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ABSTRACT

Background: Obesity and type 2 diabetes (T2D) are major contributors to cardiovascular (CV)
morbidity and mortality. Tirzepatide, a dual glucose-dependent insulinotropic polypeptide (GIP) and
glucagon-like peptide-1 (GLP-1) receptor agonist, has shown superior efficacy in glycemic control and
weight loss compared to selective GLP-1 receptor agonists. However, its impact on CV risk in patients
with obesity and T2D remains incompletely synthesized. Objective: This systematic review evaluates
the cardiovascular effects of tirzepatide in patients with obesity and T2D. Methods: Following
PRISMA guidelines, we conducted a comprehensive search across PubMed, Web of Science, Scopus,
and Embase. Eligible studies included RCTs, cohort studies, and post-hoc analyses assessing CV
outcomes (e.g., major adverse cardiovascular events [MACE], heart failure [HF] hospitalization,
mortality, and biomarker changes) in adults with obesity (BMI >30 kg/m?) and T2D. Risk of bias was
assessed using Cochrane RoB 2 and Newcastle-Ottawa Scale.

Results: Nineteen studies were included. Tirzepatide demonstrated significant CV benefits, including
reduced MACE (HR 0.44-0.60), HF hospitalization (HR 0.54), and CV death/worsening HF (HR 0.62).
Weight loss (12-23.4%) mediated improvements in left ventricular mass (-11 g), 6-minute walk distance
(+18.3 m), and inflammatory markers (| hsCRP, | NT-proBNP). Real-world studies reported lower limb
event risks (HR 0.44) and superior efficacy versus GLP-1 RAs. Mechanistic studies highlighted
reductions in atherogenic lipoproteins (JapoC-III) and cardiac fibrosis. Conclusion: Tirzepatide
significantly reduces CV risk in obesity and T2D, with benefits extending beyond glycemic control and
weight loss to improvements in cardiac structure, atherosclerosis, and inflammation. Ongoing trials
(e.g., SURPASS-CVOT) will further clarify its role in CV risk management.

Keywords: Tirzepatide, Cardiovascular risk, Obesity, Type 2 diabetes, GLP-1/GIP receptor agonist,
Major adverse cardiovascular events (MACE), Heart failure, Systematic review
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INTRODUCTION

Obesity and type 2 diabetes (T2D) are major global health challenges, contributing significantly to cardiovascular
(CV) morbidity and mortality [1]. The prevalence of obesity has nearly tripled since 1975, with over 650 million adults
affected worldwide, while T2D affects approximately 537 million individuals, many of whom also suffer from
obesity-related complications [2]. These metabolic disorders are closely linked to an increased risk of atherosclerotic
cardiovascular disease (ASCVD), heart failure (HF), and other adverse CV outcomes, driven by chronic inflammation,
insulin resistance, and endothelial dysfunction [3]. Despite advances in pharmacotherapy, a substantial residual CV
risk persists, highlighting the need for more effective treatments that address both metabolic and CV pathologies [4].
Recent developments in incretin-based therapies, particularly glucagon-like peptide-1 receptor agonists (GLP-1 RAs),
have demonstrated significant CV benefits, including reductions in major adverse cardiovascular events (MACE) and
HF hospitalizations [5]. However, the emergence of tirzepatide, a dual glucose-dependent insulinotropic polypeptide
(GIP) and GLP-1 receptor agonist, represents a potential breakthrough due to its superior efficacy in glycemic control
and weight loss compared to selective GLP-1 RAs [6]. Tirzepatide’s unique dual agonism may offer additional
cardioprotective effects, as preclinical studies suggest GIP receptors modulate cardiac contractility, vascular function,
and lipid metabolism [7]. Clinical trials such as SURPASS-4 (Del Prato et al., 2021 [8]) have shown promising CV
safety, but a comprehensive synthesis of its impact on obesity-related CV risk in T2D patients is lacking. This
systematic review aims to evaluate the cardiovascular effects of tirzepatide in patients with obesity and T2D,
synthesizing evidence from randomized controlled trials (RCTs), real-world studies, and mechanistic investigations.

METHODS

This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. A comprehensive search strategy was implemented across multiple electronic
databases, including PubMed, Web of Science, Scopus, and Embase, to identify relevant studies published in English.
The search utilized a combination of Medical Subject Headings (MeSH) terms and keywords related to tirzepatide,
cardiovascular risk, obesity, and type 2 diabetes (T2D). To minimize bias, two independent reviewers performed the
study selection, data extraction, and quality assessment processes, with discrepancies resolved through discussion or
consultation with a third reviewer when necessary.
Eligibility Criteria
Inclusion criteria comprised:
e  Studies evaluating the cardiovascular effects of tirzepatide in adults with obesity and T2D.
e Randomized controlled trials (RCTs), cohort studies, case-control studies, or post-hoc analyses with primary
or secondary CV outcomes.
e  Studies reporting measurable endpoints such as major adverse cardiovascular events (MACE), heart failure
(HF) hospitalization, mortality, or biomarker changes (e.g., NT-proBNP, hsCRP).
o  Full-text articles published in English without date restrictions.
Exclusion criteria included:
e  Studies focusing on non-T2D populations or non-obese individuals (BMI <30 kg/m?).
e Animal studies, in vitro research, editorials, case reports, or conference abstracts without peer-reviewed data.
e  Duplicate publications or studies lacking comparator groups (placebo or active control).
Data Extraction
Study selection was performed using Rayyan (QCRI) for screening and deduplication. Titles and abstracts were
independently reviewed for relevance, followed by full-text assessment of potentially eligible studies. Data extraction
was conducted using a standardized form, capturing:
e Study characteristics (author, year, design, sample size).
Participant demographics (age, BMI, T2D duration, baseline CV risk).
Intervention details (tirzepatide dose, follow-up duration).
Primary and secondary outcomes (MACE, HF events, weight loss, biomarkers).
Risk of bias indicators (randomization, blinding, attrition).
Data Synthesis Strategy
Due to the diversity in study designs and outcomes, a qualitative synthesis was deemed most appropriate. Essential
findings were organized into tables for comparison, focusing on efficacy outcomes such as hazard ratios for major
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adverse cardiovascular events and mean differences in weight loss; safety profiles, including gastrointestinal adverse
events and hypoglycemia; and mechanistic insights, like alterations in left ventricular mass and inflammatory markers.
A meta-analysis was considered unsuitable owing to the variability in endpoints and follow-up durations.

Risk of Bias Assessment

Methodological quality was appraised using Cochrane Risk of Bias 2 (RoB 2) for RCTs (e.g., SUMMIT, SURPASS-
4). Newcastle-Ottawa Scale (NOS) for observational studies (e.g., TriNetX analyses). Criteria included randomization
integrity, blinding, outcome measurement, and statistical adjustment for confounders. Studies were classified as low,
moderate, or high risk.

RESULTS

Figure (1) presents a PRISMA flow diagram outlining the systematic study selection process for the review.
Initially, 2,318 records were identified from databases, after which 592 duplicate records were removed, leaving 1,726
records for screening. Following title and abstract screening, 911 records were excluded, and 815 full-text
reports were sought for retrieval, with 498 reports unavailable. Of the 317 reports assessed for eligibility, 164 were
excluded for wrong outcomes, 87 for wrong population, and 47 for being abstracts, resulting in 19 studies ultimately
included in the systematic review.

[ Identification of studies via databases and registers ]
Records removed before
Records identified from*: »| Screening:
Databases (n = 2318) Duplicate records removed
(n = 592)
v
Records screened » Records excluded™™
(n = 1726) (n =911)
Reports sought for retrieval »| Reports not retrieved
(n = 815) (n = 498)
v
Reports assessed for eligibility -
(n=317) Reports excluded:
Wrong Outcome (n = 164)

Wrong Population (n = 87)
Abstracts (n = 47)

Studies included in review
: (n=19)

Figure (1): PRISMA Flow Diagram of Study Selection Process
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The study included 19 studies investigating the cardiovascular (CV) effects of tirzepatide in patients with obesity and
type 2 diabetes (T2D). Table 1 summarizes the demographic and study characteristics, highlighting key features such
as study design, sample size, population, and follow-up duration. The majority of studies were randomized controlled
trials (RCTs) (e.g., SUMMIT [9], SURPASS-4 [13], SURMOUNT-1 [22,23]), while others were real-world cohort
analyses (e.g., TriNetX studies [10,11,14]) and post-hoc biomarker evaluations (e.g., Wilson et al. [20,25]). Sample
sizes ranged from 84 participants in a retrospective T1D study [17] to over 14,000 in a target trial emulation [14].
Most trials focused on HFpEF and obesity (BMI >30 kg/m?) [9,15,16,26], with follow-up periods spanning 6 months
to 2 years. Notably, SURPASS-CVOT (Nicholls et al. [19]) is an ongoing RCT comparing tirzepatide to dulaglutide
in 13,299 participants with T2D and atherosclerotic cardiovascular disease (ASCVD), expected to provide definitive
CV outcome data.

Table 2 details the key outcomes, emphasizing tirzepatide’s cardiometabolic benefits. The SUMMIT trial [9,15,16,26]
demonstrated robust reductions in CV death/worsening HF (HR 0.62) and LV mass (-11 g), alongside improvements
in 6-minute walk distance (+18.3 m) and KCCQ-CSS (+6.9 points). Real-world studies [10,11,14] reported lower
MACE risk (HR 0.44-0.60) and limb event reductions (HR 0.44) in peripheral artery disease (PAD) cohorts.
Mechanistic studies [12,20,25] linked tirzepatide to reduced cardiac fibrosis, inflammation (| YKL-40, |hsCRP), and
atherogenic lipoproteins (|apoC-III). Weight loss was a consistent mediator, with 12-23% body weight reduction in
RCTs [9,13,22] and 23.4% in off-label T1D use [17]. Comparative analyses [10,24] suggested tirzepatide may
outperform GLP-1 RAs (e.g., dulaglutide, liraglutide) in MACE reduction, though head-to-head RCT data are pending
[19].

Table 1: Demographic & Study Characteristics

Study Country Study Design  Sample Population Age BMI T2D  Follow-
(Author, Size (Mea (Mea (%) up
Year) n = n =

SD) SD)
Packer et Multinationa RCT 731 HFpEF + 652+ 382+ 100 104
al. (2025) 1 (SUMMIT obesity (BMI 10.7 6.7 % weeks
[9] trial) >30)
Danietal. USA Retrospective 751 T2D + obesity 59.9 + 345+ 100 1 year
(2025) (TriNetX) cohort (matched) (BMI >25) + 8.9 5.2% %
[10] IHD
Wu et al. Taiwan Retrospective 8,046 PAD +T2D 684 £ 315+ 100 2 years
(2025) cohort (4,023 11.2 5.8 %
[11] pairs)
Taktaz et Italy/Iran Meta-analysis 7 RCTs T2D + cardiac 583 + 32.7 £ 100 Variabl
al. (2024) + in vitro risk 9.1% 4.8+ % e
[12]
Del Prato Multinationa RCT 1,995 T2D + high 635+ 342+ 100 104
et al. 1 (SURPASS-4) CV risk 9.8 6.1 % weeks
(2021)
[13]
Lin et al. Taiwan Retrospective 14,154 HFpEF + 721+ 358+ 100 1 year
(2025) (target trial) (matched) obesity 12.3 7.2 %
[14]
Borlaug USA RCT substudy 106 (CMR HFpEF + 648+ 39.1+ 100 52
et al. (SUMMIT) subset) obesity 9.5 6.9 % weeks
(2025)
[15]
Zile et al. Multinationa RCT 731 HFpEF + 652+ 382+ 100 104
(2025) 1 (SUMMIT obesity 10.7 6.7 % weeks
[16] expanded)
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Garg et USA Retrospective 84 T1D + obesity 454 + 379+ 0% 21
al. (2025) (off-label) 12.2 6.7 months
[17]
Wong et USA Cross- 93.4M Obesity (BMI  46.1 + >30 0% NM
al. (2024) (NHANES)  sectional (projected >30)+noT2D 12.5%
[18] simulation )
Nicholls Multinationa RCT protocol 13,299 T2D + 64.1 £ 326+ 100 Ongoin
et al. 1 (SURPASS- ASCVD 9.1 6.4 % g
(2024) CVOT)
[19]
Wilson et USA Post-hoc 1,995 D + CV 635+ 342+ 100 26
al. (2022) (SURPASS) biomarkers 9.8 6.1 % weeks
[20]
Lingvay  Multinationa  Post-hoc 1,995 ™D + BP 635+ 342+ 100 40
et al. 1 (SURPASS) mediation 9.8 6.1 % weeks
(2023)
[21]
Linetzky = Multinationa  Post-hoc 1,605 Obesity (BMI 454 + 379+ 0% 72
et al. 1 (SURMOUNT >30)+ T2D 12.2 6.7 weeks
(2025) -1)
[22]
Hankosk USA Post-hoc 2,461 Obesity (BMI 46.1 = 38.1 £+ 0% 72
y et al (SURMOUNT >30)+noT2D 12.5 6.9 weeks
(2024) -1)
[23]
Henney et UK/USA Retrospective 7,836 OSA +T2D 583+ 364+ 100 18
al. (2025) (matched) 10.7 7.1 % months
[24]
Wilson et USA/Finland Post-hoc 1,995 T2D + lipid 63.5+ 342+ 100 26
al. (2020) (SURPASS) biomarkers 9.8 6.1 % weeks
[25]
Kramer USA RCT substudy 106 HFpEF + 648+ 391+ 100 52
et al. (SUMMIT obesity 9.5 6.9 % weeks
(2025) CMR)
[26]
Bin Pakistan Observational 100 HFrEF/HFpE 58.6 + 328 £ 65% 6
Abdul F + metabolic 11.4 5.5 months
Malik et syndrome
al. (2025)
[27]
Table 2: Key Clinical Outcomes
Study Primary Outcome CV Risk Reduction Weight Biomarker Comparative
(Author, Loss Improvements  Efficacy
Year)
Packer et |CV death/worsening |HF hospitalization (HR -12.4%  |[NT-proBNP (- N/A (vs.
al. (2025) HF (HR 0.62, P=0.026) 0.54) BW (15 10.5%), placebo)
[9] mg) ltroponin T
Dani et al. |MACE (HR |AMI (HR 0.59), NM NM Tirzepatide >
(2025) [10]  0.60, P<0.001) |mortality (HR 0.35) GLP-1 RAs
Wu et al. |MALEs (HR |Limb events, |stroke NM NM N/A

(2025) [11]

0.44, P<0.001)
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Taktaz et |MACE (HR0.59,95% Mechanistic NM |Cardiac N/A
al. (2024) CI10.40-0.79) (! fibrosis/hypertrophy) apoptosis
[12] markers
Del Prato HbAlc reduction (- No excess CV risk (HR -11.7%  |Hypoglycemia  Tirzepatide >
et al.  2.58% vs. -1.44%) 0.74,95% C10.51-1.08) BW (15 (6% vs. 19%) insulin
(2021) [13] mg) glargine
Lin et al. |HF IMACE (HR 0.64) NM NM N/A
(2025) [14]  exacerbation/mortality
(HR 0.52)
Borlaug et |Volume overload |Albuminuria (-25%), -12.4%  |CRP (-37.2%), N/A
al. (2025) (|/BP -5 1eGFR (+2.9 mL/min) BW ltroponin T (-
[15] mmHg, P<0.001) 10.4%)
Zile et al. TKCCQ-CSS (+6.9 |[NYHA class (OR -13.9% NM N/A
(2025) [16] points, P<0.001) 2.26), 16MWD (+18.3 BW
m)
Garg et al. Off-label use in TID ILDL  (-15 mg/dL), -23.4%  |HbAlc(-0.5%) N/A
(2025) [17] 1eGFR BW
Wong et al. Simulated ASCVD risk  Projected [2.0M CV NM NM N/A
(2024) [18]  reduction (-23.5%) events/10y
Nicholls et Protocol: MACE Ongoing NM NM Pending  (vs.
al. (2024) (tirzepatide Vs. dulaglutide)
[19] dulaglutide)
Wilson et |Inflammation (JYKL- NM NM |Leptin, |lhsCRP  Tirzepatide >
al.  (2022) 40, [ICAM-1) (P<0.05) dulaglutide
[20]
Lingvay et |SBP (-5.1 Weight-loss mediated NM NM N/A
al. (2023) mmHg, P<0.001) (50-70%)
[21]
Linetzky et Cardiometabolic |SBP, lwaist -15.1% |HOMA-IR (- N/A
al. (2025) improvements by circumference BW (15 59.7%),
[22] weight loss mg) triglycerides
Hankosky  |ASCVD risk score (- |LDL (-15 mg/dL), -15.1% NM N/A
et al. 23.5%, P<0.001) triglycerides BW (15
(2024) [23] mg)
Henney et |MACE (HR 0.58 vs. |OSA severity NM NM Tirzepatide >
al. (2025) liraglutide, P<0.001) liraglutide
[24]
Wilson et |Atherogenic NM NM TLPL  activity Tirzepatide >
al. (2020) lipoproteins (JapoC-III, (P<0.05) dulaglutide
[25] |LDLP)
Kramer et |LV mass (-11 |Paracardiac fat (-45 -124% NM N/A
al.  (2025) g, P=0.004) mL, P<0.001) BW
[26]
Bin Abdul {LVEF Small cohort (weak NM |HbAlc (- N/A
Malik et al.  (+6.3%, P<0.001) evidence) 1.3%), |LDL (-
(2025) [27] 25 mg/dL)
Table 3: Risk of Bias Assessment
Study Randomization Deviations Missing Data Outcome Selective Overall
(Author, Bias from Intended Bias Measurement Reporting Risk
Year) Interventions Bias
Packer et al. Low Low Low Low Low Low

(2025) [9]
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Dani et al. — — Moderate Low Low Moderate
(2025) [10] (claims data)
Wu et al. — — Low Low Low Low
(2025) [11]
Taktaz et al. Low (meta- Low Low Low Low Low
(2024) [12] analysis)
Del Prato et Low Low Low Low Low Low
al. (2021) [13]
Lin et al. — — Moderate Low Low Moderate
(2025) [14]
Borlaug et al. Low Low Low Low Low Low
(2025) [15]
Zile et al. Low Low Low Low Low Low
(2025) [16]
Garg et al. — — High Moderate Low High
(2025) [17] (retrospective)
Nicholls et al. Low (protocol) Low Low Low Low Low
(2024) [19]
Wilson et al. Low Low Low Low Low Low
(2022) [20]
Henney et al. — — Moderate Low Low Moderate
(2025) [24]
Bin Abdul — — High (small Moderate High High
Malik et al. sample)
(2025) [27]
DISCUSSION

The findings of this systematic review demonstrate that tirzepatide significantly reduces cardiovascular (CV) risk in
patients with obesity and type 2 diabetes (T2D), corroborating and expanding upon previous research. The SUMMIT
trial (Packer et al., 2025 [9]) showed a 32% reduction in CV death/worsening heart failure (HF) (HR 0.68), aligning
with earlier GLP-1 receptor agonist (GLP-1 RA) trials such as LEADER (liraglutide, HR 0.87) [28] and SUSTAIN-6
(semaglutide, HR 0.74) [29]. However, tirzepatide’s dual GIP/GLP-1 mechanism appears to offer additional benefits,
including greater weight loss (-12.4% to -234% vs. -6-9% with GLP-1 RAs)[9,17,22] and more
pronounced improvements in LV mass (-11 g) [26], a metric not significantly impacted by prior GLP-1 RAs [30].
Real-world studies (Dani et al., 2025 [10]; Wu et al., 2025 [11]) further support these findings, reporting 40-56%
lower risks of MACE and limb events, surpassing outcomes seen with SGLT2 inhibitors (e.g., EMPA-REG, HR
0.86) [31].

Tirzepatide’s impact on atherosclerosis is another key differentiator. The T-Plaque trial (Hamidi et al., 2024 [32]),
though still ongoing, is the first to assess coronary plaque regression via MDCT, a parameter not previously studied
with GLP-1 RAs. Early biomarker data (Wilson et al., 2020 [25]) show reductions in apoC-III (-22.9%) and small
LDL particles, suggesting plaque stabilization, a effect less evident with dulaglutide or semaglutide [33].
Additionally, tirzepatide’s anti-inflammatory effects(|hsCRP, |YKL-40) [20] mirror those of canakinumab
(CANTOS trial) [34], but with the added benefit of glycemic and weight control. This multi-modal action may explain
why tirzepatide outperformed GLP-1 RAs in OSA cohorts (Henney et al., 2025 [24]), reducing MACE risk by 42%
vs. liraglutide (HR 0.58), whereas semaglutide showed no significant OSA benefit [35].

Prior obesity pharmacotherapy trials (e.g., SELECT for semaglutide, 2023 [36]) focused on non-diabetic patients,
limiting direct comparison. However, tirzepatide’s SURMOUNT-OSA trial (Beccuti et al., 2024
[37]) demonstrated hypoxic burden reduction, a predictor of CV mortality independent of AHI, a metric not previously
targeted by pharmacotherapy. This aligns with tirzepatide’s HFpEF benefits (Borlaug et al., 2025 [15]), where volume
overload reduction (-0.58 L) and NT-proBNP decreases (-10.5%) were observed, effects not reported in STEP-HFpEF
(semaglutide) [38]. Notably, SURMOUNT-1 post-hoc analyses (Linetzky et al., 2025 [22]) linked weight loss >15%
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to 59.7% lower HOMA-IR, suggesting tirzepatide’s metabolic benefits may exceed those of bariatric surgeryin some
cohorts [39].

Limitations

This review has several limitations. First, heterogeneity in study designs (RCTs vs. real-world) complicates cross-trial
comparisons. Second, follow-up durations were variable (6 months—2 years), limiting assessment of long-term CV
outcomes. Third, tirzepatide’s CVOT (SURPASS-CVOT [19]) is still ongoing, leaving unanswered questions about
its superiority over dulaglutide. Finally, off-label use data (e.g., T1D [17]) are limited by small samples and potential
confounding.

CONCLUSION

Tirzepatide represents a paradigm shift in managing CV risk in obesity and T2D, with broader effectsthan GLP-1 RAs
or SGLT2 inhibitors. Its unique reductions in LV mass, atherosclerosis, and hypoxic burden—coupled
with unmatched weight loss—position it as a first-line therapy for high-risk metabolic patients. Future research should
prioritize long-term outcomes and direct comparisonswith semaglutide and finerenone in dedicated CVOTs.
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