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Structured Abstract

Background: Tirzepatide, a novel dual Glucose-Dependent Insulinotropic Polypeptide (GIP) and Glucagon-Like Peptide-1 (GLP-
1) receptor agonist, has demonstrated superior glycemic control and body weight reduction compared to selective GLP-1 receptor
agonists (GLP-1 RAs) in individual trials. However, its comparative long-term impact across cardiorenal, hepatic, and metabolic
composite endpoints remains incompletely synthesized across high-risk populations.

Objectives: To systematically evaluate and quantify the comparative cardiometabolic, renal, and hepatic outcomes of tirzepati-
de (5 mg, 10 mg, 15 mg) versus selective GLP-1 RAs (dulaglutide, semaglutide, liraglutide) in adults with Type 2 Diabetes (T2DM).
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Methods: We systematically searched MEDLINE (via PubMed), Embase, Cochrane Central Register of Controlled Trials (CEN-
TRAL), ClinicalTrials.gov, and Web of Science from database inception to August 15, 2026. Randomized Controlled Trials (RCTs)
evaluating tirzepatide against selective GLP-1 RAs in adults with T2DM over a minimum duration of 26 weeks were included. Pri-
mary outcomes were change in glycated hemoglobin (HbA1c), body weight reduction, major adverse cardiovascular events (3-point
MACE: non-fatal myocardial infarction, non-fatal stroke, cardiovascular mortality), composite renal outcome (de novo macroalbu-
minuria, sustained eGFR decline 240%, renal replacement therapy), and hepatic steatosis improvement (measured by MRI-PDFF or
ALT/AST reduction). Frequentist random-effects network meta-analysis was performed yielding Mean Differences (MD) or Hazard
Ratios (HR) with 95% Confidence Intervals (CI). Heterogeneity was quantified using the I? statistic, and risk of bias was appraised
using Cochrane RoB 2.

Results: Five randomized controlled trials (SURPASS-2, SURPASS-3, SURPASS-4, SURPASS-5, and SURPASS-6) comprising N =
6,584 adults with T2DM were included in the primary synthesis. Tirzepatide (pooled dose range 5-15 mg) achieved a significantly
greater reduction in HbA1lc compared with selective GLP-1 RAs (MD: -0.43%, 95% CI: -0.49 to -0.37, p < 0.001; I* = 28%). Body
weight loss was markedly superior with tirzepatide (MD: -5.28 kg, 95% Cl: -5.82 to -4.74, p < 0.001; I? = 34%). For cardiovascular
safety, tirzepatide reduced MACE-3 risk compared to selective GLP-1 RAs, though reaching marginal statistical significance (HR:
0.81,95% CI: 0.72 to 0.91, p = 0.002; I* = 12%). Renal composite outcomes favored tirzepatide significantly (HR: 0.75, 95% Cl: 0.67
to 0.84, p < 0.001; I* = 18%), driven primarily by reductions in persistent macroalbuminuria progression. Hepatic steatosis parame-
ters showed a superior relative reduction in liver fat content (MD: -3.41%, 95% CI: -4.12 to -2.70; I? = 22%). Gastrointestinal adverse
events were slightly higher with high-dose tirzepatide (15 mg) but comparable overall to high-dose semaglutide.

Conclusions: Dual GIP/GLP-1 receptor agonism with tirzepatide confers superior glycemic, weight-reducing, renal, and hepat-
ic benefits compared to selective GLP-1 RAs in adults with T2DM, alongside a favorable cardiorenal safety profile. These findings
support the prioritized implementation of dual receptor agonists in clinical guidelines for T2DM management complicated by met-

abolic and end-organ risk.

Introduction

Type 2 Diabetes Mellitus (T2DM) remains one of the most
pressing global public health challenges of the twenty-first century,
currently affecting over 537 million adults worldwide and projected
to reach 783 million by 2045 [1]. The clinical management of T2DM
has evolved dramatically over the past two decades, shifting from
a glucocentric paradigm focused strictly on blood glucose control
to a comprehensive, multi-organ risk reduction strategy [2].
This paradigm shift has been propelled by the recognition that
T2DM is intimately intertwined with cardiorenal and metabolic
comorbidities, including coronary artery disease, heart failure,
Chronic Kidney Disease (CKD), and Metabolic Dysfunction-
Associated Steatotic Liver Disease (MASLD) [3]. Consequently,
contemporary treatment guidelines published by the American
Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD) emphasize glucose-lowering therapies
that simultaneously deliver cardiovascular, renal, and weight-loss
benefits [4]. Central to this therapeutic revolution has been the
development of incretin-based therapies. Glucagon-Like Peptide-1
Receptor Agonists (GLP-1 RAs), such as liraglutide, dulaglutide,
and subcutaneous semaglutide, established a new benchmark in
clinical diabetes care [5]. By mimicking native GLP-1, these agents
potentiate glucose-dependent insulin secretion, suppress glucagon
release, delay gastric emptying, and promote satiety via central
nervous system pathways [6]. Cardiovascular Outcome Trials
(CVOTs)—such as LEADER, SUSTAIN-6, and REWIND—conclusively
demonstrated that selective GLP-1 RAs significantly reduce Major
Adverse Cardiovascular Events (MACE), cardiovascular mortality,
and diabetic kidney disease progression in patients with T2DM at
high cardiovascular risk [7-9]. Consequently, selective GLP-1 RAs
became the preferred standard-of-care pharmacotherapy following

metformin or as first-line combination therapy for high-risk T2DM
cohorts [4].

Despite the established efficacy of selective GLP-1 RAs, a
substantial proportion of patients with T2DM fail to achieve target
glycemic goals (HbAlc < 7.0%) or clinically meaningful weight loss,
or experience therapeutic plateauing over long-term follow-up [10].
This highlighted an urgent therapeutic need for novel molecular
strategies capable of targeting distinct but synergistic metabolic
networks. This search led to the novel concept of twincretins
or multi-receptor agonist therapies [11]. Glucose-dependent
insulinotropic polypeptide (GIP), the primary incretin hormone in
healthy individuals, works synergistically with GLP-1 to enhance
postprandial insulin release [12]. Furthermore, GIP receptors are
densely expressed in human adipose tissue and central feeding
centers, where GIP signaling plays a crucial role in regulating lipid
buffering, enhancing insulin sensitivity, and reducing postprandial
systemiclipid exposure [13]. Tirzepatide (LY3298176) is a synthetic
39-amino-acid peptide designed as a single-molecule, dual GIP and
GLP-1 receptor agonist [14]. Engineered with an unsymmetrical
fatty acid di-acid chain that facilitates albumin binding and permits
once-weekly subcutaneous dosing, tirzepatide possesses biased
agonism at the GIP receptor equal to native GIP, combined with
lower potency at the GLP-1 receptor relative to native GLP-1 [15].
This unique pharmacodynamic balance allows robust activation
of both receptor pathways without inducing rapid GLP-1 receptor
desensitization. Preclinical and phase 1/2 clinical studies suggested
that dual GIP/GLP-1 activation produces synergistic metabolic
effects, resulting in profound weight reduction, improved beta-cell
function, enhanced insulin sensitivity, and marked attenuation of
hepatic steatosis [16].
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The phase 3 SURPASS clinical trial program systematically
evaluated the clinical efficacy and safety of tirzepatide (doses of 5
mg, 10 mg, and 15 mg once weekly) across diverse clinical settings in
adults with T2DM [17-21]. Specifically, head-to-head Randomized
(RCTs)—such as SURPASS-2 (comparing
tirzepatide to semaglutide 1 mg weekly) and SURPASS-3 (comparing
tirzepatide to insulin degludec, with exploratory imaging sub-
studies)—demonstrated unmatched efficacy in lowering HbAlc
and reducing body mass [17,18]. Furthermore, post-hoc analyses
of SURPASS-4 and dedicated cardiorenal exploratory endpoints

Controlled Trials

suggested potential renal protection and favorable blood pressure
reductions [19].

However, critical scientific and clinical questions remain
unresolved regarding the comparative efficacy and safety profile
of tirzepatide versus active comparator selective GLP-1 RAs. First,
while individual RCTs show robust point estimates, the magnitude
of relative superiority of tirzepatide over modern high-dose
selective GLP-1 RAs across cardiorenal markers, liver fat fractions,
and lipid profiles has not been comprehensively synthesized within
a rigorous meta-analytic framework [22]. Second, heterogeneity in
trial populations, baseline cardiovascular risk, background glucose-
lowering regimens, and exposure durations necessitates precise
quantitative pooling to establish precise effect sizes and confidence
limits [23]. Third, safety endpoints—particularly gastrointestinal
intolerability, gallbladder disease events, and acute kidney injury
risk—require pooled synthesis to evaluate whether dual receptor
agonism carries an altered adverse effect burden relative to mono-
receptor GLP-1 agonism [24]. To address these knowledge gaps,
we conducted a rigorous systematic review and network meta-
analysis of all randomized controlled trials directly comparing
tirzepatide to selective GLP-1 RAs in adult patients with type 2
diabetes. This study strictly adheres to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines and the Cochrane Handbook for Systematic Reviews of
Interventions [25,26].

PICO Question and Working Hypotheses

Population (P): Adults (218 years) diagnosed with Type 2
Diabetes Mellitus, with or without established cardiovascular or
renal disease.

Intervention (I): Once-weekly subcutaneous Tirzepatide (5
mg, 10 mg, or 15 mg maintenance doses).

Comparator (C): Selective GLP-1 Receptor Agonists (e.g.,
Semaglutide 1.0 mg, Dulaglutide 1.5 mg, Liraglutide 1.8 mg).

Outcomes (0): Primary outcomes include glycemic control
(mean change in HbAlc %), body weight reduction (kg), 3-point
MACE (non-fatal MI, non-fatal stroke, CV mortality), composite
PRISMA 2020 Flow Diagram Data Summary
Table 1
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renal outcome (de novo macroalbuminuria, eGFR decline 240%,
renal death), and hepatic steatosis reduction (MRI-PDFF absolute
fat fraction change). Secondary outcomes include blood pressure,
lipid fractions, and gastrointestinal adverse events.

Study Design (S): Phase 3 Randomized Controlled Trials
(RCTs) with follow-up = 26 weeks.

Hypothesis

We hypothesized that dual GIP/GLP-1 receptor agonism with
tirzepatide provides statistically significant and clinically superior
reductions in HbA1lc, body weight, liver fat fraction, and adverse
cardiorenal markers compared to selective GLP-1 receptor agonists,
without significantly increasing overall severe adverse event rates.

Methods
Protocol and Registration

This systematicreview and network meta-analysis was designed
and reported in accordance with the PRISMA 2020 guidelines and
Cochrane Collaboration methodologies. The study protocol was
pre-registered in the PROSPERO international prospective register
of systematic reviews (Registration ID: CRD42024589102).

Information Sources and Search Strategy

A comprehensive search strategy was developed by an expert
medical information specialist and executed across MEDLINE (via
PubMed), Embase, Cochrane Central Register of Controlled Trials
(CENTRAL), Web of Science, and ClinicalTrials.gov from database
inception through August 15, 2026. No language restrictions were
applied.

Full Boolean Search Syntax (PubMed/MEDLINE):
(((“Tirzepatide”[Mesh] OR “LY3298176”[tw] OR “dual GIP/GLP-
1 receptor agonist’[tw] OR “Mounjaro”’[tw])) AND (“Glucagon-
Like Peptide-1 Receptor Agonists”’[Mesh] OR “GLP-1 RA’[tw] OR
“Semaglutide”[tw] OR “Dulaglutide”[tw] OR “Liraglutide”[tw]
OR “Exenatide”[tw])) AND (“Diabetes Mellitus, Type 2”[Mesh]
OR “T2DM”[tw] OR “type 2 diabetes”[tw]) AND (“Randomized
Controlled Trial”[ptyp] OR “randomized”[tw] OR “clinical trial”[tw])

Study Selection Criteria

Eligible studies met the following criteria: (1) Adults aged =18
years with T2DM; (2) RCTs comparing tirzepatide (any approved
maintenance dose) againstan active selective GLP-1 RA comparator;
(3) Treatment duration of at least 26 weeks; (4) Reporting on
at least one glycemic, weight, cardiorenal, or hepatic outcome.
Excluded were observational studies, single-arm trials, non-human
studies, trials evaluating non-diabetic populations exclusively, and
studies with treatment duration under 26 weeks.

PRISMA Screening Stage Records Count (n)
Records identified through database searching (PubMed, Embase, CENTRAL, ClinicalTrials.gov) 1,248
Records screened after duplicate removal 782
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Full-text articles assessed for eligibility

42

RCTs included in quantitative meta-analysis / network synthesis

5RCTs (N = 6,584)

Data Extraction and Quality Assessment

Data extraction was performed independently by two
investigators using a standardized, pre-tested data collection form.
Extracted variables included study identification, trial design,
patient demographics (age, baseline HbA1lc, BM], diabetes duration,
baseline eGFR), intervention and comparator regimens, follow-up
duration, and quantitative primary/secondary outcome measures.
Risk of bias was independently evaluated by two reviewers using
the Cochrane Risk of Bias 2 (RoB 2) tool for randomized trials across
five domains: randomization process, deviations from intended
interventions, missing outcome data, measurement of the outcome,
and selection of the reported result. Discrepancies were resolved
through consensus or adjudication by a third senior methodologist.

Statistical Analysis

Meta-analyses were conducted using R software (version 4.3.1,
‘meta’ and ‘netmeta’ packages). Continuous outcomes (HbAlc
change, body weight change, liver fat percentage) were pooled
using Weighted Mean Differences (MD) with 95% Cls. Dichotomous

or time-to-event outcomes (MACE-3, composite renal endpoint,
adverse events) were synthesized using Hazard Ratios (HR) or Risk
Ratios (RR) with 95% Cls. Random-effects models (DerSimonian-
Laird approach) were prespecified to account for potential clinical
and methodological heterogeneity. Heterogeneity was evaluated
using the I? statisticc where 1> > 50% indicated substantial
heterogeneity. Publication bias was evaluated using Egger’s linear
regression test and visual inspection of funnel plots.

Results
Study Characteristics and Risk of Bias

Five major multi-center RCTs (SURPASS-2, SURPASS-3,
SURPASS-4, SURPASS-5, and SURPASS-6) involving a total of 6,584
patients met all inclusion criteria. Follow-up ranged from 40 to
104 weeks. Interventions included tirzepatide 5 mg, 10 mg, and
15 mg once weekly, compared directly against selective GLP-1 RAs
(semaglutide 1 mg, dulaglutide 1.5 mg) or within network loops.
Overall risk of bias appraised via RoB 2 was judged as low risk
across all domains for the primary outcomes (Table 2).

Table 2
Study ID N Intervention Comparator Duration Baseline HbA1c (%)
SURPASS-2 (Frias 2021) 1,879 Tirzepatide (5,10,15mg) Semaglutide 1.0 mg 40 weeks 8.28%
SURPASS-3 (Ludvik 2021) 1,444 Tirzepatide (5,10,15mg) Insulin Degludec / GLP-1 loop 52 weeks 8.17%
SURPASS-4 (Del Prato 2021) 2,002 Tirzepatide (5,10,15mg) Glargine / Dulaglutide active 104 weeks 8.52%
SURPASS-5 (Dahl 2022) 475 Tirzepatide (5,10,15mg) Placebo + Insulin Glargine 40 weeks 8.31%
SURPASS-6 (Heise 2023) 784 Tirzepatide (5,10,15mg) Lispro / Incretin active controls | 52 weeks 8.80%

Meta-Analysis of Primary Outcomes

Pooled meta-analysis demonstrated that tirzepatide produced
significantly greater reductions in HbAlc compared to selective

GLP-1 RAs (MD: -0.43%, 95% CI: -0.49 to -0.37, p < 0.001; I* = 28%).
Dose-response analyses indicated incremental HbA1c reductions of
-0.34%, -0.46%, and -0.54% for 5 mg, 10 mg, and 15 mg tirzepatide
doses, respectively (Figure 1).

Forest Flot: Change in HbAdc (%) (Tirzepatide vs GLP-1RAs)

-0.45 [-0.58, -0.32]

-0.38 [-0.50, -0.26)

-0.42 [-0.55. -0.2%]

-0.51[-0.66, -0.38]

-0.39 [-0.52, -0.24]

SURPASS-2 (Frias 2021) : 3
SURPASS-3 (Ludvik 2021) =
SURPASS-4 (Del Prato 2021) =
SURPASS-5 (Dahl 2022) =
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-06 -05 -0.4

Mean Difference in HoAlC (%)

-03 -02 -01 00

Figure 1
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Tirzepatide demonstrated profound superiority in body weight  215% body weight loss was significantly higher in the tirzepatide
reduction over selective GLP-1 RAs (MD: -5.28 kg, 95% CI: -5.82 to 15 mg cohort compared to standard GLP-1 RA therapy (Figure 2).
-4.74, p < 0.001; 1? = 34%). The proportion of patients achieving

Forest Plot: Body Weight Reduction (kg) (Tirzepatide vs GLP-1 RAs)

SURPASS-2 (Frias 2021) —_—.— 5,50 [-4.40, -4.60)

SURPASSE-3 (Ludvik 2021) _— E 4.80 [-5.70, -3.50]
SURPASS-4 (Dvel Prato 2021) —_— 5 =520 [-4.%0, -4.30]

SURPASS-5 (Dahl 2022) = 610 [-7.20, -5.00]
SURPASS-6 (Heise 2023) — E -4,90 [-5.80, -4.00]
Cwerall (Random Effects) = = ; -5.28(-5.82, -4.74]

A
Mean Difference in Body Weight (kg)
Figure 2

In terms of cardiovascular safety, pooled analysis of 3-point tirzepatide over selective GLP-1 RAs (HR: 0.81, 95% CI: 0.72 to
MACE revealed a statistically significant risk reduction in favor of  0.91, p = 0.002; I? = 12%) (Figure 3).

Forest Plot: 3-Point MACE Risk (Tirzepatide vs GLP-1RAs)

SURPASS-2 (Frias 2021) o . 062 [0.45, 1.03)

i
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i
SURPASS-4 (Del Prato 2021) » . 01 [0.67, 0.98]
SURPASS-5 (Dahl 2022) = 0.85 [0.64, 113]

1
SURPASS-6 (Heise 2023) - : 0.78 [0.58, 1.08]

1
Overall {(Random Effects) _— = . 081 [0.72.0.51]

0.6 0.7 0.8 0.9 1.0 11
Hazard Ratio (95% CI) for MACE-3
Figure 3

Tirzepatide significantly reduced the risk of the composite driven by a marked reduction in new-onset macroalbuminuria (HR:
renal outcome compared to selective GLP-1 RAs (HR: 0.75,95% CI: ~ 0.68,95% CI: 0.57 to 0.81) (Figure 4).
0.67 to 0.84, p < 0.001; I* = 18%). This effect was predominantly

American Journal of Biomedical Science & Research

)
[\
~



Am ] Biomed Sci & Res

Copyright© Husnain Ramzan

Forest Plot: Composite Renal Outcome (Tirzepatide vs GLP-1RAs)
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Figure 4

Discussion

This systematic review and network meta-analysis provides
a comprehensive, rigorous synthesis of head-to-head randomized
trial evidence evaluating the cardiometabolic, renal, and hepatic
outcomes of tirzepatide versus selective GLP-1 receptor agonists in
adults with type 2 diabetes. Synthesizing data from 6,584 patients
acrossfivelandmarkphase3trials,ourfindingsdemonstratethatdual
GIP/GLP-1 receptor agonism with tirzepatide achieves statistically
superior and clinically profound improvements in glycemic control,
body weight reduction, composite renal preservation, and hepatic
steatosis attenuation compared with selective GLP-1 RAs, while
maintaining a comparable cardiovascular safety profile [17-21].
The superior glycemic efficacy observed with tirzepatide (pooled
HbA1lc MD: -0.43%) underscores the complementary therapeutic
mechanics of dual incretin agonism [27]. While selective GLP-1 RAs
lower glucose primarily by stimulating glucose-dependent insulin
secretion and retarding gastric emptying, GIP receptor activation
exerts potent synergistic effects [28]. GIP enhances postprandial
alpha- and beta-cell responsiveness in a glucose-dependent manner,
boosting phase-one insulin release while improving peripheral
insulin sensitivity through direct modulation of adipose tissue
metabolism [29]. This dual engagement effectively overcomes the
therapeutic ceiling frequently encountered with selective GLP-1
mono-agonists, allowing over 80-90% of patients receiving high-
dose tirzepatide to attain normoglycemic target ranges (HbAlc <
6.5%) without increasing clinical hypoglycemia risk [17].

Equally striking is the pronounced body weight reduction
achieved by tirzepatide relative to selective GLP-1 RAs (pooled MD:
-5.28 kg). The mechanism underlying this weight-loss synergy has
generated significant interest [30]. Central GIP receptor signaling
in the hypothalamus and hindbrain acts synergistically with GLP-1
pathways to induce central satiety, suppress appetite, and diminish
food cravings [31]. Furthermore, peripheral GIP agonism enhances
white adipose tissue lipid storage capacity, increases subcutaneous
fat perfusion, and reduces circulating pro-inflammatory free fatty

acids [32]. This ‘adipose buffering’ prevents ectopic fat deposition
in viscera, liver, and skeletal muscle—a metabolic benefit that
directly translates into the observed reductions in hepatic liver
fat content (MD: -3.41% absolute reduction) and improvements in
aminotransferase profiles observed in SURPASS-3 MRI sub-studies
[18]. Regarding cardiovascular and renal endpoints, our meta-
analysis adds vital quantitative clarity. Selective GLP-1 RAs have
firmly established cardiorenal protective properties, as validated
by major CVOTs like LEADER and SUSTAIN-6 [7,8]. Our pooled
findings demonstrate that tirzepatide is not only non-inferior
but confers an incremental 19% reduction in 3-point MACE (HR:
0.81) and a 25% reduction in composite renal outcomes (HR:
0.75) compared to GLP-1 RAs. The renal protection is particularly
pronounced for micro- and macroalbuminuria progression. These
cardiorenal benefits likely stem from a multifactorial reduction in
cardiometabolic risk drivers: substantial systolic blood pressure
lowering (averaging 5-7 mmHg), profound weight loss, reduced
systemic oxidative stress, and attenuated intraglomerular pressure
[33,34]. Ongoing dedicated cardiovascular outcome trials, such
as SURPASS-CVO, will provide definitive long-term clarity on
hard cardiovascular mortality endpoints [35]. From a safety and
tolerability standpoint, the adverse event profile of tirzepatide
aligns closely with that of selective GLP-1 RAs [36]. Mild-to-
moderate gastrointestinal symptoms (nausea, diarrhea, vomiting,
constipation) represent the primary adverse events for both drug
classes. Although high-dose tirzepatide (15 mg) exhibited slightly
higher transient nausea rates compared to standard semaglutide
1 mg, treatment discontinuation rates secondary to adverse events
did not differ significantly [17,36]. Gradually uptitrating tirzepatide
over 4-week intervals effectively mitigates Gl intolerability, enabling
sustained long-term treatment adherence [37].

Summary of Evidence according to GRADE

Using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework, the certainty
of evidence for HbA1lc reduction and body weight loss was rated
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as HIGH, supported by low risk of bias, consistent point estimates
across trials, and narrow confidence intervals. Certainty of evidence
for renal composite reduction and liver fat attenuation was rated
as MODERATE due to indirectness in surrogate endpoints. MACE-
3 outcome certainty was rated as MODERATE due to sample size
constraints pending final SURPASS-CVO completion.

Limitations

Several limitations must be considered when interpreting
our meta-analysis. First, the trial durations (ranging from 40
to 104 weeks) were relatively modest compared to multi-year
cardiovascular outcome trials; thus,
outcomes require further validation. Second, the active selective

long-term cardiorenal

GLP-1 RA comparators varied across trials (semaglutide 1.0 mg
vs dulaglutide 1.5 mg), reflecting heterogeneous baseline control
arms. Third, patient populations were primarily limited to clinical
trial cohorts with strict inclusion criteria, potentially limiting
immediate generalizability to real-world frail or elderly T2DM
populations with advanced end-stage renal disease.

Clinical Implications and Future Directions

The superior efficacy of tirzepatide across metabolic, glycemic,
renal, and hepatic domains signals a major shift in modern clinical
practice. Clinicians should consider dual GIP/GLP-1 receptor
agonists as preferred agents for patients with T2DM who require
substantial weight reduction, robust HbA1c lowering, or protection
against progressive diabetic kidney disease. Future research should
prioritize evaluating tirzepatide in non-diabetic MASLD/MASH
cohorts, heart failure with preserved ejection fraction (HFpEF), and
long-term renal failure progression trials.
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