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Abstract

Introduction: Real-world data directly comparing the safety, tolerability, and effectiveness of semaglutide and
tirzepatide in patients with obesity remain limited. This nationwide multicenter observational study compared
short-term adverse events, treatment discontinuation, body weight loss (BWL), and metabolic outcomes between
the two treatments.

Methods: This study included 2,549 patients with obesity treated with semaglutide (n=1,434) or tirzepatide
(n=1,115). Adverse events, including time to onset, dose at occurrence, and related discontinuation, were
evaluated. Changes in BWL and metabolic parameters up to 6 months were assessed. Subgroup analyses were
performed in patients with and without type 2 diabetes mellitus (T2DM).

Results: At least one adverse event occurred in 50.9% in the semaglutide group and 51.0% in the tirzepatide
group (p=0.524), with gastrointestinal events the most frequently reported. Overall adverse event rates were
comparable between groups; however, musculoskeletal and allergic reactions were more common in the
tirzepatide group. The onset of gastrointestinal, neuropsychiatric, musculoskeletal symptoms, and hypoglycemia
occurred earlier in the tirzepatide group. Discontinuation due to adverse events was similar between groups,
except for pancreatic events, which were more frequent in the semaglutide group (p=0.006). Tirzepatide was
associated with greater early BWL at all time points. At 6 months, median percentage BWL was 12.6% with
semaglutide and 14.4% with tirzepatide. HbA1lc reductions were comparable between groups in patients with
T2DM.

Conclusion: In real-world clinical practice, semaglutide and tirzepatide show similar short-term tolerability and
treatment persistence, although tirzepatide is associated with a higher incidence of musculoskeletal and allergic
reactions and greater early BWL.

Introduction

Obesity is a chronic disease with a rapidly increasing global prevalence and substantial cardiometabolic
consequences [1]. A holistic consideration of obesity, including its comorbidities and associated health
consequences, is essential for the effective management of this complex condition and for determining the most
appropriate individualized treatment approach [2]. In this context, pharmacological therapy with glucagon like
peptide-1 (GLP-1) analogues has assumed an increasingly pivotal role in obesity treatment, particularly when
lifestyle-based strategies fail to achieve adequate weight reduction. Within these treatment options, semaglutide
is a selective GLP-1 receptor agonist, whereas tirzepatide acts as a dual agonist of the GLP-1 and glucose-
dependent insulinotropic polypeptide (GIP) receptors, targeting multiple central and peripheral pathways
involved in appetite regulation and energy balance, and both are administered via once-weekly subcutaneous
injection [3].

The primary objective of these treatments is to reduce total body weight and, consequently, to improve body
composition, metabolic profile, and obesity-associated comorbidities [4]. Evidence from randomized clinical trials
indicates that both treatments are significantly effective for weight management in patients with obesity, with
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and without type 2 diabetes mellitus (T2DM) [5—8]. Real-world studies have also confirmed clinically meaningful
body weight loss (BWL) and metabolic improvements in patients treated with semaglutide and tirzepatide [9-11].
Although comparisons from randomized controlled trials and meta-analyses have shown greater BWL with
tirzepatide than with semaglutide, real-world comparative analyses of these two widely used GLP-1 analogues
remain limited [12-16].

These agents are also associated with various adverse effects, predominantly gastrointestinal symptoms such as
nausea, vomiting, dyspepsia, and diarrhea [17]. Beyond these well-known effects, neuropsychiatric,
dermatological, renal, and hepatobiliary events have also been reported [18,19]. However, despite their
widespread and growing use, important gaps remain in the comprehensive characterization of adverse events,
particularly regarding their spectrum, timing of onset, dose dependency, and real-world management strategies.
Additionally, several factors may limit treatment persistence with these medications in real-world practice,
including adverse effects and financial barriers, particularly given that these treatments are generally not covered
by health insurance [20].

This real-world study aimed to compare the short-term adverse event profiles, patterns of treatment
discontinuation, and therapeutic effectiveness of semaglutide and tirzepatide within a nationwide multicenter
cohort.

Material and Methods

Study Design and Patient Population

This multicenter observational cohort study included patients from 53 endocrinology units across 24 cities
throughout Tirkiye. The study was approved by the Ethics Committee of Ankara Etlik City Hospital and was
conducted in accordance with the principles of the Declaration of Helsinki (Approval number: AESH-BADEK2-
2025-500 Date: 02/09/2025). Institutional approval for the use of patient data was obtained from all participating
hospitals and clinics.

Patients aged >18 years with a body mass index (BMI) 230 kg/m?, or a BMI >27 kg/m? with at least one weight-
related comorbidity (such as hypertension, prediabetes, T2DM, or dyslipidemia), who initiated treatment with
semaglutide or tirzepatide between April 2025 and November 2025 were evaluated for inclusion in the study.
Patients were excluded if they had type 1 diabetes mellitus; had used another GLP-1 receptor agonist or other
anti-obesity medications (e.g., orlistat) within the previous 3 months; had a history of bariatric surgery; were
younger than 18 years; had a GFR <30 mL/min; were pregnant or breastfeeding; had advanced liver disease or
hepatic failure; or had a personal or family history of medullary thyroid carcinoma or multiple endocrine
neoplasia type 2 (MEN2).

Patient and Treatment Characteristics

Baseline characteristics, including age, sex, baseline body weight, BMI, comorbidities, and chronic medication use,
were recorded. Dyslipidemia was defined as LDL cholesterol 2100 mg/dL, triglycerides 2150 mg/dL, HDL
cholesterol <40 mg/dL in men and <50 mg/dL in women, or the use of lipid-lowering therapy [21]. BMI was
classified as overweight (25.0-29.9 kg/m?) or obesity (=30.0 kg/m?), with obesity further subclassified as class |
(30.0-34.9 kg/m?), class 1l (35.0-39.9 kg/m?), and class IIl (>40.0 kg/m?) [22]. Dose escalation for all patients was
performed in accordance with the recommended monthly dose-titration schedule for each medication. The
maximum tolerated dose and the total duration of treatment for each patient were recorded. Patients who
discontinued treatment due to adverse events before 12 weeks were excluded from follow-up analyses. All
remaining patients had a minimum follow-up of 3 months and were followed for up to 6 months.

Adverse Event Profile

Patients who met the inclusion criteria and had initiated semaglutide or tirzepatide treatment within the specified
study period were assessed for adverse events during follow-up visits. Adverse events were evaluated in detail
and categorized as gastrointestinal, hepatobiliary, pancreatic, neuropsychiatric, musculoskeletal, dermatological,
allergic, urogenital, renal, ophthalmic, hypoglycemic, and cardiovascular. Pancreatic adverse events were
categorized as acute pancreatitis and asymptomatic elevations in pancreatic enzyme levels 22x the upper limit of
normal (ULN). Symptomatic hypoglycemia was defined as hypoglycemic symptoms with a blood glucose level <70
mg/dL, and severe hypoglycemia as an episode requiring external assistance [23]. For each adverse event, the
time to onset following treatment initiation, the dose at occurrence, and whether the event resulted in treatment
discontinuation were assessed.
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Body Weight Loss Outcomes

Patients’ body weight measurements were recorded at each monthly clinic visit, up to a maximum follow-up
period of 6 months. Monthly BWL was calculated in kilograms and as a percentage of total body weight
separately for patients with T2DM and those with obesity. In addition, for each month, the numbers of patients
achieving 5%, 10%, and 15% loss of total body weight were calculated for the overall cohort.

Glucose and Lipid Parameters Outcomes

Fasting plasma glucose (FPG), glycated hemoglobin (HbA1c), total cholesterol, triglycerides, LDL-C, and HDL-C
levels were recorded at treatment initiation. These glucose and lipid parameters were also evaluated at the 3rd
and 6th months of treatment.

Statistical Analysis

Normality of continuous variables was assessed using the Kolmogorov—Smirnov and Shapiro—Wilk tests.
Categorical variables, including the proportions of patients achieving 5%, 10%, and 15% body weight loss, were
compared between the semaglutide and tirzepatide groups using the chi-square test or Fisher’s exact test when
chi-square assumptions were violated due to low expected cell counts. Comparisons of normally distributed
continuous variables between groups were performed using the Student’s t-test, whereas changes in body weight
expressed in kilograms and percentages, as well as changes in laboratory parameters from baseline to the 3rd and
6th months, were analyzed using the Mann—-Whitney U test. Categorical variables are presented as numbers and
percentages. Normally distributed continuous variables are expressed as mean # standard deviation. Non-
normally distributed treatment-related variables and body weight changes are presented as medians with
minimum and maximum values, whereas non-normally distributed laboratory parameters are reported as
medians with interquartile ranges (IQR, 25th—75th percentiles). A two-sided p value < 0.05 was considered
statistically significant for all analyses.

Results

Patient and Treatment Characteristics

A total of 2,549 patients were evaluated, including 1,434 patients in the semaglutide group and 1,115 patients in
the tirzepatide group. Patients in the semaglutide group had a higher median age and a greater female
predominance, while BMI values were comparable between the two treatment groups (p< 0.001, p= 0.005, and
p=0.991; respectively). The prevalence of comorbidities, including T2DM, prediabetes, hypertension,
dyslipidemia, atherosclerotic cardiovascular disease (ASCVD), and chronic kidney disease was higher in the
semaglutide group compared with the tirzepatide group. Baseline characteristics, the distribution of obesity
categories, comorbidity rates, and diabetic microvascular complications are presented in Table 1. The medications
used by patients in both groups are shown in Supplementary Table 1.

The median treatment duration was 16 (1-24) weeks in the semaglutide group and 12 (1-24) weeks in the
tirzepatide group. The median dose was 1 (0.25-2.4) mg in the semaglutide group and 5 (0.25-15) mg in the
tirzepatide group.

Treatment Discontinuation

Treatment was discontinued due to unplanned pregnancy in one patient in the semaglutide group at week 5 and
in one patient in the tirzepatide group at week 12. The number of patients who discontinued treatment due to
adverse events within first 12 weeks was 97 (6.8%) in the semaglutide group and 78 (7.0%) in the tirzepatide
group (p=0.819). Overall, treatment discontinuation due to adverse events occurred in 154 patients (10.7%) in
the semaglutide group and 106 patients (9.5%) in the tirzepatide group (p= 0.308). Drug discontinuation reasons
for both groups within and after 12 weeks of treatment are presented in Figure 1.

Adverse Event Profile

The number of patients experiencing at least one adverse event was 730 (50.9%) in the semaglutide group and
569 (51.0%) in the tirzepatide group (p= 0.524). The most frequently observed adverse events were
gastrointestinal complaints, occurring in 673 (47.0%) patients in the semaglutide group and 507 (45.5%) patients
in the tirzepatide group, with similar rates between the two groups (p=0.471). Nausea and vomiting were the
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most common gastrointestinal adverse events, followed by dyspepsia and abdominal pain. The median dose at
the initiation of gastrointestinal adverse events was 0.5 mg in the semaglutide group and 2.5 mg in the tirzepatide
group. The median time to onset of gastrointestinal symptoms was earlier in the tirzepatide group at 7 (1-165)
days compared with 10 (1-210) days in the semaglutide group (p= 0.002).

The second most common adverse event profile was neuropsychiatric symptoms, with similar rates observed
between the semaglutide and tirzepatide groups (p=0.118). The median dose at the onset of these adverse
events was 0.5 mg in the semaglutide group and 2.5 mg in the tirzepatide group. Fatigue and malaise were the
most frequently reported neuropsychiatric adverse events in both groups, followed by headache and negative
mood changes. The median time to onset of neuropsychiatric symptoms was 30 (1-100) days in the tirzepatide
group and 32 (1-182) days in the semaglutide group, occurring earlier in the tirzepatide group (p= 0.01).

The rates and time to onset of hepatobiliary adverse events, including cholecystitis, cholelithiasis, and elevations
in liver enzymes, as well as pancreatic adverse events, including acute pancreatitis and asymptomatic elevated
amylase and lipase levels, were similar between the groups.

Similarly, the rates of symptomatic and severe hypoglycemia were similar between the semaglutide and
tirzepatide groups; however, the median time to onset of these events was shorter in the tirzepatide group (p=
0.029).

The rates and time to onset of cardiovascular, renal, ophthalmic, urogenital, and dermatological adverse events,
excluding dermatitis, were similar between the two groups. The incidence of dermatitis was higher in patients
treated with tirzepatide compared with those receiving semaglutide (p= 0.016). Musculoskeletal and allergic
adverse events were more frequent in the tirzepatide group than in the semaglutide group (p< 0.001 and p=
0.028, respectively). The time to onset of musculoskeletal adverse events was earlier in the tirzepatide group (p=
0.001).

Across all mild and severe adverse events, excluding pancreatic events, treatment discontinuation rates were
similar between the two groups. The discontinuation rate due to pancreatic events was higher in the semaglutide
group, with 9 patients (0.6%), whereas no discontinuations were observed in the tirzepatide group (p= 0.006).
The analyses of the adverse event profile are detailed in Table 2.

Body Weight Loss

In the entire cohort, median BWL in kilograms was greater in the tirzepatide group at each monthly time point up
to 6 months (p< 0.001 for all comparisons). Median BWL percentages were higher in the tirzepatide group at each
monthly time point up to 5 months (p< 0.001 for all comparisons) but were comparable between the groups at
the 6th month (p=0.116). Among patients with obesity without T2DM, both absolute BWL (kg) and percentage
BWL were consistently greater in the tirzepatide group at all endpoints throughout the 6-month follow-up period
(p< 0.05 for all comparisons). Among patients with T2DM and obesity, BWL in kilograms was greater in the
tirzepatide group up to the 5th month, whereas percentage BWL remained greater up to the 6th month;
thereafter, the comparisons between the groups were comparable. Comparative data on BWL in kilograms and
percentages for the entire cohort, patients with obesity and T2DM, and patients with obesity without T2DM are
presented in Supplementary Tables 2, 3, and 4, respectively. Figure 2 illustrates monthly BWL percentages up to 6
months in the overall cohort, as well as in patients with obesity with and without T2DM.

In the overall cohort, during the 1st month of treatment, the proportion of patients achieving 5% BWL was
significantly higher in the tirzepatide group than in the semaglutide group, whereas the proportion of patients
achieving 10% BWL was similar between the groups. In the 2nd, 3rd, and 4th months, the proportions of patients
achieving 5%, 10%, and 15% BWL were significantly higher in the tirzepatide group. By the 5th month, the
proportion of patients achieving 5% BWL was comparable between the groups, and by the 6th month, the
proportions of patients achieving 5%, 10%, and 15% BWL were similar between the two groups. The numbers of
patients achieving 5%, 10%, and 15% BWL over 6 months are presented in Table 3.

Glucose and Lipid Parameters

At baseline, median FPG, HbAlc, and triglyceride levels were higher in the semaglutide group than in the
tirzepatide group (p< 0.001, p< 0.001, and p=0.022, respectively). Baseline total cholesterol, HDL-C, and LDL-C
levels were comparable between the two groups. At the 6th month, the median reductions in FPG and LDL-C
were greater in the semaglutide group than in the tirzepatide group (p= 0.006 and p= 0.036, respectively). A
modest increase in HDL-C levels was observed in the semaglutide group at the 3rd and 6th months compared
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with the tirzepatide group (p= 0.03 and p= 0.029, respectively). No significant differences were observed between
the groups in other glucose and lipid parameters at the 3rd and 6th month endpoints. The changes in these
parameters at the specified endpoints are presented in Table 4.

The HbA1c Analysis of Patients with Diabetes Mellitus

At baseline, the median HbAlc levels were 7.4 (6.6—8.6) % in patients using semaglutide and 7.2 (6.5-8.3) % in
those using tirzepatide (p=0.045). The median reduction in HbAlc at the 3rd month was -0.5 (-1.1, -0.3) % in the
semaglutide group and -0.7 (-1.1, -0.4) % in the tirzepatide group. At the 6th month, the median HbAlc
reduction was -0.9 (-1.6, -0.5) % in the semaglutide group and —-0.8 (-3.8, 0.61) % in the tirzepatide group.
Among patients with T2DM, there was no significant difference in the reduction of HbAlc levels between the
semaglutide and tirzepatide groups at the 3rd and 6th months (p=0.084 and p= 0.356, respectively).

Discussion

This multicenter observational study suggested that, except for a higher incidence of musculoskeletal symptoms
and allergic reactions in the tirzepatide group, the short-term adverse event profiles of semaglutide and
tirzepatide were largely similar. Treatment discontinuation due to adverse events did not differ between the two
groups, supporting comparable short-term tolerability in real-world clinical practice. BWL and the proportions of
patients achieving target BWL were higher in the tirzepatide group compared with the semaglutide group in the
short-term use.

GLP-1 analogue treatment is associated with a range of adverse effects, predominantly gastrointestinal, including
nausea, vomiting, dyspepsia, constipation, and diarrhea [24]. To date, only a limited number of studies have
directly compared the safety and adverse event profiles of semaglutide and tirzepatide, with available data
primarily derived from meta-analyses of randomized controlled trials. Moreover, there remains a gap in the
literature regarding detailed analyses of adverse event characteristics, timing, dose-related associations, and
discontinuation rates attributable to specific adverse events. Gastrointestinal side effects are the most well-
known adverse events and represent the most important limitation of treatment associated with GLP-1 analogs
[25,26]. A recent large meta-analysis including 48 randomized controlled trials demonstrated that the overall
incidence of gastrointestinal adverse effects associated with GLP-1 analogue treatment was 11.6%, with nausea
being the most common symptom (21.5%), followed by diarrhea, vomiting, dyspepsia, and constipation [25]. Our
findings are consistent with the existing literature, with nausea being the most common gastrointestinal adverse
effect, occurring at a similar incidence in patients treated with semaglutide (25%) and tirzepatide (23%). The
second most frequently reported gastrointestinal adverse effect in our cohort was dyspepsia, followed by
constipation and diarrhea. In line with this large meta-analysis, diarrhea was observed slightly more frequently in
the tirzepatide group, whereas constipation was marginally more common in the semaglutide group; however,
these differences did not reach statistical significance. The median time to onset of gastrointestinal adverse
effects was shorter in the tirzepatide group at 7 days compared with 10 days in the semaglutide group. Other less
frequently reported gastrointestinal adverse events in our cohort included halitosis and altered taste sensitivity,
each with an incidence of less than 1%.

Although some pharmacovigilance studies have raised alerts regarding acute pancreatitis risk with GLP-1
analogue treatment, available evidence suggests that the risk of acute pancreatitis and severe gastrointestinal or
hepatobiliary adverse events remains very low with these agents [24,27-29]. A recent meta-analysis
demonstrated that the incidence of severe gastrointestinal adverse events, including acute pancreatitis, biliary
disease, bowel obstruction, gastroparesis, and severe constipation, was comparable among patients with T2DM
using GLP-1 analogues, including semaglutide and tirzepatide [26]. In the present study, hepatobiliary and
pancreatic events were evaluated separately, and rates of cholecystitis, cholelithiasis, liver enzyme elevations <3x
and 23x the ULN, time to onset, and discontinuation due to these events were all very low (<1%) and comparable
between semaglutide and tirzepatide. No cases of acute pancreatitis were observed in the tirzepatide group,
whereas one patient in the semaglutide group experienced acute pancreatitis during the second week after
treatment initiation. Asymptomatic elevations in amylase and lipase levels were comparable between the two
groups. Treatment discontinuation due to pancreatic events was more frequent in the semaglutide group.
However, these findings should be interpreted with caution. Only one patient in the semaglutide group developed
acute pancreatitis, whereas the remaining pancreatic events consisted of asymptomatic elevations in pancreatic
enzymes, which may reflect biochemical abnormalities rather than clinically significant pancreatic disease.
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Data regarding neuropsychiatric events associated with GLP-1 analogue treatment are conflicting. While some
studies suggest potential beneficial effects on psychiatric outcomes, others have raised concerns about an
increased risk of psychiatric adverse events, such as negative mood changes, depression, and suicidal ideation, as
well as neurological complaints including dizziness, tremor, dysgeusia, parosmia, and allodynia [30—32]. Although
the exact relationship and underlying mechanisms are not yet fully understood, these complaints warrant close
monitoring [32]. In the present cohort, fatigue and malaise were the most common symptoms in this category,
with an incidence of 7.6% in the semaglutide group and 6.6% in the tirzepatide group, followed by headache,
negative mood changes, vertigo, insomnia, and neuropathic symptoms at progressively lower frequencies. The
median time to onset of neuropsychiatric symptoms was earlier in the tirzepatide group at 30 days compared
with 32 days in the semaglutide group. Consistent with our findings, a recent pharmacovigilance analysis of
neurological adverse events reported a median onset time of 31 days [32].

In the present cohort, musculoskeletal complaints, including arthralgia and myalgia, were observed in 2.0% of
patients treated with semaglutide and 4.5% of those treated with tirzepatide. These events were more frequent
and occurred slightly earlier in the tirzepatide group compared with the semaglutide group. To our knowledge,
this is the first real-world comparative study to report a significantly higher incidence of musculoskeletal adverse
events with tirzepatide compared with semaglutide. The more rapid and pronounced weight loss achieved with
tirzepatide may lead to greater absolute reduction in lean body mass and altered biomechanical loading on
muscles and joints during the early treatment phase [33]. Additionally, several factors that may influence
musculoskeletal complaints, such as vitamin D status and patients’ daily exercise routines, were not available in
this study and may have affected the interpretation of these findings. However, despite the expected beneficial
effects of weight loss and the potential anti-inflammatory effects of GLP-1 analogue therapy on articular
symptoms, emerging concerns regarding reduced lean mass and altered muscle performance associated with
these agents also highlight an important gap in the current literature [34]. Consistent with the existing literature
indicating that hypoglycemia rates are very low with semaglutide and tirzepatide and are typically associated with
concomitant use of other hypoglycemic agents or higher doses of GLP-1 analogue therapy, we observed low and
comparable hypoglycemia rates in both groups. Notably, hypoglycemic events occurred earlier in patients treated
with tirzepatide compared with those receiving semaglutide [35,36]. Cardiovascular adverse effects, including
bradycardia, tachycardia, and blood pressure changes, as well as renal events and urogenital complaints such as
menstrual irregularities and impotence, were observed at very low rates in our cohort and were comparable
between the two treatment agents.

Hypersensitivity reactions associated with GLP-1 analogue therapy, including local allergic reactions, urticaria, and
anaphylaxis, are generally considered to occur at a very low risk; however, comparative data across different GLP-
1 analogues remain limited [37,38]. A recent retrospective study evaluating dermatological adverse reactions
associated with GLP-1 analogue therapies identified eczema, pruritus, drug eruptions, hyperhidrosis, and alopecia
as the five most common reactions [39]. The study reported a higher overall risk with exenatide and further
observed that semaglutide was more frequently associated with these events compared with tirzepatide. Local
allergic reactions were seen more frequent in tirzepatide in our cohort with an incidence of 1.2% versus 0.4% in
semaglutide, likewise dermatitis is slightly higher than semaglutide with a rate of 0.9%. In Tirkiye, tirzepatide is
currently available in vial form rather than as a prefilled pen, which requires patients to use separate needles for
injection. This variability could partially contribute to the higher incidence of local injection-site reactions
observed with tirzepatide in our cohort, although a causal relationship cannot be established. Ophthalmic events,
including progression of diabetic retinopathy and non-arteritic anterior ischemic optic neuropathy (NAION),
represent among the most concerning potential adverse effects of semaglutide and tirzepatide, with conflicting
findings reported in the literature [40,41]. In the present study, two patients in the semaglutide group
experienced progression of diabetic retinopathy, leading to treatment discontinuation.

In real-world obesity management, both semaglutide and tirzepatide are associated with treatment
discontinuation in approximately half of patients within 612 months [20]. Discontinuation is driven
predominantly by financial barriers, access limitations, and gastrointestinal adverse effects [20,25]. According to
the meta-analysis by Kagassa et al., the discontinuation rate due to adverse effects was 7.3% for the maximally
tolerated dose of semaglutide and 5.6% for the maximally tolerated dose of tirzepatide [13]. Real-world evidence
indicates that discontinuation due to adverse effects occurred in 8.1% of patients treated with semaglutide in a
Canadian cohort and in 14.6% of patients receiving semaglutide or tirzepatide in a study from United States
[42,43]. In our cohort, discontinuation due to adverse events occurred in 10.7% of patients treated with
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semaglutide and 9.5% of those treated with tirzepatide. Overall, these findings suggest that the rates of
treatment discontinuation due to adverse events were comparable between the semaglutide and tirzepatide
groups, supporting the notion that short-term tolerability of the two treatments is largely similar in real-world
clinical practice. The second most common reason for treatment discontinuation was drug cost. Beyond
treatment discontinuation, the maximum tolerated doses of these drugs in real-world practice remain lower than
those reported in randomized controlled trials [44]. A descriptive cohort study using the Veradigm database
reported a 6-month treatment persistence rate of 54.2% among patients treated with tirzepatide, with 5 mg
being the most commonly prescribed dose [44]. These findings suggest that dose-escalation practices in real-
world settings are more conservative and progress more slowly than those observed in randomized controlled
trials. Consistent with these findings, in our study the median dose within the first 6 months of treatment was 1
mg for semaglutide and 5 mg for tirzepatide.

Overall, the results indicate that both semaglutide and tirzepatide lead to substantial BWL in randomized
controlled trials as well as in real-world studies; however, BWL reductions observed in real-world practice tend to
be modestly lower than those reported in randomized controlled trials [20,45]. Real-world studies have reported
weight loss of approximately 13—-16% with semaglutide, with generally greater responses observed in individuals
without T2DM compared with those with T2DM [9,10]. The short-term effectiveness of tirzepatide was evaluated
in a recent 6-month real-world study of patients with obesity without T2DM, in which treatment with tirzepatide
5 mg resulted in a 7.3% reduction in body weight from baseline [11].

Direct comparative data on the efficacy of semaglutide and tirzepatide mainly derive from meta-analyses of
randomized controlled trials, with only a limited number of comparative real-world analyses available, which have
demonstrated higher efficacy of tirzepatide compared with semaglutide [12,46]. Meta-analytic data across
varying doses suggest that tirzepatide may achieve weight reductions of approximately 15-20%, whereas
semaglutide is generally associated with weight loss in the range of 11-14% [13]. Real-world studies have shown
similar trends, with a substantial proportion of patients achieving clinically meaningful weight loss [15,16]. In our
cohort, patients with obesity without T2DM achieved greater weight loss with tirzepatide compared with
semaglutide (15.6% vs. 13.4%), while among those with T2DM, the corresponding reductions were 11.3% and
10.6%, respectively, over a 6-month treatment period. Overall, 75% of patients in the tirzepatide group and 73%
in the semaglutide group achieved at least a 10% reduction in BWL from baseline. These findings are consistent
with previously reported real-world data, supporting lower BWL reductions in patients with T2DM compared with
those without T2DM. Our findings confirmed greater BWL reduction in the tirzepatide group compared with the
semaglutide group up to 5 months of treatment. The comparable results observed at 6 months in our cohort may
be attributable to a declining number of patients who persisted with treatment over time. Additionally, the
observed overall superiority of tirzepatide over semaglutide may have been influenced by the higher prevalence
of metabolic abnormalities, including T2DM and dyslipidemia, in the semaglutide group. However, subgroup
analyses stratified by T2DM status showed that tirzepatide continued to demonstrate greater efficacy,
particularly in the early phase of treatment, suggesting that baseline differences did not fully explain the observed
treatment effect.

Beyond its established effects on weight management, GLP-1 analogue therapy is associated with significant
metabolic improvements. Randomized controlled trials have demonstrated substantial reductions in HbAlc, with
tirzepatide achieving approximately 1.9-2.1% and semaglutide approximately 1.5-1.6% [47,48]. In real-world
settings, HbA1lc reductions tend to be more modest, likely reflecting differences in patient characteristics,
adherence, and dosing strategies [16]. Consistent with these findings, HbAlc reductions in our cohort were
comparable between treatment groups, with decreases of 0.9% with semaglutide and 0.8% with tirzepatide over
6 months. In addition to glycemic effects, GLP-1-based therapies have been associated with improvements in
lipid profiles [9]. In the overall cohort, semaglutide was associated with a modest reduction in FPG and LDL-C
levels, along with a modest increase in HDL-C, compared with tirzepatide. This difference may be attributed to the
higher prevalence of comorbidities, including T2DM, dyslipidemia, and ASCVD, among patients receiving
semaglutide in our cohort.

This study has several notable strengths. It provides large-scale, multicenter real-world comparative data on
semaglutide and tirzepatide derived from routine clinical practice, thereby complementing evidence from
randomized controlled trials. A major strength is the systematic assessment of a broad range of adverse events,
together with their associated drug dose, time to onset, and discontinuation rates for each adverse event
category. This comprehensive evaluation of safety outcomes, including treatment persistence and tolerability,
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contributes to a detailed characterization of adverse event profiles and provides clinically relevant insights into
differential treatment responses, which may inform individualized obesity management strategies. Several
limitations of this study should also be acknowledged. A major limitation of this study is the relatively small
number of patients who completed the 6-month follow-up, especially in the tirzepatide group. This is primarily
attributable to the recent availability of tirzepatide in Tirkiye since May 2025, which limited the number of
patients able to complete 6 months of treatment and reach higher tirzepatide doses. Another possible
explanation is that some patients in the tirzepatide group achieved their target weight loss within a shorter
treatment duration, resulting in shorter follow-up periods. Notably, all patients, except those who discontinued
treatment due to adverse effects, completed at least 3 months of therapy, after which a decreasing number of
patients continued treatment up to 6 months. Furthermore, efficacy analyses were based on the median doses
administered during the treatment period. As not all patients reached the maximum dose, the observed efficacy
outcomes should be interpreted with caution. Another limitation of our study is the lack of body composition
measurements, which prevented a detailed comparison of the effects of semaglutide and tirzepatide on fat mass
and lean mass. Some findings, including the rate of diabetic neuropathy, which appears lower than that reported
in epidemiological studies, may be influenced by underdiagnosis in routine clinical practice. Additionally, adverse
events were based on patient self-reports, which may underestimate the incidence of mild or transient symptoms
and are subject to reporting bias. Finally, as this study evaluated only the short-term adverse effects of these
agents, prospective studies with longer follow-up over a period of at least 1 year and standardized dosing
strategies are warranted to further clarify their comparative effectiveness and safety.

In conclusion, this large-scale, multicenter, real-world study demonstrated that semaglutide and tirzepatide have
similar short-term tolerability and treatment persistence profiles, despite a higher incidence of musculoskeletal
and allergic reactions and a slightly earlier onset of certain adverse events with tirzepatide. Tirzepatide achieved
greater and more rapid body weight loss during the first five months. Comparable results at six months should be
interpreted cautiously, given the limited number of patients completing longer follow-up. These findings suggest
that both agents represent effective therapeutic options for obesity management, with treatment selection
potentially guided by individual patient characteristics, comorbidity profiles, and tolerability considerations. Long-
term comparative studies are warranted to determine whether the early efficacy advantage of tirzepatide persists
and to identify predictors of response that may enable more personalized treatment strategies.
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Figure Legends
Figure 1. Distribution of reasons for treatment discontinuation within and after 12 weeks of treatment in patients
receiving semaglutide and tirzepatide.

Figure 2. Monthly changes in body weight loss (%) up to 6 months in (A) the overall cohort, (B) patients with
obesity and without diabetes mellitus, and (C) patients with obesity and diabetes mellitus, stratified by treatment
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group. The numbers of patients at each monthly time point and the corresponding p values from monthly
comparisons are provided in Supplementary Tables 2, 3, and 4, respectively.
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Table 1. Basal characteristics, comorbidities, and diabetic microvascular complications of the patients

Semaglutide group Tirzepatide group P value
(N=1434) (N=1115)
Age (years) 44+125 42+11.6 <0.001
Sex (female), n (%) 1051 (73.3) 761 (68.3) 0.005
Baseline body weight (kg) 99 (56-226) 101 (64-200) 0.025
BMI (kg/m?) 36.4 (27.1-76.4) 36.3 (27.1-69.0) 0.991
Obesity category, n (%) 0.536
Overweight 103 (7.2) 65 (5.8)
Class | obesity 468 (32.6) 375 (33.6)
Class Il obesity 447 (31.2) 358 (32.1)
Class 111 obesity 416 (29.0) 317 (28.4)
Comorbidities, n (%)
Diabetes mellitus 493 (34.4) 254 (22.8) <0.001
Prediabetes 421 (53.2) 371 (46.8) 0.034
Hypertension 411 (28.7) 264 (23.7) 0.005
Dyslipidemia 841 (58.6) 582 (40.9) 0.001
Atherosclerotic cardiovascular 105 (7.3) 55 (4.9) 0.014
disease
Obstructive sleep apnea 73 (5.1) 66 (5.9) 0.361
Chronic kidney disease 37 (2.6) 11 (1.0) 0.003
Diabetic microvascular complications
Retinopathy 0.761
Non-proliferative 32 (6.5) 14 (5.5)
Proliferative 5(1.0) 1(0.4)
Unknown 30 (6.1) 14 (5.5)
Nephropathy 0.006
Yes 82 (16.6) 45 (17.7)
Unknown 10 (2.0) 17 (6.7)
Neuropathy 0.008
Yes 58 (11.8) 29 (11.4)
Unknown 13 (2.6) 7(2.8)

BMI, Body mass index.

Categorical variables are expressed as numbers and percentages, parametric variables as mean = SD, and nonparametric variables as

median (min—-max).

Percentages for diabetic complications were calculated among patients with diabetes mellitus.
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Table 2. Adverse event profile: Frequency, onset time, event-associated dose, and discontinuation rate due to

adverse events

Semaglutide group Tirzepatide group P value
(N=1434) (N=1115)
Gastrointestinal, n (%) 673 (47) 507 (45.5) 0.471
Median dose, mg 0.5 (0.25-1.7) 2.5(2.5-12.5) -
Time to onset, day 10 (1-210) 7 (1-165) 0.002
Discontinuation rate, n (%) 118 (8.2) 76 (6.8) 0.266
Nausea/vomiting 364 (25.3) 263 (23.6) 0.296
Dyspepsia/abdominal pain 249 (17.4) 165 (14.8) 0.081
Constipation 147 (10.3) 108 (9.7) 0.637
Diarrhea 112 (7.8) 92 (8.3) 0.684
Changed taste sensitivity 8 (0.6) 6 (0.5) 0.947
Halitosis 6 (0.4) 4(0.4) 0.981
Hepatobiliary, n (%) 14 (1) 15 (1.3) 0.722
Median dose, mg 1(0.25-1.7) 5 (2.5-10) -
Time to onset, day 50 (2-180) 40 (2-98) 0.472
Discontinuation rate, n (%) 8 (0.6) 9 (0.8) 0.443
Cholecystitis 5(0.3) 5(0.4) 0.760
Cholelithiasis 1(0.07) 1(0.09) 0.991
> 3x ULN elevation in liver enzymes 3(0.2) 3(0.3) 0.962
<3x ULN elevation in liver enzymes 5(0.3) 6 (0.5) 0.349
Pancreatic, n (%) 15 (1.05) 8 (0.7) 0.530
Median dose, mg 1(0.25-1.7) 5(2.5-7.5) -
Time to onset, day 90 (2-212) 32 (28-90) 0.063
Discontinuation rate, n (%) 9 (0.6) 0(0) 0.006
Acute pancreatitis 1(0.07) 0 (0) 0.380
Elevated amylase and lipase levels 14 (1) 8 (0.7) 0.483
Hypoglycemia, n (%) 31(2.2) 15 (1.3) 0.270
Median dose, mg 0.5 (0.25-1.7) 5 (2.5-5) -
Time to onset, day 40 (2-150) 30 (1-40) 0.029
Discontinuation rate, n (%) 3(0.2) 0(0) 0.261
Symptomatic 30 (2.1) 14 (1.3) 0.108
Severe 1 (0.07) 1 (0.09) 0.991
Cardiovascular, n (%) 35 (2.4) 25 (2.2) 0.743
Median dose, mg 0.5 (0.25-1.7) 5 (2.5-5) -
Time to onset, day 33 (1-180) 35 (1-58) 0.446
Discontinuation rate, n (%) 5(0.35) 6 (0.5) 0.549
Bradycardia 0 (0) 1(0.09) 0.380
Increased blood pressure 1 (0.07) 4(0.4) 0.232
Hypotension 12 (0.8) 8 (0.7) 0.741
Tachycardia 22 (1.5) 12 (1.1) 0.317
Allergic, n (%) 10 (0.7) 18 (1.6) 0.028
Median dose, mg 0.5 (0.25-1) 2.5 (2.5-5) -
Time to onset, day 30 (1-95) 14 (1-61) 0.168
Discontinuation rate, n (%) 0(0) 3(0.3) 0.084
Local allergic reaction 6 (0.4) 13(1.2) 0.03
Urticaria 4(0.3) 5(0.4) 0.713
Dermatological, n (%) 29 (2) 32 (2.9) 0.130
Median dose, mg 0.5 (0.5-1) 5 (2.5-10) -
Time to onset, day 37 (10-180) 42 (1-110) 0.514
Discontinuation rate, n (%) 3(0.2) 1 (0.09) 0.636
Hair loss 24 (1.7) 22 (2) 0.573
Dermatitis 3(0.2) 10 (0.9) 0.016
Psoriasis flare 1(0.07) 0 (0) 0.380
Facial fat loss 1 (0.07) 0(0)
Neuropsychiatric, n (%) 193 (13.5) 127 (11.4) 0.118
Median dose, mg 0.5 (0.25-1) 2.5 (2.5-10) -
Time to onset, day 32 (1-182) 30 (1-100) 0.01
Discontinuation rate, n (%) 20 (1.4 11 (1) 0.351
Fatigue and malaise 109 (7.6) 74 (6.6) 0.349
Headache 49 (3.4) 31 (2.8) 0.360
Negative mood change 24 (1.7) 13 (1.2) 0.288
Insomnia 2 (0.14) 3(0.3) 0.681
Vertigo/dizziness 8 (0.6) 5 (0.45) 0.982
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Neuropathic symptoms 1 (0.07) 2(0.2) 0.645
Musculoskeletal, n (%) 28 (2.0) 50 (4.5) <0.001
Median dose, mg 0.5 (0.25-1.7) 5(2.5-7.5) -
Time to onset, day 33 (3-120) 30 (3-95) 0.001
Discontinuation rate, n (%) 7 (0.5) 6 (0.5) 0.861

Myalgia 26 (1.8) 39 (3.5) 0.007

Arthralgia 2(0.14) 11 (1) 0.003
Renal, n (%) 2(0.14) 1 (0.09) 0.667
Median dose, mg 1(1-1) 2.5 -
Time to onset, day 77.5 (60-95) 10 -
Discontinuation rate, n (%) 2(0.14) 1 (0.09) 0.667

<1.5 x ULN increase in creatinine 1(0.07) 1 (0.09) 0.991

> 1.5 x ULN increase in creatinine 1(0.07) 0 (0) 0.380

Electrolyte imbalance 0(0) 1 (0.09) 0.380
Ophthalmic, n (%) 2 (0.14) 1 (0.09) 0.647
Median dose, mg 0.75 (0.5-1) 2.5 -
Time to onset, day 120 (100-140) 35 -
Discontinuation rate, n (%) 2(0.14) 1 (0.09) 0.647

Progression of diabetic retinopathy 2 (0.14) 0 (0) 0.221

Peripapillary atrophy 0(0) 1 (0.09) 0.380
Urogenital, n (%) 11 (0.8) 9 (0.8) 0.909
Median dose, mg 1(0.5-1) 2.5(2.5-5)

Time to onset, day 30 (15-90) 40 (20-90) 0.683
Discontinuation rate, n (%) 1 (0.07) 0(0) 0.380
Menstrual irregularities 9 (0.6) 7 (0.6) 0.812

Impotence 2 (0.14) 2(0.2) 0.972

Percentages reflect within-group proportions. Categorical variables are expressed as n (%), and non-parametric variables are summarized as

minimum to maximum values.

920z |14dv 8z uo 1sanb Aq 4pd ‘¥0TZSS000 /LSETESY /FOTZSS000 /6STT "OT / 10p /4pd -8 |9 114e /e jo oo " 1abrex //:d 11y wo i papeo juwod



Table 3. Proportions of patients achieving 5%, 10%, and 15% total body weight loss among groups

Semaglutide group Tirzepatide group P value

Month 1

Patients, n 1275 1026

5% 248 (19.5) 338 (32.9) <0.001

10% 20 (1.6) 17 (1.7) 0.867

15% - - -
Month 2

Patients, n 1085 870

5% 626 (57.7) 682 (78.4) <0.001

10% 112 (10.3) 183 (21) <0.001

15% 11 (1.0) 22 (2.5) 0.01
Month 3

Patients, n 1230 978

5% 1004 (81.6) 906 (92.6) <0.001

10% 365 (29.7) 509 (52) <0.001

15% 63 (5.1) 140 (14.3) <0.001
Month 4

Patients, n 624 302

5% 576 (92.3) 290 (96.0) 0.031

10% 304 (48.7) 217 (72.0) <0.001

15% 95 (15.2) 85 (28.1) <0.001
Month 5

Patients, n 376 91

5% 356 (94.7) 88 (96.7) 0.592

10% 216 (57.4) 79 (86.8) <0.001

15% 95 (25.3) 38 (41.8) 0.002
Month 6

Patients, n 342 43

5% 320 (93.6) 41 (95.3) 1.00

10% 249 (72.8) 32 (74.4) 0.823

15% 109 (31.9) 18 (41.9) 0.189

Proportions were calculated based on patients with available body weight data at each time points and presented as numbers a

percentages.
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treatment groups

Table 4. The comparison of baseline and follow-up changes in laboratory parameters within all patients among

Semaglutide group Tirzepatide group P value

FPG, mg/dL

BL 101 (91-124) 98 (89-110) <0.001

A BL-3 month -8 (-17,-2) —7 (-15,-2) 0.247

A BL-6 month =12 (-24,-3) -9 (-17,-3) 0.006
HbAI1C, %

BL 5.9 (5.5-6.8) 5.7 (5.4-6.2) <0.001

A BL-3 month -0.3(-0.6,-0.1) -0.3(-0.5,-0.1) 0.169

A BL-6 month -0.5 (0.9, -0.2) -0.5 (-0.7,-0.2) 0.284
Total cholesterol mg/dL

BL 203 (172-230) 200 (175-227) 0.319

A BL-3 month -15 (-35,-2) -14 (=35, -2) 0.308

A BL-6 month —20 (-46,-3) =17 (=37, -2) 0.146
Triglyceride, mg/dL

BL 148 (104, 211) 139 (100, 196) 0.022

4 BL-3 month -16 (-45, 2) -13 (40, 1) 0.422

A BL—6 month —23 (-62,-2) —22 (-60, -1) 0.869
HDL-C, mg/dL

BL 46 (40, 54) 46 (39, 55) 0.650

A BL-3 month 0.15 (-3, 3) 0(-4.8,3) 0.03

A BL—6 month 1.65 (-3, 5) 0(-54) 0.029
LDL-C, mg/dL

BL 124 (101, 147) 125 (103, 145) 0.929

4 BL-3 month -10 (=25, -1) -10 (-24, 1) 0.365

A BL—6 month =15 (=31,-2) —11 (=29, 4) 0.036

BL, baseline; A, change, FPG, Fasting plasma glucose; HbAlc, glycated hemoglobin; HDL-C, High-density lipoprotein cholesterol;

LDL-C: Low-density lipoprotein cholesterol.

Data were presented as median and interquartile ranges (IQR 25-75).
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