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out diabetes in an insured US population.

Materials and Methods: This retrospective, observational cohort study used Komodo
Research Data and included patients 245 years of age with overweight/obesity and
>1 claim for myocardial infarction (Ml), ischemic stroke, or peripheral artery disease
first treated with semaglutide or tirzepatide between 13/5/2022-31/1/2025. Pro-
pensity score matching was used to balance key baseline characteristics between
cohorts. Primary outcomes included revised 3-point MACE (rMACE-3: M, stroke, all-
cause mortality) and revised 5-point MACE (rMACE-5: rMACE-3, coronary revascu-
larization, hospitalisation for heart failure). Cox proportional hazard models were used
to compare time to first event for study outcomes. A secondary per-protocol analysis
was conducted where patients were censored at treatment discontinuation (gap in
therapy >30 days).

Results: 10 625 patients were included in each matched cohort. Semaglutide was
associated with statistically significant 29% (hazard ratio [HR] 0.71; p = 0.046) and
22% (HR 0.78; p = 0.040) reductions in the risk of rMACE-3 and rMACE-5, respec-
tively, compared with tirzepatide. In the per-protocol analysis, semaglutide continued
to be associated with a significantly lower risk of rMACE-3 (HR 0.43; p = 0.005) and
rMACE-5 (HR 0.57; p = 0.003) compared with tirzepatide.

Conclusions: This real-world analysis of a large US claims database shows semaglu-

tide was associated with early and significantly greater reductions in the risk of
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1 | INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of morbidity and
mortality in the United States (US).! Atherosclerotic cardiovascular
disease (ASCVD), caused by a buildup of plaque in arterial walls,
includes coronary heart disease (CHD; e.g., myocardial infarction
[MI]), types of cerebrovascular disease (e.g., stroke), and peripheral
artery disease (PAD).2 In the US in 2022, CHD was the leading cause
of death attributable to CVD (39.5%), followed by stroke (17.6%).3

Overweight and obesity are independently associated with
increased risk of CV events even after accounting for the influence of
other cardiometabolic risk factors (e.g., hypertension, hyperlipidemia).*~®
Semaglutide injection 2.4 mg (Wegovy®; hereafter referred to as sema-
glutide) is a glucagon-like peptide-1 (GLP-1) receptor agonist
(RA) approved in June 2021 for chronic weight management. In March
2024, it was approved for reducing the risk of CV death, non-fatal Ml,
or non-fatal stroke in patients with overweight or obesity and estab-
lished CVD based on data from SELECT, a Phase 3 randomised con-
trolled trial, which showed significant reductions in the risk of major
adverse cardiovascular events (MACE; CV death, nonfatal MI, or nonfa-
tal stroke) with semaglutide versus placebo (hazard ratio [HR] 0.80; 95%
confidence interval [CI] 0.72-0.90; p <0.001) among patients with over-
weight or obesity, established CVD, and without diabetes.” Semaglutide
is the only GLP-1 RA indicated to reduce the risk of MACE in patients
with overweight or obesity without type 2 diabetes mellitus (T2DM).8

Real-world data also support the use of semaglutide to improve
CV outcomes in patients with overweight or obesity.” ! The SCORE
study found use of semaglutide in routine clinical practice was associ-
ated with a significantly lower risk of MACE and mortality outcomes
in US adults with overweight or obesity and ASCVD without
diabetes.!?

Tirzepatide is a glucose-dependent insulinotropic polypeptide
(GIP) and GLP-1 receptor co-agonist approved for T2DM in May
2022 (Mounjaro®) and for chronic weight management in November
2023 (Zepbound®). However, there is a lack of data supporting a CV
benefit with tirzepatide in patients with overweight or obesity with-
out diabetes. The SURPASS-CVOT trial was conducted among
patients with T2DM and evaluated the impact of tirzepatide on CV
risk. Tirzepatide showed non-inferiority but failed to demonstrate
superiority to dulaglutide.?

Given the lack of evidence regarding tirzepatide's impact on CV
outcomes in patients without diabetes,*® the current study assessed
the real-world effectiveness of semaglutide compared with tirzepatide

in reducing CV events among patients with overweight or obesity

rMACE-3 and rMACE-5 versus tirzepatide among patients with overweight or obe-
sity and ASCVD but without diabetes.

atherosclerotic cardiovascular disease, major cardiovascular events, obesity, real-world
evidence, semaglutide, tirzepatide

with established ASCVD and without diabetes in a large, insured US
population.

2 | MATERIALS AND METHODS

A retrospective cohort study was conducted using Komodo Research
Data (KRD), which includes over 65 billion de-identified clinical, phar-
macy, and laboratory claims capturing longitudinal data of 330 million
patients across the US. Almost half of the patients included in KRD
have closed claims data sourced directly from over 150 key national
payers including commercial, Medicare, and Medicaid, representing
patient encounter data from over 170 million lives.

The study period ranged from 1 January 2016 to 31 January
2025, with a patient identification period from 13 May 2022 to
31 January 2025. As this was a retrospective study of de-identified,
Health Insurance Portability and Accountability Act (HIPAA)-
compliant data, without any interaction with human subjects, institu-

tional review board approval was not needed.

21 | Study population
Adult patients 245 years of age with overweight or obesity and estab-
lished ASCVD were included. Overweight or obesity was defined as
having 21 diagnosis during the study period based on International
Classification of Diseases, Tenth Revision, Clinical Modification
(ICD-10CM) codes or recorded laboratory measurements indicating
body mass index (BMI) 227.0 kg/m?2. ASCVD was defined as =1 claim
with a diagnosis or procedure for M, ischemic stroke, or PAD in any
position during the study period. Details on specific diagnosis, proce-
dure, and treatment definitions used to define inclusion criteria and
outcomes have been previously published.!* The eligibility date was
defined as the date patients met all three of these criteria
(Supplemental Figure 1).

Patients newly initiating semaglutide or tirzepatide on or after
13 May 2022 and after their eligibility date were identified. The first
pharmacy claim was considered the index date. Given the recent
approval for tirzepatide for weight management, this cohort included
patients treated with Zepbound® as well as off-label use of Moun-
jaro® in those without any observed history of diabetes, given their
equivalent dosing. The semaglutide cohort included patients treated
with Wegovy® but off-label Ozempic® use was not included due to

differences in semaglutide dosing for T2DM versus weight
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management. Patients with any history of diabetes based on diagno-
sis, treatment, or HbAlc 26.5% were excluded from both cohorts.
There were no specific dosing requirements for either treatment. The
maximum dose filled and last dose filled during the study period were
reported for both cohorts.

All patients were required to have 212 months of continuous
enrollment prior to the index date (baseline period), during which
reconfirmation of overweight or obesity was required. Eligible
patients were followed from index date to the earliest of end of con-
tinuous enrollment, end of study period, initiation of a non-index
GLP-1 or GIP/GLP-1 RA, a bariatric surgical procedure, or death.

Patients were excluded if, during the 12-month baseline period,
they had evidence of acute pancreatitis, end-stage kidney disease,
pregnancy, prior use of a GLP-1 or GLP-1/GIP RA, or bariatric surgery.
Patients with evidence of the following conditions at any point prior
to index date were excluded: chronic pancreatitis, multiple endocrine

neoplasia type 2 or medullary thyroid carcinoma, or diabetes.

2.2 | Study outcomes

Primary outcomes included revised 3-point MACE (rMACE-3), defined
as any occurrence of MI, stroke [ischemic or hemorrhagic], or all-cause
mortality, and revised 5-point MACE (rMACE-5), defined as any
occurrence of MI, stroke, hospitalisation for HF, coronary revasculari-
zation, or all-cause mortality.'* Secondary outcomes included tradi-
tional MACE-3 and MACE-5, which include CV-related mortality
instead of all-cause mortality, and individual components of all com-
posite outcomes.

The occurrence of MI, stroke, and hospitalisation for HF were
identified as a primary diagnosis during an inpatient visit. Coronary
revascularization was identified using procedure codes in any claim.
CV-related mortality was defined based on a previously published
algorithm®? as a death event with a primary diagnosis of M, ischemic
or haemorrhagic stroke, HF, CV haemorrhage, other CV conditions, or
evidence of peripheral arterial revascularization, coronary revasculari-
zation, or carotid intervention within 30 days before death.***°
Because of the difficulties identifying CV-related mortality in claims
data, rMACE-3 and rMACE-5, which included all-cause mortality,
were chosen as primary endpoints.

Baseline patient demographics, clinical characteristics (cardiome-
tabolic markers, smoking status, type of ASCVD, procedure history,
medication use, CV- and obesity-related comorbidities [ORCs]), and

healthcare resource utilisation (HCRU) were described.

23 | Statistical methods

The main study analyses were conducted using an intention-to-treat
(ITT) approach and followed patients through the end of follow-up,
regardless of persistence on therapy. Baseline characteristics were
compared between cohorts. To alleviate the effect of potential con-

founding or systematic differences in patient characteristics based on

treatment exposure, propensity score matching was used to balance
key baseline characteristics across the two groups.

A propensity score matched analysis set was formed by matching
each tirzepatide-treated patient to a semaglutide-treated patient
using a 1:1 ratio. Standardised mean differences (SMDs) were utilised
to evaluate the balance between the two cohorts both before and
after matching with SMDs <0.10 constituting a successful balance.
Patients were matched on baseline demographics and any imbalanced
clinical characteristics. Covariates included age at index, gender, race/
ethnicity, region, primary insurance, time from identification period
start (13 May 2022) to index date, BMI category, number of ORCs,
and number of outpatient visits during the baseline period. Matching
was done using nearest neighbour matching with a calliper width
threshold of 0.2 of the pooled standard deviation (SD) of the logit of
the propensity score of semaglutide and tirzepatide users.

Time-to-event outcomes were described and compared between
the two matched study cohorts. The number of events and corre-
sponding proportions, as well as incidence per 1000 patient-years
(95% Cls calculated using the Poisson distribution), were reported and
cumulative incidence functions were visualised. A Cox proportional
hazard model was fit with a binary covariate indicating semaglutide or
tirzepatide use. Hazard ratios, 95% Cl, and corresponding p-values
were reported. For all statistical tests, p-values of <0.05 were consid-
ered significant and no multiple comparison corrections were applied.
All analyses were conducted in R (version 4.2.1).%¢

A secondary analysis was conducted using a per-protocol
approach, in which patients were censored at index treatment discon-
tinuation (defined as a gap in therapy of more than 30 days). Occur-
rence and time to rMACE-3 and rMACE-5, as well as their individual
components, were described and compared between the two
matched cohorts.

A sensitivity analysis was conducted evaluating the association
between semaglutide versus tirzepatide and negative control out-
comes including sensorineural hearing loss, dog bites, nail disorders,
hearing tests without abnormal findings, and sebaceous cysts. These
conditions were chosen as they are unlikely to be influenced by sema-
glutide or tirzepatide use but could be impacted by differences in
unmeasured confounders. An exploratory analysis was done to evalu-
ate the change in body weight over time among patients with avail-

able weight data (at index and 21 measurement post-index).

3 | RESULTS

A total of 22 691 922 patients 245 years of age with overweight or
obesity and ASCVD were identified with 14 483 receiving semaglu-
tide and 10 642 receiving tirzepatide and fulfilling the remaining inclu-
sion criteria (Figure 1). Following propensity score matching, 10 625
patients were included in each study cohort.

Prior to propensity-score matching, more patients in the semaglu-
tide cohort were over 65 (20.9% vs. 16.7%) and had Medicaid or
Medicare (35.2% vs. 22.8%) compared with tirzepatide. After match-
ing, study groups were well balanced on baseline demographics,
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| Patients with overweight/obesity, n = 149,344,662 |
[
| Patients with established ASCVD, n = 23,779,686 |

[

Patients 245 years of age by the end of data availability
The eligibility date was defined as latest date of first overweight/obesity ascertainment, first ASCVD diagnosis, or patient reached 45 years of age

n=22,691,922

Semaglutide 2.4 mg (Wegovy), n = 112,384 rz h ! oun;
Continuous enrollment 12 months prior to index date, n = 33,660 ntinu N m 1S
Reconfirmation of overweight/obesity at baseline, n = 30,234 Reco nation of o veight/i y at

Top reasons for exclusion: Top reasons for exclusion:

+ Pancreatitis, n = 327 » Evidence of diabetes, n = 12,578 + Pancreatitis, n = 1749 + Evidence of diabetes, n = 103,001

* MENT2or MTC,n =419 . Use of GLP-1 or GLP-1/GIP RA, n = 1027 + MENT2or MTC,n=1531 . Use of GLP-1 or GLP-1/GIP RA, n = 323

+ ESKD or dialysis, n =282 . Bariatric surgery, n = 1026 + ESKD or dialysis, n=2511 . Bariatric surgery, n = 650

Semaglutide cohort pre-matching, n = 14,483 rzepatide cohort pre-matching, 0.64;

Semaglutide cohort post-PS matching, n = 10,625 rzepatide cohort post-PS matching, r 0,625

FIGURE 1 Study Cohort Attrition. ASCVD, atherosclerotic cardiovascular disease; ESKD, end-stage kidney disease; GIP, glucose-dependent
insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; HbA1c, glycosylated haemoglobin; MENTZ2, multiple endocrine neoplasia type 2;
MTC, medullary thyroid cancer; PS, propensity score; RA, receptor agonist. TGiven the recent approval of tirzepatide for weight loss (Zepbound),
this study also included the off-label use of Mounjaro by including all patients with any fill for tirzepatide but no history of diabetes based on
diagnosis, treatment, or elevated HbAlc.

clinical characteristics, and HCRU (Table 1). Some imbalance remained 5.7-9.8) for the semaglutide cohort and 10.8 (95% Cl 8.6-13.3) for the

on the year of index date; however, patients were matched on time tirzepatide cohort (Figure 3A). The risk of rMACE-3 was significantly
from identification period start to index date, which controls for tim- lower by 29% with semaglutide (HR 0.71; 95% Cl 0.50-0.99; p = 0.046).
ing of treatment initiation while avoiding discarding patients who did Between-cohort differences in the incidence of CV events are observ-
not initiate treatment within the same calendar year. Patients in both able at early timepoints with separation initiating less than 3 months
cohorts were most frequently 55-65 years of age, White, females, post-index and continuing through the end of follow-up (Figure 4A).

and from the South or Northeast. Most patients had hypertension The incidence per 1000 patient-years for rMACE-5 was 16.7
(71%-73%) or dyslipidemia (70%-71%), and the majority used statins (95% Cl 13.9-19.8) for the semaglutide cohort and 21.0 (95% ClI
(56%-59%). 17.9-24.4) for the tirzepatide cohort (Figure 3A). The risk of rMACE-5

The mean follow-up duration for the semaglutide cohort was 8.3 was significantly lower by 22% with semaglutide (HR 0.78; 95% ClI
(SD 6.4) months and patients had a mean of 5.1 (SD 4.8) prescription 0.62-0.99; p = 0.040). Again, between-cohort differences in the inci-
fills during this time. For the tirzepatide cohort, the mean follow-up dence of CV events were visually observable early in treatment,
duration was 8.6 (SD 7.1) months and included a mean of 5.6 (SD 5.0) occurring less than 2 months post-index and continuing through

prescription fills. At the end of follow-up, 21.7% of patients were taking follow-up (Figure 4B).

the highest dose of semaglutide (2.4 mg) and 24.1% had 21 2.4 mg fill There were no statistically significant differences between study
during the study period. For tirzepatide, 7.2% were taking the highest cohorts for each of the individual components of rMACE-3 and
dose (15 mg) at the end of follow-up with 8.7% having 21 15 mg fill. rMACE-5 (Figure 3A). However, directionally consistent effects were
Maintenance doses per label were reached by 38.0% of semaglutide observed for all individual component endpoints with semaglutide

users (1.7 or 2.4 mg) compared with 49.0% of tirzepatide users (5, 10, compared with tirzepatide in incidence per 1000 patient-years for Ml

or 15 mg). At the end of follow-up, 35.8% of semaglutide users and (3.8 vs. 5.4), hospitalisation for HF (4.3 vs. 6.1), stroke (2.4 vs. 3.9),

47.9% of tirzepatide users were taking a maintenance dose (Figure 2A). coronary revascularization (7.6 vs. 8.7), and all-cause mortality
(1.5 vs. 1.7).

3.1 | Revised MACE outcomes
3.2 | MACE outcomes
In the ITT analysis, a lower risk of CV events was observed in patients
who received semaglutide compared with those who received tirzepa- The differences in MACE-3, which included CV-related mortality
tide. The incidence per 1000 patient-years for rMACE-3 was 7.6 (95% ClI instead of all-cause mortality, did not reach statistical significance
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TABLE 1

Variable
Demographics
Age at index, mean (SD)
Age group, n (%)
45-55 years
56-65 years
66-75 years
> 76 years
Gender, n (%)
Female
Male
Race/Ethnicity, n (%)
Asian/Pacific Islander
Black/African American
Hispanic/Latino
White
Unknown
Geographic region, n (%)
Midwest
Northeast
South
West
Unknown
Medical insurance provider, n (%)
Commercial
Medicaid
Medicare
Dual eligible
Unknown
Clinical characteristics
Follow-up time in months, mean (SD)
Index year, n (%)
2022
2023
2024
2025

Time from ID to index date in days, mean (SD)?

Time from eligibility date to index date in months,

mean (SD)
BMI, mean (SD)
BMI category, n (%)°
Overweight
Obesity class |
Obesity class Il
Obesity class Il
Obesity BMI class unspecified

Pre-matching

Semaglutide
(N = 14 483)

59.1(8.6)

5471 (37.8)

5978 (41.3)

2354 (16.3)
680 (4.7)

9216 (63.6)
5067 (35.0)

695 (4.8)
1767 (12.2)
1389 (9.6)
8123 (56.1)
2509 (17.3)

3145 (21.7)
5327 (36.8)
4210 (29.1)
1790 (12.4)
11 (0.1)

9341 (64.5)

1960 (13.5)

2845 (19.6)
293 (2.0)
44 (0.3)

8.0(6.3)

317 (2.2)
6659 (46.0)
7150 (49.4)

357 (2.5)
587.4 (240.9)
36.76 (27.5)

36.98 (5.1)

714 (4.9)
3201 (22.1
2968 (20.5
3243 (22.4

)
)
)
4357 (30.1)

Tirzepatide

(N =10 642)

58.3(8.2)

4316 (40.6)

4549 (42.8)

1374 (12.9)
403 (3.8)

6554 (61.6)
3929 (36.9)

538 (5.1)
1060 (10.0)
945 (8.9)
5782 (54.3)
2317 (21.8)

2088 (19.6)
3066 (28.8)
4410 (41.4)
1053 (9.9)
25(0.2)

8191 (77.0)
585 (5.5)
1700 (16.0)
142 (1.3)
24(0.2)

8.6(7.1)

2142 (20.1)

2516 (23.6)

5617 (52.8)
367 (3.5)

562.3(270.0)

35.28 (26.7)

36.71 (5.3)

687 (6.5)
2332 (21.9)
2007 (18.9)
2254 (21.2)
3362 (31.6)

SMD

0.093
0.110

0.042

0.126

0.271

0.321

—0.098
0.173

0.098
0.055

0.052
0.083

Post-matching

Pre- and post-propensity score matching baseline demographics, clinical characteristics, costs, and healthcare resource utilisation.

Semaglutide
(N = 10 625)

58.5(8.3)

4233 (39.8)

4461 (42.0)

1545 (14.5)
386 (3.6)

6566 (61.8)
3906 (36.8)

546 (5.1)
1142 (10.8)
923(8.7)
5784 (54.4)
2230 (21.0)

2233 (21.0)
3267 (30.8)
4033 (38.0)
1081 (10.2)

1(0.1)

8126 (76.5)
547 (5.2)
1784 (16.8)
137 (1.3)

31(0.3)

8.30(6.4)

254 (2.4)
5179 (48.7)
4976 (46.8)

216 (2.0)

570.49 (238.7)

(

36.14 (27.1)

36.72 (5.1)

616 (5.8)
2392 (22.5
2031 (19.1
2246 (21.1

(

)
)
)
3340 (31.4)

Tirzepatide
(N = 10 625) SMD

58.3(8.2) 0.020
0.047
4302 (40.5)
4546 (42.8)
1374 (12.9)
403 (3.8)
0.006
6541 (61.6)
3925 (36.9)
0.029
538(5.1)
1060 (10.0)
945 (8.9
5782 (54.4)
2300 (21.7)
0.073
2088 (19.7)
3066 (28.9)
4409 (41.5)
1053 (9.9)
9(0.1)
0.029
8174 (76.9)
585 (5.5)
1700 (16.0)
142 (1.3
4(0.2)

—0.050
0.125

8.64(7.1)

2141 (20.2)

2514 (23.7)

5604 (52.7)
366 (3.4)

561.99 (269.9) 0.033

35.30 (26.7) 0.031

36.71 (5.3) 0.001
0.030

686 (6.5)
2332 (22.0)
2007 (18.9)
2252 (21.2)
3348 (31.5)

(Continues)
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TABLE 1 (Continued)
Pre-matching Post-matching
Semaglutide Tirzepatide Semaglutide Tirzepatide
Variable (N = 14 483) (N =10 642) SMD (N = 10 625) (N =10 625) SMD
Evidence of smoking history, n (%) 3302 (22.8) 2178 (20.5) 0.068 2256 (21.2) 2174 (20.5) 0.041
ASCVD before index date, n (%)
Ml 5558 (38.4) 3741 (35.2) 0.067 4111 (38.7) 3741 (35.2) 0.072
Stroke 4636 (32.0) 3212 (30.2) 0.039 3382 (31.8) 3212 (30.2) 0.035
PAD 6054 (41.8) 4669 (43.9) —0.042 4311 (40.6) 4652 (43.8) —0.065
Comorbidities during baseline, n (%)
CV and renal
Hypertension 10 656 (73.6) 7570 (71.1) 0.055 7726 (72.7) 7557 (71.1) 0.035
Dyslipidemia 10 385 (71.7) 7475 (70.2) 0.032 7560 (71.2) 7469 (70.3) 0.019
HF 1395 (9.6) 839 (7.9) 0.062 915 (8.6) 839 (7.9) 0.026
Unstable angina 1265 (8.7) 878 (8.3) 0.017 919 (8.7) 877 (8.3) 0.014
Atrial fibrillation 1529 (10.6) 1019 (9.6) 0.033 1055 (9.9) 1019 (9.6) 0.011
CKD 1002 (6.9) 651 (6.1) 0.032 631 (5.9) 651 (6.1) —0.008
Other ORC
Musculoskeletal pain 6952 (48.0) 4787 (45.0) 0.061 4857 (45.7) 4781 (45.0) 0.014
Pre-diabetes 5558 (38.4) 4324 (40.6) —0.046 3971 (37.4) 4318 (40.6) —0.067
OSA 5120 (35.4) 3663 (34.4) 0.020 3682 (34.7) 3660 (34.5) 0.004
GERD 4688 (32.4) 3189 (30.0) 0.052 3315(31.2) 3187 (30.0) 0.026
Knee osteoarthritis 2677 (18.5) 1762 (16.6) 0.051 1764 (16.6) 1761 (16.6) 0.001
Asthma 2345 (16.2) 1567 (14.7) 0.041 1564 (14.7) 1567 (14.8) —0.001
Number of ORCs, mean (SD) 3.47 (1.7) 3.34(1.7) 0.079 3.35(1.6) 3.34(1.7) 0.008
MASH/MAFLD
MASH 123(0.9) 97 (0.9) —0.007 83(0.8) 97 (0.9) -0.014
MAFLD 1286 (8.9) 943 (8.9) 0.001 872(8.2) 943 (8.9) —-0.024
Procedures during baseline, n (%)
Peripheral arterial revascularization 73 (0.5) 42 (0.4) 0.016 50 (0.5) 42 (0.4) 0.011
Carotid intervention 22(0.2) 13(0.1) 0.008 19 (0.2) 13(0.1) 0.015
Coronary revascularization 364 (2.5) 257 (2.4) 0.006 259 (2.4) 257 (2.4) 0.001
Medication usage during baseline, n (%)
Statin therapy 8648 (59.7) 5923 (55.7) 0.082 6246 (58.8) 5922 (55.7) 0.062
Beta-blocker 6009 (41.5) 4164 (39.1) 0.048 4335 (40.8) 4163 (39.2) 0.033
ARBs 4399 (30.4) 3263(30.7) —0.006 3232 (30.4) 3253 (30.6) —0.004
Thiazides 3839 (26.5) 2818 (26.5) 0.001 2823 (26.6) 2811 (26.5) 0.003
Calcium channel blockers 3945 (27.2) 2679 (25.2) 0.047 2795 (26.3) 2674 (25.2) 0.026
ACE inhibitors 3067 (21.2) 2096 (19.7) 0.037 2219 (20.9) 2094 (19.7) 0.029
Loop diuretics 1972 (13.6) 1319 (12.4) 0.036 1324 (12.5) 1318 (12.4) 0.002
Anticoagulants 2000 (13.8) 1375 (12.9) 0.026 1399 (13.2) 1375 (12.9) 0.007
Antiplatelets® 1868 (12.9) 1249 (11.7) 0.035 1377 (13.0) 1249 (11.8) 0.037
Obesity medications® 167 (1.2) 108 (1.0) 0.013 134(1.3) 108 (1.0) 0.023
Aldosterone antagonists 46 (0.32) 31(0.3) 0.005 8(0.3) 1(0.3) —0.005
Healthcare resource utilisation during 12-month baseline period
Inpatient visits, mean (SD) 0.19 (1.3) 0.16 (0.8) 0.022 0.15(0.8) 0.17 (0.8) —-0.017
ED visits, mean (SD) 0.76 (1.9) 0.62 (1.3) 0.086 0.67 (1.6) 0.62 (1.3) 0.032
Outpatient visits, mean (SD) 30.55 (38.0) 26.12 (26.9) 0.134 26.18 (24.7) 26.15 (26.9) 0.001
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TABLE 1 (Continued)

Pre-matching Post-matching
Semaglutide Tirzepatide Semaglutide Tirzepatide
Variable (N = 14 483) (N =10 642) SMD (N = 10 625) (N = 10 625) SMD
Receipt of weight management consultation 2389 (16.5) 1632 (15.3) 0.032 1719 (16.2) 1629 (15.3) 0.023

and specialty care service, n (%)

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin Il receptor blocker; BMI, body mass index; CABG, coronary artery bypass grafting;
Cl, confidence interval; CKD, chronic kidney disease; ED, emergency department; GERD, gastroesophageal reflux disease; HF, heart failure; HFpEF, heart
failure with preserved ejection fraction; ID, identification; MAFLD, metabolic dysfunction-associated fatty liver disease; MASH, metabolic dysfunction-
associated steatohepatitis; ORC, obesity-related complication; OSA, obstructive sleep apnea; PAD, peripheral artery disease; PCl, percutaneous coronary
intervention; PCOS, polycystic ovary syndrome; PPPY, per patient per year; RX, prescription; SD, standard deviation; SMD, standardised mean difference;
Ul, urinary incontinence.

?Reflects time from the start of the identification period (1 January, 2016) to index date.

bPatients with BMI category information refer to individuals without exact BMI values available; patients with detailed BMI value information refer to
individuals with exact BMI values available.

“Including warfarin, thrombin inhibitors, and direct factor Xa inhibitors.

YIncluding orlistat, phentermine-topiramate, phentermine, and naltrexone-bupropion.

(A)
Semaglutide Dosing Tirzepatide Dosing
0, 0y
100% 100% 8.7 7.2
24.1 21.7 6.6 >.7

80% 80%

o 60% o 60%
1) 1)
(© (©
S S

S 4a0% 8 a0%
L4 L4
a. a.

20% 20%

0% 0%

Maximum Dose Last Dose Maximum Dose Last Dose
W0.25mg MWO.5mg W1lmg 1.7mg W2.4mg H25mg E5mg M7.5mg 10mg mW12.5mg MW15mg
(B)
Semaglutide Dosing Tirzepatide Dosing
o o
18.9 5:5

80% 80%

o 60% o 60%
Q0 Q0
© ©
€ S

S a0% S a0%
[ )
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20% 20%

0% 0%

Maximum Dose Last Dose Maximum Dose Last Dose
m0.25mg mMO05mg mMimg 1.7mg m2.4mg M25mg M5mg W75mg 10mg ®12.5mg = 15mg

FIGURE 2 Maximum dose and Last dose reached by treatment cohort (ITT and per-protocol analysis; propensity score matched). (A) ITT
analysis. (B) Per-protocol analysis. ITT, intention-to-treat.
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Number of Incidence rate per
Events, n (%) 1000 patient-years
Semaglutide [Tirzépatide HR (95% CI) P value

Revised 5-point MACE! 123(1.2) 161 (1.5) 16.7 21.0
Myocardial infarction 28(0.3) 41(0.4) 3.8 5.4
Heart failure 32(0.3) 47 (0.4) 43 6.1
Stroke 18(0.2) 30(0.3) 24 39
Coronary revascularization 56 (0.5) 67 (0.6) 7.6 8.7
All-cause mortality 11(0.1) 13(0.1) 5 1.7

Revised 3-point MACE! 56 (0.5) 83(0.8) 7.6 10.8

5-point MACES 120(1.1) 156 (1.5) 16.3 20.4

3-point MACE® 53(0.5) 75(0.7) 72 9.8
CV-related mortality 8(0.1) 5(0.1) 1.1 0.7

(B)
Number of Incidence rate per
Events, n (%) 1000 patient-years
lirzey ||Semaglutide Tirzepa

Revised 5-point MACE! 42(0.4) 80 (0.8) 123 211
Myocardial infarction 8(0.1) 23(0.2) 23 6.1
Heart failure 6(0.1) 19(0.2) 1.8 5.0
Stroke 7(0.1) 16 (0.2) 21 42
Coronary revascularization 27 (0.3) 37(0.4) 7.9 9.8
All-cause mortality 0 0 0 0

Revised 3-point MACE' 15(0.1) 39 (0.4) 4.4 103

5-point MACES 42(0.4) 80(0.8) 123 211

3-point MACE* 15(0.1) 39(0.4) 4.4 103
CV-related mortality 0 0 0 0

FIGURE 3
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0.0 0.5 1.0 1.5 2.0 25
—_— ,
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Incidence rates and hazard ratios for major adverse cardiovascular events with semaglutide versus tirzepatide for weight loss (ITT

and per-protocol analysis; propensity score matched). (A) ITT analysis. (B) Per-protocol analysis. Cl, confidence interval; CV, cardiovascular; HR,
hazard ratio; ITT, intention-to-treat; MACE, major adverse cardiovascular event. Revised 5-point MACE includes myocardial infarction, stroke,
hospitalisation for heart failure, coronary revascularization, and all-cause mortality. $Revised 3-point MACE includes myocardial infarction, stroke,
and all-cause mortality. §5-point MACE includes myocardial infarction, heart failure, stroke, coronary revascularization, and CV-related mortality.
3-point MACE includes myocardial infarction, stroke, and CV-related mortality.

(HR 0.74; 95% Cl 0.52-1.05; p = 0.091; Figure 3A). The risk of
MACE-5 was significantly lower by 22% with semaglutide compared
with tirzepatide (HR 0.78; 95% Cl 0.62-1.00; p = 0.046). The differ-
ence in the risk of CV-related mortality was not statistically significant
(HR 1.69; 95% CI 0.55-5.19; p = 0.358).

3.3 | Secondary per-protocol analysis

In the per-protocol analysis, the mean follow-up period for the sema-
glutide cohort was 3.8 (SD 4.1) months and patients had a mean of
4.4 (SD 4.4) prescription fills during this time. For the tirzepatide
cohort, the mean follow-up period was 4.3 months and included a
mean of 4.8 (SD 4.6) prescription fills. Dosing patterns were similar to
the ITT analysis (Figure 2B).

Use of semaglutide was associated with significant reductions in
the risk of rIMACE-3 and rMACE-5 compared with use of tirzepatide
(Figure 4C,D). The risk of rMACE-3 was reduced by 57% (HR 0.43;
95% Cl 0.24-0.78; p = 0.005; Figure 3B) and the risk of rMACE-5
was lower by 43% with semaglutide (HR 0.57; 95% CI 0.39-0.83;
p = 0.003) compared with tirzepatide. No mortality events were
observed in the per-protocol analysis, resulting in equivalent MACE
and rMACE outcomes.

The per-protocol analysis showed significantly decreased risk of
some individual CV outcomes associated with use of semaglutide
compared with tirzepatide (Figure 3B). The risk of MI was lower by
62% (HR 0.38; 95% CI 0.17, 0.86; p = 0.019) with semaglutide com-
pared with tirzepatide and the risk of hospitalisation for HF was 66%
lower (HR 0.34; 95% CI 0.13-0.85; 0.02). Directionally consistent
effects were observed for semaglutide compared with tirzepatide in
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FIGURE 4 Cumulative incidence of major adverse cardiovascular events with semaglutide versus tirzepatide for weight loss (propensity score
matched)?. (A) Revised 3-Point MACET—ITT Analysis*. (B) Revised 5-Point MACE®—ITT Analysis¥. (C) Revised 3-Point MACET—Per-Protocol
Secondary Analysis!. (D) Revised 5-Point MACE®—Per-Protocol Secondary Analysis'. GIP, glucose-dependent insulinotropic polypeptide; GLP-1,
glucagon-like peptide-1; ITT, intention-to-treat; MACE, major adverse cardiovascular event; No, number. Revised 3-point MACE includes
myocardial infarction, stroke, and all-cause mortality. $Analysis includes patients who were followed through the end of follow-up regardless of
persistence on therapy. End of follow-up was defined as the earliest of the end of the study period (31 January 2025), end of continuous
enrolment, initiation of a non-index GLP-1 or GLP-1/GIP receptor agonist, bariatric surgery, or death. § Revised 5-point MACE includes
myocardial infarction, stroke, hospitalisation for heart failure, coronary revascularization, and all-cause mortality. Analysis includes patients who
were censored at treatment discontinuation (i.e., a gap in therapy of >30 days).

incidence per 1000 patient-years for stroke (2.1 vs. 4.2) and coronary

revascularization (7.9 vs. 9.8).

3.4 | Sensitivity and exploratory analyses
The sensitivity analysis showed no significant differences between
semaglutide and tirzepatide users for the five negative control out-

comes (Supplemental Table 1).

The exploratory analyses showed a greater average weight loss
over 12 months with tirzepatide versus semaglutide among patients
with available data (Supplemental Figure 2).

4 | DISCUSSION

The STEER study assessed the real-world incidence of MACE during
treatment with semaglutide or tirzepatide among patients with
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FIGURE 4 (Continued)

overweight or obesity and ASCVD, without diabetes, in routine clini-
cal practice in the US. This comparative ITT analysis found semaglu-
tide was associated with statistically significant 29% and 22%
reductions in rMACE-3 and rMACE-5, respectively, compared with tir-
zepatide. Results were even more pronounced in the per-protocol
analysis, including patients actively on treatment, where semaglutide
was associated with statistically significant 57% and 43% reductions
in rIMACE-3 and rMACE-5, respectively.

This study adds to the existing body of evidence demonstrating
the beneficial impact of semaglutide on CV outcomes from clinical

717-19 and real-world populations.”*° The landmark trial,

trials
SELECT, demonstrated the superiority of semaglutide over placebo
with a 20% reduction in the risk of MACE.” These beneficial CV
effects of semaglutide were observed early after treatment initiation,
with the first statistically significant differences observed at Day
20 and sustained from Day 86 through the end of follow-up.?° Results
of the current study are consistent with the findings of SELECT and
also support early and sustained effectiveness with semaglutide ver-

sus tirzepatide, as the between group difference in the incidence of

rMACE-3 and rMACE-5 was observed as early as 2-3 months after
semaglutide initiation and continued through the end of follow-up.
Semaglutide has demonstrated both direct and indirect benefits
on CV outcomes.?°-22 GLP-1 RAs have been reported to directly
influence the CV

mechanisms?3~32; thus, recent data supports that the significant

system through several independent
improvement in CV outcomes associated with semaglutide is not
attributable to the magnitude of weight loss. Prespecified mediation
analyses from SELECT show the cardioprotective effects of semaglu-
tide are independent of baseline adiposity and weight loss, suggesting
a benefit beyond weight reduction.?? Additionally, the benefit of
semaglutide on MACE risk reduction preceded any clinically meaning-
ful changes in body weight.?° In the current study, patients treated
with tirzepatide showed consistently greater weight loss compared
with semaglutide (Supplemental Figure 2); however, the reduction in
CV risk was significantly greater with semaglutide. Data from SELECT
also showed changes in several other measured CV risk factors
(e.g., high-sensitivity C-reactive protein, blood pressure) did not fully

explain the effect of semaglutide on MACE risk reduction. Thus, the
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CV benefits with semaglutide may also be independent of improve-
ments in cardiometabolic risk factors. Further investigation into the
mechanism of semaglutide's direct effect on CV outcomes is needed.
The CV benefit with semaglutide may also be independent of dose. In
SELECT, the benefit of semaglutide on MACE risk reduction occurred
early, prior to full titration to the target maintenance dose of 2.4 mg
for weight loss,?° and only 77% of patients were taking this dose by
study Year 2.7 In the current study, only 38% of semaglutide-treated
patients reached maintenance doses; however, a significantly lower
risk of CV events was still observed compared with tirzepatide.

To our knowledge, this is the first study to assess the real-world
effectiveness of semaglutide compared with tirzepatide on CV out-
comes among patients with overweight or obesity and ASCVD with-
out diabetes. The significant benefit on MACE risk reduction with
semaglutide over tirzepatide further supports the growing body of
evidence suggesting the CV benefit of semaglutide is molecule-
specific and not simply a class effect of GLP-1 or GIP/GLP-1 RAs.
However, this study did not investigate factors driving the difference
in CV risk reduction between semaglutide and tirzepatide. Given the
exploratory finding that tirzepatide patients had consistently greater
weight loss, the CV benefits observed in this study appear to be
weight loss independent. It could be hypothesised that disparities in
CV risk reduction may instead be due to differences in the mecha-
nisms of action, including dissimilarities in signalling pathways.>3
There is evidence of potential CV risk reduction with therapies target-
ing the GIP receptor, like tirzepatide, partly attributable to weight loss
and partly to improved glycemic control.>* However, there may not
be additional CV benefit from adding GIP agonism to a GLP-1 RA
based on results of the SURPASS-CVOT study, which showed that in
patients with established ASCVD and T2DM, tirzepatide was
non-inferior to the GLP-1 RA, dulaglutide, in CV risk reduction despite
having significantly greater weight loss and improvement in glycemic
control.'? Factors affecting the differences in CV risk reduction
among this class of medications are not well understood and addi-

tional research is needed.

4.1 | Strengths and limitations
The STEER study has several strengths. It is the first to compare the
effectiveness of semaglutide and tirzepatide on reducing CV out-
comes using a large, diverse, nationally representative database
reflecting current clinical practice in patients with overweight or obe-
sity without diabetes. This study used rigorous propensity score
matching methodology to achieve cohorts that were well-balanced
across a comprehensive list of comorbidities and concomitant medica-
tions. To prevent confounding, a new user design excluding patients
with use of GLP-1 or GIP/GLP-1 RAs during the baseline period was
used. Additionally, the association between semaglutide versus tirze-
patide and five negative control outcomes was assessed to address
unmeasured bias.

Study limitations include those generally associated with any ret-

rospective claims analysis including potential diagnostic or procedural

coding inaccuracies and incomplete or missing data, which may con-
tribute to potential measurement errors or limit the generalizability of
study results.>®> These limitations may have impacted the exclusion
of T2DM patients; however, since patients were also excluded based
on HbA1c levels and treatment use, any impact should be minimal. To
ensure that T2DM was adequately excluded among off-label Moun-
jaro® users, further study restricted to Zepbound® users is needed to
validate these findings. Additionally, although the study cohorts were
balanced using propensity-score matching, the potential for biases or
residual confounding from unmeasured variables, such as diet or phys-
ical activity, cannot be eliminated.

Because STEER was an observational study, it is not possible to
establish causality. CV benefits with semaglutide have been demon-
strated in this patient population via the SELECT trial”; however, clini-
cal trial evidence on the potential CV benefit of tirzepatide is pending
from the ongoing SURMOUNT-MMO trial.>*¢ Randomised controlled
trials are needed to confirm the findings of this real-world analysis.

Another limitation included the limited follow-up duration, which
could have led to a low number of observed CV events. Given the lag
in prescribing uptake and availability of claims data that affect all
retrospective claims analyses, the mean follow-up period was approxi-
mately 8 months for the ITT analysis and 4 months for the per-
protocol analysis. Further research with extended follow-up is needed
to examine whether these trends persist. However, clinical trial data
from SELECT?® show semaglutide's early benefit on CV risk reduction,
which is supported by the current study despite the short follow-up
duration.

In conclusion, results from this comparative real-world analysis of
a large, US claims database show semaglutide is associated with early
and significantly greater reductions in the risk of rMACE-3, rMACE-5,
and MACE-5 compared with tirzepatide among patients with over-
weight or obesity and ASCVD without diabetes. This study adds to
the growing body of evidence suggesting the established CV benefit
of semaglutide is molecule specific and cannot be generalised to the
broader GLP-1 or GIP/GLP-1 RA classes.
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