 0.61 (0.45, 0.82) 0.70 (0.55, 0.90) 0.65 (0.51, 0.84) 0.75 (0.64, 0.88) 0.74 (0.65, 0.84)

CV death 0.75 (0.52, 1.09) 0.79 (0.58, 1.08) 0.72 (0.53, 0.98) 0.81 (0.66, 0.99) 0.77 (0.65, 0.90)

Data are HR (95% CI). Estimated indirect placebo treatment effects of tirzepatide in SURPASS-CVOT for primary and key secondary CV end 
points comparing analyses in the indirect comparison target REWIND population using PS-based adjustment (primary analysis) and without 
adjustment, in the full REWIND population with and without adjustment, and with substitution of dulaglutide-placebo effects by GLP-1RA 
class–placebo effects (sensitivity analyses). HF, heart failure; PS, propensity score.
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is, that tirzepatide has benefits to reduce 
MACE-3 events and provides an estimate 
of the magnitude of the difference that 
would occur in a tirzepatide versus pla
cebo trial. While cross-trial comparisons 
are fraught with confounders, access to 
participant-level data presented an oppor
tunity to propensity score match partici
pants from SURPASS-CVOT and REWIND. 
Broadly consistent results were observed 
in both the unadjusted analysis in the indi
rect comparison target population and 
analyses involving the entire REWIND co
hort, findings that support the superiority 
of tirzepatide over placebo in CV out
comes and in all-cause mortality. In addi
tion, in post hoc analyses, the estimated 
benefits were further determined using 
a recent meta-analysis of incretin-based 
drugs in participants with type 2 diabetes, 
which reported a MACE risk reduction of 
14% (14). Using these data to reflect the 
MACE-3 treatment outcome of dulaglu
tide, the MACE-3 benefit of tirzepatide 
was estimated at HR 0.79 (95% CI 0.71, 

0.88) (Fig. 2 and Table 2), a more conser
vative estimate but, nevertheless, still 
strongly in keeping with a robust CV 
benefit of tirzepatide relative to pla
cebo. Finally, these analyses also con
sistently suggested that tirzepatide has 
benefits relative to placebo in various 
MACE outcomes and all-cause death.

Returning to the prespecified analyses, 
the fact that MACE rates are generally 
higher in participants with established CV 
disease (20–25) likely contributes to the 
lower MACE-3 rates in the dulaglutide 
arm of REWIND (2.35 per 100 person- 
years) relative to the dulaglutide arm of 
SURPASS-CVOT (3.54 per 100 person- 
years) and provided a rationale for the 
selection of high-risk patients for compar
isons across the two trials used here. A 
comparison for a lower-risk population 
like the one in REWIND remains to be es
tablished. The REWIND and SURPASS-CVOT 
cohorts had many relevant differences, in
cluding time and place of enrollment, 

background clinical care, and availability of 
potentially confounding medications, such 
as SGLT-2is. However, the ability to match 
participant characteristics and enrollment 
criteria, along with further propensity 
scoring, provides a reasonable approxi
mation of CV risk status at the onset of 
the studies, a major determinant of inci
dent MACE.

MACE-3

MACE-4

Cardiovascular death 
or heart failure events

All-cause death

Cardiovascular death

MACE-3

MACE-4

Cardiovascular death 
or heart failure events

All-cause death

Cardiovascular death

P valueHazard ratio
(95% CI)

0.0850.92 (0.83, 1.01) 

0.0030.88 (0.81, 0.96)

0.1170.91 (0.80, 1.02) 

0.0020.84 (0.75, 0.94) 

0.0890.88 (0.77, 1.02) 

cular death
failure eventsts

death

cular death

0.92 (0.83, 1.01.0

0.88 (0.81, 0.90.9

0.91 (0.80, 1.01.0

0.84 (0.75, 0.90.9

0.88 (0.77, 1.01.0

SURPASS-CVOT 
Tirzepatide vs. Dulaglutide

ar death 
e events

ath

arar death

REWIND Target Population 
Dulaglutide vs. Placebo P valueHazard ratio

(95% CI)

0.0560.78 (0.61, 1.01) 

0.3650.91 (0.73, 1.12)

0.0770.77 (0.58, 1.03) 

0.0250.73 (0.55, 0.96) 

0.3520.85 (0.60, 1.20) 

MACE-3

MACE-4

Cardiovascular death 
or heart failure events

All-cause death

Cardiovascular death

P valueHazard ratio
(95% CI)

0.0160.72 (0.55, 0.94)

0.0570.80 (0.64, 1.01)

0.0250.70 (0.51, 0.96)

0.0010.61 (0.45, 0.82)

0.1310.75 (0.52, 1.09)

SURPASS-CVOT Tirzepatide vs. Placebo 
(indirect comparison)

Cardiovascular deathdeath
or heart failure eventsvents 0.0250.70 (0.51, 0.96)0.70 (0.51, 0.90.9

Cardiovascular deathdeath 0.1310.75 (0.52, 1.09)0.75 (0.52, 1.01.0

Figure 1—Primary and key secondary CV end points for indirect treatment effect of tirzepatide (SURPASS-CVOT mITT) vs. placebo (REWIND target), 
tirzepatide vs. dulaglutide in SURPASS-CVOT, and dulaglutide vs. placebo in REWIND target; all were adjusted using inverse probability weighting 
from propensity scores with multiple imputation for missing covariates. In SURPASS-CVOT, n = 6,579 for dulaglutide and n = 6,586 for tirzepatide. 
In REWIND, n = 1,044 for placebo and n = 1,011 for dulaglutide. 
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Methodologies to estimate an indirect 
treatment effect of tirzepatide compared 
with imputed placebo may vary, including 
a network meta-analysis using published 
aggregate summary data of previous ran
domized controlled CVOTs with GLP-1RA 
versus placebo and an emulation approach 
using a public database. Advantages in the 
present approach include 1) inclusion of 
prospective, randomized, double-blind 
studies with independently adjudicated 
CV events; 2) demographics, baseline 
characteristics, and medical histories at 
the individual participant level to allow 
for selection of similar populations and 
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further adjustment; 3) long-term and 
similar follow-up duration (median of 
4.0 years in SURPASS-CVOT and 5.4 years 
in REWIND); and 4) unbiased data reports.

Limitations of this study included that 
the indirect treatment effect estimates, cal
culated by multiplying the HR for SURPASS- 
CVOT tirzepatide versus dulaglutide by the 
HR for REWIND dulaglutide versus placebo, 
relied on the assumption of no interaction 
between background standard of care, in
cluding SGLT-2i use, and treatment effect. 
This assumption is based on findings from 
the subgroup analysis by SGLT-2i use at 
baseline in SURPASS-CVOT, where 30.6% 
of participants used an SGLT-2i, as well as 
results from a recent meta-analysis of GLP- 
1RA trials in individuals with type 2 diabe
tes confirming no interaction (12,14,26). 
Additionally, the different inclusion criteria 
for REWIND and SURPASS-CVOT resulted 
in exclusion of ∼80% of the REWIND popu
lation who did not meet the inclusion crite
ria for SURPASS-CVOT. Due to the different 
inclusion criteria, there were no REWIND 
participants with HbA1c >9.5% and <10.5%. 
Moreover, the two trials were performed at 
different times, so the use of SGLT-2is was 

much lower, the use of other drugs was 
higher, secular rates of CV events were dif
ferent, and the sites and countries that par
ticipated were different in REWIND. Some of 
these are obvious but are not explicitly mea
sured and cannot be adjusted for. These 
are all caveats in the interpretation. For all 
these caveats, the addition of a post hoc 
analyses that estimated the dulaglutide 
MACE treatment outcome to be reflective 
of all prior GLP-1RA CVOT data generated 
in trials of patients with type 2 diabetes 
(14) suggested broadly similar MACE and 
other outcome benefits for tirzepatide rel
ative to placebo. While some indirect ad
justed estimates had wider CIs, this is 
expected due to wider variability intro
duced from inverse probability weighting 
and multiple imputation techniques. Fi
nally, we acknowledge that we did not 
compare the MACE impact of tirzepatide 
against the highest (5 mg) dose of dulaglu
tide, which may have resulted in different 
findings.

In summary, by using data from the 
REWIND trial, this predefined, indirect 
comparison of results from SURPASS CVOT 
and REWIND reported in several ways, 

along with additional post hoc sensitivity 
analysis—suggests that tirzepatide would 
meaningfully lower MACE, the combined 
end point of heart failure events and 
CV death. It also suggests that tirzepa
tide would reduce all-cause mortality rel
ative to placebo in participants with type 2 
diabetes and cardiovascular disease.

MACE-3

All-cause death

Cardiovascular death

MACE-3

All-cause death

Cardiovascular death

Hazard ratio
(95% CI) P value

0.92 (0.83, 1.01) 0.085

0.84 (0.75, 0.94) 0.002

0.88 (0.77, 1.02) 0.089

SURPASS-CVOT
Tirzepatide vs. Dulaglutide

MACE-3 0.92 (0.83, 1.01)) 0.085

Hazard ratio
(95% CI)

0.79 (0.71, 0.88) 

0.74 (0.65, 0.84) 

0.77 (0.65, 0.90) 

Tirzepatide vs. Placebo (indirect comparison)

MACE-3 00..7979

Cardiovasculaar death 0.77 (0.65, 0.90)90

MACE-3

All-cause death

Cardiovascular death

Hazard ratio
(95% CI)

0.86 (0.81, 0.90) 

0.88 (0.82, 0.93) 

0.86 (0.79, 0.93) 

90)MACE-3

GLP-1 meta-analysis vs. PBO

aazzard rattio
(95% CCII)

cocomparison)

(0..7171, 00..88)88

eaeathth

lar death

00..88 (0..82, 0..93)

00..8686 (0..7979, 00..93)

00.86 (0..8181, 0..90)

Figure 2—Sensitivity analyses replacing the outcome of dulaglutide treatment vs. placebo with that of GLP-1RAs vs. placebo. The HR was obtained 
by multiplying the two individual HRs. The CI was calculated using the reported lower and upper bounds from each estimate. 
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