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ABSTRACT

Introduction: Tirzepatide is a novel hypoglyce-
mic agent for type 2 diabetes mellitus (T2ZDM).
However, the pathophysiology of T2DM in
Asians is different from that in non-Asians, and
there is no evidence to explain the differences
in the efficacy and safety of tirzepatide between
different races.

Methods: A literature search was conducted
in China National Knowledge Infrastructure
(CNKI), PubMed, Cochrane Library, Clinical Tri-
als.gov, and Embase databases for clinical stud-
ies of tirzepatide for T2DM. The data extraction
process was done independently by two authors.
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All analyses were performed using STATA 14.0
software and Review Manager 5.3 software.

Results: A total of 2118 patients with T2DM
from 6 studies were involved, with doses of tirze-
patide ranging from 5 to 15 mg administered
subcutaneously once weekly. The results showed
that compared with control/placebo, tirzepatide
was more effective in decreasing fasting blood
glucose (FBG) in non-Asians than in Asians, and
10 mg rather than 15 mg was the optimal dose to
decrease FBG. Similarly, non-Asians were more
effective than Asians in improving glycated
hemoglobin (HbA1c). Asians were significantly
more effective than non-Asians in reducing
body weight and >5% weight loss. In terms of
adverse events, the incidence of gastrointestinal
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adverse events was higher in Asians than in non-
Asians at the same dose, while the incidence of
metabolic and nutrition disorders was higher in
non-Asians than in Asians.

Conclusion: Tirzepatide is a novel agent for
the treatment of diabetes and has different effi-
cacy in Asians and non-Asians. Asians were more
likely to experience weight loss and gastrointes-
tinal adverse events, whereas non-Asians were
more likely to have better glycemic control and
more metabolic and nutritional disorders.

Trial Registration: PROSPERO registration no.
CRD42023489588.

Keywords: Tirzepatide; Asians; Non-Asians;
Fasting blood glucose; Body weight; Meta-
analysis

Key Summary Points

Why carry out this study?

The incidence of type 2 diabetes mellitus
(T2DM) has increased in recent years and
displays variations in pathophysiological
mechanisms between Asians and non-Asians,
with Asian patients constituting more than
half of the global patient population.

Tirzepatide is a novel treatment that acts as
a dual agonist of GIP and GLP-1 receptors.
The 2023 guidelines issued by the American
Diabetes Association support tirzepatide as a
favorable treatment option for patients with
obesity and T2DM.

The efficacy and safety of tirzepatide in
Asian or non-Asian patients with T2DM are
unknown.

What was learned from the study?

The results of this meta-analysis indicated
that tirzepatide exhibited greater efficacy in
regulating blood glucose levels among non-
Asian patients compared to Asian patients,
while demonstrating a more pronounced
reduction in body weight among Asian
patients as opposed to non-Asian patients.

Regarding adverse events, Asian patients
exhibited a higher incidence of gastrointes-
tinal adverse events compared to non-Asian
patients receiving the same dosage. Con-
versely, non-Asian patients demonstrated a
higher incidence of metabolic and nutrition
disorders in comparison to Asian patients.

INTRODUCTION

The global incidence of diabetes has experienced
a significant surge in recent times and is pro-
jected to reach 700 million individuals (con-
stituting 10.9% of the global population aged
20-79) by 2045 if effective interventions are not
implemented [1]. The prevalence of type 2 dia-
betes mellitus (T2DM) exhibits variations across
different ethnic groups. Recent epidemiological
findings from 2023 indicate that all Asian Amer-
ican subgroups exhibit higher rates of type 2 dia-
betes compared to their white adult counterparts
[2]. Furthermore, individuals within these sub-
groups are prone to developing the disease at
an earlier age and with a lower body mass index
(BMI) [3].

China has the highest number of individuals
with diabetes, totaling 116.4 million, followed
by India with 101 million [4]. Collectively, Asian
countries contribute to over 50% of the global
population affected by diabetes [5]. Given the
significant impact of diabetes complications
on patients’ health-related quality of life, it is
imperative to prioritize the implementation of
effective preventive measures against the onset
and progression of diabetes in Asia.

Tirzepatide is a novel dual agonist of gluca-
gon-like peptide 1 receptor (GLP-1R) and glu-
cose-dependent insulinotropic polypeptide
receptor (GIP-R). GLP-1 is classified as an incre-
tin hormone and exerts its effects on pancre-
atic beta cells to stimulate insulin secretion [6].
Similarly, GIP is also an incretin hormone and,
like GLP-1, acts as a glucose-dependent agonist
to enhance insulin secretion in the presence of
high blood sugar levels [7]. Notably, the GIP
receptor is expressed in white adipose tissue,
allowing GIP to improve insulin sensitivity in
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this tissue and maintain lipid metabolic equi-
librium. Furthermore, it has been observed that
GLP-1 receptor agonists (GLP-1 RAs) possess
glucagonotropic properties in both euglycemic
and hypoglycemic states, resulting in a reduc-
tion in the occurrence of hypoglycemia [8].
Additionally, studies have demonstrated that the
combination of GLP-1 and GIP receptor agonists
exhibit synergistic effects on glycemic regulation
[9, 10]. Phase III clinical trials have provided evi-
dence that treatment with tirzepatide leads to
improved glycemic control and offers additional
advantages [11], making it a promising thera-
peutic approach for the management of T2DM
in the future [12, 13]. Moreover, the 2023 guide-
lines from the American Diabetes Association
recommend tirzepatide as a favorable option for
patients with obesity and type 2 diabetes [14].
The heterogeneous pathophysiology of dia-
betes results in Asians without diabetes exhibit-
ing higher fasting glycemic indices compared to
white people, as well as greater levels of insulin
resistance [15-17]. When considering individu-
als with the same BMI, Asian populations dem-
onstrate higher body fat percentage and rates of
visceral adiposity compared to non-Asians [18].
The presence of increased visceral fat is associ-
ated with insulin resistance-related abnormali-
ties and contributes to the pathophysiology of
type 2 diabetes [19-21]. In addition to insulin
resistance, East Asian patients with type 2 dia-
betes exhibit beta cell dysfunction, as evidenced
by inadequate insulin responses to meals [22].
The association between BMI and diabetes risk is
notably more pronounced in Asian populations
compared to other populations [23]. The aging
demographic in Asia, particularly East Asia, fur-
ther amplifies the prevalence of type 2 diabe-
tes [24]. Consequently, finding more effective
strategies to manage blood glucose levels, reduce
body weight, and improve insulin resistance has
become an urgent issue. It is noteworthy that
differences have been found between Asians and
non-Asians with respect to response to therapy
and perhaps even between Asians. Thus, the
dipeptidyl peptidase 4 (DPP4) inhibitor sitag-
liptin had a much better effect in Indians and
Koreans and somewhat less than in Chinese
compared to that reported in Europeans [17].
Later, a systematic review comparing Asians

and non-Asians also found that DPP4 inhibitors
work better in Asians as a whole [16]. Surpris-
ingly, sodium-dependent glucose transporter 2
(SGLT2) inhibitors also worked better in Asians
while GLP-1 RAs did not work better in Asians
[16].

This study seeks to provide evidence on the
varying efficacy and safety of tirzepatide with
different dose formulations for individuals with
type 2 diabetes, looking for possible differences
in efficacy and safety in Asians, taking into
account the significant heterogeneity observed
between Asians and non-Asians in terms of BMI,
age of onset, and fat distribution. In the context
of this study, Asian populations are represented
by patients from Japan, China, South Korea, and
India.

METHODS

This study strictly followed the systematic
review and meta-analytic approach of the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [25]. This article
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

Search Strategy

A thorough review of the literature was under-
taken utilizing the databases of China National
Knowledge Infrastructure (CNKI), PubMed,
Cochrane Library, Clinical Trials.gov, and
Embase to identify clinical studies pertaining
to the use of tirzepatide for the treatment of
T2DM until March 21, 2023. The English data-
base search employed the medical subject terms
tirzepatide, LY3298176, and T2DM, while the
Chinese database search utilized the medical
subject terms tirzepatide, LY3298176, and erx-
ing tangniaobing (the Chinese term for T2DM).
The CNKI database was utilized to expand Chi-
nese free terms, while the MeSH database was
employed to expand English free terms. Subse-
quently, the subject terms and free terms were
amalgamated for the purpose of conducting
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the search. Additionally, a manual search of the
database was conducted to identify pertinent
references, conference proceedings, and review
articles.

Study Selection

Criteria for inclusion were as follows: (1) Study
design: randomized controlled trial (RCT). (2)
Participants: had type 2 diabetes for at least
8 weeks (HbA1lc 6.5-11% inclusive), all subjects
were Asian or none were Asian. (3) Interven-
tion: Patients in the experimental and control
groups were treated with different doses of tirze-
patide or GLP-1 RAs. (4) Results: HbAlc, fasting
plasma glucose, and body weight were selected
as efficacy endpoints. Exclusion criteria were
as follows: (1) Studies, such as reviews, animal
experiments, and case reports. (2) Repeated pub-
lished studies. (3) Studies published in abstract
form. (4) Studies with incomplete or unclear
data. (Studies where means and standard devia-
tions for continuous variables were not pro-
vided and these data could not be obtained by
transformation.)

Two authors screened the titles/abstracts of
all identified records to identify studies eligible
for inclusion. Additional assessments of refer-
ences from identified eligible studies were also
performed to look for more potential articles.
Following this process, selected records were
then screened in full for inclusion and exclu-
sion criteria. If any discrepancies are identified,
they will be resolved by discussion.

Data Extraction

The process of data extraction was conducted by
two authors in an independent manner. Several
elements were extracted from each article, includ-
ing the first author, study year, clinical trial regis-
tration number, study type, study duration, partic-
ipant count in each group, age, weight, duration
of diabetes, and other relevant outcomes. In cases
where multiple search results were associated with
the same clinical trial registration number, prior-
ity was given to the clinical trial registration num-
ber. Additionally, a standardized predefined table

of clinical trial registration numbers was utilized
for data extraction. In this study, the results were
categorized into three different doses of tirze-
patide (5 mg, 10 mg, and 15 mg) compared to
control groups. The efficacy outcomes assessed
were the change in HbAlc levels from baseline,
the change in fasting plasma glucose levels from
baseline, and the reduction in body weight from
baseline. The safety outcomes encompassed vari-
ous factors, such as all-cause mortality, gastro-
intestinal adverse events (GIAEs), incidence of
hypoglycemia (blood glucose<54 mg/dL), adverse
events leading to treatment discontinuation, and
serious adverse events.

Quality Assessment

The risk of bias for eligible RCTs was performed
using the Risk of Prejudice Assessment Tool in
Review Manager version 5.3 software. This was
done independently by three investigators. The
following points were taken into consideration:
whether the sequence generation was sufficient
and whether allocation was sufficiently concealed
(selection bias); whether knowledge of the allo-
cated interventions was adequately prevented
during the study and whether participants and
personnel were appropriately blinded (perfor-
mance bias); whether the result assessor was blind
(detection bias); whether incomplete result data
were adequately handled (attrition bias); whether
the study report had recommendations for selec-
tive result reporting (reporting bias); and whether
the study was clearly free of other issues that
could put them at risk of bias. Any disagreement
was resolved by a fourth author.

Data Analysis

All analyses were performed using STATA 14.0
software and Review Manager 5.3 software. The
effect size was represented by mean difference
(MD). The fixed-effect or random-effect model
was applied for the present meta-analysis in terms
of the heterogeneity among all studies [26]. Het-
erogeneity was tested using the Higgins I? statisti-
cal method (I?<25% indicated no heterogeneity,
25%< I <50% indicated moderate heterogeneity,
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and >50% indicated strong heterogeneity) [27].
To study publication bias, we used Egger’s funnel
plot [28], and a two-tailed P value>0.05 was con-
sidered meaningful.

RESULTS

Search Results and Characteristics of
Included Studies

Initially, a comprehensive search yielded a
total of 367 relevant studies. Following an ini-
tial review of the topics and summaries, 87 arti-
cles were selected for further examination and
subsequently downloaded. The complete texts
of these articles underwent further scrutiny,
resulting in the inclusion of six articles for the
purpose of this analysis (Fig. 1). The pertinent
attributes of these studies are concisely sum-
marized in Table 1. Among the six included
articles, two focused on Japanese populations
[29, 30], while one study encompassed partici-
pants from China, South Korea, and India [31].

Studies in non-Asians populations have
been conducted in the USA, Germany, Poland,
Puerto Rico, and Slovakia [9, 32, 33]. Over-
all, 2118 patients with T2DM were involved
in these studies. Of these, 1601 patients were

Identification of studies via databases

Records identified from:
Databases: n=338
Pubmed(n=113)
Cochrane library(n=143)
Embase(n=72)
CNKI(n=10)
Clinical Trials.gov: n=29

Records removed before screening:
Duplicate records removed (n=194)

Records excluded:
IRecords screened(n=173) l—' Not clinical study(n=86)

Records excluded:

Healthy participants (n=13)
No results available (n=32)
Not relevant outcome(n=36)

Records require detailed
filtering(n=87)

Studies included
in review(n=6)

Fig. 1 Retrieval and screening process flowchart. CNKT
China National Knowledge Infrastructure

Asian and 517 patients were non-Asians.
Strikingly, Asians have a lower BMI than
non-Asians, and other additional informa-
tion is detailed in Table 1. In terms of risk of
bias assessment, the six studies were rated as
medium to low risk, and the quality of evi-
dence for each indicator was high (Fig. 2).

Efficacy of Tirzepatide on Fasting Blood
Glucose in Different Ethnic Groups

The fasting plasma glucose data from all six
studies were included in the analysis, as depicted
in Fig. 3. A random-effects model was employed
to combine the effect sizes. The meta-analysis
of the available data revealed that a dosage
of 5 mg tirzepatide resulted in a decrease of
24.7 mg/dL (MD - 24.7, 95% confidence inter-
val [CI]-38.1 to —11.3, P=0.0003, I’=88%) in
Asians and a decrease of 37.8 mg/dL (MD - 37.8,
95% CI — 73.8 to — 1.8, P=0.04, ’=88%) in non-
Asians. Similarly, at a dosage of 10 mg, FBG
decreased by 51.8 mg/dL (MD - 51.8, 95% CI
-91.7 to - 11.9, P=0.01, ?*=93%) in Asians and
57.8 mg/dL (MD - 57.8, 95% CI - 93.8 to — 21.8,
P=0.002, ’=88%) in non-Asians. At a dosage of
15 mg, FBG exhibited a reduction of 50.3 mg/dL
(MD - 50.3, 95% CI - 82.4 to — 18.3, P=0.002,
I?=88%) in Asians and 53.6 mg/dL (MD - 53.6,
95% CI - 65.7 to - 41.6, P<0.0001, I?=58%) in
non-Asians.

Efficacy of Tirzepatide on Glycated
Hemoglobin in Different Ethnic Groups

Glycated hemoglobin data were available in five
studies, as depicted in Fig. 4. A random-effects
model was employed to amalgamate effect sizes.
The findings indicated that the administration
of 5 mg tirzepatide resulted in a reduction of
HbAlc by 1.18% (MD - 1.18, 95% CI - 1.39 to
- 0.98, P<0.00001, I?=57%) compared to pla-
cebo/controls among Asians. However, no sta-
tistically significant differences were observed
among non-Asians. Among Asians, the admin-
istration of 10 mg tirzepatide led to a reduction
of HbAlc by 1.37% (MD - 1.37, 95% CI - 1.60
to — 1.15, P<0.00001, I=63%) compared to
placebo/controls, whereas among non-Asians,
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Male (N/%)

Age (year,

BMI

Number
com-

Num-

Interven-

Race (N/%) Baseline Treatment

Country

NCTID

Table 1 continued

Author
name

mean + SD)

(kg/m?,

ber

duration tion

(weeks)

condi-

mean + SD)

started pleted

45

tion

73.5%

61.9+£6.9

313+44

Tirzepatide 41

100% non- T2DM 28

NCT03951753 Germany

Tim Heise

15 mg
Semaglutide 44

Asian

43

1 mg
Placebo

24

28

BMIbody mass index, T2DM type 2 diabetes mellitus

the reduction was 1.5% (MD - 1.50, 95% CI
-2.67 to - 0.32, P=0.01, ?=93%). Similarly, the
administration of 15 mg tirzepatide exhibited
a significant reduction in HbA1lc levels, with a
decrease of 1.53% (MD - 1.53, 95% CI - 1.67 to
- 1.40, P<0.00001, I’=0%) observed in Asians
and a decrease of 2.08% (MD - 2.08, 95% CI
- 2.50 to — 1.65, P<0.00001, I*=79%) observed
in non-Asians.

Efficacy of Tirzepatide on Body Weight in
Different Ethnic Groups

As a result of a significant disparity in BMI
between Asians and non-Asians, a separate sta-
tistical analysis was conducted. Among Asians
(Fig. 5a), meta-analyses revealed a noteworthy
decrease in body weight (BW) when compared
to placebo/control (MD - 7.87, 95% CI - 9.17 to
- 6.56, P<0.00001, *=90%). Specifically, tirze-
patide at 5 mg exhibited a reduction of 5.95 kg
(MD -5.95,95% CI - 7.12 to — 4.78, P<0.00001,
I?=62%), while the 10 mg dosage resulted in a
decrease of 8.31 kg (MD - 8.31, 95% CI -9.02 to
-7.59, P<0.00001, I?=0%), and the 15 mg dos-
age led to a reduction of 9.41 kg (MD - 9.41,
95% CI - 10.88 to — 7.94, P<0.00001, *=75%).

In the case of non-Asian individuals, the
meta-analyses demonstrated a statistically sig-
nificant decrease in BW compared to placebo/
control. The reductions in BW were 6.29 kg
(MD -6.29, 95% CI -8.23 to - 4.36, P<0.00001,
I’=83%), 3.24 kg (MD - 3.24, 95% CI - 5.49 to
-0.99, P=0.005, *=54%), 7.14 kg (MD - 7.14,
95% CI - 9.39 to - 4.89, P<0.00001, I>=52%),
and 7.42 kg MD - 7.42, 95% CI - 10.19 to
- 4.64, P<0.00001, I>’=83%) for tirzepatide
doses of 5 mg, 10 mg, and 15 mg, respectively
(Fig. 5b).

People Achieving Weight Loss of >5% in
Different Ethnic Groups

The analysis of data from three studies was
conducted to evaluate the impact of tirzepa-
tide on achieving a weight loss of at least 5%
(Fig. 6). Asian individuals receiving tirzepatide
had over 33.9-fold (odds ratio [OR] 33.9, 95% CI
20.5-56.1, P<0.00001, I?=72%) increased odds
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Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other hias

1
r

% 25% 50% 75%  100%

o

- Low risk of bias

[:] Unclear risk of bias

[ High risk of bias

Fig.2 Risk of bias assessment

of achieving weight loss more than 5% over-
all and 16.4-fold (OR 16.4, 95% CI 10.0-26.7,
P<0.00001, P=21%), 42.2-fold (OR 42.2, 95% CI
26.6-67.0, P<0.00001, I’=0%), and 57.3-fold
(OR 57.3, 95% CI 35.4-92.7, P<0.00001, I*=0%)
increased odds of losing weight versus placebo/
control at doses of 5 mg, 10 mg, and 15 mg,
respectively. In non-Asians (Fig. 6b), patients
receiving tirzepatide had higher odds (OR 15.2,
95% CI 4.7-49.2, P<0.00001, I*=77%) of achiev-
ing weight loss more than 5% versus control.
However, there was no statistically significant
difference in the subgroup analysis for the three
doses.

Adverse Events

Six adverse events of tirzepatide were evalu-
ated: all-cause mortality, serious adverse events
(an adverse event that results in death, is life-
threatening, requires inpatient hospitalization
or extends a current hospital stay, results in
an ongoing or significant incapacity or inter-
feres substantially with normal life functions,
or causes a congenital anomaly or birth defect;
medical events that do not result in death, are
not life-threatening, or do not require hospitali-
zation may be considered serious adverse events
if they put the participant in danger or require
medical or surgical intervention to prevent one
of the results listed above), gastrointestinal
adverse events (GIAEs), metabolism and nutri-
tion disorders, anti-drug antibodies (ADAs), and

hypoglycemia. All doses of tirzepatide did not
result in a higher incidence of events compared
with control/placebo in terms of all-cause mor-
tality, serious adverse events, and hypoglycemia.
However, 5 mg tirzepatide could lead to a higher
incidence of GIAEs in Asians (OR 8.02, 95% CI
2.97-21.68) but not in non-Asians (OR 1.35,
95% CI 0.75-2.44). Both 10 mg and 15 mg tirze-
patide could lead to a higher incidence of GIAEs
in Asians (10 mg: OR 11.12, 95% CI 4.17-29.63;
15 mg: OR 12.28, 95% CI 4.63-32.55) and non-
Asians (10 mg: OR 2.90, 95% CI 1.61-5.21;
15 mg: OR 3.53, 95% CI 2.22-5.61). For metabo-
lism and nutrition disorders, all doses of tirze-
patide resulted in a higher incidence of adverse
events in both Asians (5 mg: OR 2.65, 95% CI
1.39-5.03; 10 mg: OR 3.63, 95% CI 1.95-6.77;
15 mg: OR 3.69, 95% CI 1.99-6.85) and non-
Asians (5 mg: OR 27.38, 95% CI 3.63-206.80;
10 mg: OR 8.70, 95% CI 2.90-26.09; 15 mg: OR
5.53,95% CI 2.66-11.49). For anti-drug antibod-
ies, data were limited in Asians, and either dose
can lead to an increased incidence in non-Asians
(5 mg: OR 56.61, 95% CI 7.61-421.30; 10 mg:
OR 94.40, 95% CI 12.69-702.05; 15 mg: OR
102.11, 95% CI 13.75-758.24) (Table 2).

Sensitivity Analysis and Publication Bias

Because there was heterogeneity in this study,
we performed a sensitivity analysis, which
showed that NCT04093752 and NCT03951753-1
could be the source of heterogeneity (Fig. 7).
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(a)

5mg Placebo/Control Mean Difference Mean Difference
Study or Subgroup _Mean __ SD Total Mean  SD Total Weight 1V, Random, 95% CI 1V, dom, 95% Cl
3.1.1 Asian
NCT03322631 -51.7 289 1 -4 237 9 14.1% -47.70[-70.75, -24.65] -
NCT03861052 -57.9 2175 158 -31.9 2181 159 257% -26.00 [-30.80,-21.20] =
NCT04093752 -58.6 30.57 206 -46.2 305 194 252% -12.40[-18.39, -6.41] .l
Subtotal (95% CI) 375 362 65.0% -24.69 [-38.09, -11.30] A 4
Heterogeneity: Tau? = 107.68; Chi2 = 17.22, df = 2 (P = 0.0002); I? = 88%
Test for overall effect: Z = 3.61 (P = 0.0003)
3.1.2 Non Asian
NCT03131687-1 -40.7 4316 48 -21.2 43.41 46 17.6% -19.50[-37.01,-1.99] ]
NCT03131687-2 -40.7 43.16 48 155 4212 40 17.4% -56.20 [-74.07, -38.33] —
Subtotal (95% Cl) 96 86 35.0% -37.80 [73.77, -1.84] -
Heterogeneity: Tau? = 591.98; Chi? = 8.27, df = 1 (P = 0.004); 1> = 88%
Test for overall effect: Z = 2.06 (P = 0.04)
Total (95% CI) 471 448 100.0% -29.74 [-42.35, -17.13] L 4

Heterogeneity: Tau? = 155.17; Chi2 = 31.33, df = 4 (P < 0.00001); I* = 87%
Test for overall effect: Z = 4.62 (P < 0.00001)
Test for subaroup differences: Chi? = 0.45. df = 1 (P = 0.50). I = 0%

(b)

-100 -50 0 50 100
Favours [experimental] Favours [control]

10mg Placebo/Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD_Total Weight 1V, Rand: 95% Cl 1V. 95% Cl
2.1.1 Asian
NCT03322631 -775 242 1 -4 237 9 23.1% -73.50[-94.58, -52.42] —
NCT03861052 -646 21.98 156 -31.9 21.81 159 28.0% -32.70[-37.54,-27.86] =
Subtotal (95% Cl) 167 168 51.2% -51.76 [-91.65, -11.86] -
Heterogeneity: Tau? = 771.45; Chiz = 13.67, df = 1 (P = 0.0002); I* = 93%
Test for overall effect: Z = 2.54 (P = 0.01)
2.1.2 Non Asian
NCT03131687-1 -60.7 42.19 44 -212 43.41 46 24.5% -39.50[-57.19, -21.81] -
NCT03131687-2 -60.7 42.19 44 155 4212 40 24.3% -76.20[-94.25, -58.15] -
Subtotal (95% CI) 88 86 48.8% -57.80[-93.77, -21.84] ’
Heterogeneity: Tau? = 590.33; Chi? = 8.10, df = 1 (P = 0.004); I* = 88%
Test for overall effect: Z = 3.15 (P = 0.002)
Total (95% Cl) 255 254 100.0% -54.39 [-77.99, -30.80] >

ity: Tau? = . Chiz = = ‘2= 919 + + + +
Heterogeneity: Tau? = 510.71; Chi? = 32.70, df = 3 (P < 0.00001); I = 91% 200 100 0 100 200

Test for overall effect: Z = 4.52 (P < 0.00001)
Test for subaroup differences: Chi? = 0.05. df = 1 (P = 0.83). I? = 0%

(c)

Favours [experimental] Favours [control]

15mg Placebo/Control Mean Difference Mean Difference
Study or Subgroup _Mean SD_Total Mean SD_Total Weight V. Random, 95% CI IV, Rand: 95% Cl
1.1.1 Asian
NCT03322631 -726 309 15 -4 237 9 11.6% -68.60[-90.61,-46.59] -
NCT03861052 -67.6 22.07 159 -319 2181 159 21.2% -35.70[-40.52,-30.88] -
Subtotal (95% Cl) 174 168  32.8% -50.33 [-82.37, -18.28] ——
Heterogeneity: Tau? = 475.15; Chiz = 8.19, df = 1 (P = 0.004); I* = 88%
Test for overall effect: Z = 3.08 (P = 0.002)
1.1.2 Non Asian
NCT03131687-1 -57.5 42 35 -21.2 4341 46 13.4% -36.30[-55.03,-17.57] -
NCT03131687-2 -57.5 42 35 155 4212 40 13.2% -73.00[-92.08, -53.92] -
NCT03311724-1 -74.2 43.35 25 -12.3 41.46 20 10.3% -61.90[-86.78, -37.02] -
NCT03311724-2 -70.2 41.82 23 -12.3 4146 20 10.3% -57.90 [-82.85, -32.95] -
NCT03951753-2 -51.4 1473 41 -43 146 24  20.1% -47.10[-54.48, -39.72] —
Subtotal (95% Cl) 159 150 67.2% -53.64 [-65.69, -41.59] 4
Heterogeneity: Tau? = 102.08; Chi? = 9.49, df = 4 (P = 0.05); I> = 58%
Test for overall effect: Z = 8.72 (P < 0.00001)
Total (95% Cl) 333 318 100.0% -51.79 [-62.72, -40.87] L 4

Heterogeneity: Tau? = 140.77; Chi? = 28.52, df = 6 (P < 0.0001); I* = 79%
Test for overall effect: Z = 9.29 (P < 0.00001)
Test for subaroup differences: Chi2 = 0.04. df = 1 (P = 0.85). I = 0%

-100 -50 0 50 100
Favours [experimental] Favours [control]

Fig. 3 Forest plot highlighting the impact of different doses of tirzepatide on FBG as compared to placebo/control. Forest
plot of tirzepatide a 5 mg, b 10 mg, and ¢ 15 mg on FBG. FBG fasting blood glucose

We assessed the risk of bias for the primary
outcome (FBG), and visual inspection showed no
publication bias (Fig. 8). Begg’ s test (P=0.917)
and Egger’ s test (P=0.142) showed no evidence
of publication bias.

DISCUSSION

We conducted a comparative analysis to assess
the efficacy and safety of tirzepatide in relation
to ethnicity, specifically comparing Asians and

A\ Adis



Diabetes Ther (2024) 15:781-799

791

(a)

5mg Placebo/Control
Study or Subgroup Mean SD Total Mean SD Total Weight
3.2.1 Asian
NCT03861052 -2.37 0.83 158 -129 082 159 29.1%
NCT04093752 -224 102 211 -095 1.01 193  28.6%
Subtotal (95% Cl) 369 352 57.7%
Heterogeneity: Tau? = 0.01; Chi2 = 2.35, df =1 (P = 0.13); 2= 57%
Test for overall effect: Z = 11.26 (P < 0.00001)
3.2.2 Non Asian
NCT03131687-1 -16 103 47 -1.1 1.03 47  21.4%
NCT03131687-2 -1.6 1.03 47 01 1.02 41 20.9%
Subtotal (95% Cl) 94 88 42.3%

Heterogeneity: Tau? = 0.67; Chi? = 15.47, df = 1 (P < 0.0001); I = 94%
Test for overall effect: Z = 1.83 (P = 0.07)

Total (95% CI) 463 440 100.0%
Heterogeneity: Tau? = 0.09; Chi = 18.13, df = 3 (P = 0.0004); I> = 83%
Test for overall effect: Z = 6.69 (P < 0.00001)

Test for subaroup differences: Chi? = 0.02. df = 1 (P = 0.89). I? = 0%

(b)

10mg Placebo/Control
Study or Subgroup Mean SD Total Mean SD_Total Weight
2.2.1 Asian
NCT03861052 -255 0.84 156 -129 082 159 29.3%
NCT04093752 -244 1.02 194 -095 1.01 193 28.8%
Subtotal (95% Cl) 350 352 58.1%
Heterogeneity: Tau? = 0.02; Chi? = 2.73, df = 1 (P = 0.10); I? = 63%
Test for overall effect: Z = 11.93 (P < 0.00001)
2.2.2 Non Asian
NCT03131687-1 -2 1.05 43  -1.1 1.03 47 212%
NCT03131687-2 -2 1.05 43 0.1 1.02 41 20.7%
Subtotal (95% CI) 86 88 41.9%

Heterogeneity: Tau? = 0.67; Chi? = 14.51, df = 1 (P = 0.0001); I* = 93%
Test for overall effect: Z = 2.50 (P = 0.01)

Total (95% Cl) 436 440 100.0%
Heterogeneity: Tau? = 0.09; Chi? = 17.72, df = 3 (P = 0.0005); I* = 83%
Test for overall effect: Z = 8.22 (P < 0.00001)

Test for subaroun differences: Chiz = 0.04. df =1 (P = 0.83). I?= 0%

(c)

Mean Difference

Mean Difference

Mean Difference

IV, Random, 95% CI v, 95% Cl
-1.08 [1.26, -0.90] -
-1.29 [-1.49, -1.09] -
-1.18 [-1.39, -0.98] *
-0.50 [0.92, -0.08] -
1,70 [-2.13, -1.27] —=—
1.10 [-2.27, 0.08] —
1.15 [-1.48, -0.81] L 2
4 2 0 2 4

Favours [experimental] Favours [control]

Mean Difference

IV, Random, 95% Cl IV, Random, 95% CI
-1.26 [-1.44, 1.08] -
1.49 [-1.69, -1.29] -
-1.37 [-1.60, -1.15] *
-0.90 [1.33, -0.47] -
210 [-2.54, -1.66] =
-1.50 [-2.67, -0.32] —~
1.42 [1.76, -1.08] L 4
4 2 0 2 4

Favours [experimental] Favours [control]

15mg Placebo/Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV. Rand 95% CI 1V, 95% Cl
1.2.1 Asian
NCT03861052 -282 083 159 -129 082 159 16.8% -1.53 [-1.71, -1.35] -
NCT04093752 -2.49 1 193 -0.95 1.01 193  16.6% -1.54 [-1.74, -1.34] -
Subtotal (95% CI) 352 352 33.4% -1.53[-1.67, -1.40] ]
Heterogeneity: Tau? = 0.00; Chi2 = 0.01, df = 1 (P = 0.94); I = 0%
Test for overall effect: Z = 22.36 (P < 0.00001)
1.2.2 Non Asian
NCT03131687-1 24 1 3 -1.1 1.03 47  13.5% -1.30 [-1.74, -0.86] -
NCT03131687-2 -2.4 1 35 0.1 1.02 41 13.3% -2.50 [-2.96, -2.04] -
NCT03311724-1 -1.8 0.97 26 02 094 20 11.9% -2.00 [-2.56, -1.44] -
NCT03311724-2 -2 0.96 23 0.2 094 20 11.7% -2.20 [-2.77,-1.63] -
NCT03951753-2 -2.05 0.51 41 029 049 24 16.1% -2.34 [-2.59, -2.09] -
Subtotal (95% Cl) 160 152 66.6%  -2.08 [-2.50, -1.65] L 2
Heterogeneity: Tau? = 0.18; Chi? = 18.92, df = 4 (P = 0.0008); I* = 79%
Test for overall effect: Z = 9.68 (P < 0.00001)
Total (95% CI) 512 504 100.0%  -1.90 [-2.23, -1.56] <
Heterogeneity: Tau? = 0.17; Chi2 = 48.68, df = 6 (P < 0.00001); |2 = 88% 4 2 0 2 i

Test for overall effect: Z = 11.01 (P < 0.00001)
Test for subaroup differences: Chi? = 5.77. df = 1 (P = 0.02). I? = 82.7%

Favours [experimental] Favours [control]

Fig.4 Forest plot highlighting the impact of different doses of tirzepatide on HbAlc in the Asians or non-Asians. Forest
plot of tirzepatide a 5 mg, b 10 mg, and ¢ 15 mg on HbAlc. HbAIc glycated hemoglobin

non-Asians, considering that Asian individu-
als constitute 60% of the global population of
patients with T2DM [34, 35]. This becomes par-
ticularly important since an earlier systematic
review showed that DPP4 and SGLT2 inhibitors

worked better in Asians but not GLP-1 RA com-
pared to Europeans [16].

Our findings indicate that tirzepatide exhib-
ited greater effectiveness in reducing FBG
levels among non-Asians, regardless of the
administered dose (5 mg, 10 mg, 15 mg), when
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Asians Experimental Control Mean Difference
Study or Subgrouy Mean SD Total Mean SD Total Weight [V, Random, 95% Cl

Mean Difference
IV, Random, 95% CI

4.2.1 5mg vs Placebo/control

NCT03861052 -58 615 158 -05 517 159 163%  -5.30[-6.44,-4.16)
NCT04083752 -5 465 211 15 46 184 171%  -6.50(-7.40,-5.60]
Subtotal (95% Cl) 369 353 334% -5.95[-7.12,-4.78]

Heterogeneity: Tau®= 0.45; Chi*= 2.63, df=1 (P=0.10); F=62%
Test for overall effect: Z= 9.96 (P < 0.00001)

4.2.2 10mg vs Placebo/control

NCT03861052 -85 625 156 -05 517 159 16.2%  -8.00[-9.15,-6.85)
NCT04083752 -7 46 184 15 46 194 17.0%  -8.50(-9.42,-7.58)
Subtotal (95% Cl) 350 353 33.3%  -8.31[-9.02,-7.59]

Heterogeneity: Tau®= 0.00; Chi*= 0.44, df=1 (P = 0.51); F=0%
Test for overall effect: Z= 22.72 (P < 0.00001)

4.2.3 15mg vs Placebo/control

NCT03861052 -10.7 517 159 -05 517 159 16.3% -10.20[-11.34,-9.06]
NCT04083752 -7.2 458 193 15 46 194 17.0% -8.70 [-9.61,-7.79]
Subtotal (95% ClI) 352 353 33.3% -9.41[-10.88,-7.94]
Heterogeneity: Tau®= 0.85; Chi*= 4.06, df=1 (P = 0.04); F=75%

Test for overall effect: Z=12.56 (P < 0.00001)

Total (95% ClI) 1071 1059 100.0%  -7.87 [-9.17,-6.56]
Heterogeneity: Tau®= 2.38; Chi*= 49.71, df= 5 (P < 0.00001); IF= 80%

Test for overall effect: Z=11.82 (P < 0.00001)

Test for subaroun differences: Chi*= 15.92. df= 2 (P = 0.0003). F=87.4%

(b)

Non-Asians Experimental Control Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random,95% Cl

<>

*

—

—

>

>

-10 -5 5 10
Favours [experimental] Favours [control]

Mean Difference
IV, Random, 95% CI

5.2.1 5mg vs Placebo/control

NCT03131687-1 -4.8 533 48 -2.7 535 47 12.7% -2.10[-4.25, 0.05)
NCT03131687-2 -4.8 533 48 -04 518 41 12.6% -4.40[-6.59,-2.21)
Subtotal (95% CI) 96 88 253%  -3.24[-5.49,-0.99]
Heterogeneity: Tau®*= 1.42; Chi*= 216, df=1 (P = 0.14), F=54%

Test for overall effect: Z= 2.82 (P = 0.005)

5.2.2 10mg vs Placebo/control

NCT03131687-1 -87 531 44 -27 535 47 126%  -6.00[-8.19,-3.81)
NCT03131687-2 -87 531 44 -04 519 41 125% -8.30[-10.53,-6.07)
Subtotal (95% CI) 88 88 25.1%  -7.14[-9.39,-4.89]
Heterogeneity: Tau®=1.37; Chi*= 2.08, df=1 (P = 0.15); F=52%

Test for overall effect: Z= 6.21 (P < 0.00001)

5.2.3 15mg vs Placebo/control

NCT03131687-1 -11.3 521 35 -27 535 47 124% -8.60[-10.91,-6.29)
NCT03131687-2
NCT03311724-1 -57 403 26 -05 385 20 124%  -520(-7.49,-2.91)
NCT03311724-2 -55 384 23 -05 385 20 124%  -5.00(-7.30,-2.70)
Subtotal (95% CI) 119 128 49.5% -7.42[-10.19,-4.64]

S

—_—

Heterogeneity: Tau®= 6.63; Chi*=17.30, df= 3 (P = 0.0008); = 83%
Test for overall effect: Z=5.24 (P < 0.00001)

Total (95% ClI) 303
Heterogeneity: Tau®= 6.46; Chi*= 41.38, df= 7 (P < 0.00001); IF= 83%
Test for overall effect: Z= 6.38 (P < 0.00001)

e
<
-11.3 5621 35 -04 518 41 123% -10.90[-13.25,-855) —
R
<>

304 100.0%  -6.29[-8.23,-4.36]

4 n 4
t

4
-10 -5 5 10

Favaures [eynerimentall  Favaurs leantrall

Fig.5 Forest plot highlighting the impact of different doses of tirzepatide on body weight. Forest plot of tirzepatide on

body weight in a Asians and b non-Asians

compared to Asians. It is noteworthy that the
optimal dose for FBG reduction in both Asian
and non-Asian patients was 10 mg, rather than
15 mg. This finding deviates from previous
research, which suggested a dose-dependent
decrease in FBG with tirzepatide [36]. On the
basis of the current limited data, although there
is large heterogeneity in the dose of 10 mg in
lowering FBG in Asians, the difference in effi-
cacy between Asians and non-Asians is unde-
niable. Regarding the reduction of HbAlc, the

outcomes of administering 5 mg tirzepatide to
non-Asians did not exhibit any statistically sig-
nificant variance due to the restricted availabil-
ity of data. Moreover, both 10 mg and 15 mg
tirzepatide demonstrated greater effectiveness in
non-Asians compared to Asians, aligning with
the findings concerning FBG. However, the effi-
cacy of tirzepatide in reducing HbA1c displayed
a dose-dependent trend in both Asian and non-
Asian populations, which diverged from the
conclusions drawn regarding FBG. This may be
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(a)

Asian Experimental Control 0Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random,95% Cl M-H, Random, 95% CI
4.1.1 5mg vs Placebo/Control
NCT03861052 96 158 17 189 17.5% 12.83(7.13,23.47] —
NCT04093752 127 228 12 215 16.9%  21.27[11.24, 40.27] -
Subtotal (95% Cl) 386 374 34.3% 16.36 [10.03, 26.69] >
Total events 223 29
Heterogeneity: Tau*= 0.03; Chi*=1.26, df=1 (P = 0.26); F=21%
Test for overall effect: Z=11.20 (P < 0.00001)
4.1.2 10mg vs Placebo/Control
NCT03861052 130 156 17 159 16.6% 41.76(21.67,80.48) -
NCT04093752 159 222 12 215 16.7%  42.69(22.26, 81.89] -
Subtotal (95% Cl) 378 374 33.3% 42.23[26.60,67.04] A 4
Total events 289 29
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P = 0.96), F= 0%
Test for overall effect: Z=15.87 (P < 0.00001)
4.1.3 15mg vs Placebo/Control
NCT03861052 142 159 17 159 15.8% 69.77(34.26,142.11) _—
NCT04093752 166 224 12 215 16.6% 48.42(25.16,93.17) -
Subtotal (95% CI) 383 374 324% 57.25[35.36,92.67] >
Total events 308 29
Heterogeneity: Tau®= 0.00; Chi*= 0.55, df=1 (P = 0.46); F= 0%
Test for overall effect: Z=16.47 (P < 0.00001)
Total (95% Cl) 1147 1122 100.0%  33.89 [20.49, 56.05] >
Total events 820 87
Heterogeneity: Tau?= 0.28; Chi*= 17.99, df= 5 (P = 0.003); F= 72% o o 5 v,

Test for overall effect: Z=13.72 (P < 0.00001)

Test for subaroun differences: Chi*= 13.92. df= 2 (P = 0.0010). F= 85.6%

(b)

Favours [experimental] Favours [control]

Non-Asians Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
5.1.1 5mg vs Placebo/control
NCT03131687-1 26 55 12 54 231% 314 [1.37,7.21) —
NCT03131687-2 26 55 0 51 10.4% 92.53 [5.44,1574.48) —
Subtotal (95% Cl) 110 105 33.5% 13.73[0.32, 588.71] et R R —
Total events 52 12
Heterogeneity: Tau*= 6.34; Chi*=6.58, df=1 (P = 0.01); F=85%
Test for overall effect: Z=1.37 (P=0.17)
5.1.2 10mg vs Placebo/control
NCT03131687-1 36 51 12 54 22.8% 8.40 [3.48, 20.25) —
NCT03131687-2 36 51 0 51 10.3% 242.55(14.06, 4184.37) —
Subtotal (95% Cl) 102 105 33.1%  35.99[0.93, 1393.15] |~ ——
Total events 72 12
Heterogeneity: Tau®= 5.93; Chi*=6.13, df=1 (P = 0.01); "= 84%
Test for overall effect: Z=1.92 (P = 0.05)
5.1.3 15mg vs Placebo/control
NCT03131687-1 33 53 12 54  23.0% 5.78[2.47,13.49] -
NCT03131687-2 33 53 0 51 10.4% 168.32(9.84,2877.82) —_—
Subtotal (95% Cl) 106 105 33.4%  25.01[0.61, 1027.98] e R R——
Total events 66 12
Heterogeneity: Tau®=6.17, Chi*= 6.40, df=1 (P =0.01); F=84%
Test for overall effect: Z=1.70 (P = 0.09)
Total (95% Cl) 318 315 100.0% 15.19 [4.69, 49.19] ~aip-
Total events 190 36 ) ) )
Heterogeneity: Tau®=1.37; Chi*= 22.02, df= 5 (P = 0.0005); F=77% h.001 011 1-0 1000

Test for overall effect: Z= 4.54 (P < 0.00001)
Test for subaroun differences: Chi*=0.13. df= 2 (P = 0.94). F= 0%

Favours [experimental] Favours [control]

Fig. 6 Forest plot highlighting the impact of tirzepatide on people achieving weight loss of > 5%. Forest plot of tirzepatide

on people achieving weight loss of > 5% in a Asians and b non-Asians

related to the different intervention times for
the included studies.

On the basis of the different characteristics
of obesity in Asian and non-Asian patients with
type 2 diabetes, we assessed the effect of dif-
ferent doses on weight loss. As a result of the

disparity in baseline BMI between these two
groups, we performed separate analyses for
Asians and non-Asians. Remarkably, despite
Asians having a lower BMI, they exhibited sig-
nificantly greater weight loss compared to non-
Asians. This discrepancy may be attributed to
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Table 2 Meta-analysis results of tirzepatide for adverse events

Adverse events Intervention OR (95% CI) % P

All-cause mortality

S mg tirzeptide

Asians 0.19 [0.01,3.97] - 0.28

Non-Asians 0.19[0.01, 3.97] - 0.28
10 mg tirzeptide

Asians 0.19[0.01, 4.01] - 0.29

Non-Asians 0.19[0.01, 4.01] - 0.29
15 mg tirzeptide

Asians 0.48 [0.04, 5.31] - 0.55

Non-Asians 0.48 [0.04, 5.31] - 0.55

Serious adverse cvents

5 mg tirzeptide

Asians 0.64[0.37, 1.10] 0 0.11

Non-Asians 0.37[0.07, 1.96] 0 0.24
10 mg tirzeptide

Asians 0.67[0.39, 1.16] 0 0.15

Non-Asians 1.25[0.37, 4.25] 0 0.72
15 mg tirzeptide

Asians 0.61[0.35, 1.06] 0 0.08

Non-Asians 0.47 [0.16, 1.37] 0 0.17

Gastrointestinal adverse events

S mg tirzeptide

Asians 8.02[2.97,21.68] 0 <0.0001
Non-Asians 1.35[0.75, 2.44] 88 0.31
10 mg tirzeptide
Asians 11.12 [4.17, 29.63] 0 <0.00001
Non-Asians 2.90[1.61,5.21] 88 0.0004
15 mg tirzeptide
Asians 12.28 [4.63, 32.55) 0 <0.00001
Non-Asians 3.53[2.22,5.61] 72 <0.00001

Metabolism and nutrition disorders®

5 mg tirzeptide
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Table 2 continued

Adverse events Intervention OR (95% CI) % P
Asians 2.65[1.39,5.03] 0 0.003
Non-Asians 27.38 [3.63,206.80] 0 0.001
10 mg tirzeptide
Asians 3.63[1.95, 6.77] 0 <0.0001
Non-Asians 8.70 [2.90, 26.09] 0 0.0001
15 mg tirzeptide
Asians 3.69 [1.99, 6.85] 29 <0.0001
Non-Asians 5.53 [2.66,11.49] 0 <0.00001

Anti-drug antibodies
S mg tirzeptide
Asians - - -
Non-Asians 56.61 [7.61,421.30] 0 <0.0001
10 mg tirzeptide
Asians - - -
Non-Asians 94.40 [12.69, 702.05] 0 <0.00001
15 mg tirzeptide
Asians - - -
Non-Asians 102.11[13.75,758.24] 0 <0.00001
Hypoglycemia

5 mg tirzeptide

Asians 0.95 [0.37,2.45] - 0.92

Non-Asians 1.98 [0.58, 6.78] 0 0.28
10 mg tirzeptide

Asians 1.19[0.48,2.93] - 0.71

Non-Asians 2.74[0.83,9.05] 0 0.17
15 mg tirzeptide

Asians 1.28 [0.54, 3.03] 0 0.57

Non-Asians 2.06[0.60,7.06] 0 0.25

CI confidence interval, OR odds ratio

*Includes decreased appetite, dehydration gout, hyperglycemia, hyperlipasemia, hyperuricemia, hypokalemia, and abnormal
loss of weight
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-27.3871 —

-30.2173

Coef.

-33.0475 - - - = 1

4 6
Study omitted

Fig.7 Sensitivity analysis results. (note: 1,
NCTO03322631; 2, NCT03861052; 3, NCT04093752;
4, NCTO03131687-1; S, NCT03131687-2; 6,
NCT03311724-1; 7, NCT03311724-2; 8,
NCT03951753-1; 9, NCT03951753-2)

o--SEQID)
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20 + - + ' t
-100 -50 0 50 100
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Fig. 8 Publication bias assessment graph. MD mean dif-
ference, SE standard error

the higher prevalence of visceral obesity among
Asians [18]. In the SURPASS clinical trial [37],
tirzepatide treatment was beneficial in all BMI
of categories in Asians and can reduced BMI to
within the normal range. Notably, a subset of
participants even achieved a weight that fell
below the BMI threshold for “underweight”.
These findings highlight the remarkable effi-
cacy of tirzepatide in facilitating weight loss
among Asians, emphasizing the importance of
carefully adjusting dosage to avoid the risk of
underweight status during clinical implementa-
tion. However, it is worth noting that as a result

of limitations in available data, statistical signifi-
cance in terms of 5% body weight loss was only
observed with the 10 mg dosage in non-Asians.
In relation to the rate of weight achievement,
it10 mg tirzepatide yielded significantly supe-
rior outcomes among Asians compared to non-
Asians. In this regard, more non-Asian data are
needed to support this in the future. In addition
to data limitations, this further confirms that
tirzepatide is more effective in reducing body
weight in Asians than in non-Asians.
Regarding safety, our investigation revealed
a dose-dependent escalation in gastrointestinal
adverse events, with a notably higher incidence
among Asians compared to non-Asians. This is
consistent with previous studies [38]. Because
the definition of gastrointestinal adverse events
such as nausea and abdominal pain is somewhat
vague, this result needs to be treated with cau-
tion. Conversely, non-Asians exhibited a sig-
nificantly higher incidence of metabolic and
nutrition disorders compared to Asians. Previ-
ous studies have indicated that the majority of
adverse events were of mild or moderate severity
[9, 32, 39, 40]. The predominant adverse events
associated with tirzepatide were gastrointestinal
in nature, accounting for 44% of reported cases,
specifically encompassing symptoms such as
nausea and diarrhea. These adverse events were
similar to those observed with current GLP-1
analogues [41]. Furthermore, the incidence
of these adverse events increased in correla-
tion with the dosage administered, indicating
a dose-dependent relationship. In addition to
gastrointestinal adverse events, existing research
highlights the significance of endocrine and
metabolic disturbances as noteworthy adverse
events. These disturbances manifest in various
ways, including decreased appetite, dehydration,
hyperglycemia, hyperlipasemia, gout, hyper-
uricemia, and hypokalemia. It is important to
acknowledge that the evidence presented, specif-
ically regarding gastrointestinal adverse events
(Table 2), exhibits considerable heterogeneity.
Consequently, this evidence can be classified as
moderate to low in terms of quality. Thus, there
remains a requirement for higher-quality data.
Furthermore, it was unexpected to discover
that the frequency of ADAs as an unfavorable
occurrence seemed to vary according to the
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dosage of tirzepatide in non-Asian individuals.
The development of ADAs triggered by weekly
formulations of GLP-1 RAs is prevalent [42],
whereas the immunogenicity of the GLP-1 RA
dulaglutide is low [43]. However, our study
demonstrated that all three doses of tirzepatide
exhibited a significant increase in ADAs when
compared to the control/placebo group among
non-Asian individuals. This finding suggests that
the enhanced molecular composition of tirzepa-
tide may contribute to its heightened immuno-
genicity. Consequently, it is imperative to exer-
cise appropriate caution when considering the
immunogenicity and long-term safety of tirze-
patide in subsequent investigations.

To the best of our knowledge, this study repre-
sents the first systematic review and meta-anal-
ysis examining the effects of tirzepatide across
diverse ethnic populations. However, we must
acknowledge the inherent limitations of our sur-
vey, such as its focus on Asian populations from
China, India, Japan, and South Korea. Addition-
ally, it is important to note that as a result of the
lack of clinical data on this novel agent, further
high-quality clinical studies are needed in the
future.

CONCLUSIONS

Our systematic review and meta-analysis of six
RCTs showed that tirzepatide has different effi-
cacy in controlling glycemic index and body
weight among Asians and non-Asians, when
compared with placebo and other glucose-lower-
ing agents. Asians were more likely to experience
weight loss and gastrointestinal adverse events,
whereas non-Asians were more likely to have
better glycemic control and more metabolic and
nutritional disorders. This provides a basis for
dose adjustment in different races. This paper
adds to the growing body of knowledge showing
different antidiabetic drug responses in Asians
and non-Asians. Such studies if confirmed by
other groups could pave the way for precision
treatment of diabetes and obesity which are rap-
idly escalating globally in Asia.
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