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Abstract: Obesity is becoming more frequent and has several negative health impacts. Recent advances in weight management 
strategies have primarily resided in pharmaceutical treatments, and the glucagon-like peptide-1 (GLP-1) receptor agonists have shown 
great potential in terms of body weight reduction in addition to improving glycemic control in patients with type 2 diabetes (T2D). 
Recently, the dual GLP-1 and glucose-dependent insulinotropic polypeptide (GIP) receptor agonist tirzepatide has been developed. 
Tirzepatide has shown strong effects on glycated hemoglobin (HbA1C) levels in several clinical trials including participants with T2D 
(SURPASS program). In addition to its lowering effect on HbA1C, tirzepatide leads to substantial reductions in body weight, and 
a series of clinical trials (SURMOUNT program) have investigated the effects on body weight as the primary outcome. In these two 
trial programs, tirzepatide in doses of 5 mg to 15 mg administered subcutaneously once weekly resulted in body weight reduction of up 
to 15% in participants with T2D and up to 21% in participants without T2D, despite comparable baseline bodyweight. Across the two 
trial programs, adverse effects were mainly gastrointestinal (nausea, diarrhea, and vomiting) occurring with similar incidences of 
vomiting and lower incidences of diarrhea and nausea in trial participants with T2D compared to trials participants without T2D. 
Overall, discontinuation due to adverse events occurred in 3–7% of participants with no major differences between individuals with 
and without T2D. The higher weight-reducing efficacy of tirzepatide in trial participants without T2D is currently unexplained and 
may be partly reflected in dissimilarities in frequencies of gastrointestinal adverse events. The weight reducing effects of tirzepatide 
hold great promise for weight management in obese patients regardless of the presence of T2D. 
Keywords: tirzepatide, weight loss, type 2 diabetes, GLP-1, GIP, dual agonists, safety

Introduction
Obesity, defined by the World Obesity Federation as having a body mass index (BMI) ≥30, is becoming increasingly 
prevalent with an expected rise from 14% of the global population in 2023 up to 24% of the global population by 2035. 
Thus, 2 billion people globally are expected to be obese by 2035.1 Obesity has an impact on morbidity and mortality and 
results inweight-related complications resulting in reduced quality of life for patients, and obesity increases the risk of 
developing type 2 diabetes (T2D), cardiovascular diseases and certain types of cancer.1,2 According to current trends 
extrapolating the severe detrimental effects of obesity on health, it has been estimated that overweight and obesity gave 
rise to a lost income of almost 2 trillion USD on a global scale in 2020, a number expected to rise to over 4 trillion USD 
in 2035.1

Recent advances in the treatment of obesity include refinement of bariatric surgery, improved efficacy of lifestyle and 
behavioral interventions, and novel weight-loss medications.2 For many years pharmacological options were limited to 
compounds with very sparse efficacy (eg, orlistat eliciting <6 kg weight loss after 4 years).3 Recent advancements in weight- 
loss medications have largely centered around harnessing the physiological effects of the incretin hormones. The incretin 
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hormones glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) amplify insulin secretion 
in a glucose-dependent manner, and furthermore, GLP-1 has been demonstrated to reduce appetite and food ingestion. This 
has given rise to the development of GLP-1 receptor agonists that were initially approved for the treatment of T2D, and which 
have now been approved for the treatment of obesity.4,5 While early GLP-1 receptor agonists showed weight loss in the range 
of 5% compared with placebo, newer drugs with more continuous activation of the GLP-1 receptor have elicited body weight 
reductions of up to 15% from baseline.6,7 Currently, the GLP-1 receptor mono-agonists liraglutide and semaglutide have both 
been approved for the treatment of T2D as well as obesity.8,9

Based on the beneficial potential of GLP-1 receptor agonists, development of dual-agonists (a single molecule with 
agonistic effect on two different receptors) has included development of drugs with co-agonism at the GLP-1 and/or GIP 
receptors as well as the glucagon receptor.10 Tirzepatide, a dual-agonist targeting GIP and GLP-1 receptors, had 
a pronounced effect on body weight reductions in preclinical trials compared to established GLP-1 receptor mono- 
agonists.5,11 Tirzepatide has shown strong effects on glycated hemoglobin (HbA1C) as a primary outcome in a range of 
clinical trials (SURPASS program). In addition, several clinical trials have investigated the effects of tirzepatide 
specifically for the treatment of obesity (SURMOUNT program). Tirzepatide is now approved for treatment of T2D in 
both the US and in Europe (tradename: Mounjaro®), and in the US for chronic weight management in adults with obesity 
or overweight and at least one weight-related condition (tradename: Zepbound®).12–14

This review summarizes the effects of the GLP-1 and GIP dual-agonist tirzepatide on weight loss alongside the safety 
profile of this compound, with a specific focus on differences between patients with and without T2D.

Tirzepatide
Tirzepatide is a dual-agonist molecule that activates both the GLP-1 and the GIP receptor and is administered subcutaneously 
(s.c.) once weekly.15 Tirzepatide binds to the GLP-1 receptor with a 20% affinity compared with native GLP-1 and activates 
the receptor (measured by cAMP generation) with a 20-fold lower potency. In comparison, the GLP-1 agonist semaglutide 
binds to the GLP-1 receptor with a 60% affinity of that of native GLP-1. The affinity and potency of tirzepatide on the GIP 
receptor is similar to that of native human GIP.16,17 Tirzepatide consists of a single molecule with a linear 39 amino acid 
peptide backbone with an acyl fat-chain conjugation to enhance albumin binding and prolong half-life.18 The bioavailability of 
tirzepatide is 81% and the maximum plasma concentration is reached 48 hours (range: 12–96 hours) after 
administration.12,19,20 The half-life of tirzepatide is 117 hours and it is eliminated by proteolytic cleavage, amide hydrolysis 
and β-oxidation, while the cytochrome P450 enzymes are not involved in elimination. Neither hepatic nor renal impairment 
substantially affect the pharmacokinetics of tirzepatide.12,16,17,19–21

Clinical Data
Two clinical trial programs investigating the efficacy and safety of tirzepatide have been performed; one primarily 
evaluating efficacy on bodyweight (SURMOUNT) and another primarily evaluating the glucose-lowering efficacy 
(SURPASS). An overview of the SURMOUNT trials is shown in Table 1.22–27 The SURMOUNT-1 trial investigated 
the weight-reducing effect of tirzepatide in obese participants without T2D (of note 1032 out of 2539 participants had 
prediabetes defined as having a HbA1C of 5.7–6.4% (39–47 mmol/mol)). The SURMOUNT-2 trial (N = 938) investigated 
weight loss in participants with T2D and overweight (BMI > 27), and both trials investigated the effect of 10 mg and 
15 mg s.c. once weekly doses of tirzepatide, while the SURMOUNT-1 trial also investigated the effect of 5 mg s.c. once 
weekly.26,27

The SURPASS clinical trial program included only participants with T2D and had mean change in HbA1C as the 
primary endpoint, whereas weight loss was reported as a secondary outcome. In the SURPASS-2 trial tirzepatide was 
compared to the GLP-1 agonist semaglutide 1 mg s.c. once weekly, and in the SURPASS J-Mono tirzepatide was 
compared to the GLP-1 agonist dulaglutide 0.75 mg s.c. once weekly. The SURPASS-1 trial examined tirzepatide as 
monotherapy while the remaining SURPASS trials applied tirzepatide as an add-on to other glucose-lowering therapies 
comprised by metformin, insulin, SGLT2 inhibitors, sulfonylurea, or a combination of these.28–35
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Table 1 Overview of Studies in the SURMOUNT Trial Program

Title (Trial 
Abbreviation)

Number of 
Participants

Trial Type and 
Interventions

Duration Baseline 
Age, Weight, 
BMI, Gender

Notable 
Inclusion/ 
Exclusion 
Criteria

Primary Outcome

Tirzepatide once weekly 
for the treatment of 

obesity (SURMOUNT-1)

2539 Randomized, double 
blind placebo 

controlled clinical trial. 

Interventions: 
Tirzepatide 5 mg, 

10 mg, 15 mg s.c. once 

weekly, or placebo

72 weeks 44.7 years, 
104.8 kg, BMI 

38.0 kg/m2, 

67.5% female

No T2D Body weight (% change 
from baseline)

Tirzepatide once weekly 

for the treatment of 
obesity in people with 

type 2 diabetes: a double- 

blind, randomized, 
multicenter, placebo- 

controlled, Phase 3 trial 
(SURMOUNT-2)

938 Randomized, double 

blind, placebo 
controlled clinical trial. 

Interventions: 

Tirzepatide 10 mg, 
15 mg s.c. once 

weekly, or placebo

72 weeks 54.2 years, 

100.7 kg, BMI 
36.1 kg/m2, 

51.0% female

T2D (mean 

duration 8.5 
years)

Body weight (% change 

from baseline)

Ongoing trials and trials where results have not been published/published fully:

A study of tirzepatide 

(LY3298176) in 
participants after 

a lifestyle weight loss 

program (SURMOUNT-3)

806 Randomized, double 

blind, placebo 
controlled clinical trial 

Interventions: 

Tirzepatide 10 mg, 
15 mg s.c. once 

weekly, or placebo

72 weeks N/A, 109.5 kg, 

N/A, N/A

No T2D Body weight (% change 

from baseline after 72 
weeks)

A study of tirzepatide 

(LY3298176) in 

participants with obesity 
or overweight for the 

maintenance of weight 

loss (SURMOUNT-4)

783 Open label lead-in for 

36 weeks followed by 

52 weeks of 
randomized, double 

blind, placebo 

controlled clinical trial 
Interventions: 

Tirzepatide 10 mg, 

15 mg s.c. once 
weekly, or placebo

52 weeks N/A, 107.3 kg, 

N/A, N/A

No T2D Body weight (% change 

from baseline 52 weeks 

after randomization 
(following a lead-in 

phase of 36-weeks open 

label treatment))

A study of tirzepatide 
(LY3298176) on the 

reduction on morbidity 

and mortality in adults 
with obesity 

(SURMOUNT-MMO)

15,000 Randomized, double 
blind, placebo 

controlled clinical trial 

Interventions: 
Tirzepatide*, Placebo

Up to 5 
years

No data 
available (Trial 

ongoing, 

ending 
October 2027)

With or at 
high risk for 

cardiovascular 

disease, No 
T2D

Time to first 
occurrence of any 

component event of 

composite (all-cause 
death, nonfatal 

myocardial infarction, 

nonfatal stroke, 
coronary 

revascularization, or 

heart failure events)

(Continued)
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Body Weight
The SURMOUNT-1 trial, investigating doses of 5 mg, 10 mg, and 15 mg s.c. once weekly in individuals with obesity (BMI > 
30.0 or BMI > 27 and weight-related complications) but no T2D, reported a reduction in bodyweight of up to 20.9% (treatment 
policy estimand) after 72 weeks of treatment with maximum dose of tirzepatide (15 mg s.c. once weekly), while placebo elicited 
a weight loss of 3.1%.27 The SURMOUNT-2 trial investigated doses of 10 mg and 15 mg s.c. once weekly in patients with 
overweight (BMI > 27) and T2D and reported a weight loss of 14.7% (treatment policy estimand) for the high-dose treatment arm 
after 72 weeks compared to a weight loss of 3.2% following placebo treatment.26

The SURPASS trials investigated the effect of tirzepatide in participants with T2D and reported weight reductions of 
5–14%.28–35 The SURPASS-2 trial compared all doses of tirzepatide to 1 mg s.c. once weekly of semaglutide and 
reported that the 15 mg dose of tirzepatide on average resulted in an absolute reduction in body weight of 6.6% more 
than semaglutide.29

Other Outcomes of Interest
Improvements in several metabolic markers have been reported following treatment with tirzepatide. The SURPASS trials 
reported reductions in HbA1C ranging from 20.4 mmol/mol (5 mg tirzepatide s.c. once weekly dose) to 28.2 mmol/mol (15 mg 
tirzepatide s.c. once weekly dose) after treatment durations lasting 40–52 weeks.28–35 Trials in Japanese populations reported 
even greater reductions in HbA1C (reduction of 33.0 mmol/mol in the 15 mg tirzepatide s.c. once weekly dose).34 Furthermore, 
reductions in systolic blood pressure of 4.7–12.6 mmHg and reductions in diastolic blood pressure of 0.8–5.6 mmHg were 
reported in the SURPASS trials. Total cholesterol was reduced by 2.2–15.4%, LDL was reduced by 5.3–19.3% (except for the 
SURMOUNT-2 trial that reported an increase of 2.3–3.2%) and HDL was increased by 0.9–10.8%.26–34 While these changes 
may be, in part, mediated by body weight reductions, they are nevertheless important improvements in measurable metabolic 
markers.22,23

Some important sub-group analyses have been performed to investigate other factors affected by treatment with tirzepatide. 
The SURPASS-1 trial reported a reduction in total body fat mass of 26% [95% confidence interval (CI): 20–31%] for all 
tirzepatide doses pooled (5 mg, 10 mg and 15 mg tirzepatide s.c. once weekly groups) compared to placebo.28 Magnetic 
resonance imaging (MRI) was performed for a subgroup in the SURPASS-3 trial to investigate changes in liver fat. In the 
SURPASS-3 trial, participants had an average T2D duration of 8.4 years, a mean BMI of 33.5 kg/m2, and were treated with 
metformin alone or in combination with an SGLT2 inhibitor. Participants in the MRI sub-study had a fatty liver index ≥60.30,36 

An absolute reduction of 8.1% from a baseline liver fat content of 15.7% was demonstrated for pooled 10 mg and 15 mg s.c. once 
weekly tirzepatide groups, compared to an absolute reduction in liver fat content of 3.4% in participants treated with insulin 
degludec.36 Tirzepatide has shown reductions in both body fat mass and lean body mass.37 MRI analysis of body composition in 
a subset of participants from the SURPASS-3 study revealed a larger decrease in muscle fat infiltration than anticipated. 
However, it also indicated an overall reduction in fat-free muscle mass (−0.76 liters for the 15 mg s.c. once weekly group).38

Table 1 (Continued). 

Title (Trial 
Abbreviation)

Number of 
Participants

Trial Type and 
Interventions

Duration Baseline 
Age, Weight, 
BMI, Gender

Notable 
Inclusion/ 
Exclusion 
Criteria

Primary Outcome

Obstructive sleep apnea 

master protocol GPIF: 
a study of tirzepatide 

(LY3298176) in 

participants with 
obstructive sleep apnea 

(SURMOUNT-OSA)

469 Randomized, double 

blind, placebo 
controlled clinical trial 

Interventions: 

Tirzepatide*, Placebo

52 weeks No data 

available (Trial 
ongoing, 

ending 

March 2024)

Obstructive 

sleep apnea, 
no T2D

Change from baseline in 

apnea-hypopnea index 
(AHI)

Notes: *Doses not listed on clinicaltrials.gov. Data from these studies22–27. 
Abbreviations: BMI, body mass index; T2D, type 2 diabetes; s.c, subcutaneously.
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Risk of major adverse cardiovascular events (MACE) was analyzed in a meta-analysis for all SURPASS trials and showed 
no statistically significant differences between pooled tirzepatide groups and control groups (hazard-ratio (HR) 0.80 [95% CI: 
0.57–1.11]). The same study provided a meta-analysis of events of cardiovascular death and all-cause mortality in participants 
treated with tirzepatide and reported HRs of 0.90 [95% CI: 0.5–1.6] and 0.80 [95% CI: 0.51–1.3], respectively.39

Clinical Safety
Tirzepatide has in clinical testing shown to be safe and relatively well tolerated with mild to moderate adverse effects that 
most frequently were of gastrointestinal nature. In early clinical testing (phase I and Phase II trials) a gradual dose 
escalation was implemented, which increased tolerability and reduced the frequency of adverse events (AEs).40,41 Thus, 
in the trial programs tirzepatide was started with a dose of 2.5 mg tirzepatide s.c. once weekly and followed by increases 
in dose of 2.5 mg every 4 weeks.

AEs in the SURMOUNT-1 trial (participants without T2D) were seen in up to 82% of participants, with 4–7% discontinuing 
the trial due to AEs (compared with 3% in the placebo group).27 In the SURMOUNT-2 trial (participants with T2D with a mean 
duration of 8.5 years), up to 78% of participants experienced AEs and 4–7% discontinued due to AEs (compared with 4% in the 
placebo group).26 Hypoglycemia (<3.0 mmol/L) was seen in up to 2% of participants without T2D (SURMOUNT-1) and up to 
4% of participants with T2D, while no cases of severe hypoglycemia was reported in the SURMOUNT-1 or −2 trials.26,27 In 
patients treated with sulfonylurea at baseline in the SURPAS-4 trial, 9% of participants experienced hypoglycemia, while 19% of 
participants treated with both sulfonylurea and insulin glargine experienced hypoglycemia.31

Discontinuations due to AEs were primarily due to gastrointestinal events, and AEs were often reported in the dose- 
escalation phase and then decreased in frequency over time.19,32,34 Frequency of gastrointestinal adverse events in participants 
with and without T2D, as well as weight loss, is illustrated in Figure 1. The duration of diarrhea, nausea and vomiting was 

Figure 1 Comparisons of weight loss (% change in body weight from baseline) and frequency in percent of gastro-intestinal adverse events reported by participants with 
type 2 diabetes (Orange lines, pooled data from SURMOUNT-2 and SURPASS-3 trials) and without type 2 diabetes (blue lines, data from the SURMOUNT-1 trial) during 52– 
72 weeks treatment with tirzepatide 5 mg, 10 mg, or 15 mg s.c. once weekly.
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reported in the SURPASS-AP-Combo trial, a trial investigating the effect of tirzepatide in an Asian-Pacific population with 
T2D, in which the mean duration of these AEs were 3 days, 3–4 days, and 1–2 days, respectively.35 There was a similar 
frequency of gastrointestinal side-effects compared to semaglutide in the SURPASS-2 trial (1 mg s.c. once weekly).29

Serious adverse events (SAEs) for participants treated with tirzepatide were reported with a frequency of 5–7% in 
participants without T2D (SURMOUNT-1) and 6–9% in participants with T2D (SURMOUNT-2 trial).26,27 The fre-
quency of SAEs in the semaglutide 1 mg once weekly group was 3% compared with 5–7% in the tirzepatide 5–15 mg 
once weekly groups in the SURPASS-2 trial.29

Antibodies against tirzepatide was analyzed from 7 Phase III trials investigating pharmacokinetics, efficacy, and 
safety of tirzepatide in participants. In total, 51% of participants developed antidrug antibodies (no difference between 
5 mg, 10 mg, or 15 mg once weekly groups) with no observed differences in terms of pharmacokinetics or efficacy in 
reducing HbA1C for this group compared to participants with no antidrug antibodies. Participants with antidrug 
antibodies had a higher frequency of injection site reactions, but these were non-serious and transient. Overall, antidrug 
antibodies were deemed not to have a significant impact on safety.28,30,31,34,42

Discussion
In clinical trials tirzepatide has been demonstrated to elicit substantial weight reduction, with less weight loss in trial 
participants with T2D compared to participants without T2D. In the SURMOUNT-2 trial, participants with T2D achieved 
a mean weight loss of up to 14.7% from baseline (11.6% estimated treatment difference relative to placebo) after 72 
weeks. On the other hand, in the SURMOUNT-1 trial with a similar dose-escalation and involving slightly younger and 
more overweight participants without T2D, a mean weight loss of up to 20.9% from baseline (17.8% difference from 
placebo in change in body weight) was reported after 72 weeks. The mechanisms behind this difference is unknown, but 
the same trend has been reported for the GLP-1 receptor agonists.43,44 The two SURMOUNT studies provide valuable 
comparisons since they share a similar duration and involve participant populations that are comparable, with the primary 
distinction being the presence or absence of T2D among participants. While full data from other SURMOUNT trials have 
not yet been published, a recent announcement from the manufacturer of tirzepatide (Eli Lilly and Company, 
Indianapolis, USA) revealed some results from the SURMOUNT-3 and −4 trials. Here, a mean weight reduction of 
24.5% (placebo adjusted net weight loss) after 72 weeks of treatment with tirzepatide in obese adults with weight-related 
comorbidities, but without T2D, was reported for the SURMOUNT-3 trial.45 Furthermore, in the SURMOUNT-4 trial it 
was reported that overweight or obese participants without T2D, who remained on tirzepatide for a total of 88-weeks had 
a 26% reduction in bodyweight (not placebo adjusted).45 As such, the difference in efficacy of tirzepatide between 
individuals with T2D compared with individuals without T2D may prove to be even greater than previously reported. 
While higher BMI is a predictor for higher absolute weight reduction, it cannot by itself explain these large differences in 
percentage body weight change from baseline.46 To our knowledge, no clear explanation has been provided for the 
difference in weight-reducing effects of GLP-1(/GIP) receptor agonists in patients with or without T2D. However, the 
underlying mechanisms behind this are likely to share similarities to the reduced glucoregulatory effects of both GLP-1 
and GIP observed in patients with T2D compared to age- and BMI-matched controls without T2D.47

The GLP-1 receptor mono-agonists constitute relevant efficacy comparisors in terms of weight reduction. While some 
SURPASS trials compared tirzepatide directly with other GLP-1 receptor mono-agonists (dulaglutide and semaglutide), 
these comparators were not administered in adequate doses for optimal weight-lowering effects. In the SURPASS-2 trial, 
semaglutide was administered at a dose of 1 mg once weekly, while doses of up to 2.4 mg once weekly are now approved 
for weight management therapy. In the SURPASS J-Mono trial, tirzepatide was compared to a weekly dose of 0.75 mg 
dulaglutide, although doses of up to 4.5 mg once weekly have been approved (and have demonstrated enhanced 
efficacy).13,29,33,48,49 Semaglutide in doses approved for weight management (2.4 mg semaglutide once weekly) resulted 
in a weight loss of 6.2% relative to placebo (treatment policy estimand) in individuals with T2D after 68 weeks in the 
STEP-2 trial.26,50 As such, an indirect comparison of the highest approved doses of semaglutide (2.4 mg once weekly for 
68 weeks) with highest dose of tirzepatide (15 mg once weekly for 72 weeks) suggests superior weight reducing effects 
of tirzepatide in individuals with T2D (ie, 6.2% versus 11.6%). For individuals without T2D, semaglutide 2.4 mg once 
weekly resulted in a body weight reduction of 12.4% relative to placebo (treatment policy estimand) after 68 weeks 
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(STEP-1 trial) – again lower than the 17.8% relative to placebo reported in the SURMOUNT-1 trial with tirzepatide with 
only 4 weeks longer treatment duration.6 Thus, the reported weight loss with tirzepatide is superior compared to the 
weight loss reported with other GLP-1 receptor agonists irrespective of the presence of the T2D diagnosis.

Is the suggested superiority of tirzepatide in terms of weight reduction a result of a better GLP-1 receptor agonism, or 
is it primarily the addition of the GIP receptor agonism that impacts body weight regulation – or is it perhaps 
a combination of the two? Tirzepatide activates both the GLP-1 and the GIP receptor, whereas the affinity and potency 
are different from that of the naturally occurring hormones. Several mechanisms involving GIP receptor agonism are 
proposed to play a role in weight regulation. One hypothesis describes that GIP receptor activity mitigates the 
internalization of the GLP-1 receptor thereby enhancing GLP-1 receptor signalling.16 Another hypothesis builds on 
evidence supporting that GIP receptor agonism in the central nervous system contributes to a reduced food intake and 
thereby a reduction in body weight. Interestingly, there are studies with contradictory findings regarding the impact of 
GIP receptor agonism and antagonism on the regulation of body weight.51 GIP and GLP-1 combined are responsible for 
approximately 60–75% of insulin secretion (the incretin effect). In healthy individuals GIP has been suggested to be the 
most important contributor of the two hormones, suggesting that GIP may provide important additional effects in terms 
of body weight reductions perhaps increasingly so in individuals without diabetes or with treatment-induced normal-
ization of body weight and glycaemia.52 Yet another hypothesis builds on the suggested effects of GIP receptor activation 
to alleviate nausea induced by GLP-1.51 While high doses of semaglutide and tirzepatide have not been directly 
compared, the weight loss and incidence of gastrointestinal AEs for lower doses of semaglutide 1 mg and tirzepatide 
5 mg were very similar when directly compared in the SURPASS-2 trial, implying that any potential impact of GIP on 
reducing nausea at lower doses is most likely marginal.29 Finally, it must be considered if it is simply a matter of the 
administered dose, something which an ongoing study evaluating the weight-loss potential of semaglutide 7.2 mg weekly 
will disclose.53

Safety and tolerance of tirzepatide are important, as are any potential differences in frequency or type of AEs seen in 
individuals with and without T2D. Comparing the SURMOUNT-1 and −2 trials (similar duration and demographics but 
participants with and without T2D), nausea was reported by 31% (non-T2D) vs 23% (T2D) of participants during treatment 
with the highest tirzepatide dose (15 mg). Following the same pattern, diarrhea was reported by 23% (non-T2D) vs 19% (T2D) 
of participants treated with tirzepatide 15 mg. In contrast, vomiting was reported by a similar proportion of participants in the 
two groups 12% (non-T2D) vs 13% (T2D) treated with tirzepatide 15 mg. Collectively, AEs in participants without T2D were 
reported in up to 82% of participants with 4–7% of participants discontinuing due to AEs. For participants with T2D, AEs 
were reported in up to 77% of with similar number (ie, 4–7%) discontinuing due to AEs. Important SAEs to consider in 
participants both with and without T2D are the relatively rare events of acute cholecystitis and acute pancreatitis, which did not 
differ between groups.

Tolerability of tirzepatide was generally improved with a longer dose-escalation period, but the frequency of 
participants experiencing any adverse effects remained high (77–82% in the SURMOUNT trials), and an even higher 
frequency of AEs among participants with T2D of up to 95% was reported in an Asian-Pacific population with a lower 
mean body weight in the SURPASS-AP-combo trial.35 Although the frequency of AEs is high, it is worth noting that AEs 
were predominantly gastrointestinal in nature and most pronounced during the dose-escalation phase. Additionally, the 
average duration typically spanned from 2 to 4 days.26,35 Based on the collective trial data most individuals treated with 
tirzepatide are bound to experience transient, gastrointestinal AEs independent of diabetes status.

Discussions on the beneficial effect of weight loss remains, and an important feature of tirzepatide (or any other weight 
management drug) is its capacity to lower the occurrence of other diseases, such as cardiovascular outcomes. GLP-1 receptor 
agonists lower the risk of heart failure hospitalization in patients without prior heart failure; however, no statistically significant 
reduction has been demonstrated in patients with a history of heart failure.54,55 A recently published study revealed that 
participants with obesity or overweight who experienced weight reduction (9.4% from baseline) after treatment with 2.4 mg 
semaglutide for an average of 34 months saw reductions in MACE with a hazard ratio 0.80 [95% CI: 0.72 ─ 0.90] compared to 
those who received placebo.56 Longer studies of tirzepatide are needed to investigate if similar results are achievable with 
tirzepatide (as of publication of this article, the longest duration of follow-up in a trial for treatment with tirzepatide has been 72 
weeks). Some investigations have tried to examine cardiovascular outcomes, utilizing a post-hoc meta-analysis of SURPASS 
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trials that showed non-significant decreases in HR for MACE. Future studies will investigate if there are significant, positive 
effects on MACE: SURPASS CVOT (cardiovascular risk assessment, NCT04255433) will finalize in 2024 and SURMOUNT- 
MMO (reduction in morbidity and mortality in adults with obesity, NCT05556512) will finalize in 2027. These trials will provide 
important results on the potential benefits of tirzepatide.

Conclusion
Treatment with the dual GIP and GLP-1 receptor agonist tirzepatide elicited substantial weight reduction in individuals both 
with and without T2D, showing a higher level of efficacy compared to what has been previously documented with GLP-1 
receptor mono-agonists. A notable and unexplained discrepancy, akin to what has been observed with other weight-loss 
medications, continues to exist in the reported weight loss between individuals with T2D compared to the considerably greater 
weight loss seen in individuals without T2D. Although the occurrence of AEs is relatively common with tirzepatide, these AEs 
were typically gastrointestinal in nature and self-resolving within a few days. Importantly, the frequency and nature of these 
AEs did not differ greatly between individuals with or without T2D, apart from a minor difference with participants with T2D 
reporting lower frequencies of nausea and diarrhea. While future studies are required to validate the effectiveness and safety of 
tirzepatide in a variety of populations and explore the potential for enhancements in the well-being and survival of treated 
patients, the reviewed data constitutes a promising prospect for tirzepatide and the future development of weight-loss 
medications involving agonism at multiple receptors.
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