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Abstract

Introduction and Purpose

Type 2 diabetes mellitus (T2DM) and obesity are major global public health challenges associated with increased
morbidity, mortality, and reduced quality of life. Despite multiple pharmacological therapies, achieving optimal
glycemic control and sustained weight reduction remains difficult in many patients. Tirzepatide, a dual glucose-
dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) receptor agonist, has emerged
as a promising therapeutic option. The aim of this review is to evaluate the clinical efficacy, safety profile,

mechanism of action, and therapeutic potential of tirzepatide in the management of T2DM and obesity.

Methods
A narrative review of current literature, including randomized controlled trials, meta-analyses and European
Medicines Agency documentation, was conducted to assess metabolic effects, dosing strategies, adverse events,

and long-term implications of tirzepatide therapy.

Results

Clinical trials show significant reductions in glycated hemoglobin (HbAlc), exceeding 2 percentage points in
patients with T2DM, and dose-dependent body weight reduction of up to approximately 20% of baseline weight
in individuals with obesity. Comparative analyses indicate greater efficacy than selective GLP-1 receptor agonists
and basal insulin for glycemic control and weight reduction. The most common adverse events are gastrointestinal

and occur mainly during dose escalation. Long-term cardiovascular and renal outcomes remain under investigation.

Conclusions

Tirzepatide represents an important advancement in incretin-based therapy, offering combined metabolic benefits
that may modify current treatment algorithms for T2DM and obesity. Although evidence supports high efficacy
and acceptable safety, further long-term studies are needed to determine its effects on disease progression,
cardiovascular outcomes, and sustained weight management.

Keywords: tirzepatide; type 2 diabetes mellitus; obesity; incretin therapy; GIP/GLP-1 receptor

agonist; weight reduction; metabolic disease

1. Introduction

Type 2 diabetes mellitus (T2DM) is one of the most prevalent metabolic diseases and represents
a growing global public health problem [1]. In 2019, the disease affected more than 460 million
adults worldwide, and projections indicate that this number may increase to approximately 700



million by 2045 [2]. T2DM accounts for over 90% of all diabetes cases [3]. Data from the
World Health Organization indicate that in 2022 the condition was diagnosed in approximately
14% of the adult population, with particularly high prevalence observed among older
individuals-affecting nearly one in four people over the age of 65 [4,5]. Diabetes belongs to a
group of chronic metabolic disorders characterized by persistently elevated blood glucose levels
resulting from impaired insulin secretion or abnormal tissue responses to this hormone. This
leads to disturbances in carbohydrate, lipid, and protein metabolism [6]. In type 2 diabetes,
insulin resistance and chronic hyperglycemia play a key role, making this disease one of the
most serious contemporary challenges for healthcare systems worldwide [7]. The disease
significantly reduces patients’ quality of life, primarily due to the development of numerous
chronic complications [8]. Microvascular and macrovascular damage constitutes the main cause
of increased morbidity and mortality in this patient population [9]. Type 2 diabetes affects the
function of multiple organs, leading, among others, to the development of cardiovascular
diseases, retinopathy, nephropathy, and peripheral neuropathy [6]. Prolonged hyperglycemia is
considered the primary factor contributing to the development of these complications [10].
Lifestyle-related factors also play a crucial role in the development of T2DM, including excess
body weight, lack of physical activity, a sedentary lifestyle, dietary patterns based on foods
with a high glycemic index and low fiber content, as well as vitamin deficiencies, tobacco
smoking, and alcohol consumption [11]. Obesity is of particular importance, as individuals with
chronic obesity have a several-fold higher risk of developing diabetes compared with the
general population. Moreover, a substantial proportion of patients with T2DM are overweight

or obese, which further increases the likelihood of disease development [12].

The World Health Organization (WHO) defines obesity as a condition in which an excessive
accumulation of adipose tissue adversely affects health and well-being. Due to the rapid
increase in its prevalence, obesity has been recognized as a “global epidemic” [13]. In 2016,
more than 1.9 billion adults were overweight, of whom over 650 million were obese [14]. Most
epidemiological studies are based on body mass index (BMI, kg/m?), with values of 18.5-24.9
considered normal, 25.0-29.9 classified as overweight, and >30 defined as obesity [15]. Obesity
is further classified into degrees: class | (30.0-34.9), class Il (35.0-39.9), and class I1I (>40),
with class 111 obesity occurring 50% more frequently in women than in men [16,17]. The high
prevalence of obesity represents a significant public health problem, as it is associated with
numerous diseases and a reduced life expectancy [18]. The most common conditions comorbid

with obesity include:



dyslipidemia,
hypertension,
prediabetes,

type 2 diabetes,
obstructive sleep apnea,
coronary heart disease,
chronic kidney disease,
heart failure,

depression or anxiety [19].

Higher degrees of obesity are also associated with a greater reduction in expected life
expectancy: individuals with class |11 obesity lose an average of 4.3 years of life, those with
class Il obesity lose 3.2 years, and those with class | obesity lose approximately 2.2 years.
Notably, the obesity-related loss of life years decreases with increasing age [20]. Lifestyle
modifications remain a safe but often insufficient treatment approach when not accompanied
by pharmacological therapy. Modern medications, particularly GLP-1 receptor agonists and
dual-action agents such as tirzepatide, have significantly expanded the possibilities for
conservative treatment, although their long-term efficacy and safety still require further
investigation. The most durable outcomes are achieved with bariatric surgery, which improves
health status and prolongs survival but is associated with higher risk, potential complications,

and increased costs [21].
2. Tirzepatide as a Potential New Standard of Treatment for Type 2 Diabetes and Obesity

The introduction of tirzepatide into clinical practice has sparked debate as to whether it
represents merely another modification of incretin therapy or a qualitatively new phase in the
treatment of metabolic diseases [22]. Results from the SURPASS and SURMOUNT clinical
trial programs suggest that the scope of this drug’s effects exceeds the current profile of

selective GLP-1 receptor agonists [23,24]. Randomized clinical trials have demonstrated



reductions in HbAlc exceeding 2 percentage points, as well as significant, dose-dependent
weight loss of approximately 20% of baseline body weight in individuals with obesity [23-25].
The magnitude of this reduction approaches that observed after metabolic surgery, thereby
significantly altering the position of pharmacotherapy within current treatment algorithms.
Importantly, the improvement in glycemic control does not appear to be solely a consequence
of weight loss; beneficial effects on B-cell function and tissue insulin sensitivity have also been
observed, suggesting a more complex mechanism resulting from the simultaneous activation of
GIP and GLP-1 receptors [22]. In comparative analyses, tirzepatide has demonstrated greater
efficacy in reducing HbA1c levels and body weight than selective GLP-1 receptor agonists and
several other antidiabetic agents [23]. Dual modulation of the incretin axis may therefore
represent not only an extension of existing therapeutic strategies but also the advent of a new
generation of metabolic treatments. However, it should be emphasized that assessment of the
long-term impact on disease progression, as well as on cardiovascular and renal outcomes,

requires further investigation and the results of ongoing studies [26].
3. Comparison of tirzepatide with other antidiabetic drugs

Assessing the clinical value of tirzepatide requires its direct comparison to previously used
incretin and insulin therapies. The SURPASS-2 study demonstrated that, compared to
semaglutide 1 mg, tirzepatide provides greater HbAlc reduction and more pronounced weight
loss [24]. Although there are no randomized, head-to-head studies of semaglutide 2.4 mg for
the treatment of obesity, a comparison of the SURMOUNT program results with the STEP
studies suggests that the magnitude of weight loss with tirzepatide is at least comparable, and
in some analyses even greater [25, 27]. Compared to basal insulins such as glargine, tirzepatide
allows for better glycemic control with simultaneous weight loss, whereas insulin therapy is
usually associated with weight gain [28]. A similar advantage is observed in comparisons with
selected GLP-1 agonists, including dulaglutide, particularly in terms of HbAlc and body weight
reduction [23]. HbAlc reduction exceeding 2 percentage points is a rare effect of diabetes

pharmacotherapy and indicates significant metabolic potential of the drug [29].
4. Indications and dosage

Tirzepatide (Mounjaro®) has been authorized in the European Union following a positive
opinion from the European Medicines Agency and a subsequent decision of the European

Commission. It is the first dual glucose-dependent insulinotropic polypeptide (GIP) and



glucagon-like peptide-1 (GLP-1) receptor agonist, improving glycemic control and promoting

weight reduction through a complementary incretin-based mechanism of action [30, 31].
According to the approved EU labeling, tirzepatide is indicated in adults:

- For type 2 diabetes mellitus**: as an adjunct to diet and physical activity in patients
with insufficient glycemic control. It may be used as monotherapy when metformin
is contraindicated or not tolerated, or in combination with other glucose-lowering
agents.

- For weight management**: as part of a comprehensive strategy including a reduced-
calorie diet and increased physical activity in adults with obesity (BMI > 30 kg/m?)
or overweight (BMI > 27 to < 30 kg/m?) with at least one weight-related comorbidity
(e.g., type 2 diabetes, dyslipidemia, hypertension, or obstructive sleep apnea) [30,31].

The dosing regimen of tirzepatide (Mounjaro®) (Tab. 1) according to European Medicines
Agency documentation, highlighting that the route of administration and dose-escalation
schedule are identical for both approved indications-type 2 diabetes mellitus and
obesity/overweight with comorbidities. Treatment is initiated at 2.5 mg once weekly for four

weeks, followed by escalation to the minimum therapeutic dose of 5 mg, with further increases

of 2.5 mg at intervals of at least four weeks up to a maximum of 15 mg weekly.

Route of administration Subcutaneous, once weekly Subcutaneous, once weekly

Initial dose 2.5 mg weekly for 4 weeks 2.5 mg weekly for 4 weeks
(initiation dose) (initiation dose)

Minimum therapeutic 5 mg weekly 5 mg weekly

dose



Dose escalation +2.5 mg at >4-week intervals +2.5 mg at >4-week intervals

Maximum dose 15 mg weekly 15 mg weekly

Typical maintenance dose  5-15 mg (individualized) 10-15 mg (commonly targeted)

Primary therapeutic goal HbA1c reduction and glycemic Body weight reduction

control

Additional considerations  Adjust background insulin/SU  Combine with reduced-calorie
therapy to reduce hypoglycemia diet and increased physical

risk activity

Table 1. The dosing regimen for tirzepatite for the two approved indications

The indications differ primarily in typical maintenance dosing and therapeutic goals: in type 2
diabetes, dosing is individualized to optimize HbA1c reduction and glycemic control while
minimizing hypoglycemia risk, whereas in obesity management, higher maintenance doses
(10-15 mg weekly) are more commonly targeted to achieve sustained body weight reduction,

in combination with lifestyle interventions [30,31]
5. Tirzepatide Adverse Events

The most frequently reported adverse events associated with tirzepatide are gastrointestinal,
including nausea, diarrhea, and vomiting. These events are typically mild to moderate in
severity and occur predominantly during dose escalation [25,32]. In the SURMOUNT-1 to -4
trials, gastrointestinal adverse events were reported in 27.8-72.8% of tirzepatide-treated
participants compared with 12.2-32.5% in placebo groups [33]. The risk of hypoglycemia is
low during monotherapy but increases in patients receiving concomitant glucose-lowering
agents. In phase 1I/111 trials in type 2 diabetes, hypoglycemia occurred in approximately 3% of
the overall population [34], with rates up to 22.6% observed in selected subgroups at higher

doses [35,36]. Rare cases of hypersensitivity reactions, including generalized urticaria, pruritus,



and injection-site reactions, have been described, with occasional reports of systemic reactions
following initial exposure [37,38]. Meta-analyses in individuals with overweight or obesity
without diabetes have reported a higher incidence of dizziness compared with placebo [39].
However, due to heterogeneity across studies, the true incidence and causal relationship remain
uncertain [40]. Cardiovascular effects include reductions in systolic blood pressure, typically
in the range of 4-6 mmHg in randomized trials [41]. Although hypotensive episodes
accompanied by compensatory tachycardia have been reported [37], overall blood pressure
reduction appears to represent a predictable, dose-dependent response that may exceed changes
attributable solely to weight loss in some cases [37,41]. These findings support individualized
risk assessment, particularly in patients with low baseline blood pressure or concomitant

antihypertensive therapy.
6. Mechanism of Action Tirzepatide

Tirzepatide (LY3298176) is a synthetic 39—-amino acid peptide engineered to act as a dual
agonist of the glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1
(GLP-1) receptors [42].Both receptors are expressed predominantly on pancreatic a- and -
cells, as well as in extra-pancreatic tissues including the gastrointestinal tract, cardiovascular
system, adipose tissue, and the central nervous system.Tirzepatide exhibits binding affinity to
the GIP receptor comparable to native GIP, while its affinity for the GLP-1 receptor is
approximately fivefold lower than that of native GLP-1 [22].This receptor activity profile
underlies its combined incretin effects.Structural modification with a C20 fatty diacid moiety
enables reversible albumin binding, prolonging systemic exposure and resulting in an
elimination half-life of approximately five days, which supports once-weekly administration.
The glucose-lowering effects of tirzepatide are mediated through multiple complementary
mechanisms, including enhancement of glucose-dependent insulin secretion, suppression of
glucagon release, improvement of B-cell function, and delayed gastric emptying, the latter
attenuating over time [43,44]. In addition, central and peripheral actions contribute to appetite

suppression and reduced energy intake, supporting weight reduction [45].
7. Drug Interactions

Similar to other peptide-based GLP-1/GIP agonists, tirzepatide is not metabolized by common
CYP enzymes or transported via typical transporters, making classical pharmacokinetic

interactions unlikely. Its primary mechanism of affecting other medications is through delayed



gastric emptying, which can reduce Cmax and prolong Tmax of orally administered drugs. In
clinical practice, most oral medications do not require dose adjustment, but monitoring is
advised for drugs with a narrow therapeutic index (e.g., warfarin, digoxin) or for medications
where rapid onset of action is critical [46]. Gastrointestinal adverse effects- such as nausea,
diarrhea, and reduced appetite are common and may affect nutritional status, hydration, and the
pharmacodynamics of concomitant medications [39]. Real-world use has reported dosing errors,
injection-site reactions, and discontinuations due to adverse effects, highlighting the need for

careful patient monitoring [47].
8. Contraceptives

Dose adjustment of oral contraceptives is generally not required [48]. However, because
Tirzepatide delays gastric emptying, it may affect the rate and extent of absorption of orally
administered hormonal contraceptives.This is not a metabolic interaction (e.g.,via CYP
enzymes) but rather a result of altered gastrointestinal motility.Given its potential clinical
significance-particularly during the initiation of therapy or dose escalation-consideration of
additional or non-oral contraceptive methods is recommended [48, 49].

9. Effects on Fertility, Pregnancy, and Lactation

Data on Tirzepatide use during pregnancy are limited.Animal studies have demonstrated
adverse effects on reproduction, and therefore Tirzepatide is not recommended for use in
pregnant women or in women of childbearing potential who are not using effective
contraception. Preclinical studies have not shown direct impairment of fertility caused by
Tirzepatide. There is currently insufficient evidence regarding the excretion of Tirzepatide into
human breast milk or its potential effects on a nursing infant.Preliminary data suggest that
concentrations in milk are very low or undetectable, and absorption by the infant is likely
minimal.However, the risk to the breastfed child has not been fully established, and therefore

Tirzepatide use during breastfeeding should be approached with caution [48, 49, 50].
10. Tirzepatide and Long-Term Weight Management

Discontinuation of Tiirzepatide therapy in individuals with obesity is associated with a clear
trend toward regaining lost body weight in the months following treatment cessation. In many
patients, a gradual return of weight and worsening of previously improved metabolic
parameters have been observed. These findings suggest that the effects of pharmacotherapy

10



may not be sustained without continued treatment, highlighting the need for a long-term

approach to obesity management [51].

Given the increasing use of GLP-1 receptor agonists in the treatment of obesity and diabetes,
clinical guidelines should address not only how to initiate and titrate therapy but also provide

clear strategies for safely discontinuing treatment and maintaining its long-term benefits [52].
11. Safety and Long-Term Effects

Data from clinical trials and literature reviews indicate that GLP-1 receptor agonists, such as
semaglutide, liraglutide, and Tirzepatide, are generally well tolerated and safe when used for
several years.The most commonly reported adverse effects involve the gastrointestinal system
and are mild to moderate in severity. However, studies with long-term follow-up are lacking,
meaning that the extended effects of therapy, including potential loss of muscle mass, impact

on the cardiovascular system, and rare adverse events remain largely unknown [53].
12. Conclusion

Tirzepatide represents a significant advancement in the pharmacological management of type
2 diabetes and obesity, offering substantial improvements in glycemic control and clinically
meaningful weight reduction. Its dual GIP and GLP-1 receptor agonism may redefine current
treatment algorithms, potentially shifting the boundaries between pharmacotherapy and
metabolic surgery. In my view, the magnitude of metabolic effects observed to date positions
tirzepatide as a promising new standard of care, although confirmation of long-term

cardiovascular and renal benefits remains essential.

Author’s contribution:
Conceptualization, supervision and project administration- MS
Methodology-MS, FP, MTS

Software, validation, formal analysis, investigation, resources, writing original draft
preparation- MS, FP, MTS, AK

Writing review editing and visualization- AK, TS, KS, IH

All authors have read and agreed with the published version of the manuscript

11



Funding: This research received no external funding. Institutional Rewiew Board. Statement:
Not applicable.

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.
Acknowledgments: Not applicable.

Conflict of Interest: The authors declare no conflict of interest.

References:

1. Zhou Z, Sun B, Yu D, Zhu C. Gut Microbiota: An Important Player in Type 2 Diabetes
Mellitus. Front  Cell Infect Microbiol. 2022 Feb 15;12:834485. doi:
10.3389/fcimb.2022.834485. PMID: 35242721; PMCID: PMC8886906.

2. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, Colagiuri S,
Guariguata L, Motala AA, Ogurtsova K, Shaw JE, Bright D, Williams R; IDF Diabetes Atlas
Committee. Global and regional diabetes prevalence estimates for 2019 and projections for
2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9th edition.
Diabetes Res Clin Pract. 2019 Nov;157:107843. doi: 10.1016/j.diabres.2019.107843. Epub
2019 Sep 10. PMID: 31518657.

3. MaQ, Li Y, Li P, Wang M, Wang J, Tang Z, Wang T, Luo L, Wang C, Wang T, Zhao
B. Research progress in the relationship between type 2 diabetes mellitus and intestinal flora.
Biomed Pharmacother. 2019 Sep;117:109138. doi: 10.1016/j.biopha.2019.109138. Epub 2019
Jun 24. PMID: 31247468.

4. Vallianou NG, Evangelopoulos A, Tzivaki I, Daskalopoulou S, Adamou A, Michalaki
Zafeiri GC, Karampela I, Dalamaga M, Kounatidis D. Ultra-Processed Foods and Type 2
Diabetes Mellitus: What Is the Evidence So Far? Biomolecules. 2025 Feb 19;15(2):307. doi:
10.3390/biom15020307. PMID: 40001610; PMCID: PMC11852733.

5. I1zzo A, Massimino E, Riccardi G, Della Pepa G. A Narrative Review on Sarcopenia in
Type 2 Diabetes Mellitus: Prevalence and Associated Factors. Nutrients. 2021 Jan 9;13(1):183.
doi: 10.3390/nu13010183. PMID: 33435310; PMCID: PMC78267009.

12



6. Gundmi S, Maiya AG, Bhat AK, Ravishankar N, Hande MH, Rajagopal KV. Hand
dysfunction in type 2 diabetes mellitus: Systematic review with meta-analysis. Ann Phys
Rehabil Med. 2018 Mar;61(2):99-104. doi: 10.1016/j.rehab.2017.12.006. Epub 2018 Jan 31.
PMID: 29366905.

7. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J. Epidemiology
of Type 2 Diabetes - Global Burden of Disease and Forecasted Trends. J Epidemiol Glob Health.
2020 Mar;10(1):107-111. doi: 10.2991/jegh.k.191028.001. PMID: 32175717; PMCID:
PMC7310804.

8. Liu Y, Lou X. Type 2 diabetes mellitus-related environmental factors and the gut
microbiota: emerging evidence and challenges. Clinics (Sao Paulo). 2020 Jan 10;75:e1277. doi:
10.6061/clinics/2020/e1277. PMID: 31939557; PMCID: PMC6945290.

9. Khalid M, Petroianu G, Adem A. Advanced Glycation End Products and Diabetes
Mellitus: Mechanisms and Perspectives. Biomolecules. 2022 Apr 4;12(4):542. doi:
10.3390/biom12040542. PMID: 35454131; PMCID: PMC9030615.

10. Cole JB, Florez JC. Genetics of diabetes mellitus and diabetes complications. Nat Rev
Nephrol. 2020 Jul;16(7):377-390. doi: 10.1038/s41581-020-0278-5. Epub 2020 May 12. PMID:
32398868; PMCID: PMC9639302.

11. GuY, Niu Q, Zhang Q, Zhao Y. Ameliorative Effects of Curcumin on Type 2 Diabetes
Mellitus. Molecules. 2024 Jun 20;29(12):2934. doi: 10.3390/molecules29122934. PMID:
38930998; PMCID: PMC11206386.

12. Huang X, Liu G, Guo J, Su Z. The PI3K/AKT pathway in obesity and type 2 diabetes. Int
JBiol Sci. 2018 Aug 6;14(11):1483-1496. doi: 10.7150/ijbs.27173. PMID: 30263000; PMCID:
PMC6158718.

13. Obesity: preventing and managing the global epidemic. Report of a WHO consultation.
World Health Organ Tech Rep Ser. 2000;894:i—xii, 1-253.

14. Caruso A, Gelsomino L, Panza S, Accattatis FM, Naimo GD, Barone I, Giordano C,
Catalano S, Ando S. Leptin: A Heavyweight Player in Obesity-Related Cancers. Biomolecules.
2023 Jul 6;13(7):1084. doi: 10.3390/biom13071084. PMID: 37509120; PMCID:
PMC10377641.

13



15. Caballero B. Humans against Obesity: Who Will Win? Adv Nutr. 2019 Jan
1;10(suppl_1):S4-S9. doi: 10.1093/advances/nmy055. PMID: 30721956; PMCID:
PMC6363526.

16. Ng M., Fleming T., Robinson M., Thomson B., Graetz N., Margono C., Mullany E.C.,
Biryukov S., Abbafati C., Abera S.F., et al. Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980-2013: A systematic analysis for the
Global Burden of Disease Study 2013. Lancet. 2014;384:766—781. doi: 10.1016/S0140-
6736(14)60460-8.

17. Piché ME, Tchernof A, Després JP. Obesity Phenotypes, Diabetes, and Cardiovascular
Diseases. Circ Res. 2020 May 22;126(11):1477-1500. doi:
10.1161/CIRCRESAHA.120.316101. Epub 2020 May 21. Erratum in: Circ Res. 2020 Jul
17;127(3):e107. doi: 10.1161/RES.0000000000000421. PMID: 32437302.

18. De Lorenzo A, Soldati L, Sarlo F, Calvani M, Di Lorenzo N, Di Renzo L. New obesity
classification criteria as a tool for bariatric surgery indication. World J Gastroenterol. 2016 Jan
14;22(2):681-703. doi: 10.3748/wjg.v22.i2.681. PMID: 26811617; PMCID: PMC47160609.

19. Bae JP, Nelson DR, Boye KS, Mather KJ. Prevalence of complications and comorbidities
associated with obesity: a health insurance claims analysis. BMC Public Health. 2025 Jan
22;25(1):273. doi: 10.1186/s12889-024-21061-z. PMID: 39844122; PMCID: PMC11756071.

20. Chang SH, Pollack LM, Colditz GA. Life Years Lost Associated with Obesity-Related
Diseases for U.S. Non-Smoking Adults. PLoS One. 2013 Jun 18;8(6):e66550. doi:
10.1371/journal.pone.0066550. PMID: 23823705; PMCID: PMC3688902.

21. Akwe J, Fongeh K, Jung S, Hall MAK, Patidar V, Shin YM. Medical vs. Surgical Obesity
Management: A Narrative Review of Efficacy, Safety, and Long-Term Outcomes. Cureus.
2025 Sep 5;17(9):€91677. doi: 10.7759/cureus.91677. PMID: 41054685; PMCID:
PMC12497434.

22. Willard FS, Douros JD, Gabe MB, Showalter AD, Wainscott DB, Suter TM, Capozzi ME,
van der Velden WJ, Stutsman C, Cardona GR, Urva S, Emmerson PJ, Holst JJ, D'Alessio DA,
Coghlan MP, Rosenkilde MM, Campbell JE, Sloop KW. Tirzepatide is an imbalanced and
biased dual GIP and GLP-1 receptor agonist. JCI Insight. 2020 Sep 3;5(17):e140532. doi:
10.1172/jci.insight.140532. PMID: 32730231; PMCID: PMC7526454.

14



23. Rosenstock J, Wysham C, Frias JP, Kaneko S, Lee CJ, Fernandez Landé L, Mao H, Cui X,
Karanikas CA, Thieu VVT. Efficacy and safety of a novel dual GIP and GLP-1 receptor agonist
tirzepatide in patients with type 2 diabetes (SURPASS-1): a double-blind, randomised, phase 3
trial. Lancet. 2021 Jul 10;398(10295):143-155. doi: 10.1016/S0140-6736(21)01324-6. Epub
2021 Jun 27. Erratum in: Lancet. 2021 Jul 17;398(10296):212. doi: 10.1016/S0140-
6736(21)01556-7. PMID: 34186022.

24. Frias JP, Davies MJ, Rosenstock J, Pérez Manghi FC, Fernandez Lando L, Bergman BK,
Liu B, Cui X, Brown K; SURPASS-2 Investigators. Tirzepatide versus Semaglutide Once
Weekly in Patients with Type 2 Diabetes. N Engl J Med. 2021 Aug 5;385(6):503-515. doi:
10.1056/NEJM0a2107519. Epub 2021 Jun 25. PMID: 34170647.

25. Jastreboff AM, Aronne LJ, Ahmad NN, Wharton S, Connery L, Alves B, Kiyosue A, Zhang
S, Liu B, Bunck MC, Stefanski A; SURMOUNT-1 Investigators. Tirzepatide Once Weekly for
the Treatment of Obesity. N Engl J Med. 2022 Jul 21;387(3):205-216. doi:
10.1056/NEJM0a2206038. Epub 2022 Jun 4. PMID: 35658024.

26. Nicholls SJ, Bhatt DL, Buse JB, Prato SD, Kahn SE, Lincoff AM, McGuire DK, Nauck
MA, Nissen SE, Sattar N, Zinman B, Zoungas S, Basile J, Bartee A, Miller D, Nishiyama H,
Pavo I, Weerakkody G, Wiese RJ, D'Alessio D; SURPASS-CVOT investigators. Comparison
of tirzepatide and dulaglutide on major adverse cardiovascular events in participants with type
2 diabetes and atherosclerotic cardiovascular disease: SURPASS-CVOT design and baseline
characteristics. Am Heart J. 2024 Jan;267:1-11. doi: 10.1016/j.ahj.2023.09.007. Epub 2023 Sep
25. PMID: 37758044,

27. Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay I, McGowan
BM, Rosenstock J, Tran MTD, Wadden TA, Wharton S, Yokote K, Zeuthen N, Kushner RF;
STEP 1 Study Group. Once-Weekly Semaglutide in Adults with Overweight or Obesity. N Engl
J Med. 2021 Mar 18;384(11):989-1002. doi: 10.1056/NEJM0a2032183. Epub 2021 Feb 10.
PMID: 33567185.

28. Del Prato S, Kahn SE, Pavo I, Weerakkody GJ, Yang Z, Doupis J, Aizenberg D, Wynne
AG, Riesmeyer JS, Heine RJ, Wiese RJ; SURPASS-4 Investigators. Tirzepatide versus insulin
glargine in type 2 diabetes and increased cardiovascular risk (SURPASS-4): a randomised,
open-label, parallel-group, multicentre, phase 3 trial. Lancet. 2021 Nov 13;398(10313):1811-
1824. doi: 10.1016/S0140-6736(21)02188-7. Epub 2021 Oct 18. PMID: 34672967.

15



29.Bhagavathula, A.S.; Vidyasagar, K.; Tesfaye, W. Efficacy and Safety of Tirzepatide in
Patients with Type 2 Diabetes Mellitus: A Systematic Review and Meta-Analysis of
Randomized Phase /11 Trials. Pharmaceuticals 2021, 14, 991.
https://doi.org/10.3390/ph14100991

30.  European Medicines Agency. Mounjaro — EPAR Product Information. EMA; 2024.

31. Eli Lilly Nederland B.V. Mounjaro, INN-tirzepatide. Summary of Product
Characteristics (SmPC). European Commission; 2024.

32.  Rosenstock J, Frias JP, Rodbard HW, Tofé S, Sears E, Huh R, Fernadndez Lando L, Patel
H. Tirzepatide vs Insulin Lispro Added to Basal Insulin in Type 2 Diabetes: The SURPASS-6
Randomized  Clinical Trial.  JAMA. 2023 Nov 7;330(17):1631-1640. doi:
10.1001/jama.2023.20294. Erratum in: JAMA. 2023 Nov 21;330(19):1915. doi:
10.1001/jama.2023.22757. Erratum in: JAMA. 2025 Apr 22;333(16):1460. doi:
10.1001/jama.2025.3806. PMID: 37786396; PMCID: PMC10548360.

33.  Rubino DM, Pedersen SD, Connery L, Cao D, Chigutsa F, Stefanski A, Fraseur Brumm
J, Griffin R, Gerber C. Gastrointestinal tolerability and weight reduction associated with
tirzepatide in adults with obesity or overweight with and without type 2 diabetes in the
SURMOUNT-1 to -4 trials. Diabetes Obes Metab. 2025 Apr;27(4):1826-1835. doi:
10.1111/dom.16176. Epub 2025 Jan 9. PMID: 39789843; PMCID: PMC11885085.

34.  Bhagavathula AS, Vidyasagar K, Tesfaye W. Efficacy and Safety of Tirzepatide in
Patients with Type 2 Diabetes Mellitus: A Systematic Review and Meta-Analysis of
Randomized Phase II/11l Trials. Pharmaceuticals (Basel). 2021 Sep 28;14(10):991. doi:
10.3390/ph14100991. PMID: 34681215; PMCID: PMC8537322.

35.  MishraR, Raj R, Elshimy G, Zapata I, Kannan L, Majety P, Edem D, Correa R. Adverse
Events Related to Tirzepatide. J Endocr Soc. 2023 Jan 26;7(4):bvad016. doi:
10.1210/jendso/bvad016. PMID: 36789109; PMCID: PMC99159609.

36. Tang Y, Zhang L, Zeng Y, Wang X, Zhang M. Efficacy and safety of tirzepatide in
patients with type 2 diabetes: A systematic review and meta-analysis. Front Pharmacol. 2022
Oct 28;13:1016639. doi: 10.3389/fphar.2022.1016639. PMID: 36569320; PMCID:
PMC9774036.

16


https://doi.org/10.3390/ph14100991
https://doi.org/10.3390/ph14100991
https://doi.org/10.3390/ph14100991

37. Huang M, Liu G, Zhang C, Wang Y, Liu S, Zhao J. A retrospective observational study
on case reports of adverse drug reactions (ADRs) to tirzepatide. Front Pharmacol. 2025 Jul
1;16:1608657. doi: 10.3389/fphar.2025.1608657. PMID: 40667509; PMCID: PMC12259682.

38.  LeTTB, Minh LHN, Devi P, Islam N, Sachmechi I. A Case Report of Systemic Allergic
Reaction to the Dual Glucose-Dependent Insulinotropic Polypeptide/Glucagon-Like Peptide-1
Receptor Agonist Tirzepatide. Cureus. 2024 Jan 1;16(1):e51460. doi: 10.7759/cureus.51460.
PMID: 38298324; PMCID: PMC10829695.

39. Liu L, Shi H, Xie M, Sun Y, Nahata MC. Efficacy and safety of tirzepatide versus
placebo in overweight or obese adults without diabetes: a systematic review and meta-analysis
of randomized controlled trials. Int J Clin Pharm. 2024 Dec;46(6):1268-1280. doi:
10.1007/s11096-024-01779-x. Epub 2024 Jul 22. PMID: 39037553; PMCID: PMC11576767.

40.  Caruso I, Di Gioia L, Di Molfetta S, Caporusso M, Cignarelli A, Sorice GP, Laviola L,
Giorgino F. The real-world safety profile of tirzepatide: pharmacovigilance analysis of the FDA
Adverse Event Reporting System (FAERS) database. J Endocrinol Invest. 2024
Nov;47(11):2671-2678. doi: 10.1007/s40618-024-02441-z. Epub 2024 Aug 14. PMID:
39141075; PMCID: PMC11473560.

41.  Kanbay M, Copur S, Siriopol D, Yildiz AB, Gaipov A, van Raalte DH, Tuttle KR. Effect
of tirzepatide on blood pressure and lipids: A meta-analysis of randomized controlled trials.
Diabetes Obes Metab. 2023 Dec;25(12):3766-3778. doi: 10.1111/dom.15272. Epub 2023 Sep
12. PMID: 37700437.

42. Sweta, Gupta, S., Bansal, S. et al. Tirzepatide a novel anti diabetic molecule unfold dual
action. Discov Public Health 21, 75 (2024). https://doi.org/10.1186/s12982-024-00200-2

43. LiverTox: Clinical and Research Information on Drug-Induced Liver Injury [Internet].
Bethesda (MD): National Institute of Diabetes and Digestive and Kidney Diseases; 2012—.
Tirzepatide. 2025 Jun 27. PMID: 35780672.

44, Hamza M, Papamargaritis D, Davies MJ. Tirzepatide for overweight and obesity
management. Expert Opin Pharmacother. 2025 Jan;26(1):31-49. doi:
10.1080/14656566.2024.2436595. Epub 2024 Dec 4. PMID: 39632534.

17


https://doi.org/10.1186/s12982-024-00200-2
https://doi.org/10.1186/s12982-024-00200-2

45. Kaneko S. Tirzepatide: A Novel, Once-weekly Dual GIP and GLP-1 Receptor Agonist for
the Treatment of Type 2 Diabetes. touchREV Endocrinol. 2022 Jun;18(1):10-19. doi:
10.17925/EE.2022.18.1.10. Epub 2022 Jun 16. PMID: 35949358; PMCID: PMC9354517.

46. MinJS, Jo SJ, Lee S, Kim DY, Kim DH, Lee CB, Bae SK. A Comprehensive Review on
the Pharmacokinetics and Drug-Drug Interactions of Approved GLP-1 Receptor Agonists and
a Dual GLP-1/GIP Receptor Agonist. Drug Des Devel Ther. 2025 Apr 30;19:3509-3537. doi:
10.2147/DDDT.S506957. PMID: 40330819; PMCID: PMC12052016.

47.  Almansour, H.A.; Thaibah, H.A.; Alfarhan, M.; Al-Qahtani, S.A.; Khardali, A.A,;
Alshammari, T.M. Real-World Safety Concerns of Tirzepatide: A Retrospective Analysis of
FAERS Data (2022-2025). Healthcare 2025, 13, 2259.
https://doi.org/10.3390/healthcare13182259

48. Eli Lilly and Company. Mounjaro (tirzepatide) [prescribing information]. Indianapolis, IN:
Eli Lilly and Company; 2023. Available at:
https://www.accessdata.fda.gov/drugsatfda_docs/label/2025/215866s0341bl.pdf. Accessed
December 9, 2025.

49. Skelley JW, Swearengin K, York AL, Glover LH. The impact of tirzepatide and glucagon
like peptide 1 receptor agonists on oral hormonal contraception. J Am Pharm Assoc (2003).
2024 Jan-Feb;64(1):204-211.e4. doi: 10.1016/j.japh.2023.10.037. Epub 2023 Nov 7. PMID:
37940101.

50. Diab H., Thompson J., Datta P., et al. (2025). Tirzepatide. PubMed.
https://pubmed.ncbi.nim.nih.gov/35759552/

51. Horn DB, Linetzky B, Davies MJ, et al. Cardiometabolic Parameter Change by Weight
Regain on Tirzepatide Withdrawal in Adults With Obesity: A Post Hoc Analysis of the
SURMOUNT-4 Trial. JAMA Intern Med. 2026;186(2):157-167.
doi:10.1001/jamainternmed.2025.6112

52. Tzang CC, Wu PH, Luo CA, Chen ZT, Lee YT, Huang ES, Kang YF, Lin WC, Tzang BS,
Hsu TC. Metabolic rebound after GLP-1 receptor agonist discontinuation: a systematic review
and meta-analysis. EClinicalMedicine. 2025 Nov 28;90:103680. doi:
10.1016/j.eclinm.2025.103680. PMID: 41399474; PMCID: PMC12702299.

18


https://doi.org/10.3390/healthcare13182259
https://doi.org/10.3390/healthcare13182259
https://doi.org/10.3390/healthcare13182259
https://pubmed.ncbi.nlm.nih.gov/35759552/
https://pubmed.ncbi.nlm.nih.gov/35759552/
https://pubmed.ncbi.nlm.nih.gov/35759552/

53. Shah MY, Mohammad A, Bashir Ahmed Samejo R, Rana S, Singla S, Aurangzeb R,
Tarig MM, Zamir MH, Farooq U, Aurangzeb RF, Singla B, Rehman A. Weight Loss That Lasts:
Reviewing the Long-Term Impact of GLP-1 Receptor Agonists. Cureus. 2025 Jul
19;17(7):e88334. doi: 10.7759/cureus.88334. PMID: 40837892; PMCID: PMC12361690.

19



