
J A C C : A D V A N C E S V O L . 4 , N O . 5 , 2 0 2 5

ª 2 0 2 5 T H E A U T H O R S . P U B L I S H E D B Y E L S E V I E R O N B E H A L F O F T H E AM E R I C A N

C O L L E G E O F C A R D I O L O G Y F OU N D A T I O N . T H I S I S A N O P E N A C C E S S A R T I C L E U N D E R

T H E C C B Y L I C E N S E ( h t t p : / / c r e a t i v e c o mm o n s . o r g / l i c e n s e s / b y / 4 . 0 / ) .
ORIGINAL RESEARCH

CARDIOMETABOLIC
An Observational Study of

Cardiovascular Outcomes of Tirzepatide vs
Glucagon-Like Peptide-1 Receptor Agonists
Sourbha S. Dani, MD, MSC,a Bhargav Makwana, MD,a Sumanth Khadke, MBBS,a Ashish Kumar, MD,b

Pardeep Jhund, MBCHB, MSC, PHD,c Khurram Nasir, MD, MPH, MSC,d Naveed Sattar, MD, PHD,c Sadeer Al-Kindi, MD,d

Gregg Fonarow, MD,e Javed Butler, MD, MPH, MBA,f Deepak L. Bhatt, MD, MPH,g Mikhail N. Kosiborod, MD,h

Anju Nohria, MD,i Sarju Ganatra, MDa
ABSTRACT
ISS

Fro

He

Re
dD

US

Sco

Sin

an
BACKGROUND While cardiovascular benefits of tirzepatide, a glucose-dependent insulinotropic peptide/glucagon-like

peptide-1 receptor agonist in patients with type 2 diabetes mellitus (T2DM), and its comparative effectiveness vs

glucagon-like peptide-1 receptor agonists (GLP-1RAs) is studied in randomized controlled trials, real-world outcomes

may provide critical insights.

OBJECTIVES The purpose of this study was to examine the cardiovascular benefits of tirzepatide vs GLP-1RA in people

living with overweight or obesity, with T2DM, age $40 years, and pre-existing ischemic heart disease (IHD).

METHODS A retrospective cohort analysis of de-identified, aggregate patient data from the TriNetX research network

was conducted. People with T2DM, age $40 years, pre-existing IHD, and body mass index $25 kg/m2 receiving either

tirzepatide or GLP-1RA were identified and divided into 2 groups (tirzepatide vs GLP-1RA). After propensity score

matching, Cox-proportional HRs were used to compare efficacy and safety outcomes during 1-year follow-up.

RESULTS Among 47,719 adults, 753 received tirzepatide, and 46,966 were on GLP-1RA. After propensity score

matching, each group had 751 adults (mean age 59.9 � 8.9 years, 46.5% females, 74.8% White adults in the tirzepatide

group). Treatment with tirzepatide was associated with lower primary composite outcomes of acute myocardial infarc-

tion, ischemic stroke, and all-cause mortality (HR: 0.60, 95% CI: 0.43-0.84, P < 0.001). Individually, acute myocardial

infarction (HR: 0.59, 95% CI: 0.38-0.91) and all-cause mortality (HR: 0.35, 95% CI: 0.14-0.88, P ¼ 0.001) were also

found to be favorable in the tirzepatide group.

CONCLUSIONS Tirzepatide use is associated with better outcomes in adults aged 40 years or older with T2DM,

body mass index $25 kg/m2, and pre-existing IHD. (JACC Adv. 2025;4:101740) © 2025 The Authors. Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
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D espite preventive, pharmacothera-
peutic, and invasive management
advances, cardiometabolic dis-

eases dominate with significant morbidity,
mortality, and substantial economic loss
globally.1 In the United States, coronary
heart disease was responsible for 41.2% of
cardiovascular disease (CVD) attributable
deaths in 2020, accounting for 12% of total
health expenditures.2 The burden of CVD is
exacerbated by the rising incidence of type
2 diabetes mellitus (T2DM) and obesity,
both significant risk factors for CVD. In
2021, 529 million individuals were estimated
to have T2DM globally; obesity was attrib-
uted to 52.2% of T2DM-associated Disability Adjusted
Life Years, highlighting unmet critical needs to target
T2DM and obesity.3

The last decade has seen tremendous pharmaco-
therapeutic progress in addressing T2DM and obesity.
A plethora of new antidiabetic medications, particu-
larly glucagon-like peptide-1 receptor agonists (GLP-
1RAs), have demonstrated positive cardiometabolic
effects with improved glycemic control, weight loss,
blood pressure control, and lower inflammation and
thus have proven benefits in reducing rates of nonfatal
acute myocardial infarction (AMI), stroke, and car-
diovascular death.4 Studies have shown that GLP-1RA
significantly reduce major adverse cardiovascular
events (MACEs) in patients living with or without
T2DM, regardless of pre-existing CVD, and are effec-
tive in reducing cardiovascular and all-cause mortal-
ity.5-8 As a result, GLP-1RA are one of the 2 preferred
glucose-lowering agents in patients with T2DM and
CVD or at increased risk of CVD by various societal
guidelines.9,10 Since the first approval of exenatide in
2005, the GLP-1RA pipeline has grown and has
demonstrated superiority of newer GLP-1RA, such as
liraglutide and semaglutide, related to robust GLP-1R
target engagement. Several strategies were attemp-
ted to enhance the efficacy of GLP-1RA, including dose
uptitration. However, these efforts were limited due to
gastrointestinal (GI) side effects and only moderate
improvements in weight loss and glycemic control.

The introduction of tirzepatide, a combined
glucose-dependent insulinotropic polypeptide
(GIP) and GIP/GLP-1RA, has further strengthened
the cardiometabolic field. Tirzepatide is a novel,
s attest they are in compliance with human studies committe

and Food and Drug Administration guidelines, including patien

thor Center.

received July 22, 2024; revised manuscript received January 20,
unimolecular twincretin agonist of GIP-GLP-1RA,
which, after initial phase 2 studies,11,12 was found to
be superior in glycaemia reduction compared to the
standard of care or placebo in the SURPASS RCT
program.13 Tirzepatide not only improved glycemia
and body weight but also slowed the reduction in
estimated glomerular filtration rate (eGFR)14 and is
beneficial in metabolic dysfunction–associated fatty
liver disease.15,16 When compared with semaglutide
1 mg directly17 and indirectly,18 glycemic control,
weight reduction, blood pressure control, and lipid
reduction were better with tirzepatide. In a pre-
specified meta-analysis of the SURPASS trials,19

tirzepatide was found to be safe from a cardiovascu-
lar standpoint with a trend towards lower MACE.
However, the published SURPASS trials were not
powered to detect statistically significant differences
in MACE due to low event rates.

To date, there are no head-to-head RCTs
comparing the effect of tirzepatide vs contemporary
GLP-1RA on cardiovascular outcomes. While this
question is being addressed by the SURPASS-CVOT
(A Study of Tirzepatide Compared With Dulaglutide
on Major Cardiovascular Events in Participants With
Type 2 Diabetes)20 trial that should report in 2025,
this knowledge gap can be estimated by real-world
evidence-based observational studies.

In this observational cohort study, we aim to
explore the cardiovascular outcomes of tirzepatide vs
contemporary GLP-1RAs using a large research
network database.

METHODS

DATA SOURCE AND PATIENT POPULATION. A
retrospective observational cohort analysis was con-
ducted using TriNetX Global Research Network data
queried from January 1, 2022 until December 31, 2022.
The TriNetX Global Research Network offers access to
inpatient and outpatient electronic health records
(EHRs) of approximately 110 million individuals,
derived mainly from US healthcare institutions. This
platform only has aggregate, de-identified data per
the de-identification standard defined in Section
x164.514(a) of the HIPAA Privacy Rule. This research
utilized anonymized patient data and was thus
exempted by the Institutional Review Board of Lahey
Hospital and Medical Center.
es and animal welfare regulations of the authors’

t consent where appropriate. For more information,
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People living with with T2DM, age $40 years, IHD,
BMI $25 kg/m2, and receiving either tirzepatide or a
GLP-1RA (semaglutide, liraglutide, dulaglutide, lix-
isenatide) were identified using International Classi-
fication of Disease-10th revision (ICD-10) codes and
EHR curated data. The population was further strati-
fied into 2 groups based on tirzepatide and GLP-1RA
use. The index date for the study’s follow-up was
the date of commencement of tirzepatide or GLP-1RA
treatment for each group. The retrieval window for
the baseline characteristics of study participants was
set to 20 years before the index event date. The
Current Procedural Terminology and ICD-10 codes
used to identify the cohorts and study window
definitions are available in the Supplemental Tables 1
to 5. Data analysis was performed on January 3, 2024.
This study was reported per the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

STUDY OUTCOMES. The primary outcome assessed
in this study was a composite of AMI, stroke, and all-
cause mortality. These outcomes were selected to
explicitly emulate the ongoing SURPASS-CVOT for
eligibility and outcomes criteria to overcome the
possible distortion of results by baseline con-
founders.21 Secondary outcomes included the indi-
vidual components of the primary composite
outcome. Secondary outcomes also included all-cause
hospitalization or ER visits, heart failure exacerba-
tions (HFEs), new-onset atrial fibrillation or flutter,
pulmonary hypertension, acute kidney injury (AKI),
and the need for new-onset renal replacement ther-
apy. Laboratory parameters such as C-reactive pro-
tein levels $5 mg/dL, low-density lipoprotein
(LDL) #70 mg/dL, triglyceride #150 mg/dL, albu-
min:creatinine ratio #30 mg/g, and albu-
min:creatinine ratio #300 mg/g were extracted from
the database. All outcomes were assessed during a
12-month follow-up period. HFE was defined using
ICD-10 codes as either a requirement for intravenous
diuretics or a diagnosis of pulmonary edema. Multiple
safety outcomes/adverse events were assessed for
both groups, including GI symptoms, gallbladder and
pancreatic disorders, and nonalcoholic fatty liver
disease (NAFLD)/hepatic fibrosis. In addition, the
occurrence of influenza, pneumonia, and diabetic
retinopathy were compared between the 2 groups. A
subgroup analysis was conducted between tirzepa-
tide vs semaglutide or liraglutide for all primary and
secondary outcomes.

STATISTICAL ANALYSIS. Continuous variables are
presented as mean � SD or median (IQR), and cate-
gorical variables are presented as number (%).
Baseline characteristics in the 2 groups were
compared using independent-sample t-tests for
continuous variables and chi-square tests for cate-
gorical variables. 1:1 propensity score matching (PSM)
using a number of baseline demographic variables,
comorbidities, medications, laboratory parameters,
and prior healthcare utilization characteristics, as
listed in Table 1 and Supplemental Table 5, was per-
formed using greedy nearest-neighbor matching with
a caliper of 0.1 times the pooled standard deviation of
the linear propensity scores to control for baseline
differences between the study groups. The standard
mean difference is a quantitative method used to
represent the difference between the mean of 2
groups in terms of standard deviation units to assess
the balance in measured variables in the sample
weighted by the inverse probability of treatment. The
variables were chosen because of their potential
impact on overall and cardiovascular outcomes.

After PSM, adjusted outcomes were compared be-
tween the 2 cohorts. Kaplan-Meier curves and Cox-
proportional Hazard models were used for survival
analysis. Statistical significance was set at a P value
of <0.05. Statistical analyses were performed using
integrated R for statistical computing on the TriNetX
platform.
Sens i t iv i ty analyses . To increase the robustness of
observational data, we performed a “look back”
12-month healthcare utilization of tirzepatide vs GLP-
1RA groups for outpatient and emergency room visits
and hospitalizations before December 31, 2022. We
assessed falsification outcomes in the form of urinary
tract infections, peptic ulcer disease, and ambulatory
visits in the same follow-up time frame. Furthermore,
we used the E-value measurement of E-value22 for
primary and secondary outcomes to evaluate signifi-
cant confounding and is noted in the tables. A higher
E-value implies that a stronger unmeasured
confounder would be required to explain away or
nullify the observed association between the expo-
sure and the outcome.

RESULTS

PATIENT POPULATION. The study cohort included
47,719 adults. Among these, 753 were on tirzepatide,
and 46,966 were on GLP-1RA. After PSM, 751 patients
remained in each group and were included in the
analysis (Supplemental Table 4).

The baseline characteristics of the study patients,
before and after PSM, are shown in Table 1. The ICD/
International Classification of Diseases, Anatomical
Therapeutic Chemical Classification, or Veterans Af-
fairs codes for these baseline characteristics are

https://doi.org/10.1016/j.jacadv.2025.101740
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TABLE 1 Baseline Characteristics of Population Before and After Propensity Score Matching

Before PSM After PSM

Tirzepatide
(n ¼ 753)

GLP-1RA
(n ¼ 46,966) Std. Diff.

Tirzepatide
(n ¼ 751)

GLP-1RA
(n ¼ 751) Std. Diff.

Demographics

Age, y 59.9 � 8.9 63.3 � 10.2 0.352 59.9 � 8.9 60.1 � 9.6 0.019

Female 350 (46.5) 20,741 (44.2) 0.047 349 (46.5) 340 (45.3) 0.024

Non-Hispanic 675 (89.6) 37,953 (80.8) 0.251 673 (89.6) 684 (91.1) 0.050

White 564 (74.9) 31,781 (67.7) 0.160 562 (74.8) 577 (76.8) 0.047

BMI 37.6 � 6.5 35.0 � 6.6 0.398 37.6 � 6.5 36.6 � 6.3 0.100

Comorbidities

Hypertension 712 (94.6) 44,006 (93.7) 0.036 710 (94.5) 705 (93.9) 0.029

Hyperlipidemia 718 (95.4) 42,037 (89.5) 0.222 716 (95.3) 711 (94.7) 0.031

Acute myocardial infarction 144 (19.1) 9,538 (20.3) 0.030 143 (19.0) 148 (19.7) 0.017

Ischemic stroke 54 (7.2) 4,454 (9.5) 0.084 54 (7.2) 42 (5.6) 0.065

History of prior PCI 101 (13.4) 4,757 (10.1) 0.102 101 (13.4) 99 (13.2) 0.008

Atrial fibrillation/flutter 127 (16.9) 8,728 (18.6) 0.045 127 (16.9) 131 (17.4) 0.014

Heart failure 219 (29.1) 14,387 (30.6) 0.033 219 (30.6) 204 (27.2) 0.044

Chronic kidney disease 199 (26.4) 14,895 (31.7) 0.117 198 (26.4) 188 (25.0) 0.030

Peripheral arterial disease 236 (31.3) 14,749 (31.4) 0.001 234 (31.2) 233 (31.0) 0.003

Chronic lower respiratory diseases 308 (40.9) 17,236 (36.7) 0.086 307 (40.9) 311 (41.4) 0.011

Malignancy 97 (12.9) 4,688 (10.0) 0.091 97 (12.9) 79 (10.5) 0.075

Medications

Statin 707 (93.9) 42,547 (90.6) 0.124 705 (93.9) 698 (92.9) 0.038

ACE inhibitors 451 (59.9) 28,627 (61.0) 0.022 450 (59.9) 438 (58.3) 0.033

ARB 373 (49.5) 19,667 (41.9) 0.154 371 (49.4) 366 (48.7) 0.013

ARNi 48 (6.4) 1,468 (3.1) 0.153 46 (6.1) 52 (6.9) 0.032

Beta-blockers 619 (82.2) 36,988 (78.8) 0.087 617 (82.2) 610 (81.2) 0.024

Antiarrhythmics 598 (79.4) 31,055 (66.1) 0.302 596 (79.4) 593 (79.0) 0.010

Loop diuretics 342 (45.4) 21,308 (45.4) 0.001 340 (45.3) 330 (43.9) 0.027

Thiazide diuretics 366 (48.6) 21,361 (45.5) 0.063 364 (48.5) 361 (48.1) 0.008

Potassium-sparing diuretics 205 (27.2) 9,336 (19.9) 0.174 203 (27.0) 211 (28.1) 0.024

Empagliflozin 276 (36.7) 6,910 (14.7) 0.519 274 (36.5) 262 (34.9) 0.033

Dapagliflozin 128 (17.0) 3,041 (6.5) 0.331 126 (16.8) 124 (16.5) 0.007

Canagliflozin 75 (10.0) 3,146 (6.7) 0.118 75 (10.0) 56 (7.5) 0.090

Insulin 547 (72.6) 34,403 (73.3) 0.014 545 (72.6) 534 (71.1) 0.033

Metformin 605 (80.3) 34,845 (74.2) 0.147 603 (80.3) 621 (82.7) 0.062

Glipizide 176 (23.4) 12,241 (26.1) 0.062 176 (23.4) 191 (25.4) 0.046

Aspirin 604 (80.2) 35,964 (76.6) 0.088 602 (80.2) 602 (80.2) <0.001

Clopidogrel 194 (25.8) 14,203 (30.2) 0.100 193 (25.7) 205 (27.3) 0.036

Ticagrelor 86 (11.4) 3,144 (6.7) 0.165 85 (11.3) 79 (10.5) 0.026

Warfarin 66 (8.8) 5,644 (12.0) 0.107 65 (8.7) 67 (8.9) 0.009

Apixaban 104 (13.8) 4,394 (9.4) 0.140 103 (13.7) 107 (14.2) 0.015

Rivaroxaban 70 (9.3) 2,680 (5.7) 0.137 69 (9.2) 69 (9.2) <0.001

Linagliptin 52 (6.9) 2,782 (5.9) 0.040 52 (6.9) 33 (4.4) 0.11

Saxagliptin 15 (2.0) 991 (2.1) 0.008 15 (2.0) 24 (3.2) 0.075

Alogliptin 10 (1.3) 439 (0.9) 0.037 10 (1.3) 10 (1.3) <0.001

Sitagliptin 163 (21.6) 10,374 (22.1) 0.011 163 (21.7) 163 (21.7) <0.001

Lab values

Creatinine (mg/dL) 1.0 � 0.6 1.3 � 4.2 0.094 1.0 � 0.6 1.1 � 0.6 0.036

LVEF <45% 44 (5.8) 1,579 (3.4) 0.119 43 (5.7) 45 (6.0) 0.011

BNP >150 pg/mL 80 (10.6) 5,337 (11.4) 0.024 80 (10.7) 80 (10.7) <0.001

NT-proBNP >450 pg/mL 49 (6.5) 2,970 (6.3) 0.007 48 (6.4) 53 (7.1) 0.027

LDL cholesterol >130 mg/dL 257 (34.1) 12,280 (26.1) 0.175 256 (34.1) 267 (35.6) 0.031

Triglyceride 190.2 � 144.1 189.3 � 160.7 0.006 190.2 � 144.3 189.6 � 125.2 0.005

Hemoglobin A1c $7% 599 (79.5) 32,392 (69.0) 0.244 597 (79.5) 607 (80.8) 0.033

Aspartate aminotransferase 25.0 � 13.1 25.6 � 30.9 0.025 25.0 � 13.1 25.8 � 16.5 0.052

Alanine aminotransferase 28.1 � 15.5 28.7 � 29.1 0.026 28.1 � 15.5 30.5 � 23.6 0.120

CRP $5 mg/L 147 (19.5) 8,206 (17.5) 0.053 146 (19.4) 162 (21.6) 0.053

Continued on the next page
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TABLE 1 Continued

Before PSM After PSM

Tirzepatide
(n ¼ 753)

GLP-1RA
(n ¼ 46,966) Std. Diff.

Tirzepatide
(n ¼ 751)

GLP-1RA
(n ¼ 751) Std. Diff.

Prior healthcare utilization

PCI 101 (13.4) 4,757 (10.1) 0.102 101 (13.4) 99 (13.2) 0.008

Outpatient visits 597 (79.3) 40,192 (85.6) 0.166 595 (79.2) 596 (79.4) 0.003

ER visits 427 (56.7) 23,855 (50.8) 0.119 425 (56.6) 433 (57.7) 0.022

Inpatient admissions 372 (49.4) 21,095 (44.9) 0.090 370 (49.3) 366 (48.7) 0.011

Values are mean � SD or n (%).

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; ARNi ¼ angiotensin receptor neprilysin inhibitor; BNP ¼ brain natriuretic peptide;
CRP ¼ C-reactive protein; ER ¼ emergency room; GLP-1RA ¼ glucagon-like peptide-1 receptor agonist; LDL ¼ low-density lipoprotein; LVEF ¼ left ventricular ejection fraction;
NT-proBNP ¼ N-terminal pro-B-type natriuretic peptide; PCI ¼ percutaneous coronary intervention; PSM ¼ propensity score matching.
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presented in Supplemental Table 5. Before PSM,
patients receiving tirzepatide were younger than
those receiving GLP-1RA, predominantly non-
Hispanic and White adults. Patients receiving tir-
zepatide had a relatively higher prevalence of hy-
pertension and hyperlipidemia. In contrast, a prior
history of ischemic stroke, chronic kidney disease
(stage 3 and above), and atrial fibrillation was noted
more in the GLP-1RA group. The use of statin,
angiotensin receptor blocker, beta-blockers, anti-ar-
rhythmics, potassium-sparing diuretics, and
sodium-glucose co-transporter-2 inhibitor (SGLT-2i)
was noted more in patients receiving tirzepatide;
FIGURE 1 Kaplan-Meier Plot Showing Primary Composite Outcome-F
however, after PSM, the 2 cohorts were well
matched for demographics, comorbidities, medica-
tion use at baseline, laboratory values, and prior
healthcare utilization.

OUTCOMES. Pr imary outcome. Tirzepatide was
associated with a lower primary composite outcome
of AMI, stroke, and all-cause mortality compared to
GLP-1RA (relative risk reduction [RRR]: 40%, HR:
0.60 [95% CI: 0.42-0.84], P ¼ 0.003) (Figure 1).
Secondary c l in i ca l outcomes . Among the individ-
ual components of the primary composite outcome,
AMI (RRR: 42%, HR: 0.59 [95% CI: 0.38-0.91],
P ¼ 0.016) and all-cause mortality (RRR: 44%,
ree Survival in Patients on Tirzepatide vs GLP-1 Receptor Agonists

https://doi.org/10.1016/j.jacadv.2025.101740


FIGURE 2 Kaplan-Meier Plot Showing Heart Failure Exacerbation-Free Survival in Patients on Tirzepatide vs GLP-1 Receptor Agonists
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HR: 0.35 [95% CI: 0.14-0.89], P ¼ 0.021) were also
significantly lower in adults receiving tirzepatide
than in those receiving GLP-1RA. Although the inci-
dence of ischemic stroke was less in the tirzepatide
group (RRR: 19%, HR: 0.81 [95% CI: 0.45-1.43],
P ¼ 0.468), this finding did not achieve statistical
significance. Other clinically relevant secondary
endpoints which were significantly lower in the tir-
zepatide group included HFE (RRR: 40%, HR: 0.60
[95% CI: 0.37-0.98], P ¼ 0.04) (Figure 2), new systolic
heart failure (RRR: 26%, HR: 0.73 [95% CI: 0.54-0.99],
P ¼ 0.045), new-onset atrial fibrillation or atrial
flutter (RRR: 45%, HR: 0.23 [95% CI: 0.07-0.68],
P ¼ 0.004), and new-onset AKI (RRR: 33%, HR: 0.67
[95% CI: 0.47-0.96], P ¼ 0.028).
Laboratory outcomes . Tirzepatide was associated
with a higher likelihood of achieving
HbA1c #7 (HR: 1.50 [95% CI: 1.30-1.74], P < 0.001),
LDL #70 mg/dL (HR: 1.32 [95% CI: 1.11-1.57],
P ¼ 0.002), triglyceride #150 mg/dL (HR: 1.26 [95% CI:
1.07-1.49], P ¼ 0.006), albumin:creatinine ratio
#30 mg/g (HR: 1.75 [95% CI: 1.11-2.77], P ¼ 0.014), and
albumin:creatinine ratio #300 mg/g (HR: 1.56
[95% CI: 1.08-2.25], P ¼ 0.017) than GLP-1RA. Reduc-
tion in C-reactive protein was also less associated
with the tirzepatide group than with the GLP-1RA
group; however, this was not statistically significant
(HR: 0.76 [95% CI: 0.38-1.52], P ¼ 0.44). Weight loss,
measured by the incidence of BMI #30, was compa-
rable in both groups (HR: 0.93 [95% CI: 0.760-1.14],
P ¼ 0.492) (Table 2).
Safety outcomes . The incidence of GI symptoms
(HR: 0.68 [95% CI: 0.56-0.83], P < 0.001), palpitations
(HR: 0.74 [95% CI: 0.54-1.00], P ¼ 0.002), and influ-
enza/pneumonia (HR: 0.58 [95% CI: 0.37-0.92],
P ¼ 0.021) were less in the tirzepatide group than in
the GLP-1RA group. However, gallbladder and
pancreatic disorders (HR: 0.81 [95% CI: 0.35-1.85],
P ¼ 0.620), NAFLD/hepatic fibrosis (HR: 0.89 [95% CI:
0.63-1.25], P ¼ 0.513), and diabetic retinopathy (HR:
0.83 [95% CI: 0.59-1.17], P ¼ 0.306) were comparable
in both groups (Table 3).
Subgroup analys i s . For subgroup analysis of tirze-
patide vs semaglutide/liraglutide, the primary com-
posite outcomes were seen favorbaly with tirzepatide
(HR: 0.56, 95% CI: 0.40-0.78, P ¼ 0.001), primarily
driven by AMI (HR: 0.55, 95% CI: 0.36-0.84,
P ¼ 0.005) and all-cause mortality (HR: 0.34, 95% CI:
0.13-0.86, P ¼ 0.01). Ischemic stroke events were less
in adults on tirzepatide than in those on semaglutide/
liraglutide but did not reach statistical significance
(HR: 0.76, 95% CI: 0.43-1.34, P ¼ 0.34). For secondary
outcomes, HFE (HR: 0.53, 95% CI: 0.34-0.84,
P ¼ 0.007), new-onset atrial fibrillation, or atrial



TABLE 2 Comparison of Efficacy Outcomes Among Patients on Tirzepatide vs GLP-1RA

Outcomesa
Tirzepatide
(n ¼ 751)

GLP-1RA
(n ¼ 751)

Risk Difference
(95% CI) ARR (%) RRR (%) HR (95% CI) P Value

E Value
for HR

E Value
for Lower
CI of HR

Primary outcome

Composite of acute
myocardial infarction,
ischemic stroke, and
all-cause mortality

54 90 �0.048 (�0.078 to �0.018) 5 40% 0.600 (0.428-0.841) 0.003 2.72 4.1

Secondary outcomes

Acute myocardial
infarction

32 55 �0.031 (�0.054 to �0.007) 3 42% 0.589 (0.381-0.911) 0.016 2.79 4.69

Ischemic stroke 21 26 �0.007 (�0.024 to 0.011) 1 19% 0.809 (0.455-1.437) 0.468 1.78 3.82

All-cause mortality 10 18 �0.011 (�0.024 to 0.003) 1 44% 0.352 (0.140-0.888) 0.021 5.13 13.77

All-cause hospitalization
or ER visits

310 332 �0.029 (�0.079 to 0.021) 3 7% 0.940 (0.805-1.097) 0.432 1.26 1.6

Heart failure exacerbation 27 45 �0.024 (�0.046 to �0.002) 2 40% 0.609 (0.378-0.982) 0.040 2.67 4.73

New systolic heart failure 74 100 �0.035 (�0.067 to �0.002) 3 26% 0.736 (0.545-0.994) 0.045 2.06 3.07

New onset atrial
fibrillation/flutter

10 18 �0.013 (�0.030 to 0.003) 1 45% 0.233 (0.079-0.689) 0.004 8.05 24.81

Acute kidney injury 52 78 �0.035 (�0.063 to �0.006) 3 33% 0.676 (0.476-0.960) 0.028 2.32 3.62

Renal replacement
therapy

0 10 �0.013 (�0.022 to �0.005) 1 NA NA NA NA NA

HbA1c #7% 422 324 0.130 (0.080 to 0.181) �13 �30% 1.507 (1.303-1.743) <0.001 1.99 1.69

CRP $5 mg/L 14 19 �0.009 (�0.028 to 0.009) 1 26% 0.761 (0.381-1.521) 0.438 1.96 4.69

LDL #70 mg/dL 277 232 0.060 (0.012-0.108) �6 �19% 1.326 (1.113-1.579) 0.002 1.73 1.37

Triglyceride #150 mg/dL 293 254 0.052 (0.003-0.101) �5 �15% 1.267 (1.070-1.499) 0.006 1.64 1.27

Albumin: creatinine
ratio #30 mg/g

49 30 0.025 (0.003-0.048) �3 �63% 1.757 (1.115-2.770) 0.014 2.91 1.47

Albumin: creatinine
ratio #300 mg/g

70 48 0.029 (0.002-0.056) �3 �46% 1.561 (1.080-2.255) 0.017 2.5 1.37

BMI #30 kg/m2 181 194 �0.017 (�0.061 to 0.026) 2 7% 0.931 (0.760-1.141) 0.492 1.28 1.71

Pulmonary hypertension 33 44 �0.015 (�0.037 to 0.008) 1 25% 0.767 (0.489-1.206) 0.249 1.93 3.51

aAfter propensity score matching.

ARR ¼ absolute risk reduction; CRP ¼ C-reactive protein; GLP-1RA ¼ glucagon-like peptide-1 receptor agonist; HbA1c ¼ hemoglobin A1C; LDL ¼ low-density lipoprotein; RRR ¼ relative risk reduction.
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flutter (HR: 0.35, 95% CI: 0.13-0.98, P ¼ 0.03) was
less associated with tirzepatide, whereas new sys-
tolic heart failure (HR: 0.8, 95% CI: 0.65-1.22,
P ¼ 0.49) and new-onset AKI (HR: 0.80, 95% CI:
0.55-1.15, P ¼ 0.22) were not statistically different in
both groups.
TABLE 3 Comparison of Safety Outcomes

Tirzepatide
(n ¼ 751)

GLP-1RA
(n ¼ 751)

Risk Differe
(95% CI

GI symptoms 167 238 �0.095 (�0.139 t

Hypoglycemia 10 10 0 (�0.012 to

Gallbladder and
Pancreas disorders

10 13 �0.004 (�0.019

Palpitations 73 101 �0.037 (�0.070 t

Diabetic retinopathy 61 73 �0.016 (�0.045

Influenza and pneumonia 29 51 �0.029 (�0.052 t

Suicidal ideation/attempt 10 10 0 (�0.012 to

Thyroid cancer 10 10 0 (�0.012 to

GI ¼ gastrointestinal; GLP-1RA ¼ glucagon-like peptide-1 receptor agonist.
SENSITIVITY ANALYSES. A “look back” 12-month
healthcare utilization of tirzepatide vs GLP-1RA
groups for outpatient and emergency room visits
and hospitalizations before January 1, 2022 did not
show any differences between the 2 cohorts at base-
line. These are represented at baseline and after PSM
nce
) HR (95% CI) P Value

E Value
for HR

E Value
for Lower
CI of HR

o �0.050) 0.687 (0.564-0.837) <0.001 1.92 2.33

0.012) 1.000 0.721 1.00 1.00

to 0.010) 0.812 (0.356-1.852) 0.620 1.77 5.06

o �0.005) 0.740 (0.547-1.000) 0.049 2.04 3.06

to 0.013) 0.837 (0.596-1.177) 0.306 1.68 2.74

o �0.007) 0.588 (0.373-0.929) 0.021 2.79 4.8

0.012) 1.000 0.010 1.00 1.00

0.012) 1.000 0.557 1.00 1.00



TABLE 4 Falsification End-points

Tirzepatide
(n ¼ 751)

GLP-1RA
(n ¼ 751) OR (95% CI) P Value HR (95% CI) P Value

Urinary tract infections 43 62 0.675 (0.451-1.01) 0.364 1.042 (0.94-1.155) 0.423

Peptic ulcer disease 10 14 0.71 (0.314-1.61) 0.41 0.742 (0.329-1.672) 0.47

Ambulatory visits 736 731 1.394 (0.678-2.866) 0.06 1.042 (0.94-1.155) 0.423

GLP-1RA ¼ glucagon-like peptide-1 receptor agonist.
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in Table 1. Falsification outcomes of urinary tract in-
fections, peptic ulcer disease, and ambulatory visits
during the follow-up period (Table 4) showed no
differences in tirzepatide vs GLP-1RA groups.
Furthermore, we used E-value measurements, as
shown in Tables 2 and 3, which suggests additional
confounding to be of a lesser degree.

DISCUSSION

While the cardiovascular outcomes trial comparing
tirzepatide to GLP-1RA is still underway, our obser-
vational cohort study utilizing a large research
network database demonstrates the following key
findings: 1) in people living with with T2DM,
age $40 years, BMI $25 kg/m2, and pre-existing IHD,
tirzepatide was associated with a reduction in the
primary composite endpoint of AMI, ischemic stroke,
and all-cause mortality relative to GLP-1RA; 2) indi-
vidual components of the primary composite
endpoint including AMI and all-cause mortality, but
not ischemic stroke, were significantly less frequent
in the tirzepatide group. In addition, multiple sec-
ondary outcomes including HFE, new systolic heart
failure, atrial arrhythmias, and new-onset AKI were
also lower in the tirzepatide group; and 3) tirzepatide
was associated with a greater improvement in several
biomarkers such as HbA1c, LDL, triglycerides, and
albumin:creatinine ratio compared to GLP-1RA. In the
absence of RCT data, these real-world data-based
findings suggest that GIP/GLP-1RA use may have a
greater impact on certain cardiovascular and labora-
tory outcomes than GLP-1RA (Central Illustration).

Recently, a much-needed paradigm shift has
occurred in the management of T2DM with a focus on
early intervention and intensive management of
Cardiac-Renal-Metabolic (CaReMe) diseases including
atherosclerotic CVD, heart failure, hypertension,
dyslipidemia, atrial fibrillation, pre-diabetes, CKD,
and NAFLD.23,24 As a result, the search for an ideal
pharmacotherapeutic agent targeting multiple re-
ceptor pathways has intensified. While oral SGLT-2i
have significant benefits with regards to glycemic
control, heart failure hospitalizations and mortality,
and reno-protection, injectable GLP-1RA has taken a
center stage in obesity management and cardiovas-
cular protection and has shown improved quality of
life in patients with heart failure with preserved
ejection fraction and obesity.23,25-28 The impetus
for developing the dual GIP/GLP-1RA agonist, tirze-
patide, was found in postbariatric surgery patients
who were noted to have elevated levels of GIP/
GLP-1.29 Whether the benefits of weight loss, glyce-
mic control, lipid lowering, reduced inflammation,
and blood pressure control with GIP/GLP-1RA ago-
nism translate to improved cardiovascular outcomes
has not yet been demonstrated in RCTs or real-world
data. Thus, our analysis adds clinically meaningful
data to the literature regarding the potential cardio-
vascular benefits of GIP/GLP-1 agonists.

Tirzepatide was approved for the treatment of
T2DM in 2022 and for the treatment of obesity in
2023. Using real-world data and propensity matching
to control for potential confounders, our analysis
shows that tirzepatide improved cardiovascular out-
comes compared to GLP-1RA over a 12-month follow-
up period. In particular, we noted a significant
reduction in AMI (32 vs 55 events, HR: 0.58) and all-
cause mortality (10 vs 18 events, HR: 0.35) relative
to GLP-1RA. Reduction in ischemic stroke was found
to be similar with tirzepatide vs GLP-1RA. Our results
agree with a prior prespecified meta-analysis of the
SURPASS trials19 which showed no change in stroke
events with tirzepatide vs control groups. The
SURPASS-4 trial evaluated cardiovascular outcomes
with tirzepatide30 and demonstrated a reduction in
MACE with HR: 0.50 (95% CI: 0.26-0.95). However,
there were only 11 MACE in this trial, making it un-
derpowered to detect statistical significance.

In parallel with prior studies of SGLT-2i and GLP-
1RAs on HF outcomes, we examined HFE and new
systolic heart failure in both groups. Tirzepatide was
associated with a lower incidence of HFE (27 vs 45
events, HR: 0.60) and new systolic heart failure
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(74 vs 100 events, HR: 0.73). These findings are sig-
nificant for future applications of GIP/GLP-1RA.
Whether the effects represent an additive benefit of
GIP agonism on natriuresis or tirzepatide-induced
attenuation of lipopolysaccharide-induced left ven-
tricular remodeling and dysfunction by inhibiting the
TLR4/NF-kB/NLRP3 pathway31 needs to be explored.
The SUMMIT trial (NCT04847557)32 will explore the
role of tirzepatide in heart failure with preserved
ejection fraction and obesity.
Tirzepatide’s effect on atrial arrhythmias has been
explored in a metanalysis of the SURPASS trials. In
pooled data from SURPASS 2 to 5, the risk of AF (risk
ratio ¼ 1.59, 95% CI: 0.46-5.47, P ¼ 0.47) was similar
with tirzepatide compared to placebo or an active
comparator.32 In our analysis, we found fewer new
atrial fibrillation/flutter events (10 vs 18, HR: 0.23),
favouring tirzepatide. Whether such effects are a
result of weight loss, better blood pressure control,
or speculative reduced atrial remodelling due to

https://clinicaltrials.gov/study/NCT04847557
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anti-inflammatory effects or agonism of GIP/GLP-1
receptors expressed on epicardial adipose tissue33

remains to be explored.
In the SURPASS-4 trial,30 tirzepatide use was

associated with a slower decline in eGFR, decreased
albuminuria, and a significantly reduced occurrence
of the composite renal endpoint of eGFR
decline $40% from baseline, end-stage kidney dis-
ease, death due to kidney failure, or new-onset
macroalbuminuria (HR: 0.58, 95% CI: 0.43-0.80).
Significant reduction in albuminuria was also found
in a recently published metanalysis of 9,533 patients
pooled from 8 RCTs.34 Albuminuria is directly pro-
portional to cardiorenal outcomes, and these findings
raise questions about the potential role of GIP/GLP-
1RA in the renal endothelium and peri-renal adipose
tissue. A few observational and pharmacovigilance
studies had raised questions about the increased risk
of AKI with GLP-1RA35,36 which later resolved in
metanalysis specifically looking at AKI as an outcome.
Our analysis demonstrated a lower incidence of new-
onset AKI with tirzepatide than GLP-1RAs, further
necessitating a need to study acute kidney outcomes
in RCTs.

Finally, weight loss with tirzepatide vs GLP-1RA
was found to be comparable in our analysis. We
used occurrence of BMI <30 kg/m2 as a surrogate
marker for weight loss during the follow-up period as
only aggregate-level patient data were available in
the database. Multiple studies have reported signifi-
cant dose-dependent weight loss with tirzepatide;
however, we could not assess such outcomes in the
present analysis. Future studies should evaluate
whether BMI, a crude way of measuring body fat, vs
measurement of body adipose index utilizing dual-
energy X-ray absorptiometry is the best way to
assess the effects of these novel weight loss agents.37

GI symptoms, palpitations, influenza, and pneumonia
were associated with GLP-1RA more than tirzepatide,
whereas gall bladder, pancreatic disorders, hepatic
fibrosis, and diabetic retinopathy were comparable.
Continued surveillance and pharmacovigilance is
needed to identify any adverse event signals as the
uptake and adoption of tirzepatide increases in clin-
ical practice.
STUDY LIMITATIONS. Data in this study were
extracted from the aggregate EHR database (TriNetX)
and, therefore, may not contain accurately reported
health conditions or symptomatology and does not
capture outcomes occurring outside this database.
We selected patients based on ICD-10 and Current
Procedural Terminology coding; thus, our data are
subject to the appropriate entry of such codes. How-
ever, both cohorts would be affected similarly by this
process. In addition, we did not do a “look-back” to
see the timelines of IHD development in these pa-
tients. This may have resulted in an unequal distri-
bution of sicker individuals in the GLP-1RA vs
tirzepatide groups, inducing selection bias. While we
emulated the inclusion/exclusion criteria of the
SURPASS-CVOT trial, it is crucial to note that indi-
vidual patient-level data were not available, and
thus, various BMI categories, improvement of BMI,
the extent of weight loss, and data on other
individual-level confounding variables were not
available. Similarly, patients’ blood pressure values at
baseline and after initiating tirzepatide or GLP-1RA
were unavailable. The database did not allow for the
extraction of dosage information or dose escalation,
and analysis based on dosing was not possible.
Furthermore, cardiovascular mortality could not be
differentiated from all-cause mortality in
our database.

The results pertaining to all-cause mortality bene-
fits appear larger than those usually found in RCTs.
However, given the limitations of real-world data and
despite PSM and sensitivity analyses, we cannot
eliminate the possibility of selection, treatment
attribution, immortal time bias, and unmeasured
confounding biases due to significant social de-
terminants of health. Our study used a 20-year
retrieval window for baseline characteristics, which
may have captured outdated medications or
comorbidities that may not reflect the current clin-
ical status of patients. Due to the query design of
our study, people who have already been using
tirzepatide or GLP-1RA for some time might have
been included, rather than “incident” new users,
and hence the possibility of prevalent user bias
cannot be ruled out. Despite this, the practical im-
plications of outcomes with the use of tirzepatide
should remain largely unaffected. We acknowledge
that 1:2 or 1:3 matching could have improved pre-
cision as there was substantial variation in patients
on GLP-1RA vs tirzepatide before PSM. However,
the limitations of the TrinetX analytics only allowed
1:1 matching.

While we did not restrict GLP-1RA to semaglutide
or liraglutide in our analysis, the number of patients
on older GLP-1RAs was small. In subgroup analyses,
the results of tirzepatide vs liraglutide/semaglutide
were similar to the principal analysis.

To account for measured and unmeasured biases,
we evaluated baseline healthcare utilization in the
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form of all-cause hospitalization and ER visits within
the prior 12 months to better match the population. In
addition, we assessed for falsification of outcomes in
the form of urinary tract infections, peptic ulcer dis-
ease, and ambulatory visits in the same follow-up
time frame and found that this was similar between
the 2 cohorts. We also performed the E-value calcu-
lation as a sensitivity analysis, a measure to check for
robustness against bias from unmeasured confound-
ing or omitted covariates in observational studies for
both primary and secondary outcomes. A high E-
value implies that a stronger unmeasured confounder
would be needed to negate the covariate effect esti-
mate and increase the likelihood of causality.

CONCLUSIONS

In summary, our real-world analysis suggests that in
people living with T2DM, age $40 years, overweight
or obesity (BMI $25 kg/m2), and pre-existing IHD,
treatment with tirzepatide vs GLP-1RA was associated
with a lower risk of the composite endpoint of AMI,
stroke and all-cause mortality. Tirzepatide was also
associated with a lower incidence of HFE, new sys-
tolic heart failure, atrial arrhythmias, and AKI. In
addition, tirzepatide was associated with a greater
improvement in biochemical markers, including
HbA1c, LDL, triglycerides, and albuminuria, while
maintaining a comparable safety profile to GLP-1RA.
These real-world data should reassure clinicians
prescribing tirzepatide while we await the results of
the SURPASS-CVOT trial evaluating cardiovascular
outcomes with this agent.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE OR

PATIENT CARE: In obese adults, older than 40 years,

with T2DM, and prior ischemic heart disease, treatment

with tirzepatide was associated with a lower risk of the

combined risk of acute myocardial infarction, stroke, and

all-cause mortality than GLP-1 agonists. As pharmaco-

therapies for the management of T2DM and obesity

expand, a better understanding of the impact of these

medications on cardiovascular outcomes will inform

clinical practice.

TRANSLATIONAL OUTLOOK: Prospective, random-

ized clinical trials are needed to evaluate the impact of

tirzepatide vs GLP-1 agonists on cardiovascular outcomes

in obese adults with T2DM and pre-existing ischemic

heart disease.
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