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BACKGROUND: Recent studies suggest that tirzepatide, a dual glucose-dependent insulinotropic-peptide (GIP) and glucagon-like
peptide-1 receptor agonist (GLP-1 RA), has significant weight loss effects. This systematic review and meta-analysis aims to assess
the efficacy and safety of tirzepatide for weight loss in patients with overweight or obesity.
METHODS: Medline, Embase and Cochrane CENTRAL were searched for randomized controlled trials (RCTs) on tirzepatide’s weight
loss efficacy for these patients. A single arm meta-analysis of proportions estimated primary outcomes, ≥5%, ≥10%, and ≥15%
weight loss, and adverse events (AEs); while meta-analysis of means estimated secondary outcomes. Comparative meta-analysis
was conducted between tirzepatide and control arms where mean differences and odds ratios were estimated for continuous and
dichotomous outcomes respectively.
RESULTS: RCTs included in this study revealed that among 5800 patients, 78.22% (95% CI: 72.15% to 83.73%), 55.60% (95% CI:
46.54% to 64.47%), 32.28% (95% CI: 23.17% to 42.12%) achieved ≥5%, ≥10%, and ≥15% weight loss, respectively. Tirzepatide 5mg
demonstrated weight loss superiority relative to placebo (MD: −12.47 kg, 95% CI: −13.94 kg to −11.00 kg) and semaglutide
(n= 1409, MD: −1.90 kg, 95% CI: −2.97 kg to −0.83 kg) with dose-dependent increase for 10mg and 15mg doses. The comparison
between tirzepatide and semaglutide was examined in the SURPASS-2 trial that was included in this systematic review. For AEs,
there was increase odds of experiencing gastrointestinal AEs with tirzepatide compared to placebo, but no significant difference
with semaglutide.
CONCLUSION: Tirzepatide has significant potential as a weight loss drug in patients with overweight and obesity, with little
increase in AEs compared to other weight loss drugs. With its ability to concurrently target multiple aspects of metabolic syndrome,
it should be considered as the next helm of weight loss therapies.
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INTRODUCTION
Obesity is a leading cause of early morbidity and mortality [1, 2].
Global estimates that up to 39% and 13% of the global population
are afflicted by overweight and obesity respectively [3, 4]. As a
complex disease with multifactorial aetiology, it has been linked to
a greater risk of major preventable causes of death and disability,
including cardiometabolic and musculoskeletal diseases, type 2
diabetes mellitus (T2DM), stroke, nonalcoholic fatty liver disease
(NAFLD), and various forms of malignancies [5–9]. Consequen-
tially, patients with overweight and obesity suffer from not only

decrease in quality of life [8], but also a 3.9% decrease in life
expectancy [10]. Due to the constellation of interrelated factors
that contribute to metabolic syndrome, there has been increasing
focus towards holistic care of the patient where multiple aspects
of metabolic syndrome are targeted concurrently, instead of
treating the individual disorders alone [11].
The mainstay of treatment for obesity and other metabolic

diseases such as diabetes includes a combination of lifestyle
modification programs, pharmacotherapy, and if indicated,
bariatric surgery [12]. Recently, the US Food and Drug
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Administration (FDA) has approved the dual glucagon-like
peptide-1 (GLP-1) and glucose-dependent insulinotropic polypep-
tide (GIP) agonist, tirzepatide, as a once-weekly injection to
improve blood glucose control in T2DM patients. The dual GIP/
GLP-1 agonist properties of tirzepatide distinguish it from existing
anti-obesity drugs and has been shown to produce higher
efficacies for inducing weight loss and blood glucose control,
with favourable side effect profile as compared to GLP-1 agonist,
semaglutide [13]. Numerous studies have explored the efficacy of
tirzepatide in the treatment of T2DM [14–16]. However, there is a
paucity of data regarding its pooled efficacy and safety in patients
in the context of individuals with obesity. Studies have suggested
that patients on tirzepatide have close to two times the odds of
having ≥5% weight loss compared to semaglutide, with a dose-
dependent weight reduction [14]. In view of emerging trials
reporting the efficacy of tirzepatide in the treatment of patients
with overweight or obesity, we conducted a systematic review
and meta-analysis to examine the efficacy and safety of tirzepatide
on weight loss of participants with overweight or obesity in
randomized controlled trials.

METHODS
Search strategy
With reference to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [17], Medline, Embase, and
Cochrane CENTRAL databases were searched for relevant rando-
mised controlled trials relating to tirzepatide’s efficacy in inducing
weight loss in patients with overweight or obesity. Relevant
papers were identified from 2017 to 24 July 2022. Keywords and
MeSH terms synonymous with “tirzepatide”, “LY3298176”, “dual
GIP and GLP-1RA”, and “clinical trials” were utilised (Supplemen-
tary Material 1). Citations were imported into EndNote 20 for the
initial sieve with the removal of duplicates. References of related
reviews and included articles were also hand-screened to ensure a
comprehensive search [18, 19].

Study selection and data extraction
Four authors (BTX, PXH, CYH and RG) independently screened the
studies identified within the initial search, and studies that met the
inclusion criteria were marked for inclusion. The following criteria
were used for the inclusion of studies: (1) randomized controlled
trials written in or translated into English; (2) studies evaluating
adult patients (aged 18 and above) who were overweight or obese
(with or without T2DM) for weight loss; (3) no use of any weight
loss or weight gain medications other than tirzepatide and control
drug; (4) reported weight change of participants. All observational
studies, case-control studies, reviews, meta-analyses, editorials,
commentaries, conference abstracts, and non-English language
articles were excluded. Studies that obtained results from the
same databases were excluded, and the latest or the most
comprehensive publication was included in this paper. Over-
weight and obesity were defined, where possible, as a body mass
index (BMI) of 23–24.9 kg/m2 and ≥25 kg/m2 for Asians [20], and a
BMI of 25–29.9 kg/m2 and ≥30 kg/m2 for Europeans [3], respec-
tively. Any disputes regarding inclusion of articles were resolved
through consensus from a fifth independent author (CHN).
Using a predetermined datasheet, data from the included articles

were extracted independently by three authors (BTX, PXH, CYH).
Information extracted included the study characteristics (country,
region, clinical trial registration number/code, year of study, phase,
duration of study, and multi/single centre trials), baseline character-
istics (total sample size, mean age, gender, race, body mass index
[BMI], weight, waist circumference, total cholesterol [TC], high-
density lipoprotein [HDL], low-density lipoprotein [LDL], triglyceride
[TG], glycated haemoglobin [HbA1c], fasting blood glucose [FBG],
presence of other comorbidities), outcomes (≥5%, ≥10%, and ≥15%
total weight loss, change in BMI, weight, waist circumference, lipids

profile, glucose profile, blood pressure) and adverse events (AEs) of
both treatment and control arms of the included trials. Estimated
values of the mean and standard deviation were derived from their
respective median and interquartile ranges using formulas devised
by Wan et al. when they were not provided [21]. The units for
cholesterol, triglycerides and glucose were millimoles per litre
(mmol/l). Secondary outcomes included the change in body weight,
waist circumference, lipid profile, glycaemic profile (HbA1c and FBG)
and blood pressure (systolic and diastolic). Additional comparative
analyses were performed on both primary and secondary outcomes
according to the tirzepatide doses and choice of control drug. With
regards to the safety profile of tirzepatide, we examined the possible
AEs that participants experienced through the course of the trial.

Statistical analysis
All analyses were performed in RStudio (version 4.0.3). Two main
analyses were conducted in this meta-analysis. Firstly, a single arm
meta-analysis of proportions for dichotomous variables and mean
differences for continuous variables of participants in the trials
was pooled using a generalized linear mixed model (GLMM) for
each cut-off (≥5, 10, 15% weight loss) with Clopper-Pearson
intervals to stabilise the variance [22, 23]. Secondly, a comparative
meta-analysis was used to compare the effectiveness of tirzepa-
tide with the control arms of the included RCTs. Mean differences
(MD) and odds ratios (OR) were estimated for continuous and
dichotomous outcomes respectively using DerSimonian and Liard
random effects [24]. Statistical heterogeneity was measured using
I2, and Cochran Q test, where an I2 value of <25% is low, 25% to
50% low-moderate, 50–75% moderate-high and >75% high
degrees of heterogeneity [25]. Additionally, a Cochran Q test
value of ≤0.10 was deemed statistically significant. The random
effects model was used regardless of heterogeneity scores [26].
Hartung-Knapp adjustments were employed to adjust for
confidence intervals by controlling for heterogeneity arising from
between-study estimations [27]. Analyses were only conducted
when sufficient data could be extracted for the outcome of
interest. Funnel plots were generated to illustrate publication bias
as seen in Supplementary Material 2 for ≥5, 10 and 15% weight
loss. The asymmetrical nature of the funnel plots can be attributed
to the limited number of studies included in this meta-analysis
(n < 10) as well as the different dosages of tirzepatide given [28].
Additional analyses were performed on both primary and
secondary outcomes according to the tirzepatide doses and
choice of control drug. Where possible, a sensitivity analysis was
conducted on studies that included only T2DM patients. A p-value
of <0.05 was considered as statistically significant.

Quality and risk-of-bias assessment
The risk-of-bias of the outcomes of the RCTs were assessed using
the Cochrane Risk-of-Bias tool for randomized trials (RoB-2). This
evaluates quality and bias of the included outcomes across five
domains. The five domains include the trial’s randomization
process, deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of the reported
result [29]. Two authors (BTX and PXH) independently assessed
the included trials, and any disagreements were resolved
following discussion with a third independent author (CYH). The
outcomes assessed in this systematic review include ≥5%, 10%,
15% weight loss, percentage weight loss from baseline, HbA1c
and fasting blood glucose, lipid profile, systolic and diastolic blood
pressure, gastrointestinal adverse effects and discontinuations
from adverse events. The final assessment of the outcomes was
presented using the Robvis visualisation tool.

RESULTS
A total of 204 publications were identified in the initial search
strategy, among which 84 were excluded as duplicates. Another
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61 papers were then excluded after the initial sieve, with a full-text
review being conducted for 59 papers. Finally, 7 articles involving
5905 patients and 7 trials were included in this meta-analysis (Fig. 1).
Of the trials included, 5 were multinational [13, 30–33], one was
conducted in Japan [34] and one in Germany [35]. All the studies
were multicentre trials (n= 7), with participants with overweight
or obesity, where most participants have concomitant diabetes.
Out of the 7 trials involved, six trials examined the effect of 5 mg
and 10mg tirzepatide, while all seven trials assessed 15mg
tirzepatide. Of these trials, three used placebos as control, two
used insulin and one used semaglutide as the comparator. The
SURPASS J-combo clinical trial was used only for single arm
analysis as there was no comparator in the study [34]. The primary
outcomes of the included studies were percentage change in
body weight from baseline and proportion of patients who
achieved ≥5% weight loss [30], change in HbA1c from baseline
[13, 31, 32] and safety and tolerability of tirzepatide [33, 34]. At
baseline, the mean age, BMI, weight, and waist circumference of
included patients were 54.95 years, 34.47 kg/m2, 95.50 kg and
110.16 cm, respectively. The baseline mean TC, LDL, HDL, and TG
were 4.45, 2.51, 1.16, 1.72 mmol/L, respectively. Baseline mean
HbA1c was 7.58% and fasting blood glucose 8.24mmol/L. A
summary of the included publications and baseline characteristics
of participants is shown in Supplementary Material 3. Most of the

included studies’ outcomes were assessed to have low to
moderate risk of bias, and the detailed RoB-2 assessment can be
seen in Supplementary Material 4.

Efficacy of tirzepatide in weight loss
A summary of the meta-analysis findings can be found in Table 1.
A total of 5800 participants in the tirzepatide groups had data
available for ≥5%, ≥10% and ≥15% weight loss. Among them,
78.22% (95% CI: 72.15% to 83.73%), 55.60% (95% CI: 46.54% to
64.47%), and 32.28% (95% CI: 23.17% to 42.12%) of patients
achieved ≥5%, ≥10%, and ≥15% total weight loss, respectively.
When analysed by the dose of tirzepatide given, a dose-
dependent effect was found (Fig. 2), where 5 mg, 10mg, and
15mg, had 65.91% of patients (95% CI: 53.92% to 76.95%), 80.72%
(95% CI: 75.42% to 85.52%) and 86.95% (95% CI: 84.42% to
89.29%) achieving ≥5% weight loss, respectively. Similar findings
were noted for ≥10% and ≥15% weight loss as shown in Table 1. A
further sensitivity analysis was conducted for studies which only
included patients with type 2 diabetes, we observed a lower
proportion of patients with diabetes achieved ≥5%, ≥10% and
≥15% weight loss (Supplementary Material 5).
Tirzepatide showed superiority relative to placebo and sema-

glutide in participants having ≥5%, 10%, and 15% weight loss.
Participants taking 5mg, 10 mg and 15mg doses of tirzepatide

Records identified from*:
Databases (n = 204)
Registers (n = 0)

Records removed before 
screening:

Duplicate records removed 
(n = 84)
Records marked as ineligible 
by automation tools (n = 0)

Records screened
(n = 120)

Records excluded:
(n = 61)

Reports sought for retrieval
(n = 59)

Reports not retrieved
(n = 12)

Reports assessed for eligibility
(n = 47)

Reports excluded:
Population not overweight or 
obese (n = 20)
Trial protocols (n = 19)
Sub-study of already included 
trial (SURPASS-3) (n = 1)

Studies included in review
(n = 7)
Reports of included studies
(n = 7)
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Fig. 1 PRISMA flow chart. Summary of identified, screened and included studies from databases and registers.
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had 1.50 (95% CI: 1.15 to 1.96), 3.05 (95% CI: 2.27 to 4.08) and 4.25
(95% CI: 3.10 to 5.82) odds of achieving ≥5% weight loss
compared to semaglutide. Compared to placebo, patients on
5mg, 10mg and 15mg doses of tirzepatide had 10.95 (95% CI:
8.33 to 14.40), 15.33 (95% CI: 11.40 to 20.63) and 19.06 (95% CI:
13.88 to 26.18) odds of achieving ≥5% weight loss. Similar trends
for achieving 10% and 15% or more weight loss for tirzepatide
relative to placebo and semaglutide are shown in Supplementary
Material 6.

Secondary outcomes
Data on the efficacy of varying doses of tirzepatide on weight loss
can be found in Table 2. The pooled analysis revealed that overall
weight loss with tirzepatide was −9.36 kg (95% CI: −12.08 kg to
−6.63 kg). A dose-dependent relationship with weight loss was
observed (p < 0.01), with higher weight loss observed for 5 mg
(−7.20 kg, 95% CI: −12.35 kg to −2.06 kg), 10 mg (−10.18 kg, 95%
CI: −16.30 kg to −4.06 kg), and 15mg (−11.77 kg, 95% CI:
−17.12 kg to −6.43 kg) of tirzepatide. Tirzepatide also reduced
overall waist circumference by −11.04 cm (95% CI: −13.47 cm to

−8.62 cm). We observed a dose-dependent reduction in waist
circumference for 5 mg (−9.09 cm, 95% CI: −14.48 cm to
−3.70 cm), 10mg (−11.75 cm, 95% CI: −18.14 cm to −5.37 cm),
and 15mg (−12.27 cm, 95% CI: −19.02 cm to −5.52 cm) of
tirzepatide. Tirzepatide significantly reduced TC, LDL and TG, with
improvement in HDL. Tirzepatide reduced FBG by a mean of
−2.56 mmol/L (95% CI: −3.14 mmol/L to −1.97mmol/L) and
HbA1c −2.04% (95% CI: −2.52% to −1.56%).
Compared to placebo, tirzepatide 5mg was more effective in

weight loss (MD: −12.47 kg, 95% CI: −13.94 kg to −11.00 kg) and
reduction in waist circumference (MD: −10.00 cm, 95% CI:
−11.64 cm to −8.54 cm), where greater reduction was noted with
a higher tirzepatide dose. Similar improvements were noted for
lipid profile, HbA1c and blood pressure (Supplementary Material
7). Compared to semaglutide, tirzepatide 5mg was more effective
in weight loss (MD: −1.90 kg, 95% CI: −2.97 kg to −0.83 kg) and
reduction in waist circumference (MD: −1.30 cm, 95% CI: −2.45 cm
to −0.15 cm), with a dose-dependent increase with 10 mg and
15mg. Slight but significant improvements were also noted for
TG, HDL, HbA1c, and FBG at 5 mg and 10mg doses. No significant

Table 1. Summary of findings of patients that achieved ≥5%, ≥10%, ≥15% weight loss.

Sample size, n Pooled effect size (95% CI) I2 Subgroup differences

≥5% weight loss 5800 78.22 (72.15 to 83.73) 95.0

Dose of Tirzepatide <0.01

5mg 1932 65.91 (53.92 to 76.95) 97.0

10mg 1932 80.72 (75.42 to 85.52) 90.0

15mg 1936 86.95 (84.42 to 89.29) 69.0

≥10% weight loss 5800 55.60 (46.54 to 64.47) 98.0

Dose of Tirzepatide <0.01

5mg 1932 39.22 (25.71 to 53.62) 98.0

10mg 1932 57.70 (47.58 to 67.50) 97.0

15mg 1936 69.77 (62.39 to 76.68) 95.0

≥15% weight loss 5800 32.28 (23.17 to 42.12) 95.3 <0.01

Dose of Tirzepatide

5mg 1932 17.97 (8.03 to 30.74) 99.0

10mg 1932 34.64 (21.55 to 49.02) 99.0

15mg 1936 46.19 (35.00 to 57.57) 98.0

n number of participants, CI confidence interval.
Bolded p-value < 0.05 denotes statistical significance.

Fig. 2 Proportion of Patients that Achieved ≥5%, ≥10%, ≥15% weight loss by Dose of Tirzepatide. Tirzepatide has a dose-dependent effect
in achieving ≥5%, ≥10% and ≥15% weight loss.
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Table 2. Summary of Secondary Outcome Findings.

Sample size, n Pooled effect size (95% CI) I2 Subgroup differences

Body weight indicators

Change in Weight 5845 MD −9.36 (−12.08 to −6.63) 99.2

Dose <0.01

5mg 1930 MD −7.20 (−12.35 to −2.06) 99.0

10 mg 1933 MD −10.18 (−16.30 to −4.06) 99.2

15 mg 1973 MD −11.77 (−17.12 to −6.43) 99.2

Change in Waist Circumference 5361 MD −11.04 (−13.47 to −8.62) 98.6

Dose 0.42

5mg 1921 MD −9.09 (−14.48 to −3.70) 98.2

10mg 1921 MD −11.75 (−18.14 to −5.37) 98.7

15mg 1916 MD −12.27 (−19.02 to −5.52) 99.0

Lipid Profile

Change in TC 5361 MD −0.25 (−0.29 to −0.21) 54.1

Dose 0.10

5mg 1784 MD −0.20 (−0.30 to −0.10) 56.2

10mg 1786 MD −0.26 (−0.31 to −0.22) 0.00

15mg 1791 MD −0.29 (−0.38 to −0.20) 49.1

Change in LDL 4380 MD −0.16(−0.19 to −0.12) 54.4

Dose 0.71

5mg 1458 MD −0.14 (−0.25 to −0.03) 42.2

10mg 1465 MD −0.16 (−0.24 to −0.08) 10.1

15mg 1457 MD −0.17 (−0.34 to −0.01) 79.5

Change in HDL 4380 MD 0.10 (0.08 to 0.11) 68.5

Dose 0.03

5mg 1458 MD 0.07 (0.07 to 0.09) 0.00

10mg 1465 MD 0.06 (0.06 to 0.16) 72.6

15mg 1457 MD 0.05 (0.05 to 0.15) 72.6

Change in TG 5361 MD −0.41 (−0.46 to −0.35) 88.0

Dose <0.01

5mg 1784 MD −0.31 (−0.40 to −0.22) 68.0

10mg 1786 MD −0.44 (−0.59 to −0.30) 88.9

15mg 1791 MD −0.46 (−0.53 to −0.39) 47.5

Glycaemic indices

Change in HbA1c 5757 MD −2.04 (−2.52 to −1.56) 99.9

Dose 0.82

5mg 1921 MD −1.84 (−2.89 to −0.80) 99.9

10mg 1920 MD −2.09 (−3.26 to −0.92) 99.9

15mg 1916 MD −2.19 (−3.39 to −0.98) 99.9

Change in FBG 5834 MD −2.56 (−3.14 to −1.97) 99.9

Dose 0.83

5mg 1930 MD −2.38 (−3.50 to −1.26) 99.8

10mg 1932 MD −2.78 (−4.03 to −1.53) 99.8

15mg 1972 MD −2.52 (−3.90 to −1.14) 99.9

Blood Pressure

Change in SBP 5835 MD −6.10 (−7.06 to −5.14) 91.6

Dose 0.12

5mg 1930 MD −5.03 (−6.55 to −3.51) 80.6

10mg 1932 MD −6.50 (−9.40 to −3.61) 94.7

15mg 1973 MD −6.64 (−8.02 to −5.27) 83.3

Change in DBP 5835 MD −2.55 (−3.32 to −1.79) 89.2

Dose 0.95

5mg 1930 MD −2.43 (−4.19 to −0.68) 94.4

10mg 1932 MD −2.73 (−4.75 to −0.71) 94.7

15mg 1973 MD −2.46 (−3.82 to −1.09) 90.0

n number of participants, CI confidence interval, MD mean difference, LDL low-density lipoprotein, HDL high-density lipoprotein, TG triglyceride, HbA1c %
glycated hemoglobin, FBG fasting blood glucose, SBP systolic blood pressure, DBP diastolic blood pressure.
Bolded p-value < 0.05 denotes statistical significance.
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difference was observed between tirzepatide and semaglutide for
LDL and TC (Supplementary Material 7).

Safety of tirzepatide use
A detailed summary of overall AEs is presented in Table 3. The
overall rate of AE was 75.15% (95% CI: 71.45% to 78.69%). The
reported rates of serious AEs and discontinuations were 6.22%
(95% CI: 4.64% to 7.97%) and 6.34% (95% CI: 5.04% to 7.76%),
respectively in a pooled analysis where 5905 participants were
studied. Among the reported AEs, the most prevalent were
gastrointestinal adverse events (18.42%, 95% CI: 4.74% to 38.27%),
including diarrhoea (16.02%, 95% CI: 14.10% to 18.02%) and
nausea (10.24%, 95% CI: 5.54% to 16.02%). A small proportion of
patients (0.77%, 95% CI: 0.23% to 1.55%) experienced cardiovas-
cular adverse events. Of note, no dose dependent relationship was
noted for adverse events for all AEs examined (Supplementary
Material 8).
A summary of the safety of tirzepatide as compared to placebo,

semaglutide and insulin is shown in Supplementary Material 9.
Tirzepatide had comparable overall adverse events and mortality
when compared to placebo and semaglutide. Discontinuation of
treatment due to adverse effects did not differ between
tirzepatide 5mg and semaglutide (OR 1.50, 95%CI: 0.83 to 2.73).
However, tirzepatide 10mg and 15mg was associated with higher
odds of discontinuation compared to semaglutide (10 mg, OR
2.21, 95% CI: 1.26 to 3.87; 15 mg, OR 2.23, 95% CI 1.15 to 4.30). The
odds of discontinuation is also significant comparing tirzepatide

10mg and placebo (OR 2.80, 95% CI: 1.59 to 4.95). For
gastrointestinal AEs, no differences were noted for all doses of
tirzepatide when compared to semaglutide, except for diarrhea
with tirzepatide 10 mg (OR 1.51, 95% CI: 1.04 to 2.19). However,
compared to placebo, tirzepatide 5mg was associated with higher
odds of constipation (OR 3.31 95% CI: 2.24 to 5.90), and dyspepsia
(OR 2.23, 95% CI: 1.39 to 3.57). Tirzepatide 10 mg was associated
with higher odds of constipation (OR 3.39, 95% CI: 2.29 to 4.01)
and diarrhea (OR 3.42, 95% CI: 3.27 to 3.57) compared to placebo.

DISCUSSION
Glucagon-like peptide 1 agonists, such as liraglutide and
semaglutide, have been shown to improve weight loss and
cardiometabolic risk factors [36]. Tirzepatide is a novel dual GIP
and GLP-1 agonist and has been effective in treating T2DM, with
concurrent superiority in body weight reduction as compared to
other glucose-lowering medications [14, 15]. Our study shows that
tirzepatide has a larger weight loss effect compared to placebo
and semaglutide, with more favourable lipid profile and glycemia
indices. These weight loss benefits should not be underestimated;
approximately 80% and 57% of participants receiving tirzepatide
5mg achieved a ≥ 5% and ≥10% weight loss respectively [16, 30].
Across all doses, tirzepatide has a higher proportion of patients
achieving ≥10% and 15% weight loss as compared to semaglu-
tide, suggesting the superiority of tirzepatide in inducing weight
loss [16, 30].

Table 3. Summary of Overall Adverse Events.

Sample size, n Pooled effect size (95% CI) I2

General Adverse Events

Overall Adverse Events 5905 75.15 (71.45 to 78.69) 87.0%

Serious Adverse Events 5905 6.22 (4.64 to 7.97) 78.0%

Discontinuation 5905 6.34 (5.04 to 7.76) 69.0%

Mortality 5863 0.56 (0.24 to 0.99) 64.0%

Other Generalised Adverse Events

Dizziness 1896 4.57 (3.67 to 5.56) 0.0%

Headache 1983 4.73 (3.66 to 5.90) 0.0%

Allergy Adverse Events

Injection site reactions 5905 1.76 (0.73 to 3.11) 82.0%

Allergies 3457 1.00 (0.04 to 2.73) 87.0%

Gastrointestinal Adverse Events

G.I disorders 3304 18.42 (4.74 to 38.27) 100.0%

Abdominal Pain 4910 3.69 (3.00 to 4.43) 28.0%

Nausea 5905 10.24 (5.54 to 16.02) 97.0%

Vomiting 5905 4.42 (1.68 to 8.10) 95.0%

Constipation 4787 8.84 (6.31 to 11.73) 92.0%

Diarrhoea 5905 16.02 (14.10 to 18.02) 71.0%

Dyspepsia 5905 6.43 (5.36 to 7.59) 58.0%

Infections

Nasopharyngitis 2559 7.59 (4.37 to 11.56) 89.0%

Hepatobiliary Adverse Events

Cholelithiasis 5818 0.70 (0.49 to 0.96) 0.0%

Cardiovascular Adverse Events

Cardiovascular disorders 5818 0.77 (0.23 to 1.55) 86.0%

Cancer

Neoplasm 1519 0.55 (0.19 to 1.05) 18.00%

n number of participants, CI confidence interval.
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There is a paradigm shift in the treatment approach of
metabolic diseases towards care of the overall metabolic milieu
rather than individual components; these can potentially be
achieved by tirzepatide as it targets multiple aspects of metabolic
syndrome concurrently [11]. By targeting both incretin hormones,
GLP-1 and GIP, tirzepatide causes synergistic effect which
stimulates insulin release from the pancreas as well as glucagono-
static effect [37]. Also, tirzepatide’s effect on GLP-1 decreases
appetite, slows down gastric emptying and reduces food
consumption; GIP has also been hypothesized to improve lipid
metabolism by increasing lipolysis in fasting state and lipogenesis
post-meal, thereby contributing to the improvement in manage-
ment of metabolic diseases and obesity [38, 39].
Obesity has long been shown to be the precursor towards

development of other metabolic diseases such as hyperlipidemia,
hypertension, diabetes mellitus, and NAFLD [40, 41]. Currently,
FDA approves the use of liraglutide, phentermine/topiramate,
lorcaserin, naltrexone/bupropion and orlistat for long-term use
(≥12 weeks), of which GLP-1 RA and phentermine/topiramate hold
the greatest efficacy [42, 43]. In our study, tirzepatide treatment
had an edge over GLP-1 RA (semaglutide) in inducing weight loss
with dose-dependent superiority [14], hence providing physicians
with an alternative treatment in metabolic weight management
[44–48]. Several trials have been planned that can further expand
tirzepatide’s indications, including its impact on NAFLD (SYNERGY-
NASH). NAFLD is strongly associated with metabolic syndrome,
with insulin resistance being a common pathology in both
conditions [49]. Obesity and T2DM are strong independent risk
factors for NAFLD, highlighting the complex intertwined relation-
ship among these chronic conditions [50, 51]. With preliminary
results from the SURPASS-3 trial revealing that tirzepatide is
potentially hepatoprotective and can reduce hepatic steatosis, we
highly anticipate the upcoming trials studying the impact of
tirzepatide on NAFLD [52].
One of the limitations to the use of tirzepatide could be

attributed to its high rates of adverse events; with up to 75% of
patients experiencing AEs. However, occurrence of adverse events
was not significantly higher when compared to placebo and
semaglutide. Although gastrointestinal AEs (18.4%) of tirzepatide
were not statistically higher compared to semaglutide, it is of
concern as gastrointestinal adverse effects are common causes of
discontinuation of T2DM medications [53]. Another important
point to note is the potential long term cardiovascular benefits
tirzepatide may provide. Our results revealed that a small
proportion of participants (0.77%) experienced cardiovascular
adverse events, with no increase in incidence as compared to
placebo or insulin; this is supported by other studies that revealed
a reduction in cardiovascular mortality as well [54, 55]. This is a
potential advantage compared to existing weight loss medica-
tions including phentermine/topiramate and naltrexone/bupro-
pion, as their cardiovascular risks have yet to be determined, with
preliminary results revealing that both drugs have the potential of
increasing heart rate and raising systolic blood pressure [56].
Ongoing trials examining the efficacy and safety of tirzepatide as
compared to other medications, such as the SURPASS-CVOT trial
(NCT04255433) and the SUMMIT trial (NCT04847557), will provide
more information on the impact of tirzepatide on cardiovascular
disease and outcomes [57–59].

Strengths and limitations
In this study, we aimed to examine the impact of tirzepatide on
weight loss and metabolic markers (weight, BMI, waist circumfer-
ence, glucose and lipid markers). There were some limitations in
this study. Firstly, we were unable to quantify or account for
potential effects that the various trials’ prescribed exercise and diet
interventions have on the participants. Among the seven RCTs, only
SURMOUNT-1 trial had specified lifestyle intervention while the
other trials did not track the exercise or diet regimes of patients.

Secondly, adverse events could be confounded by the concomitant
medications or co-morbidities of the study population. Thirdly, of
the studies examined, entire population of 6 out of the 7 studies
consisted of patients with diabetes mellitus. This could cause bias
on the occurrence of adverse events and cause deviation of the
primary and secondary outcome data from that of a non-diabetic
population. We attempted to control this by performing a
sensitivity analysis, which we found no significant differences
between the overall population and T2DM patients. Fourthly, as
tirzepatide is relatively new, most of our studies came from North
America, Europe and Japan; hence the interethnic variations and
limited studies available may affect the generalisability of our
findings and lead to high heterogeneity among the studies for
certain outcomes. Additionally, as tirzepatide is a newly discovered
drug, there is a sparse number of studies comparing tirzepatide to
placebo or semaglutide. Thus, our findings may not be representa-
tive of the actual effects of the medication and may not be able to
accurately reflect regional and time differences between included
studies. Lastly, long-term effects of tirzepatide on cardiovascular,
hepatic and renal AEs might not be reflected due to the relatively
short nature of selected studies; this will improve with trials
conducted for longer duration. This paper supports the findings of
other systematic reviews on tirzepatide’s superiority over both
semaglutide and placebo in inducing dose-dependent weight loss
and improving glycemic control [14, 16]. Our study provides new
insights on the favourable lipid profile that tirzepatide has over
semaglutide and placebo, and focuses on patients with overweight
or obesity. Besides considering tirzepatide’s effect on weight loss,
future studies can explore its effects on changes in body
composition, including loss of fat mass and body mass, where
the latter may lead to complications including fatigue and
reduction in resting energy expenditure [60]. Tirzepatide’s effect
on liver enzymes such as aspartate transaminase (AST), alanine
transaminase (ALT) and overall liver profile also remain a
compelling aspect to explore to reveal tirzepatide’s potential
effects on NAFLD and other obesity-related hepatic diseases.

CONCLUSION
Tirzepatide, a dual GIP/GLP1 agonist, is very effective in achieving
weight loss in patients with overweight or obesity. With its ability
to concurrently target multiple aspects of metabolic syndrome
with relatively low rate of adverse events, it should be considered
as the next helm of weight loss therapies.
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