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ABSTRACT
Tirzepatide has positive effects on weight loss in individuals with overweight or obesity. Considering its broad side-effect profile, 
its efficacy and safety in individuals without diabetes mellitus (DM) are yet to be fully understood. To address this, we conducted 
a comprehensive meta-analysis of six randomized trials on individuals with overweight or obesity, without DM, which showed 
that tirzepatide, when compared with placebo, resulted in a change in percentage body weight with a mean difference (MD) of 
−16.32% (95% CI: −18.35 to −14.29) and change in absolute body weight in kilograms (MD −13.95 kg; −18.83 to −9.07). There 
were significant reductions in body mass index and waist circumference when compared with placebo, with MDs of −5.89 kg/m2 
(−8.97 to −2.81) and −12.31 cm (−13.93 to −10.68), respectively. It was associated with gastrointestinal (GI) side effects: nausea 
(relative risk [RR] 3.11; 2.74–3.54), vomiting (RR 5.94; 4.50–7.85), diarrhea (RR 2.92; 2.53–3.37), and constipation (RR 2.85; 
2.38–3.42). Serious adverse events were not statistically significant (RR 0.93; 0.76–1.13), but serious GI events and discontinuation 
due to adverse events were significant (RRs 3.07; 2.03–4.66, and 2.29; 1.74–3.01, respectively). In conclusion, this meta-analysis 
suggests that in patients with overweight or obesity without DM, tirzepatide is effective for significant weight loss. Though the 
overall risk of serious adverse events is not higher compared with placebo, it carries an elevated risk of GI side effects, serious GI 
events, and discontinuation due to adverse effects.

1   |   Introduction

Obesity affects approximately 650 million adults globally and 
is linked to numerous complications, including type 2 diabetes 
mellitus (DM), sleep apnea, and cardiovascular diseases [1, 2]. 
For many years, lifestyle-based interventions have been the 

cornerstone of obesity treatment. However, maintaining weight 
loss through lifestyle changes and caloric restriction alone has 
proven difficult for many individuals. With the advent of new 
medications showing promising results, significant progress 
has been made in obesity management. Notably, the glucagon-
like peptide-1 (GLP-1) receptors, as targets for weight loss, have 
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garnered significance. GLP-1 receptor agonists (GLP-1 RAs), 
such as semaglutide, which target pathways of endogenous 
nutrient-stimulated hormones, have revolutionized the manage-
ment of obesity in recent times [3].

In addition to GLP-1, researchers identified another nutrient-
stimulated hormone, glucose-dependent insulinotropic poly-
peptide (GIP), as a promising therapeutic target [4, 5]. Targeting 
both GIP and GLP-1 is believed to enhance weight loss com-
pared with medications that focus solely on GLP-1. Tirzepatide, 
a dual receptor agonist that activates both GLP-1 and GIP recep-
tors, has demonstrated favorable weight loss outcomes in several 
clinical trials. As a result, tirzepatide received FDA approval for 
chronic weight management [6].

The SURMOUNT trials represent the primary investigations 
into tirzepatide's role in weight loss, showing promising results 
in individuals both with and without DM [7–10]. However, like 
GLP-1 RAs, tirzepatide can cause a range of side effects, partic-
ularly GI, which may limit its use. Given tirzepatide's dual action 
on GLP-1 and GIP receptors, it could be hypothesized that, while 
it offers greater weight loss benefits compared with GLP-1 RAs, 
it may also present a higher side effect burden due to its addi-
tional impact on GIP.

Although there are several meta-analyses exploring the efficacy 
and safety of tirzepatide for weight loss, these often include pa-
tients with and without DM [11–14]. Meta-analyses that focus 
exclusively on the effects of tirzepatide in individuals without 
DM are limited. To date, there is only one such meta-analysis, 
but it includes data from only three trials, which restricts its 
conclusions [15]. A comprehensive and up-to-date meta-analysis 
incorporating all relevant trials in individuals without DM is 
needed to provide a more detailed understanding of tirzepatide's 
effects, especially considering its extensive side-effect profile. 
Our study aims to address this gap and provide a clearer, more 
nuanced understanding of the benefits and risks of tirzepatide in 
individuals without DM.

2   |   Methods

The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines were followed to identify 
studies eligible for inclusion in this meta-analysis. The study is 
registered in PROSPERO with the ID CRD42024564649.

We conducted a comprehensive search using the terms 
“Tirzepatide,” “weight loss,” “overweight,” and “obesity.” 
Searches were performed on MEDLINE (via PubMed) and 
ClinicalTrials.gov, covering the period from July 1, 2019, to 
June 30, 2024. Detailed search strategies are provided in the 
Supporting Information (Table S1).

To be included, studies had to meet the following criteria: (1) 
randomized, placebo-controlled trials of tirzepatide treatment, 
(2) studies involving patients with overweight or obesity, and (3) 
studies involving human adults without a diagnosis of DM.

We thoroughly reviewed the search results for potential inclu-
sion and manually checked the references of identified studies 

to uncover any additional relevant trials. Two authors (SK and 
PS) were responsible for the study selection. One author (SK) 
screened the records, while the other (PS) cross-checked them. 
Any disagreements were resolved through discussion between 
the authors.

2.1   |   Data Extraction

After identifying the relevant studies, we extracted the data 
needed for our meta-analysis. This included the study name, 
year of publication, study population, the dosage of tirzepatide, 
study duration, various weight loss efficacy outcomes, and re-
ported side effects or adverse events. Only efficacy outcomes 
and side effects that were common across most trials were in-
cluded in the analysis. Two authors, SK and PS, were responsi-
ble for data extraction: SK extracted the data, while PS verified 
it. Any disagreements were resolved through discussion, with 
input from a third author, RG, if necessary.

The efficacy outcomes extracted for this meta-analysis included 
the following: percentage change in weight, change in weight 
(kg), percentage of participants achieving body weight reduc-
tions of > 5%, > 10%, > 15%, > 20%, and > 25%, changes in body 
mass index (BMI), waist circumference (cm), glycated hemoglo-
bin (HbA1C), fasting glucose (mg/dL), systolic/diastolic blood 
pressure (mm Hg), and lipid panel results (total cholesterol, low-
density lipoprotein [LDL], high-density lipoprotein [HDL], tri-
glycerides, very-low-density lipoprotein [VLDL], and free fatty 
acids).

Data on common side effects were also extracted, including 
nausea, vomiting, diarrhea, constipation, dyspepsia, eructation, 
cholelithiasis, gallbladder disorders, pancreatitis, hypoglycemia, 
injection site reactions, alopecia, the percentage of participants 
experiencing serious adverse events, serious gastrointestinal 
(GI) events, death, and discontinuation due to adverse events.

2.2   |   Quality Assessment

All included studies were independently evaluated for qual-
ity using the Cochrane Risk of Bias tool for randomized trials 
(ROB2) [16]. This tool assesses key study characteristics, includ-
ing the randomization process, deviations from intended inter-
ventions, missing outcome data, measurement of outcomes, and 
the selection of reported results. Each indicator was classified 
as having a low, high, or unclear risk of bias. Studies were con-
sidered low risk if all indicators were deemed low risk. If any 
indicator was found to have a high risk, the study was classi-
fied as high risk. In cases where the risk was unclear for one or 
more indicators, the study was categorized as unclear risk. Two 
authors, SK and PS, conducted the quality assessments, resolv-
ing disagreements through discussion. A third author (RG) was 
consulted to reach a consensus if necessary.

2.3   |   Statistical Analysis

Once the studies were identified, data synthesis was conducted 
for the various efficacy and safety parameters. We utilized the 
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meta package in R software (version 4.3.14) with the inverse 
variance method to analyze data related to various weight loss 
parameters and adverse events [17]. For continuous data, such 
as percentage change in weight, we expressed the effect size as 
mean difference (MD) with 95% confidence intervals (CIs). For 
dichotomous data, we used relative risk or risk ratios (RR) or 
odds ratios (OR), along with 95% CIs.

To assess heterogeneity and determine the need for a ran-
dom effects model, we calculated two measures: Higgins and 
Thompson's I2 statistic and the heterogeneity variance (τ2). If 
the p value for heterogeneity was less than 0.1, a random ef-
fects model was deemed necessary. A calculated p value of less 
than 0.05 was considered significant evidence of a treatment 
difference.

3   |   Results

The online data search yielded 267 references. Following the 
PRISMA guidelines and applying our inclusion criteria, we 
identified six studies eligible for inclusion in the meta-analysis 
(Figure 1).

3.1   |   Characteristics of Studies

Table  1 presents the six studies included in this meta-
analysis and their characteristics. All studies involved par-
ticipants without DM. Most of the included studies belong to 
the SURMOUNT trial group except for one (NCT04081337, 
as documented on ClinicalTrials.gov) [7, 9, 10, 18–20]. The 
SURMOUNT trials included here are phase 3 randomized 
controlled trials (RCTs), spanning between 52 and 88 weeks, 
whereas the NCT04081337 study is a shorter phase 1 trial 
lasting 18 weeks. Notably, the SURMOUNT-CN trial was con-
ducted exclusively in China [18].

In these studies, overweight is defined as a BMI of ≥ 27, ex-
cept for SURMOUNT-CN, where the threshold for overweight 
is a BMI of ≥ 24 [18]. Similarly, obesity is defined as a BMI 
of ≥ 30 in most trials, except for SURMOUNT-CN, where 
obesity is defined as a BMI of ≥ 28, and in the Japanese cohort 
of the SURMOUNT-OSA trial, where a BMI of ≥ 27 defines 
obesity [18, 19]. These lower thresholds reflect the definitions 
of obesity in China and Japan, where health-related problems 
tend to arise at lower BMIs compared with Western popula-
tions [21–23].

FIGURE 1    |    PRISMA algorithm showing the selection of studies for the meta-analysis. PRISMA—Preferred Reporting Items for Systematic 
Review and Meta-Analysis. DM—diabetes mellitus, RCT—randomized controlled trial.
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While all studies included participants with overweight or 
obesity, the SURMOUNT-OSA trial specifically targeted pa-
tients with obesity and moderate-to-severe obstructive sleep 
apnea (OSA), characterized by an apnea-hypopnea index 
(AHI) of ≥ 15 events per hour [19]. This trial comprised two 
segments: Trial 1, which included participants who were ei-
ther unable or unwilling to use positive airway pressure (PAP) 
therapy, and Trial 2, which involved participants who had 
been using PAP therapy for three or more consecutive months 
at the time of screening and intended to continue this therapy 
throughout the trial [19].

3.2   |   Risk of Bias Assessment

We assessed various parameters for evaluating the risk of 
bias, including the randomization process, deviations from 
intended interventions, missing outcome data, outcome mea-
surement, and selection of reported results, using the revised 
Cochrane Risk-of-Bias tool for randomized trials (RoB 2), as 
illustrated in Figure  2. No major bias was identified in five 
of the six studies included in this analysis. However, the 
study NCT04081337 exhibited a potentially high risk of bias 
due to the lack of detailed information available regarding its 
methodology.

3.3   |   Main Analysis

Each outcome and side effect were analyzed and synthesized 
using forest plots. Heterogeneity was observed in all efficacy pa-
rameters except for the change in HbA1C (%), change in blood 
glucose (mg/dL), change in HDL-C (%), and change in free fatty 
acids (%). No heterogeneity was found among the safety param-
eters. The specific reasons for the heterogeneity in most efficacy 
parameters remain unclear but are likely related to variations in 
dosages and follow-up durations across the studies. When het-
erogeneity was present, a random effects model was employed 
for the analysis.

3.4   |   Efficacy Parameters

Our meta-analysis revealed significant improvements in various 
weight-related parameters with tirzepatide. Compared with pla-
cebo, once-weekly tirzepatide led to a substantial decrease in the 
percentage change in body weight, with an MD of −16.32% and 
a 95% CI of −18.35 to −14.29 (p < 0.0001) (Figure 3A). Similarly, 
the reduction in body weight measured in kilograms was also 
significant, showing an MD of −13.95 kg and a 95% CI of −18.83 
to −9.07 (p < 0.0001) (Figure 3B).

The pooled OR for achieving weight reductions of at least 5%, 
10%, 15%, 20%, and 25% with once-weekly tirzepatide compared 
with placebo was as follows:

•	 For a 5% reduction: OR 16.41 (95% CI: 11.82–22.77, 
p < 0.0001) (Figure 4A)

•	 For a 10% reduction: OR 15.66 (95% CI: 10.64–23.04, 
p < 0.0001) (Figure 4B)

•	 For a 15% reduction: OR 21.71 (95% CI: 13.18–35.77, 
p < 0.0001) (Figure 4C)

•	 For a 20% reduction: OR 27.39 (95% CI: 15.64–47.98, 
p < 0.0001) (Figure 4D)

•	 For a 25% reduction: OR 24.37 (95% CI: 13.56–43.80, 
p < 0.0001) (Figure 4E)

Additionally, once-weekly tirzepatide resulted in decreases 
in BMI and waist circumference, with MDs of −5.89 kg/m2 
(95% CI: −8.97 to −2.81, p = 0.0002) (Figure S1A) and −12.31 cm 
(95% CI: −13.93 to −10.68, p < 0.0001) (Figure  S1B), 
respectively.

These findings underscore the significant beneficial effects of 
tirzepatide on weight-related parameters.

Our study also demonstrated improvements in other parameters 
with once-weekly tirzepatide compared with placebo. Notably, 
there was a modest reduction in HbA1C (%), with a change 
of −0.41 (95% CI: −0.50 to −0.33, p < 0.0001) (Figure  S2A). 
Additionally, fasting glucose (mg/dL) showed a change of 
−10.09 (95% CI: −11.81 to −8.38, p < 0.0001) (Figure  S2B). We 
observed reductions in both systolic and diastolic blood pres-
sures, with changes of −6.63 mmHg (95% CI: −8.41 to −4.85, 
p < 0.0001) (Figure  S3A) and −4.02 mmHg (95% CI: −6.20 to 
−1.85, p = 0.0003) (Figure  S3B), respectively. These improve-
ments suggest that tirzepatide may provide additional benefits 
beyond weight loss.

Additionally, we analyzed changes in the lipid profile, compar-
ing once-weekly subcutaneous tirzepatide to placebo, as shown 
in Figures S4 and S5. Tirzepatide demonstrated favorable effects 
on the lipid panel. The MD in the percentage change compared 
with placebo was −5.57 (95% CI: −9.39 to −1.75, p = 0.0042) for 
total cholesterol (Figure S4A), −24.48 (95% CI: −32.36 to −16.59, 
p < 0.0001) for triglycerides (Figure S4B), −6.61 (95% CI: −12.34 
to −0.88, p = 0.024) for LDL cholesterol (Figure  S4C), −24.52 
(95% CI: −31.73 to −17.31, p < 0.0001) for VLDL (Figure  S5A), 
−17.35 (95% CI: −22.17 to −12.54, p < 0.0001) for free fatty acids 
(Figure S5B), and 9.80 (95% CI: 7.88–11.71, p < 0.0001) for HDL 

FIGURE 2    |    Risk of bias for the six studies assessed using version 2 
of the Cochrane risk-of-bias tool (ROB2).
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FIGURE 3    |    Forest plots showing the change in body weight in percentage (A) and kilograms (B) in patients with overweight or obesity without 
diabetes mellitus treated with tirzepatide versus placebo. SD—standard deviation, MD—mean difference, CI—confidence interval, MTD—maxi-
mum tolerated dose.

FIGURE 4    |    Forest plots showing the odds ratios of weight loss of ≥ 5% (A), ≥ 10% (B), ≥ 15% (C), ≥ 20% (D), and ≥ 25% (E) in patients with over-
weight or obesity without diabetes mellitus treated with tirzepatide versus placebo. OR—odds ratio, SE—standard error, CI—confidence interval, 
MTD—maximum tolerated dose.
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cholesterol (Figure  S5C), all with statistically significant p 
values.

3.5   |   Safety Parameters

Although tirzepatide demonstrated significant improvements 
in weight loss parameters, GI side effects were a major lim-
iting factor across most studies. Our meta-analysis revealed 
that compared with placebo, the incidence of nausea and vom-
iting with once-weekly tirzepatide was significantly higher, 
with RR of 3.11 (95% CI: 2.74–3.54, p < 0.0001) (Figure  5A) 
and 5.94 (95% CI: 4.50–7.85, p < 0.0001) (Figure  5B), respec-
tively. Similarly, the RRs for diarrhea and constipation were 
2.92 (95% CI: 2.53–3.37, p < 0.0001) (Figure 5C) and 2.85 (95% 
CI: 2.38–3.42, p < 0.0001) (Figure 5D), both statistically signif-
icant. Dyspepsia and eructation were also more common with 
tirzepatide, with RRs of 2.59 (95% CI: 2.05–3.27, p < 0.0001) 
(Figure  S6A) and 8.05 (95% CI: 4.80–13.50, p < 0.0001) 
(Figure S6B), respectively.

The risks of gallbladder disorder, cholelithiasis, and pancreati-
tis were not significantly different between tirzepatide and pla-
cebo, with RRs of 1.26 (95% CI: 0.70–2.27, p = 0.43) (Figure S7A), 
1.18 (95% CI: 0.69–2.03, p = 0.55) (Figure S7B), and 1.51 (95% CI: 
0.42–5.38, p = 0.52) (Figure S7C), respectively.

Non-GI side effects, such as hypoglycemia, injection site re-
actions, and alopecia, were more frequent with tirzepatide 
compared with placebo, with RRs of 6.26 (95% CI: 2.44–16.01, 
p < 0.0001) (Figure S8A), 14.17 (95% CI: 7.48–26.85, p < 0.0001) 

(Figure  S8B), and 5.50 (95% CI: 3.51–8.64, p < 0.0001) (S8C), 
respectively.

Despite the side effects associated with tirzepatide, the RR for 
serious adverse events with once-weekly tirzepatide compared 
with placebo was 0.93 (95% CI: 0.76–1.13, p = 0.45), which was 
not statistically significant (Figure  6A). Similarly, the RR for 
mortality showed no significant difference between tirzepatide 
and placebo (RR: 0.65, 95% CI: 0.28–1.51, p = 0.32) (Figure 6B). 
However, the RR for serious GI events was statistically signifi-
cant at 3.07 (95% CI: 2.03–4.66, p < 0.0001) (Figure 6C), and the 
percentage of participants discontinuing tirzepatide due to ad-
verse events was also significantly higher, with an RR of 2.29 
(95% CI: 1.74–3.01, p < 0.0001) (Figure 6D).

4   |   Discussion

Tirzepatide stands out among new weight loss medications for 
its dual action targeting GLP-1 and GIP receptors. Like GLP-1 
RAs, tirzepatide aids weight loss by increasing insulin secre-
tion, slowing gastric emptying, and suppressing appetite [24]. 
Preclinical studies also show that GIP receptor activation lowers 
body weight by reducing food intake [25]. Additionally, tirze-
patide's GIP agonism enhances its insulinotropic effect, further 
improving blood glucose control. Finan et  al. first described 
the synergistic action of GIP and GLP-1, introducing the term 
“twincretin” to capture this dual mechanism [26].

The SURPASS trials highlighted tirzepatide's effectiveness 
in lowering blood sugar levels in patients with type 2 DM and 

FIGURE 5    |    Forest plots showing the gastrointestinal side effects—nausea (A), vomiting (B), diarrhea (C), and constipation (D) in patients with 
overweight or obesity without diabetes mellitus treated with tirzepatide versus placebo. RR—relative risk, CI—confidence interval, MTD—maxi-
mum tolerated dose.
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showcased its significant weight loss benefits [27–32]. The 
SURMOUNT trials further confirmed tirzepatide's weight loss 
effects, leading to its FDA approval as a treatment for weight 
management [7–10]. While previous meta-analyses have ex-
plored tirzepatide's impact on weight loss in individuals with 
overweight or obesity, our meta-analysis offers distinct advan-
tages. First, we focused exclusively on patients without DM, 
resulting in a more homogeneous study population. To our 
knowledge, only one previous meta-analysis included patients 
without DM, but it was limited to just three studies [15]. In con-
trast, our analysis includes six studies, providing more current 
and comprehensive data. Second, we conducted an in-depth 
evaluation of tirzepatide's efficacy, carefully examining key lim-
itations and side effects that could influence its clinical use. This 
rigorous assessment positions our meta-analysis as a valuable 
and up-to-date resource on tirzepatide's role in weight manage-
ment for individuals without DM.

For the outcome of weight loss (%), the meta-analysis by Pan 
et  al., which included studies with patients with and without 
DM, demonstrated that tirzepatide 15 mg once-weekly led to 
significant weight loss compared with placebo, with a MD of 
−14.80% (95% CI: −17.39 to −12.20) [12]. Similarly, Liu et  al.'s 
study in individuals without DM found that tirzepatide resulted 
in a weight reduction of −18.7% (95% CI: −21.3% to −16.2%) 
compared with placebo [15]. In comparison, our meta-analysis, 
which is also in individuals without DM, showed a weight re-
duction of −16.32% (95% CI: −18.35 to −14.29) relative to pla-
cebo (Figure 3A). Furthermore, de Mesquita et al. reported that 
in a mixed cohort (with and without DM), tirzepatide led to an 

absolute weight loss of −7.7 kg (95% CI: −11.0 to −4.4) versus 
placebo [14]. In contrast, our study, focusing solely on patients 
without DM, observed a weight loss of −13.95 kg (95% CI: −18.83 
to −9.07) compared with placebo (Figure 3B).

The study by Liu et al. involving patients without DM reported 
the OR for weight reduction of 5%, 10%, 15%, 20%, and 25% with 
tirzepatide compared with placebo as follows: 21.14 (95% CI: 
12.64–35.35), 20.03 (95% CI: 12.47–32.17), 23.61 (95% CI: 13.46–
41.41), 26.52 (95% CI: 14.69–47.88), and 26.67 (95% CI: 18.25–
38.96) [15]. In comparison, our study reported these values as 
16.41 (95% CI: 11.82–22.77), 15.66 (95% CI: 10.64–23.04), 21.71 
(95% CI: 13.16–35.77), 27.39 (95% CI: 15.64–47.98), and 24.37 
(95% CI: 13.56–43.80), respectively (Figure 4). Although our val-
ues are not identical to the results in Liu et al.'s study, they are 
comparable and statistically significant in both studies. In both 
studies, the OR tends to increase with higher percentages of 
body weight reduction, underscoring tirzepatide's effectiveness 
for greater weight loss.

When comparing tirzepatide to semaglutide, a meta-analysis in-
volving patients with overweight or obesity without DM found 
that the percentage weight loss with semaglutide compared with 
placebo had an MD of −11.49% (95% CI: −13.12 to −9.86) [33]. 
In contrast, our study on tirzepatide, which also focused on pa-
tients without DM, reported a greater percentage of weight loss 
with an MD of −16.32% (95% CI: −18.35 to −14.29) (Figure 3A). 
Additionally, the absolute weight loss from the same study on 
semaglutide indicated an MD of −11.74 kg (95% CI: −13.53 to 
−9.94) [33]. In comparison, our analysis of tirzepatide revealed 

FIGURE 6    |    Forest plots showing the participants with serious adverse events(A), death (B), serious gastrointestinal events (C), and participants 
discontinuing the medication due to adverse events (D) in patients with overweight or obesity without diabetes mellitus treated with tirzepatide ver-
sus placebo. RR—relative risk, CI—confidence interval, MTD—maximum tolerated dose.
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an MD of −13.95 kg (95% CI: −18.83 to −9.07) (Figure  3B). 
Similarly, a real-world observational study on tirzepatide ver-
sus semaglutide revealed the mean on-treatment change in 
body weight was −15.3% (95% CI, −16.0% to −14.5%) for tirze-
patide versus −8.3% (95% CI, −9% to −7.6%) for semaglutide at 
12 months [34]. This greater weight loss with tirzepatide relative 
to semaglutide is likely attributed to tirzepatide's dual receptor 
agonistic effects.

In addition to promoting weight loss, tirzepatide also led to a 
reduction in HbA1C levels. Our pooled analysis indicated that 
tirzepatide resulted in a change in HbA1C of −0.41 compared 
with placebo, with a 95% CI of −0.50 to −0.33 (Figure S2A). 
Similarly, Liu et al. found that tirzepatide produced a change 
in HbA1C of −0.42 (95% CI: −0.58 to −0.26) when compared 
with placebo [15]. These reductions were lower than those 
observed in patients with type 2 DM, as demonstrated in the 
SURPASS-1 trial, where the treatment difference in HbA1C 
compared with placebo ranged from −1.91 to −2.11 across var-
ious doses of tirzepatide [27]. The lesser decrease in HbA1C 
among patients without DM2 compared with those with DM2 
may be attributed to tirzepatide's mechanism of action, which 
involves glucose-dependent insulin secretion, resulting in a 
more pronounced glucose-lowering effect when blood glucose 
levels are elevated.

Our pooled analyses revealed that tirzepatide also led to a 
significant decrease in systolic and diastolic blood pressures 
(Figure S3). Additionally, a favorable response was observed in 
various lipid parameters (Figures S4 and S5). Although the exact 
mechanisms behind these effects remain unclear, the GIP ago-
nistic action of tirzepatide may play a role in its lipid-lowering 
properties. These effects could potentially provide additional 
cardiovascular benefits associated with tirzepatide.

It is important to note that, despite the numerous beneficial ef-
fects of tirzepatide, various RCTs and meta-analyses have shown 

an increased risk of side effects, regardless of the presence of 
DM. Our study specifically highlights these side effects in in-
dividuals with overweight or obesity without DM, which may 
ultimately limit the drug's utility. The most prominent among 
these are GI side effects, including nausea, vomiting, eructation, 
dyspepsia, diarrhea, and constipation. Figure 7 summarizes the 
prominent side effects of tirzepatide in patients without DM, as 
analyzed in our study.

Given tirzepatide's dual receptor agonistic effects, one might 
expect it to cause more side effects compared with GLP-1 RAs 
like semaglutide. While our study is not a direct comparison 
between semaglutide and tirzepatide, we can make some in-
ferences from a similar study that investigated semaglutide 
versus placebo in a comparable population (individuals with 
overweight or obesity without DM) [33]. That study reported 
higher odds of nausea, vomiting, diarrhea, and constipation 
with semaglutide versus placebo, with ORs of 4.06 (95% CI: 
3.43–4.81), 4.43 (95% CI: 3.48–5.63), 2.10 (95% CI: 1.77–2.49), 
and 2.43 (95% CI: 2.01–2.94), respectively [33]. In our study, we 
used RR to estimate the treatment differences for these GI out-
comes. The RRs for tirzepatide versus placebo were 3.11 (95% 
CI: 2.74–3.54) for nausea, 5.94 (95% CI: 4.50–7.85) for vomit-
ing, 2.92 (95% CI: 2.53–3.37) for diarrhea, and 2.85 (95% CI: 
2.38–3.42) for constipation (Figure  5). These results suggest 
that the risk of GI side effects is fairly comparable between 
tirzepatide and semaglutide.

For the other GI side effects, the same meta-analysis on 
semaglutide versus placebo reported a higher incidence of 
gallbladder disorders (OR 1.26, 95% CI: 1.06–1.50, p = 0.010) 
and cholelithiasis (OR 2.06, 95% CI: 1.04–4.08, p = 0.038) in 
patients without DM [33], while our study found a neutral ef-
fect regarding these side effects when comparing tirzepatide 
to placebo in individuals without DM. Specifically, the RR for 
gallbladder disorders was 1.26 (95% CI: 0.70–2.27, p = 0.43), 
and for cholelithiasis, it was 1.18 (95% CI: 0.69–2.03, p = 0.55) 

FIGURE 7    |    Graph showing the relative risks (depicted as the blue bars) and the corresponding 95% confidence intervals (black lines) of the side 
effects in patients with overweight or obesity without diabetes mellitus treated with tirzepatide versus placebo. GI—gastrointestinal.
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(Figure S7A,B). Additionally, our analysis indicated that the 
risk of acute pancreatitis was also neutral with tirzepatide 
compared with placebo in this patient population (RR 1.51, 
95% CI: 0.42–5.38, p = 0.52) (Figure S7C).

Interestingly, a real-world observational study comparing 
semaglutide and tirzepatide found that the risks of GI side 
effects, including gastroparesis, gastroenteritis, bowel ob-
struction, cholecystitis, cholelithiasis, and pancreatitis, were 
similar between the two medications [34]. However, a ma-
jority of patients in that study had type 2 DM, differing from 
our study cohort, which included those without DM. To de-
finitively determine if there is a difference in these side ef-
fects between the two drugs in patients without DM, an RCT 
is needed. The ongoing SURMOUNT-5 trial (NCT05822830), 
which is comparing tirzepatide and semaglutide in patients 
with overweight or obesity but without DM, is expected to 
provide answers to these questions [35].

Among the non-GI side effects, notable ones include injection 
site reactions (OR 14.65, 95% CI: 5.81–31.70) and alopecia (OR 
5.76, 95% CI: 2.95–11.23) (Figure  S8B,C). The increased inci-
dence of injection site reactions may be attributed to the med-
ication's formulation, which could potentially affect patient 
adherence. Alopecia may be associated with significant weight 
loss experienced with tirzepatide, possibly leading to nutrient 
deficiencies.

The various side effects of tirzepatide, particularly GI, pose 
the risk of medication discontinuation. The study by Pan et al. 
indicated that in a mixed cohort of patients (both with and 
without type 2 DM), tirzepatide did not lead to a statistically 
significant increase in serious adverse events compared with 
placebo or other weight loss medications [12]. Similarly, Liu 
et al. found that tirzepatide did not significantly raise the risk 
of serious adverse events in patients without DM (OR 0.95, 95% 
CI: 0.69–1.30) [15]. However, that study noted a higher risk of 
treatment discontinuation due to adverse events in patients re-
ceiving tirzepatide versus placebo (OR 3.27, 95% CI: 3.40–5.33) 
[15]. Similar to the above studies, in our study, the risk of serious 
adverse events was not statistically significant (RR 0.93, 95% CI: 
0.76–1.13) (Figure 6A). In addition, our study also showed that 
the RR for mortality was not statistically significant (RR 0.65, 
95% CI: 0.28–1.51) (Figure 6B). However, we found a statistically 
significant RR for serious GI events (RR 3.07, 95% CI: 2.03–4.66) 
(Figure  6C). Furthermore, the percentage of participants dis-
continuing tirzepatide due to adverse events compared with pla-
cebo was also statistically significant, with an RR of 2.29 (95% 
CI: 1.74–3.01) (Figure 6D). These findings highlight the poten-
tial for serious GI side effects with tirzepatide, which may limit 
its acceptability in certain patient populations and necessitate 
close monitoring.

The SURMOUNT trials included in this meta-analysis defined 
and adjudicated serious adverse events as those resulting in 
hospitalization, life-threatening conditions, persistent or signif-
icant disability/incapacity, congenital anomalies or birth defects, 
death, or requiring medical intervention to prevent these out-
comes. Serious GI adverse events were classified as those involv-
ing the GI system that met any of these criteria. Although the 
incidence of gallbladder disorders, cholelithiasis, and pancreatitis 

did not differ between tirzepatide and placebo, an increased risk 
of serious GI adverse events was observed. This difference may 
be attributed to other GI-related adverse effects, such as nausea, 
vomiting, and diarrhea, which, depending on severity, could 
meet the criteria for serious events as defined in the trials.

The sustainability of weight loss following tirzepatide discon-
tinuation remains a concern. While data on this topic are lim-
ited, the SURMOUNT-4 trial provides valuable insights [10]. In 
this study, 36 weeks of tirzepatide treatment resulted in a mean 
weight reduction of 20.9%. However, discontinuing the medica-
tion led to a mean weight regain of 14.0% (95% CI: 12.8–15.2) 
after 1 year [10]. Further randomized controlled trials and real-
world studies are needed to better understand the long-term ef-
fects of treatment discontinuation.

Our study has certain limitations. Although all the included stud-
ies employed a once-weekly dosing regimen, they utilized vary-
ing dosages (Table  1). Additionally, the duration of the studies 
differed, with most lasting 52 weeks or more, while one was rela-
tively short at just 18 weeks. These variations in dosage and study 
duration may have introduced heterogeneity into the pooled anal-
ysis. To mitigate this, we employed a random effects model when 
heterogeneity was detected. Despite these limitations, our study 
offers valuable insights into the diverse benefits and side effects 
of tirzepatide therapy for weight loss in individuals without DM.

In the field of weight loss, tirzepatide has emerged as a promis-
ing medication. Upcoming trials are expected to provide fur-
ther insight into its benefits. Notably, the SURMOUNT-5 trial 
(NCT05822830) is currently underway, comparing tirzepatide to 
semaglutide in patients with overweight or obesity but without 
type 2 DM [35]. Other upcoming trials are expected to provide 
details into the cardiovascular benefits associated with this treat-
ment. These include the SUMMIT Trial (NCT04847557), which 
investigates tirzepatide in participants with heart failure with 
preserved ejection fraction (HFpEF) and obesity [36], and the 
SURPASS-CVOT Trial (NCT04255433), which compares tirze-
patide to dulaglutide concerning major cardiovascular events in 
individuals with type 2 DM [37]. While significant weight loss 
benefits are being observed with this medication, and future stud-
ies may clarify its cardiovascular outcomes, it is essential to re-
main mindful of the potential side effects and ensure that patients 
are well informed, emphasizing the need for close monitoring.

5   |   Conclusion

This study shows that in individuals with overweight or obe-
sity without DM, once-weekly subcutaneous tirzepatide can be 
beneficial with significant weight loss, albeit with an increased 
risk of GI side effects, serious GI adverse events, and medication 
discontinuation because of the side effects. However, the risk of 
overall serious adverse events is not elevated when compared 
with placebo.
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