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PARTICIPANTS

52971 participants aged 240 years with type

2 diabetes and established atherosclerotic
cardiovascular disease who initiated tirzepatide

Cite this as: BMJ 2026;394:¢100011 (=35 353) or sitagliptin (n=17 618), a cardiovascular
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bmj-2026-100011

outcome neutral comparator serving as a placebo
proxy. Baseline characteristics were well balanced
between treatment groups after propensity score
overlap weighting.

MAIN OUTCOME MEASURES

The main outcome, MACE, was a composite of
myocardial infarction, stroke, and all cause mortality
and its individual components. Follow-up started
the day after treatment initiation and continued until
occurrence of the outcome, disenrollment from the
health plan, treatment discontinuation or switching,
or one year. Safety outcomes included infections
requiring hospital admission and infection related
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observed in clinical practice from adding tirzepatide to

WHAT IS ALREADY KNOWN ON THIS TOPIC

Randomised trials of glucagon-like peptide-1 based treatments are increasingly
shifting towards head-to-head comparisons between active agents rather than
placebo controlled designs

In the cardiovascular outcomes trial SURPASS-CVOT in patients with type 2
diabetes and established cardiovascular disease, tirzepatide was non-inferior to
dulaglutide for major adverse cardiovascular events (MACE)

Although head-to-head trials provide evidence on the relative benefits of
alternative agents, this focus leaves unclear the magnitude of benefit from
adding tirzepatide on top of contemporary background therapy

WHAT THIS STUDY ADDS

This study estimates the magnitude of effect from adding tirzepatide to standard
care for diabetes and expresses results in terms relevant to clinicians and
patients to inform shared decision making

Adding tirzepatide to standard of care was associated with a lower risk of MACE
than adding sitagliptin, a cardiovascular outcome neutral comparator, driven by
lower risks of myocardial infarction

Infections requiring hospital admission were lower in the tirzepatide group, as
were infection related mortality and all cause mortality
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mortality. Two negative control outcomes, lumbar
radiculopathy and abdominal hernia, were analysed to
assess residual confounding.

RESULTS

At one year, the weighted one year risk of MACE was
2.9% (95% confidence interval (Cl) 2.5% to 3.4%)

in the tirzepatide group and 4.4% (3.8% to 4.9%) in
the sitagliptin group (risk difference -1.4%, 95% Cl
-2.1% t0 -0.7%; number needed to treat (NNT)=70),
corresponding to a hazard ratio of 0.68 (95% Cl

0.58 t0 0.80). For individual MACE components,
tirzepatide was associated with a lower hazard for
myocardial infarction (hazard ratio 0.67, 0.52 to
0.87; NNT=130), whereas ischaemic stroke showed
no meaningful difference (0.91, 0.64 to 1.28; NNT
2500). Infections requiring hospital admission were
lower with tirzepatide (0.64, 0.55 to 0.75; NNT=48),
as was infection related mortality (0.40, 0.26 to 0.61;
NNT=200) and all cause mortality (0.55, 0.42 to 0.72;
NNT=122). Negative control outcomes showed no
association.

CONCLUSIONS

In this cohort study using an approach benchmarked
against randomised trials, initiating tirzepatide
reduced the risk of MACE compared with a placebo
proxy among people with type 2 diabetes and
established atherosclerotic cardiovascular disease.
Reductions in infection related events suggest broader
non-atherosclerotic biological mechanisms may
contribute to the observed benefit. This study shows
how trial-anchored evidence from clinical practice
can estimate the expected cardiovascular benefit of
initiating tirzepatide beyond standard background
treatment and inform shared decision making.

TRIAL REGISTRATION
ClinicalTrials.gov NCT07203677.

Introduction

Tirzepatide is an incretin based drug that activates
both the glucagon-like peptide-1 receptor and the
glucose dependent insulinotropic peptide receptor.
Its dual action has led to reductions in blood glucose
and body weight," * but cardiovascular effects
remain debated.’ Although randomised trials and
observational studies have consistently shown
protective effects of tirzepatide on all cause mortality
and hospital admission for heart failure relative to
placebo,*® evidence for major cardiovascular events
is more limited. To date, tirzepatide has shown only
non-inferiority to dulaglutide in the SURPASS-CVOT
(A Study of Tirzepatide Compared With Dulaglutide
on Major Cardiovascular Events in Participants With
Type 2 Diabetes) trial, whereas dulaglutide has
shown modest reductions in cardiovascular events
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in the placebo controlled REWIND (Researching
Cardiovascular Events With a Weekly Incretin in
Diabetes) trial.*” 8

This lack of evidence has resulted in regulatory
and clinical uncertainty, as the US Food and Drug
Administration (FDA) traditionally requires drugs to
show superiority to placebo in outcomes trials before
granting a label expansion for cardiovascular risk
reduction. Antidiabetic treatments have not received
such an indication based on non-inferiority to an active
comparator. However, randomised cardiovascular
outcomes trials for glucagon-like peptide-1 based
treatments are increasingly shifting towards head-
to-head designs between active agents rather than
placebo controlled trials, with SURPASS-CVOT among
the first in this class.” While comparative trials are
essential for informing the choice between active
treatments, they do not directly answer the question
clinicians and patients routinely ask: what is the
incremental benefit of initiating tirzepatide beyond
contemporary background treatment of diabetes—
that is, compared with a placebo-like or standard
care comparator? Without an anchor to standard
care, comparative estimates from head-to-head trials
are difficult to translate into decisions about whether
to start treatment, particularly for patients at high
cardiovascular risk. Recognising this decisional
dilemma, SURPASS-CVOT investigators conducted
an indirect comparison using historical placebo data
from the REWIND trial.* '° Although suggestive of
superiority, direct comparisons in clinical practice
are needed to further resolve uncertainty over the
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magnitude of tirzepatide’s effect on atherosclerotic
events if added to standard of care treatment. A
transparent and reproducible real world evidence
approach that is prespecified and benchmarked
against randomised trials is one way to generate such
clinically interpretable estimates, and it is increasingly
relevant as regulators, including the FDA and European
Medicines Agency, are moving towards relying more on
real world evidence to complement randomised trials
in the approval process across therapeutic areas.'* 2

For these reasons, we sought to directly compare
tirzepatide with a validated placebo proxy in a cohort
study that emulated the design and eligibility criteria
of SURPASS-CVOT using healthcare claims data.!* 34
A validated placebo proxy is an active comparator the
cardiovascular neutrality of which has been shown
in a dedicated placebo controlled outcomes trial and
further corroborated in empirical benchmarking
studies against placebo arms from randomised
trials.”>?” Such proxies are used in observational
settings to approximate the counterfactual comparison
with placebo that would otherwise require a
randomised trial.

Methods

Data sources

We analysed deidentified data from two national US
administrative claims databases, Optum Clinformatics
and Merative MarketScan, between May 2022 and May
2025. These databases include detailed longitudinal
information on personal characteristics, medical
diagnoses, procedures, and dispensed outpatient drugs

B Definitions of SURPASS-CVOT
Definitions deviating fromm SURPASS-CVOT
— Primary data collection in SURPASS-CVOT

__ Observational data from insurance claims
used in cohort studies

@ Outcomes

Expand to the research question of interest:
tirzepatide versus sitagliptin as a placebo

proxy
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for millions of commercially insured and Medicare
Advantage beneficiaries across the US. Continuous
enrolment for at least 12 months before cohort entry
was required to allow complete assessment of baseline
covariates.

Study design and conduct

In a previous study, we used the RCT-DUPLICATE
(Randomized Controlled Trials Duplicated Using
Prospective Longitudinal Insurance Claims: Applying
Techniques of Epidemiology) approach to emulate
the design of SURPASS-CVOT (comparing tirzepatide
with dulaglutide) and the SUSTAIN-6 trial (comparing
semaglutide with the placebo proxy sitagliptin) (see
supplemental table S1).'® This exercise allowed us
to benchmark our results from the database studies
against those of the reference trials to understand
the fitness of our data, design, and analytical
framework.”> *® In these studies, we found close
alignment with SURPASS-CVOT across all endpoints,
whereas the results for all cause mortality in SUSTAIN-6
raised potential concerns about preferred prescribing
of sitagliptin over glucagon-like peptide-1 drugs when
a shortened life expectancy was prognosticated. In
light of the trial benchmark, we viewed the outcome of
death with caution. However, the indirect comparison
from SURPASS-CVOT provided some support for the
observed mortality signalled. Therefore, in the present
study we focused on evaluating all components of
major adverse cardiovascular events (MACE) for
tirzepatide versus a placebo proxy using an active
comparator, new user cohort design. (fig 1).

Transparency

We preregistered the fully specified study protocol
using the HARmonized Protocol Template to Enhance
Reproducibility (HARPER) in the Real-World Evidence
Registry (osf.io/zmfke) before inferential analyses
were conducted and deposited the protocols in
ClinicalTrials.gov (NCT07203677)." 2° Amendments
were  documented  contemporaneously. The
preregistered protocol provides details of how key
study variables were operationally defined, including
temporality of assessment windows relative to the
index date and code lists. Specification and emulation
of the target trial followed the TrAnsparent ReportinG
of observational studies Emulating a Target trial
(TARGET) guidance?! (see supplemental table S2).

In line with the eligibility criteria for SURPASS-
CVOT,' our study included patients aged 40 years
or older with type 2 diabetes and established
atherosclerotic cardiovascular disease. All eligibility
criteria were assessed relative to the index date (the
date of first qualifying outpatient dispensing of the
drug of interest). Supplemental figure S2A shows the
study design in detail. Briefly, patients were required
to have a body mass index (BMI) of 25 or higher
and documented evidence of previous myocardial
infarction, ischaemic stroke, or coronary, carotid,
or peripheral arterial disease confirmed through
diagnostic codes or revascularisation procedures.
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We excluded individuals if they had advanced heart
failure, end stage kidney disease, active liver disease,
cardiovascular events or revascularisation in the past
60 days, recent use of glucagon-like peptide-1 receptor
agonists or pramlintide, or conditions predisposing
to incretin related adverse effects, including a history
of pancreatitis, severe gastric emptying disorders,
or medullary thyroid carcinoma. We also excluded
pregnant women at treatment initiation.

Study drug use and follow-up

The index date was defined as the date of a first
outpatient dispensing of tirzepatide or sitagliptin
(precluding a 183 day washout period) that met
eligibility criteria. Both drugs are second line type
2 treatments for diabetes in US clinical practice.
Sitagliptin was chosen as a neutral placebo proxy
based on numerous randomised and observational
studies showing no effect on cardiovascular
outcomes.” *7 Follow-up began the day after cohort
entry and continued until the earliest occurrence of
the outcome of interest, disenrollment from the health
plan, treatment discontinuation or switching (defined
as initiation of any other glucagon-like peptide-1
receptor agonist or, for the tirzepatide arm, initiation of
sitagliptin, and vice versa) (with a 45 day grace period),
or one year. The main analysis used an “on-treatment”
(per protocol analogue) causal contrast to mimic the
high adherence typically observed in SURPASS-CVOT.

Outcomes

Study endpoints included MACE, a composite of
myocardial infarction, stroke, and all cause mortality,
assessed as a composite with and without mortality
as well as individually. In line with the emulation of
SURPASS-CVOT,'® we measured all cause mortality
rather than cardiovascular mortality. Previous
validation studies of all cause mortality in claims
showed high sensitivity (>99%) compared with the
National Death Index.”” In an exploratory analysis
we assessed infection related mortality (infections
leading to mortality within 90 days of onset).”>>> We
used validated outcome algorithms that were based
on inpatient diagnostic codes that showed a positive
predictive value of 94% for myocardial infarction and
95% for ischaemic stroke.?**’ An expanded composite
included myocardial infraction, stroke, coronary
revascularisation, and unstable angina. Safety
outcomes leading to hospital admission included
infections and gastrointestinal adverse events.*°>? We
also assessed infections in any care setting as well as
urinary tract infections.>> Additionally, we assessed
two negative control outcomes: lumbar radiculopathy
and abdominal hernia.’ *¢

Covariates

We assessed a comprehensive set of pretreatment
covariates to control for potential confounding,
following the same causal framework used in the
successful emulation of SURPASS-CVOT. Within this
framework, covariate selection targeted common



causes of treatment assignment and the study
outcomes, including factors plausibly influencing
a clinician’s choice between an injectable incretin
based treatment and an oral dipeptidyl peptidase-4
inhibitor (eg, age, frailty indicators, BMI, previous
cardiovascular and renal disease, and concomitant
glucose lowering regimens), as well as established
risk factors for cardiovascular events and for the
prespecified safety outcomes (see supplemental figure
S3). Covariates included personal characteristics
(age, sex, race) and detailed cardiovascular risk
factors and comorbidities, encompassing smoking,
obesity, hypertension, dyslipidaemia, and established
cardiovascular disease such as previous myocardial
infarction, angina, ischaemic stroke or transient
ischaemic attack, peripheral artery disease, and
previous coronary or peripheral revascularisation. To
further capture metabolic and diabetes related burden,
we included markers of cardiometabolic health and
complications such as nephropathy, neuropathy,
retinopathy, diabetic foot ulcers, and episodes of
hypoglycaemia or hyperglycaemia. Broader systemic
comorbidities were accounted for, including chronic
kidney disease, chronic lung disease, depression,
dementia, and recent serious infections. Absence of
a code was interpreted as absence of the condition.
Drug history covered glucose lowering, cardiovascular,
and other chronic treatments, whereas healthcare
utilisation =~ summarised  hospital = admissions,
emergency visits, and preventive care. Although
socioeconomic status and access to healthcare could
not be measured directly in claims data, we included
several proxies, including geographical region, out-
of-pocket drug costs, the brand-to-generic drug ratio,
markers of care utilisation, and receipt of preventive
services. The supplemental material provides the full
set of covariates and associated coding algorithms.

Statistical analysis

Propensity scores were estimated using logistic
regression models predicting treatment assignment
based on all baseline covariates. We applied propensity
score overlap weighting, which emphasises patients
with the greatest clinical equipoise between treatment
groups.”” Balance was assessed using standardised
mean differences, with values below 0.1 indicating
acceptable balance. Event-free survival was estimated
using weighted Kaplan-Meier methods, and hazard
ratios with 95% confidence intervals (CIs) were derived
from Cox proportional hazards models incorporating
overlap weights. Absolute risks and risk differences at
one year were computed from the weighted survival
curves. Analyses were performed separately in the
two databases and pooled via fixed effects meta-
analysis weighted by effective sample size. For all
analyses we used Python and R as well as the Aetion
Evidence Platform, a validated system benchmarked
against FDA Sentinel analytical workflows.® 3¢
Analyses were conducted using Python version 3.13,
R version 4.4, and the Aetion Evidence Platform. The
causal estimand was the average treatment effect in
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the overlap population, corresponding to the one
year risk and hazard of each outcome that would be
observed if patients with clinical equipoise initiated
tirzepatide versus sitagliptin. The proportional hazards
assumption was examined by inspecting scaled
Schoenfeld residuals and graphically using log-log
survival plots; no violations were identified within the
one year follow-up window. Numbers needed to treat
(NNT) were derived as the reciprocal of the weighted
one year absolute risk difference and assumed that
the estimated risk difference was unconfounded, no
informative censoring had occurred over the follow-
up time, and the estimate was transportable to similar
populations.

Sensitivity and subgroup analyses

Prespecified sensitivity analyses tested the robustness
of results to key analytical assumptions. These included
an as-started (intention-to-treat analogue) analysis
carrying forward initial treatment assignment for up
to one year; a competing risk analysis treating death
as a competing event for non-fatal outcomes, modelled
using Fine-Gray subdistribution hazard models; and
the negative control outcomes of lumbar radiculopathy
and abdominal hernia. Predefined subgroup analyses
were stratified by age (<70 v 270 years) and sex.

Patient and public involvement

Data included in this study were deidentified, and data
use agreements precluded contacting individuals. In
addition, funding for this study did not support patient
or public involvement.

Results

Study population

A total of 52971individuals were included in the
analysis, of whom 35353 initiated tirzepatide and
17 618 initiated sitagliptin. Before propensity score
weighting, individuals who initiated tirzepatide
were younger, had higher body mass index, and had
fewer comorbidities compared with individuals who
initiated sitagliptin (see supplemental table S3).
After weighting, all baseline characteristics included
in the propensity score were perfectly balanced
between treatment groups, as expected with overlap
weighting (table 1). The overlap weighted population
included about 7442 per group, corresponding to the
region of clinical equipoise where both treatments
were plausible choices. In the weighted cohort, the
median age was 69.8 years and 3783/7442 (50.8%)
were female patients. Of these 7444 patients, statin
use was recorded in 6339 (85.2%), sodium-glucose
co-transporter-2 inhibitor use in 1567 (21.1%), and
insulin use in 1349 (18.1%) per group.

Endpoint of major adverse cardiovascular events

During a pooled mean on-treatment follow-up of 182
days (standard deviation (SD) 118 days) (median
150 (interquartile range (IQR) 71-291) for tirzepatide
versus 173 (SD 111) days (median 133 (75-253)) for
sitagliptin, the weighted risk of MACE was 2.9% (95%
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Table 1 | Weighted baseline characteristics of patients with type 2 diabetes and atherosclerotic cardiovascular disease initiating tirzepatide versus
sitagliptin. Values are number (percentage) unless stated otherwise

Characteristicsv

Before overlap weighting

After overlap weighting

Tirzepatide (n=35353)  Sitagliptin (n=17618) SMD

Tirzepatide (n=7442) Sitagliptin (n=7442) SMD

Mean (SD) age (years) 65.5 (9.6) 72.7 (9.0) 0.78 69.8 (8.6) 69.8 (9.0) 0.00
Sex:

Female 18022 (51.0) 8809 (50.0) 0.02 3783 (50.8) 3783 (50.8) 0.00

Male 17331 (49.0) 8809 (50.0) 0.02 3659 (49.2) 3659 (49.2) 0.00
Lifestyle risk factors
BMI class:

25.0-29.9 2336 (6.6) 4201 (23.8) 0.49 1014 (13.6) 1014 (13.6) 0.00

30.0-34.9 6407 (18.1) 4650 (26.4) 0.20 1814 (24.4) 1814 (24.4) 0.00

35.0-39.9 10893 (30.8) 3913 (22.2) 0.20 2053 (27.6) 2053 (27.6) 0.00

>40.0 8852 (25.0) 1990 (11.3) 0.36 1191 (16.0) 1191 (16.0) 0.00
Unspecified obesity 6865 (19.4) 2864 (16.3) 0.08 1367 (18.4) 1367 (18.4) 0.00
Smoking or tobacco use 9358 (26.5) 4376 (24.8) 0.04 1925 (25.9) 1925 (25.9) 0.00
Selected comorbidities
Coronary atherosclerosis 16005 (45.3) 7788 (44.2) 0.02 3344 (45.0) 3344 (45.0) 0.00
Myocardial infarction 2604 (7.4) 1329 (7.5) 0.01 553 (7.4) 553 (7.4) 0.00
Ischaemic stroke 347 (1.0) 332 (1.9) 0.08 97 (1.3) 97 (1.3) 0.00
Peripheral vascular disease 6173 (17.5) 4068 (23.1) 0.14 1519 (20.4) 1519 (20.4) 0.00
Atrial fibrillation 5709 (16.2) 3236 (18.34) 0.06 1278 (17.2) 1278 (17.2) 0.00
Heart failure 7469 (21.1) 4194 (23.8) 0.06 1668 (22.4) 1668 (22.4) 0.00
Hypertension 32466 (91.8) 16562 (94.0) 0.08 6938 (93.3) 6938 (93.3) 0.00
Hyperlipidaemia 31533 (89.2) 15879 (90.1) 0.03 6704 (90.1) 6704 (90.1) 0.00
Microalbuminuria or proteinuria 2468 (7.0) 1297 (7.4) 0.01 530 (7.1) 530(7.1) 0.00
CKD stage 3-4 6896 (19.5) 4936 (28.0) 0.20 1808 (24.3) 1808 (24.3) 0.00
Drug treatments
Metformin 15544 (44.0) 9714 (55.1) 0.22 3852 (51.8) 3852 (51.8) 0.00
Insulins 7894 (22.3) 2573 (14.6) 0.20 1349 (18.1) 1349 (18.1) 0.00
SGLT-2 inhibitors 7282 (20.6) 3328 (18.9) 0.04 1567 (21.1) 1567 (21.1) 0.00
ACE/ARB inhibitors 25627 (72.5) 13167 (74.7) 0.05 5551 (74.6) 5551 (74.6) 0.00
Thiazides 11989 (33.9) 5532 (31.4) 0.05 2441 (32.8) 2441 (32.8) 0.00
Beta blockers 19843 (56.1) 10373 (58.9) 0.06 4328 (58.2) 4328 (58.2) 0.00
Statins 28887 (81.7) 15101 (85.7) 0.11 6339 (85.2) 6339 (85.2) 0.00
Antiplatelets 6433 (18.2) 3439 (19.5) 0.03 1418 (19.1) 1418 (19.1) 0.00
Oral anticoagulants 5657 (16.0) 3163 (18.0) 0.05 1256 (16.9) 1256 (16.9) 0.00

Data are pooled from Optum and MarketScan databases. The full set of baseline characteristics are from pooled and individual databases (see supplemental tables S3-S5).
ACE=angiotensin converting enzyme; ARB=angiotensin receptor blocker; BMI=body mass index; CKD=chronic kidney disease; SD=standard deviation; SGLT-2=sodium-glucose cotransporter-2;

SMD=standardised mean difference.

CI 2.5% to 3.4%) with tirzepatide and 4.4% (3.8%
to 4.9%) with sitagliptin, yielding a risk difference
of -1.4% (95% CI -2.1% to -0.7%) and an NNT of 70
at one year (table 2). The corresponding hazard ratio
for MACE was 0.68 (95% CI 0.58 to 0.80) (fig 2).
Cumulative incidence curves diverged within the first
three months and continued to separate throughout
the observation period.

Components of the composite endpoint
When mortality was excluded from the composite
endpoint, the effect estimates for myocardial infarction
or stroke remained similar (hazard ratio 0.74, 0.61
to 0.91) with an NNT of 124. For individual MACE
components, the hazard ratios (95% CIs) were 0.67
(0.52 to 0.87) for myocardial infarction, 0.91 (0.64
to 1.28) for ischaemic stroke, and 0.55 (0.42 to 0.72)
for all cause mortality (fig 2), corresponding to NNTs
of 130, 2500, and 122, respectively. Table 2 shows
the weighted cumulative incidences and absolute risk
differences for each outcome.

Infection related mortality was lower among indi-
viduals initiating tirzepatide than among individuals
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initiating sitagliptin (hazard ratio 0.40, 0.26 to 0.61),
corresponding to an NNT of 200.

The expanded composite (myocardial infraction,
stroke, coronary revascularisation, and unstable
angina) also favoured tirzepatide, with a hazard ratio
0f 0.92 (0.85 to 0.99) and an NNT of 72.

Safety endpoints

Compared with sitagliptin, tirzepatide was associated
with a markedly lower risk of infections leading to
hospital admission (hazard ratio 0.64, 0.55 to 0.75),
a slightly lower risk of infections in any care setting
(0.83, 0.78 to 0.87) or urinary tract infections (0.83,
0.76 to 0.91), and no difference in gastrointestinal
adverse events (1.00, 0.79 to 1.27). Table 2 shows the
weighted cumulative incidences and absolute risks,
risk differences, and NNT for each outcome.

Negative control, sensitivity, and subgroup
analyses

The negative control outcomes of lumbar radiculopathy
(hazard ratio 1.03, 0.93 to 1.15) and abdominal
hernia (0.93, 0.83 to 1.06) were similar between the
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Table 2 | Study endpoints in the weighted and pooled population of patients with type 2 diabetes and atherosclerotic cardiovascular disease initiating
tirzepatide versus sitagliptin. Values are percentage (95% Cl) unless stated otherwise

Endpoints
MACE*

1 year risk

Tirzepatide
2.9 (2.5t03.4)

Sitagliptin
4.4 (3.810 4.9)

Hazard ratio (95% Cl)
0.68 (0.58 t0 0.80) 70

Difference
-1.4 (-2.1t0-0.7)

Myocardial infarction or stroke 1.8 (1.5t02.1) 2.6 (2.2t03.0) -0.8 (-1.4t0-0.3)  0.74 (0.61t00.91) 124
Myocardial infarction 1.1 (0.9t0 1.4) 1.9 (1.5t02.3) -0.8 (-1.2t0-0.3) 0.67 (0.52t0 0.87) 130
Stroke 0.7 (0.5t00.9) 0.7 (0.5t0 1.0) -0.0 (-0.4 t0 0.3) 0.91 (0.64 to0 1.28) 2500

All cause mortality*

1.3 (1.0to 1.5)

2.1(1.7t02.5)

-0.8 ((1.3t0-0.3) 0.55 (0.42t00.72) 122

Infection related mortality* t

0.5 (0.3t00.7)

1.0 (0.7t0 1.2)

-0.5 (-0.8t0 0.2) 0.40 (0.26 t0 0.61)

Myocardial infarction, stroke, coronary revascularisation, unstable angina

13.1 (12.3t0 13.9)

14.5 (13.6 to 15.4)

-1.4 (-2.6 t0 -0.2) 0.92 (0.85 t0 0.99) 72

Safety endpoints

Infection related hospital admissions

3.3 (2.8t03.7)

5.4 (4.7 10 6.1)

-2.1(-29t0-1.3) 0.64 (0.55 t0 0.75) 48

Infections in any care settingt

26.5 (25.4 to 27.5)

31.8 (30.5 to 33.0)

-53(7.0t0-3.6)  0.83(0.7810 0.87) 19

Urinary tract infections

9.7 (9.0t0 10.4)

11.5(10.7 to 12.4)

-1.8 (-2.9t0-0.7) 0.83 (0.76 10 0.91) 55

Gastrointestinal adverse events

1.7 (1.3t0 2.0)

1.5(1.2t0 1.8)

0.2 (-0.3t00.6) 1.00 (0.79 to 1.27) NE+

Endpoints including all cause mortality should be viewed cautiously in light of a previously conducted benchmarking study. NNT is the reciprocal of the weighted one year absolute risk difference.

Cl=confidence interval; MACE=major adverse cardiovascular events; NE=not estimable; NNT=number needed to treat.

*Composite of myocardial infarction, stroke, and all cause mortality.

tPost hoc analysis.

$The observed risk difference was not statistically distinguishable from zero.

tirzepatide group and sitagliptin groups, providing
support for the robustness of confounding adjustment
(see supplemental table S9).

Results were consistent in the as-started (emulation
of an intention-to-treat analysis) analysis, with
similar effect estimates for MACE (hazard ratio 0.72,
0.63 to 0.82) and for non-fatal MACE (0.77, 0.65
to 0.92). Competing risk analyses treating death as
a competing event also yielded similar results (see
supplemental table S11). Exploratory subgroup
analyses by age (<70 v 270 years), sex, BMI (<35 v
>35), and the presence versus absence of concomitant
treatment with sodium-glucose cotransporter-2
inhibitors or insulin showed similar patterns of
association across groups (see supplemental table
S10).

Discussion

In this study, adding tirzepatide to standard of care
was associated with a lower risk of MACE compared
with adding a cardiovascular neutral comparator,
the placebo proxy sitagliptin, with an absolute one
year risk difference of -1.4% (NNT=70) or a 32%
reduction in hazard rates. The results were driven
primarily by lower hazards of myocardial infarction
and all cause mortality, which were in turn driven by
infection related deaths. The hazard for stroke was not
meaningfully different between groups. Prespecified
safety endpoints showed lower rates of serious
bacterial infections leading to hospital admission and
of urinary tract infections in the tirzepatide group, with
no meaningful difference in gastrointestinal adverse
events.

Comparison with other studies

These findings complement those of SURPASS-
CVOT, yet rather than drawing indirect inferences
from a historical trial that showed superiority over
placebo,*?” our approach provides a direct comparison
with standard of care and quantifies absolute risk

differences and NNT—measures that are directly
interpretable for clinical decision making. Our analysis
builds on closely benchmarking to the results of
SURPASS-CVOT, building confidence in our design,
data, and analytical framework."> 1618

Although it is not surprising that tirzepatide, which
showed non-inferiority to dulaglutide in SURPASS-
CVOT, was associated withareductionin cardiovascular
risk compared with cardiovascular outcome neutral
comparators such as sitagliptin or a placebo arm
from a historical trial, the marked reduction in all
cause mortality was observed in both the indirect trial
comparison (hazard ratio for indirect comparison 0.61,
95% CI 0.45 to 0.82) and our database study (hazard
ratio for direct comparison 0.55, 95% CI0.42 t00.72).>’
One plausible explanation that our study supports
is the substantial reduction in serious bacterial
infections observed among individuals who initiated
tirzepatide, suggesting that part of the survival benefit
may reflect effects beyond atherosclerotic mechanisms.
Obesity is recognised as a strong risk factor for both
infection related hospital admissions and mortality,
and SURPASS-CVOT has shown a marked reduction
in these endpoints with tirzepatide use compared
with dulaglutide use,® >® as did semaglutide when
compared with placebo.>® Supporting this possibility
was the strong benefit observed for infection related
mortality, suggesting that infection related pathways
may account for a substantial share of the observed
survival benefit. These findings support a plausible
hypothesis that will need to be substantiated. At the
same time, mortality findings should be interpreted
cautiously, as in previous benchmarking analyses we
found evidence of possible residual confounding for
mortality endpoints when glucagon-like peptide-1
receptor agonists were compared with dipeptidyl
peptidase-4 inhibitors, which are often prescribed for
frailer patients.!” Future studies should disentangle
atherosclerotic from non-atherosclerotic mechanisms
underlying tirzepatide’s survival benefit and clarify the
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Fig 2 | Propensity score adjusted cumulative incidences for risk of atherosclerotic cardiovascular events in patients
meeting eligibility criteria for SURPASS-CVOT and initiating tirzepatide or sitagliptin. MACE is defined as the
composite of myocardial infarction, stroke, and all cause mortality. Cl=confidence interval; MACE=major adverse
cardiovascular events; SURPASS-CVOT=A Study of Tirzepatide Compared With Dulaglutide on Major Cardiovascular

Events in Participants with Type 2 Diabetes

degree to which the magnitude of mortality reduction
observed in clinical practice is influenced by residual
confounding or represents a true effect that can be
reproduced in other trials of glucagon-like peptide-1
drugs.

Policy implications

Consistent with trials of glucagon-like peptide-1 based
treatments, the early divergence of cardiovascular
event curves starting before meaningful weight loss
could have taken place suggests mediators beyond
weight reduction. Such early effects may reflect
improvements in systemic and vascular inflammation
that act independently of metabolic benefits.® “
Clinically, this observation may prompt prescribers
to reconceptualise incretin drugs as cardiometabolic
treatments capable of conferring early vascular

thelbmj | BMJ2026;394:€100011 | doi: 10.1136/bmj-2026-100011

protection rather than solely as agents for glucose or
weight control. However, early separation within short
time frames could also arise from non-atherosclerotic
mechanisms or channeling of treatment to healthier
individuals in non-randomised research. While non-
definitive, these findings add to the growing and
consistent evidence base from both randomised and
trial benchmarked observational studies that the
cardiovascular effects of incretin based treatments
may emerge earlier than expected and independently
of weight loss.” '® “! # From a patient perspective,
framing the protective effects in absolute terms such
as the difference in event risk if tirzepatide is added
to treatment versus maintaining standard background
treatment may help communicate the tangible
magnitude of benefit and support shared decision
making.*® 44



Limitations of this study

Limitations of this study include the relatively short
follow-up period of one year, with a median on-
treatment follow-up short of half a year in the US,
which may underestimate long term cardiovascular
and safety effects, and the reliance on sitagliptin as
a proxy for placebo, which differs from tirzepatide in
how it is administered (oral versus subcutaneous).
Although comprehensive propensity score weighting
achieved well balanced groups for comparison,
residual confounding from unmeasured factors
which could partially explain the reduced risk of
all cause mortality and rapid onset cardiovascular
benefits cannot be ruled out. Minor misclassification
of treatment duration or outcomes is possible given
the use of imperfect algorithms in administrative
claims data, including dosing and timing of treatment
escalation, which were not observed in this study. The
more modest effect size for the expanded composite
endpoint including revascularisation and unstable
angina may be more sensitive to clinical decision
making and intensity of surveillance and may therefore
dilute treatment effects observed for hard endpoints
that are clinically overt and less discretionary. Finally,
these findings may not generalise to uninsured
patients, non-US healthcare systems, or populations
without established atherosclerotic cardiovascular
disease.

Conclusions

In this study, tirzepatide was associated with cardio-
protective effects in clinical practice settings. While
awaiting accrual of further trial evidence for tirzepatide
in cardiovascular indications, this study shows how
randomised controlled trial evidence anchored in
the real world complements randomised clinical
trials for timely regulatory and clinical decision
making.
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