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Aim: To explore the effects of Tirzepatide (TZP), a new hypoglycemic drug, on weight, blood lipids and blood pressure in
overweight/obese patients with type 2 diabetes mellitus (T2DM).

Methods: Relevant studies investigating the influence of TZP therapy on weight, lipid profiles and blood pressure in overweight/
obese T2DM patients were selected from the PubMed, Embase, Web of Science and Cochrane databases from establishment until
November 2022. A systematic review and meta-analysis were conducted to evaluate the effect of TZP on weight, blood lipids and
blood pressure in overweight/obese patients with T2DM.

Results: Eight randomized controlled trials (RCTs), comprising 7491 patients with T2DM, were included in the meta-analysis.
Results showed that compared with the glucagon-like peptide-1 receptor agonist (GLP-1RA), insulin, and placebo groups, body
weight, triglycerides (TG), very low-density lipoprotein cholesterol (VLDL-C), total cholesterol (TC), systolic blood pressure (SBP),
diastolic blood pressure (DBP), fasting blood glucose (FBG), and glycosylated hemoglobin (HbAlc) levels were significantly
decreased in the TZP-treated groups, while high-density lipoprotein cholesterol (HDL-C) levels increased. With the gradual increase
of TZP doses, the proportions of T2DM patients with weight loss >5% gradually increased. The 10 mg and 15 mg TZP doses had
a stronger effect on the levels of TG, VLDL-C, and HDL-C. Moreover, the reduction in SBP levels in the 15 mg TZP-treated group
was more pronounced than those in the 10 mg and 5 mg TZP-treated groups [MD=-2.07, 95% CI (-2.52, —1.63) and MD=-3.14, 95%
CI (-4.42, —1.87)]. Compared with GLP-1RA, insulin, and placebo groups, the proportions of patients with HbA1c<7% in 10mg and
15mg TZP-treated groups were significantly higher than in the Smg TZP-treated group [OR=1.53, 95% CI (1.25, 1.8)], OR=1.7, 95%
CI (1.15, 2.50)].There was no significant difference regarding the risk of adverse reactions.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic, progressive metabolic disease that accounts for 90-95% of all diabetes mellitus
cases. The global prevalence of T2DM is 6059 cases/100,000 diabetic patients," with the incidence being slightly higher among
men than women. Obesity, or being overweight, are common causes of T2DM, and are associated with elevated risks of
cardiovascular diseases and mortality when compared to normal-weight T2DM patients. Thus, weight control can reduce the
occurrence of cardiovascular complications and improve prognosis. Obesity and T2DM are independent factors that influence
atherosclerotic cardiovascular diseases.> As atherosclerotic plaques progressively develop, they can trigger conditions such as
angina pectoris or cerebral ischemia attack, ultimately leading to severe complications such as heart failure, myocardial infarction
(MI), cerebral infarction, lower limb ischemic amputations, and other life-threatening complications.”
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Long-term effective control of blood sugar is of great importance in preventing and reducing diabetic complications;
however, there are still many patients with diabetes whose blood glucose levels have not been effectively controlled.
With the in-depth study of the pathogenesis of T2DM, there is an increasing demand for hypoglycemic drugs. However,
there are no effective and safe drugs for obese diabetic patients, and all have certain side effects, such as weight gain
(Thiazolidinediones, Sulfonylureas and insulin), hypoglycemia (Sulfonylureas, Repaglinide and insulin), and gastro-
intestinal side effects (Metformin and a-Glucosidase Inhibitors), among others.

Recently, a new type of hypoglycemic drug called Tirzepatide(TZP) has been garnering increasing attention. It is
a pioneering once-weekly dual glucagon-like peptide-1 (GLP-1) and glucose-dependent insulin-stimulating polypeptide
(GIP) receptor agonist, and the first new class of hypoglycemic drug to be approved for the market in nearly ten years.
On one hand, by activating GLP-1 receptors, it promotes glucose-dependent insulin secretion, inhibits glucagon release,
and delays gastric emptying, thereby achieving hypoglycemic effects similar to those of selective GLP-1 agonists.
Simultaneously, it also inhibits food intake and appetite.> On the other hand, it restores the reactivity of islet B cells to
GIP, enabling the role of GIP in promoting first-phase insulin secretion and improving insulin sensitivity, resulting in
a more effective and stable hypoglycemic effect.* Recent research has shown that the combination of GLP-1 and GIP can
achieve complementary synergistic effects, resulting in more effective blood sugar control and weight loss. This can
greatly benefit patients by providing protection against cardiovascular and cerebrovascular diseases.’

Many randomized controlled trials (RCTs) have been conducted on the efficacy and safety of TZP in foreign
countries. However, most studies have focused on its effects on blood glucose and body weight in patients with
T2DM, while only a few have examined its impact on lipid metabolism, blood pressure, heart rate, and other aspects.
In this study, the effects of TZP on body weight, lipid metabolism, blood pressure, and heart rate in T2DM patients were
systematically evaluated using a meta-analysis, thus providing evidence for the clinical application of TZP.

Materials and Methods

Literature Retrieval
The PubMed, Embase, Cochrane Library and Web of Science databases were systematically searched from their
inception until December 2022 for literature on TZP treatment for overweight/obese T2DM patients. The literature
search included the following keywords: Type 2 diabetes mellitus, Tirzepatide, body weight, lipids, blood pressure, and
others. The selected studies were presented and reported in accordance with the PRISMA-P System Evaluation Reporting
Guidelines. Predefined schemes were registered with PROSPERO under the registration number CRD42022370543.
All of the included studies were randomized controlled trials (RCTs) that compared the efficacy and safety of TZP
with other drugs, such as GLP-1, insulin, or placebo. Duplicates were removed, and the titles and abstracts of the
retrieved references were screened using Endnote software. Articles that potentially met the criteria were retrieved for
full-text screening. In addition, the reference lists of the included articles were manually filtered to identify additional
relevant studies for consideration.

Study Selection

Inclusion criteria: (a) Phase II/IIIl RCTs or crossover trials evaluating TZP intervention; (b) all subjects were overweight
or obese T2DM patients aged 18 years or older; (c) the primary outcomes included changes in weight, blood lipids and
blood pressure.

Exclusion criteria: (a) non-human studies and in vitro studies, Phase I clinical trials, overlapping data sets, case
reports, editorials, conference proceedings, reviews, expert opinions, abstracts-only papers, and reviews; (b) studies
involving people with specific types of diabetes; (c) the duration of the study was 12 weeks or less; (d) studies without
raw data; (e) non-randomized controlled trials; (f) non-English language publications and duplicative publications; (g)
studies lacking control groups; (h) inconsistent doses of TZP.
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Data Extraction and Quality Assessment

The authors independently reviewed the primary and secondary outcomes of the study. Data extraction was performed
independently using a standardized, predefined table with first author names. The primary outcome was a change in
weight (kg). Secondary outcomes were changes in lipid profiles (mg/dL), blood pressure (mmHg), heart rate, and
proportion of patients with >5% weight loss.

Information extracted from each study included: 1) study characteristics: author, year, study design, country, sample
size, and study duration; 2) personal characteristics: race, sex, age, course of disease, and inclusion and exclusion
criteria; 3) characteristics of interventions: type, dose, duration, and control of drugs administered; and 4) measured
outcomes: weight, blood lipids, blood pressure, proportion of patients with weight loss >5%, and reports of adverse
events during the study.

For quality assessment, “The Cochrane Collaboration of Randomized Controlled Trial Quality Assessment Tool” was
used to evaluate the risk of bias among the eligible randomized controlled studies, which mainly included the following:
(i) selection bias: random sequence generation and allocation concealment; (ii) detection bias: focusing on the blinding
method used for outcome assessment; (iii) wear deviation: incomplete result deviation; (iv) reporting bias: selective
reporting of outcomes; and other deviations (such as whether the baseline characteristics of the patients were
comparable).

Data Analysis

The mean difference (MD) and standard deviation (SD) or mean standard deviation (SEM) of the weights based on
changes in baseline data were extracted from the available literature and entered into the Review Manager software
(version 5.3) for meta-analysis. A random-effects model was used to obtain the combined mean differences in the
primary outcomes. Continuous variables were expressed as mean differences with 95% confidence intervals (CI). Forest
maps were generated from relevant results to evaluate the comprehensive effects of the intervention measures.
A subgroup analysis was conducted according to different doses and types of drugs. The heterogeneity of the studies
was assessed using I, and 1°>50% and p<0.05 were deemed as significant heterogeneity. Changes in weight, blood
pressure, and blood lipid levels compared to baseline data were considered the primary outcomes. All final estimates are
shown as averages with 95% CI intervals or P-values.

Results

Research Characteristics

The initial search identified 217 articles; 27 articles were included in PubMed, 58 in Embase, 82 in the Cochrane Library, and
69 in the Web of Science. All the retrieved documents were imported into Endnote software, and 110 duplicate documents
were excluded. After a preliminary screening of the titles or abstracts, 126 papers were excluded, including 15 reviews, 12
meta-analyses, 27 conferences, reviews, or letters, and four animal experiments. After reading the abstracts, 50 articles were
excluded. After carefully reading the full texts, additional 10 articles were excluded, including 5 repeated reports, 1 article for
which we could not obtain the original text, 2 articles with data extraction issues, and 2 articles with inconsistent grouping.
Ultimately, 8 studies were selected for inclusion.®'* The detailed screening process is shown in Figure 1.

The included studies were multicenter and multi-country studies, conducted mostly in the United States, Europe, and
Japan. The duration of drug treatment ranged from 26 to 52 weeks. The mean body mass index (BMI) levels of
participants in the TZP-treated or control-treated groups in all RCTs ranged from 28 kg/m? to 34 kg/m? respectively.
Additionally, the mean HbAlc levels ranged from 7.7% to 8.6%, respectively. Further details and characteristics of the
included studies are summarized in Table 1.

Quality of Deviation Control

The bias risks of the eight RCTs included in this meta-analysis are shown in Figure 2. Random sequence generation,
incomplete data, reporting bias, and other biases are considered to have a low risk. Four of the eight studies were at low
risk of both performance and detection deviations.
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Figure | Screening process for studies included in this meta-analysis.

Meta-Analysis

Weight

Among the eight RCTs included, 3530 T2DM patients were treated with three TZP doses (5, 10, and 15 mg). The control
group included 2409 T2DM patients who were treated with a placebo, GLP-1RA, or insulin.

Compared to the placebo-treated group, the weight of T2DM patients in the 5 mg, 10 mg and 15 mg TZP-treated groups
decreased by 6.17 kg [95% CI (—7.16, —5.17)], 9.20 kg [95% CI (—10.12, —8.29)] and 10.04 kg [95% CI (—11.14, —8.93)],
respectively (Figure 3a).

Compared to the GLP-1RA-treated group, the weight of T2DM patients in the 5 mg, 10 mg and 15 mg TZP-treated
groups decreased by 3.0 kg[95% CI (—3.67, —2.33)], 5.74 kg[95% CI (-6.41,-5.06)] and 7.4 kg[95% CI (—10.01, —4.81)],
respectively (Figure 3b).

Compared to the insulin-treated group, the weight of T2DM patients in the 5 mg, 10 mg, and 15 mg TZP-treated groups
decreased by 9.26 kg[95% CI (—9.89,-8.63)], 11.91 kg[95% CI (—12.54,-11.29)] and 14.35 kg[95% CI (-15.91, —12.78)],

respectively (Figure 3c).
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Table | The Characteristics of Included Studies

Author NCT ID Location Study Design Primary Treatment Intervention Patients | Age Diabetic Male BMI HbAIc
name outcomes duration Drugs (Years) | Duration | (%) (kgim?) | (%)
(Weeks) (Years)
Frias JP, 03131687 Poland, Puerto Rico, Slovakia, and USA Multicenter, phase 2b, HbAlc 26 TZP | mg 52 574 78 56 329 82
20187 randomized, double-blind TZP 5mg 55 57.9 8.9 62 329 82
study TZP 10mg 51 56.5 79 59 326 82
TZP 15mg 53 56.0 85 42 322 8.1
Dulaglutide 1.5 mg | 54 587 9.3 44 324 8.1
Placebo 51 56.6 8.6 57 324 8.0
Frias JP, 03987919 USA, UK, Argentina, Australia, Brazil, Canada, Multicenter, Phase 3, open HbAIlc 40 TZP 5mg 470 56.3 9.1 43.6 338 83
20218 (SURPASS-2) | Israel, Mexico label, parallel group, domized, TZP 10mg 469 572 84 50.7 343 83
active-controlled TZP 15mg 470 55.9 87 45.5 345 826
SEM Img 469 56.9 83 48 342 823
Heise T, 03951753 Germany Multicentre, randomised, HbAIlc 28 TZP |5mg 45 6l.1 10.24 69 313 7.83
20223 double-blind, parallel arm, SEM Img 44 63.7 12.73 77 30.1 77
Phase | study Placebo 28 60.4 10.95 75 322 79
Inagaki N, 03861052 Japan Multicentre, randomised, HbAIc 52 TZP 5mg 159 56.8 42 71 28.6 82
2022'2 double-blind, parallel, Active- TZP 10mg 158 56.2 5.1 75 28 82
controlled, phase 3 trial TZP 15mg 160 56.0 5.1 83 28.1 82
Dulaglutide0.75mg 159 575 5.0 74 27.8 82
Ludvik B, 03882970 Argentina, Austria, Greece, Hungary, Italy, multicentre, randomised, HbAIlc 52 TZP 5mg 358 572 8.5 56 336 8.2
2021° (SURPASS-3) Poland, Puerto Rico, Romania, South Korea, active-controlled, open label, TZP 10mg 360 57.4 8.4 54 334 8.18
Spain, Taiwan, Ukraine, and the USA parallel-group, phase 3 trial TZP 15mg 359 575 8.5 54 337 8.21
IDeg 360 57.5 8.1 59 334 8.12
Rosenstock 03954834 India, Japan, Mexico, and USA Multicenter, double-blind, HbAIc 40 TZP 5 mg 121 54.1 4.6 46 322 797
J,2021" (SURPASS-1) randomized, placebo TZP 10 mg 121 55.8 4.9 60 322 79
controlled, phase 3 trial TZP I5 mg 121 52.9 48 52 315 7.85
Placebo 115 536 4.5 49 31.7 8.05
Dahl D, 04039503 US, Japan, Czech Republic, Germany, Poland, Randomized, double blind, HbAIc 40 TZP 5mg 16 62 14.1 53 33.6 83
2022° Puerto Rico, Slovakia, and Spain parallel, multicenter, placebo- TZP 10mg 19 60 12.6 6l 334 8.36
controlled phase 3 trial TZP 15mg 120 6l 13.7 54 334 823
Placebo 120 60 12.9 55 332 8.37
Del Prato, 03730662 Argentina, Australia, Brazil, Canada, Greece, Randomised, open-label, HbAlc 52 TZP 5mg 329 629 9.8 60 326 8.52
2021'° (SURPASS-4) | Israel, Mexico, Poland, Romania, Russia, active-controlled, parallel TZP 10mg 328 63.7 10.6 64 328 8.59
Slovakia, Spain, Taiwan, and the USA group, phase 3 study TZP 15mg 338 63.7 10.4 60 325 8.52
IG 1000 63.8 10.7 64 32.5 85

Abbreviations: TZP, Tirzepatide; SEM, Semaglutide; IDeg, Insulin degludec; IG, Insulin glargine.
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Figure 2 Risk of bias of included studies.

Weight loss in T2DM patients in the 15 mg TZP-treated group was significantly higher compared to that in the 5 mg [MD=
—2.07, 95% CI (-2.52, —1.63)] and 10 mg TZP-treated groups [MD=—4.5, 95% CI (—5.26, 3.74)]. Further, weight loss in the
10 mg TZP-treated group was higher than that in the 5 mg TZP-treated group [MD=2.48, 95% CI (2.92, 2.03)] (Table 2).

In addition, the percentage of T2DM patients with a weight loss of >5% was extracted from seven trials. The findings
indicated that when compared to the GLP-1RA-, insulin-, and placebo-treated groups, the TZP-treated group showed
a significantly higher proportion of patients with weight loss >5% [OR=8.39, 95% CI(2.81, 25.00), OR=17.53, 95% CI
(5.88, 52.29), OR=22.63, 95% CI(7.97, 27.92)], respectively. Furthermore, there was a gradual increase in the proportion
of T2DM patients with weight loss >5% with an escalation in the TZP dose (Figure 4).

Lipid Parameters
Due to inconsistent data among the eight included RCTs, four were finally selected for meta-analysis.

Compared to the GLP-1RA-treated group, TG levels in the 5 mg, 10 mg and 15 mg TZP-treated groups decreased by
13.5 mg/dL[95% CI (-18.17,-8.84)], 18.91 mg/dL [95% CI (—24.17,-13.65)] and 14.22 mg/dL[95% CI (—26.37,-2.07)],
respectively; VLDL-C decreased by 12.33 mg/dL[95% CI (—24.65, 0.00)], 17.98 mg/dL[95% CI (—30.41,-5.56)], and
14.97 mg/dL[95% CI (—18.24,-11.71)], respectively; HDL-C levels increased by 4.54 mg/dL [95% CI (2.98, 6.11)],
7.16 mg/dL [95% CI (5.82, 8.49)], and 6.72 mg/dL [95% CI (5.40, 8.05)], respectively.

Compared to the insulin-treated group, TG levels in 5 mg, 10 mg and 15 mg TZP-treated groups were reduced by 6.83 mg/dL
[95% CI (—11.6,-2.06)], 18.91 mg/dL[95% CI (—24.17,-13.65)] and 14.7 mg/dL[95% CI (—23.03,-6.38)] respectively; VLDL-C
levels decreased by 6.99 mg/dL[95% CI (—13.25,-0.73)], 14.12 mg/dL[95% CI (-17.43, —10.81)], and 14.97 mg/dL [95% CI
(—18.24, —11.71)], respectively; and VLDL-C levels increased by 4.54 mg/dL [95% CI (2.98, 6.11)], 7.56 mg/dL[95% CI (5.90,
9.21)], and 7.43 mg/dL [95% CI (5.77, 9.09)], respectively. In addition, TC levels in the 10 mg and 15 mg TZP-treated groups
decreased by 4.29 mg/dL [95% CI [-6.84, —1.74)] and 4.29 mg/dL [95% CI (=7.05, —1.52)], respectively (Table 3).

Different doses of TZP were found to have different effects on lipid metabolism indices in patients with T2DM under the same
conditions. Compared with the 5 mg TZP-treated group, the 10 mg and 15 mg doses had a stronger effect on the decrease of TG
levels [MD=-7.65, 95% CI (-10.16,-5.1) and MD=-6.48, 95% CI (-9.00,-3.96)] and VLDL-C [MD=-7.71, 95% CI (-10.17,
—5.26) and MD=-6.57, 95% CI (—9.63,-3.5)] as well as stronger effect on the increase of HDL-C levels [MD=2.73, 95% CI (0.51,
4.94) and MD=2.52, 95% CI (1.2, 3.84)]. There were no statistically significant differences in the effects of different TZP
treatment doses on TC and LDL-C levels. There was no difference in lipid metabolism indices between the 10 and 15 mg TZP-
treated groups (Table 2).
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Test for overall effect: Z = 8.67 (P < 0.00001)

Test for subaroup differences: Chi? = 27.82. df = 2 (P < 0.00001). I* = 92.8%

TZP 5mg Control Mean Difference Mean Difference
% Cl 1V, Fixed, 95% Cl
1.18.1 TZP 5mg VS. GLP-1
Frias JP,2018 -48 571 55 27 573 54 38% -2.10[-4.25, 0.05]
Frias JP,2021 <78 715 470 -62 7.14 468 20.7% -1.60[-2.51,-0.69] -
Inagaki N,2022 -58 504 159 -05 504 159 14.1% -5.30[-6.41,-4.19] i
Subtotal (95% CI) 684 681 38.6% -3.00 [-3.67, -2.33] *
Heterogeneity: Chi? = 26.23, df = 2 (P < 0.00001); I* = 92%
Test for overall effect: Z = 8.78 (P < 0.00001)
1.18.2 TZP 5mg VS. Placebo
Dahl D,2022 -54 635 116 16 642 120 65% -7.00[-8.63,-5.37] o
Frias JP,2018 -48 571 55 -04 578 51 3.6% -4.40[-6.59,-2.21] T
Rosenstock J,2021 -7 55 121 -07 638 113 74% -6.30[-7.83,-4.77] —_
Subtotal (95% Cl) 292 284 17.5% -6.17[-7.16,-5.17] -
Heterogeneity: Chi? = 3.54, df = 2 (P = 0.17); I? = 43%
Test for overall effect: Z = 12.16 (P < 0.00001)
1.18.3 TZP 5mg VS. Insulin
Del P,2022 <71 614 326 1.9 594 978 297% -9.00(-9.76,-8.24] ™
Ludvik B,2021 -75 7.57 358 23 758 359 14.1% -9.80[-10.91,-8.69) —_
Subtotal (95% CI) 684 1337 43.8% -9.26[-9.89, -8.63]
Heterogeneity: Chi? = 1.36, df = 1 (P = 0.24); I2 = 26%
Test for overall effect: Z = 28.85 (P < 0.00001)
Total (95% CI) 1660 2302 100.0% -6.30 [-6.72, -5.88] *
:elerogeneity: C;i‘ = 2209.21. df=7 (: ;o%oooom ) 12=97% o 5 ; 1*0
‘est for overall effect: Z = 29.66 (P < 0. 1)
Test for subaroun differences: Chi’ = 178.08. df = 2 (P < 0.00001). I* = 98.9% FavaUrRIE2F:omal: Fayours el
TZP 10mg Control Mean Difference Mean Difference
4.95%Cl
1.20.1 TZP 10mg VS. GLP-1
Frias JP,2018 -87 571 51 -27 573 54 35% -6.00 [-8.19, -3.81] R e
Frias JP,2021 -10.3 7.36 469 -6.2 7.14 468 19.6% -4.10 [-5.03, -3.17] -
Inagaki N,2022 -85 503 158 -05 504 159 13.8% -8.00 [-9.11, -6.89] e
Subtotal (95% CI) 678 681 36.9%  -5.74 [-6.41, -5.06] *
Heterogeneity: Chi? = 28.00, df = 2 (P < 0.00001); I* = 93%
Test for overall effect: Z = 16.61 (P < 0.00001)
1.20.2 TZP 10mg VS.Placebo
Dahl D,2022 -95 6.09 321 16 642 120 96% -11.10[-12.43,-9.77] e o
Frias JP,2018 -87 571 51 -04 578 51 3.4% -8.30 [-10.53, -6.07] M -y
Rosenstock J,2021 -78 55 121 -07 638 113 72% -7.10 [-8.63, -5.57] . X%
Subtotal (95% Cl) 493 284 20.2%  -9.20 [-10.12, -8.29] *
Heterogeneity: Chi? = 15,72, df = 2 (P = 0.0004); I = 87%
Test for overall effect: Z = 19.71 (P < 0.00001)
1.20.3 TZP 10mg VS. Insulin
Del P,2022 -95 6.09 321 19 594 978 29.1% -11.40[-12.16,-10.64] -
Ludvik B,2021 -10.7 759 360 23 758 359 13.8% -13.00[-14.11,-11.89) ™
Subtotal (95% Cl) 681 1337 42.8% -11.91[-12.54,-11.29] *
Heterogeneity: Chi? = 5.43, df = 1 (P = 0.02); I* = 82%
Test for overall effect: Z = 37.14 (P < 0.00001)
Total (95% CI) 1852 2302 100.0% -9.08 [-9.49, -8.67] L
e LTI
‘est for overall effect: Z = 43. <0
Toatfor b diferoncas: CHim 17490, 211 =2 (P <0.00001). 1= 98.8% FaRui2R10mal]. Favai jeaol
TZP 15mg Control Mean Difference Mean Difference
dy o P n D n__SD m.95%C1
1.19.1 TZP 15mg VS. GLP-1
Frias JP,2018 -11.3 641 53 -27 573 54 96%  -8.60[-10.91,-6.29] T
Frias JP,2021 -124 736 469 -62 7.14 468 10.5% -6.20 [-7.13,-5.27] -
Heise T,2022 -11.2 643 51 69 597 44 9.4% -4.30 [-6.8 il < ik
Inagaki N,2022 -10.7 519 160 -0.5 504 159 104% -10.20[-11.3: ] b
Subtotal (95% ClI) 733 725 40.0%  -7.41[-10.01, -4.81] -
Heterogeneity: Tau® = 6.20; Chi* = 36.76, df = 3 (P < 0.00001); I = 92%
Test for overall effect: Z = 5.59 (P < 0.00001)
1.19.2 TZP 15mg VS. Placebo
Dahl D,2022 -88 646 120 16 642 120 10.1% -10.40[-12.03,-8.77] sl
Frias JP,2018 -11.3 6.41 53 -04 578 51 9.6% -10.90 [-13.24, -8.56] .-
Heise T,2022 -11.2 643 51 0 582 28 92% -11.20[-13.99,-8.41] -
Rosenstock J,2021 95 55 121 07 638 113 10.2% -8.80 [-10.33, -7.27] i
Subtotal (95% ClI) 345 312 39.1% -10.04 [-11.14, -8.93] *
Heterogeneity: Tau? = 0.29; Chi* = 3.86, df = 3 (P = 0.28); I* = 22%
Test for overall effect: Z = 17.81 (P < 0.00001)
1.19.3 TZP 15mg VS. Insulin
Del P,2022 -11.7 6.03 334 19 594 978 10.6% -13.60(-14.35,-12.85] g
Ludvik B,2021 -129 757 358 23 758 359 104% -15.20[-16.31,-14.09] 5
Subtotal (95% CI) 692 1337  21.0% -14.35[-15.91, -12.78] L 4
Heterogeneity: Tau® = 1.05; Chi* = 5.50, df = 1 (P = 0.02); I* = 82%
Test for overall effect: Z = 17.97 (P < 0.00001)
Total (95% CI) 1770 2374 100.0%  -9.99 [-12.24,-7.73] >
Heterogeneity: Tau? = 12.40; Chi* = 246.29, df = 9 (P < 0.00001); I* = 96% '_20 10 0 10 20‘

Favours [TZP 15mg] Favours [control]

Figure 3 Effects of different dose TZP on body weight in obese T2DM patients; (a)5mg TZP on body weight in obese T2DM patients; (b) |0mg TZPon body weight in obese
T2DM patients; (c)|5mg TZP on body weight in obese T2DM patients.
Abbreviations: TZP, Tirzepatide; T2DM, type 2 diabetes mellitus.
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Table 2 Effect of the Different Doses of TZP on Metabolism-Related Indicators

Number of Included Studies

Patients/Cases (Number)

15mg vs 5mg

I5mg vs 10mg

10mg vs 5mg

Glycaemic control
HbAIc
FBG
HbAIc(%)<7%
Weight control
Weight
Weight loss>5%
Lipid parameters
TG
TC
HDL-C
LDL-C
VLDL-C
Blood Pressure
SBP
DBP

N N N ~

o

4818
3410
4632

4819
4819

3943
3943
3943
3943
3943

3838
3838

—0.37[-0.44,-0.3] P<0.00001, I>=21%
—9.08[11.58,-6.58] P<0.00001, I>=0%
1.7[1.15, 2.50] P=0.007, 1*=62%

—4.5[-5.26,-3.74] P<0.00001, 1>=62%
2.8[2.11, 3.72] P<0.00001, 1>=61%

~7.65[~10.16,-5.15] P<0.00001, 1>=0%
~2.04[-4.28, 0.21] P=0.08, 1>=62%
2.73[0.51, 4.94] P=0.02. >=62%
~1.51[~5.59, 2.58] P=0.47, 1>=70%
~7.71[~10.17,-5.26] P<0.00001, 1>=0%

—3.14[-4.42,-1.87] P<0.00001, 1>=74%
—0.71[-1.42, 0.01] P=0.05, I>=45%

—0.13[-0.2,-0.06] P=0.0003, 1*=0%
—3.02[-5.7,-0.35] P<0.00001, 1*>=0%
1.22[0.97, 1.53] P=0.09, 1*=53%

—2.07[-2.52,-1.63] P<0.00001, 1*=0%
1.41[1.18, 1.69] P=0.0001, 1>=35%

—1.19[-3.59, 1.21] P=0.33, 1*=0%
—1.07[-2.44, 0.29] P=0.12, 1>=44%
0.05[-1.29, 1.40] P=0.94, 1>=0%
—1.57[-3.8, 0.65] P=0.17, 1>=48%
—1.17[-3.54, 1.2] P=0.33, I>=0%

—2.05[-3.33,-0.77] P=0.002, I>=58%
—0.27[-0.99, 0.46] P=0.47, 1*=4%

—0.23[-0.3,-0.17] P<0.00001, I*>=0%
—5.89[-8.39,-3.39] P<0.00001, 1>=0%
1.53[1.25, 1.87] P<0.0001, I>=0%

—2.48[-2.92,-2.03] P<0.00001, 1*=35%
2.08[1.78, 2.43] P<0.00001, 1*=0%

—6.48[-9.00,-3.96] P<0.00001, 1>=40%
—0.96[-2.34, 0.42] P=0.17, I>=0%
2.52[1.2, 3.84] P=0.0002, 1>=35%

0.3[2.07, 2.67] P=0.8, 1*=0%
—6.57[—9.63,-3.5] P<0.0001, [>=33%

—1.39[-2.52,-0.25] P=0.02, I>=0%
—0.46[—1.18, 0.27] P=0.22, I>=0%
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Tirzepatide Control Odds Ratio Odds Ratio
—Study or Subgroup  Events Total Events Total Weight M-H.Random.95%Cl ~ M-H.Random.95%Cl

1.12.1 5mg
Dahl D,2022 56 116 7 120 4.6% 15.07 [6.47, 35.10] e
Del P,2022 205 326 78 978 4.9% 19.55 [14.16, 26.99] N
Frias JP,2018 26 55 21 55  4.6% 1.45[0.68, 3.10] i R
Frias JP,2021 316 470 270 468 4.9% 1.50 [1.15, 1.96] g
Inagaki N,2022 96 158 17 159  48% 12.93 [7.13, 23.47] =
Ludvik B,2021 233 358 22 359 48% 28.55 [17.62, 46.28] e
Rosenstock J,2021 81 121 16 113 47% 12.28 [6.41, 23.53] S
Subtotal (95% CI) 1604 2252 33.4% 8.39 [2.81, 25.00] R e
Total events 1013 431

Heterogeneity: Tau? = 2.08; Chi* = 224.39, df = 6 (P < 0.00001); I* = 97%
Test for overall effect: Z = 3.82 (P = 0.0001)

1.12.2 10mg
Dahl D,2022 68 119 7 120 4.6% 21.52[9.24, 50.12) R

Del P,2022 249 321 78 978 4.9% 39.90 [28.13, 56.61] &
Frias JP,2018 36 51 21 55  46% 3.89[1.73, 8.75) -

Frias JP,2021 378 469 270 468 4.9% 3.05[2.27, 4.08] -

Inagaki N,2022 128 156 17 159 4.7% 38.18 [19.97, 73.02] g
Ludvik B,2021 293 360 22 359 48% 66.99[40.37, 111.16] T
Rosenstock J,2021 92 121 16 113 47% 19.23 [9.80, 37.73] s
Subtotal (95% CI) 1597 2252 33.3% 17.53 [5.88, 52.29] >
Total events 1244 431

Heterogeneity: Tau? = 2.08; Chi* = 195.58, df = 6 (P < 0.00001); I* = 97%
Test for overall effect: Z = 5.14 (P < 0.00001)

1.12.3 15mg
Dahl D,2022 85 120 7 120 46% 39.20 [16.61, 92.54] T
Del P,2022 285 334 78 978 49% 67.11 [45.84, 98.26] -
Frias JP,2018 33 56 21 55 4.6% 2.32[1.09, 4.97] [ B

Frias JP,2021 400 469 270 468 4.9% 4.25[3.10, 5.82] T

Inagaki N,2022 142 159 17 159 4.7% 69.77 [34.26, 142.11] S
Ludvik B,2021 310 358 22 359 48% 98.93([58.37, 167.68] -
Rosenstock J,2021 89 121 16 113 47% 16.86 [8.67, 32.80] ==
Subtotal (95% CI) 1617 2252 33.3% 22.63 [6.88, 74.48] —~—
Total events 1344 431

Heterogeneity: Tau? = 2.48; Chi* = 211.80, df = 6 (P < 0.00001); I* = 97%
Test for overall effect: Z = 5.13 (P < 0.00001)

Total (95% Cl) 4818 6756 100.0%  14.92 [7.97, 27.92] >
Total events 3601 1293

Heterogeneity: Tau? = 2.05; Chi? = 710.71, df = 20 (P < 0.00001); I* = 97%
Test for overall effect: Z = 8.45 (P < 0.00001)

Test for subaroup differences: Chi? = 1.62. df = 2 (P = 0.45). I = 0%

0.01 0.1 1 10 100
Favours[Tirzepatide] Favours[control]

Figure 4 Effects of different doses of TZP on weight loss >5% in obese T2DM patients.

Blood Pressure

Compared to the placebo group, the SBP levels of T2DM patients in the 5 mg, 10 mg, and 15 mg TZP-treated groups
were significantly reduced by 3.57 mmHg [95% CI (-5.64, —1.5)], 4.36 mmHg [95% CI (—6.53, —2.4)] and 6.06 mmHg
[95% CI (—7.88, —4.24)], and DBP levels in 10 mg and 15 mg TZP treatment groups decreased by 1.37 mmHg [95% CI
(2.7, —0.05)] and 2.48 mmHg[95% CI (—3.72, —1.23)], respectively (Table 3).

Compared to the GLP-1RA group, SBP levels of T2DM patients in 5 mg, 10 mg and 15 mg TZP-treated groups
decreased by 3.11 mmHg [95% CI (=5.01, —1.2)], 4.27 mmHg [95% CI (=6.19, —2.35)] and 3.14 mmHg[95% CI (—5.38,
—0.9)], DBP levels reduced by 2.19 mmHg [95% CI (—3.45,-0.92)], 2.4 mmHg[95% CI (-3.7,-1.1)], 3.4 mmHg[95% CI
(—4.59, —2.21]), respectively.

The effects of the different doses of TZP on SBP differed. The reduction in SBP in the 15 mg TZP-treated group was
stronger than that in the 10 mg and 5 mg TZP-treated groups [MD=-2.07, 95% CI (—2.52, —1.63) and MD=-3.14, 95%
CI (—4.42,-1.87), respectively]. The effect of 10 mg of TZP was stronger than that of 5 mg of TZP (MD=-1.39, 95% CI
[-2.52, —0.25]). There was no statistical difference in the effects of different TZP doses on TZP.

In addition, compared to the GLP-1RA group, the heart rate (HR) of T2DM patients in the 15 mg TZP-treated group
was significantly increased (Table 3).

Glycemic Control

Compared to the placebo group, the fast blood glucose (FBG) levels of T2DM patients in the 5 mg, 10 mg and 15 mg TZP
groups significantly decreased by 56.43 mg/dL[95% CI (—65.34, —47.51)], 65.87 mg/dL[95% CI (—82.63, —49.12)] and
58.92 mg/dL[95% CI (—73.3, —44.54)], respectively, and HbAlc levels decreased by 1.85%[95% CI (—2.08, 1.61)], 1.98%
[95% CI (—2.22, —1.74)] and 2.22%[95% CI (-2.47, —1.98)], respectively.
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Table 3 Comparison Between Subgroups of Metabolic Indexes

Number of Patients/ 5mg 10mg 15mg
Included Cases
Studies (Number) vs GLP-IRA vs Insulin vs Placebo vs GLP-IRA vs Insulin vs Placebo vs GLP-1RA vs Insulin vs Placebo
Weight 8 5282 -3.00 -9.26 —6.17 —5.74 =11.91 -9.20 -7.41 —14.35 —10.04
[-3.67,-2.33], [-9.89,-8.63], [-7.16,-5.17], [-6.41,-5.06], [-12.54,-11.29], [-10.12,-8.29], [-10.01,-4.81], [-15.91,-12.78], | [-11.14,-8.93],
P<0.00001 P<0.00001 P<0.00001 P<0.00001 P<0.00001 P<0.00001 P<0.00001 P<0.00001 P<0.00001
Lipid parameters
TG 4 3943 —-13.5 —6.83 - -1891 -14.22 - =21.61 -14.7 -
[-18.17,-8.84], [-11.6,-2.06], [-24.17,-13.65], [-26.37,-2.07], [-31.01,-12.21] [-23.03,-6.38]
P<0.00001 P=0.005 P<0.00001, P=0.02 P<0.00001 P=0.0005,
TC 4 3943 —3.43 -3.24 - —4.43 —4.29 - —6.50 —4.29 -
[-8.89, 2.03], [-6.94, 0.45] [-10.91, 2.04], [-6.84,-1.74] [-16.41, 3.40], [-7.05,-1.52],
P=0.22 P=0.09 P=0.18, P=0.001 P=0.20, P=0.002
HDL-C 4 3943 592 4.54 - 7.16 7.56[5.9, 9.21], - 6.72 7.43 -
[4.62, 7.22], [2.98, 6.11], [5.82, 8.49], P<0.00001 [5.40, 8.05], [5.77, 9.09],
P<0.00001, P<0.00001 P<0.00001 P<0.00001 P<0.00001
LDL-C 4 3943 —4.09 -5.8 - =35 —6.45 - —6.54 —6.48 -
[-9.87, 1.7], [-10.6,-0.9], [-12.12, 5.12], [-13.02, 0.12], [-21.87, 8.79], [-11.83,-1.13],
P=0.07, 1>=70% | P=0.02, I>=51% P=0.43 P=0.05 P=0.4 P=0.02
VLDL-C 4 3943 —12.33 -6.99 - —-17.98 -14.12 - —20.85 —14.97 -
[-24.65, 0.00], [-13.25,-0.73], [-30.41,-5.56], [-17.43,-10.81], [-37.5,-4.19], [-18.24,-11.71],
P=0.05 P=0.03 P=0.005 P<0.00001 P=0.01 P<0.00001
Glycaemic control
HbAlc 8 4818 -0.61 -0.7 —-1.85 —-0.89 —-0.93 —-1.98 =112 -1.09 -2.22
[-1.2,-0.02], [-0.91,-0.5], [-2.08, 1.61], [-1.45.-0.34], [-1.06,-0.8], [-2.22,-1.74], [-1.79,-0.45], [-1.2,-0.98], [-2.47.-1.98],
P=0.04 P<0.00001, $<0.0000, P=0.001, p<0.00001, P<0.00001, P=0.001, P<0.00001, P<0.00001,
1>=84% 1>=0% 1>=92% 1>=48% 1*=0% 1>=95% 1>=28% 1>=50%
FBG 6 3410 —25.55 -2.82 —56.43 -33.17 —1.52 —65.87 —26.37 -5.93 —58.92
[-30.17,-20.92], [0.18, 5.45], [-65.34,-47.51], | [-37.84,-2851], [-4.96, 1.92], [-82.63,-49.12], [-47.27,-5.47], [-9.36,-2.51], [-73.3,-44.54],
P<0.00001 P=0.04 P<0.00001 P<0.00001 P=0.39 P<0.00001 P=0.01 P=0.0007 P<0.00001
HbAc<7% 7 4632 431 4.72 17.9 10.94 5.94 25.46 10.3[5.2, 20.38], 8.42 15.58
[2.58, 7.19], [3.71, 6.02], [11.58, 27.65], [5.51, 21.7], [4.59, 7.7], [16.01, 40.49], P<0.00001 [6.32, 11.23], [10.28, 23.62],
P<0.00001 P<0.00001 P<0.00001 P<0.00001 P<0.00001 P<0.00001 P<0.00001 P<0.00001
Blood Pressure
SBP 6 3838 =3.11 - -3.57 —4.27 - —4.36 -3.14 - —6.06
[-5.01,-1.2], [-5.64,-1.5], [-6.19,-2.35], [-6.53,-2.4], [-5.38,-0.9], [-7.88,-4.24],
P=0.001, P=0.007 P<0.0001 P<0.0001 P=0.006 P<0.0001
DBP 6 3838 -2.19 - -0.8 2.4 - -1.37 -34 - —2.48
[-3.45,-0.92], [-2.12, 0.52], [-3.7,-1.11], [-2.7,-0.05], [-4.59,-2.21], [-3.72,-1.23],
P=0.0007 P=0.23 P=0.0003 P=0.04 P<0.00001 P<0.0001
HR 6 3838 0.17 - 0.41 0.73 - 2.12 2.23 - 2.59
[-0.93, 1.26], [-0.98, 1.8], [-0.3, 1.75], [0.72, 3.51], [1.15, 3.3], [1.25, 3.93],
P=0.77 P=0.56 P=0.17 P=0.003 P<0.0001 P=0.0002

Abbreviations: TG, Triglycerides; TC, Total Cholesterol; HDL-C, High Density Lipoprotein Cholesterol; LDL-C, Low Density Lipoprotein Cholesterol; VLDL-C, Very Low-Density Lipoprotein Cholesterol; FBG, Fasting Blood Glucose;

SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HR, Heart Rate.
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Table 4 Comparison of the Adverse Effects of the Different Doses of TZP

Number of Included Patients/Cases I15mg vs 5mg I5mg vs 10mg
Studies (Number)

Nauseous 7 4818 1.81[1.51, 2.18] P<0.00001, | 1.24[1.04, 1.47] P=0.01,
P=11% 1?=0%

Vomiting 6 3410 1.87[1.43, 2.43] P<0.00001, | 1.31[1.03, 1.66] P=0.47,
1>=0% 12=0%

Diarrhea 7 4632 1.211.00, 1.47] P=0.05, 1.03[0.85, 1.24] P=0.77,
1*=53% 1*=6%

Causes discontinuation of 7 4819 1.43[1.12, 1.83] P=0.004, 1.21[0.93, 1.56] P=0.15,

medication 1*=0% 1?=0%

Hypoglycemia 6 3410 1.47[1.07, 2.01] P=0.02, 1.04[0.77, 1.39] P=0.81,
1>=23% 12=0%

Gallstones 6 3410 0.99[0.29, 3.44] P=0.99, 3.00[0.47, 19.14] P=0.24,
1*=0% 12=0%

Compared to the GLP-1RA group, FBG levels in T2DM patients in the 5 mg, 10 mg and 15 mg TZP-treated groups
decreased by 25.55 mg/dL [95% CI (=30.17, —20.92)], 33.17 mg/dL [95% CI (—37.84,-28.51)] and 26.37 mg/dL [95% CI
(—47.27,-5.47)], respectively. Meanwhile, HbAlc levels decreased by 0.61% [95% CI (1.2, —0.02)], 0.89%[95% CI
(—1.45. —=0.34)], and 1.12%[95% CI (—1.79, —0.45)], respectively.

Compared to the insulin-treated group, FBG levels in T2DM patients in the 5 mg, 10 mg and 15 mg TZP-treated
groups decreased by 2.82 mg/dL [95% CI (0.18, 5.45)], 1.52 mg/dL[95% CI (—4.96, 1.92)] and 5.93 mg/dL[95% CI
(—9.36, —2.51)], respectively. Meanwhile, HbAlc levels decreased by 0.7% [95% CI (-0.91, —0.50)], 0.93%[95% CI
(—1.06, —0.80)], and 1.09%[95% CI (—1.20, —0.98)], respectively (Table 3).

Compared to the GLP-1RA, insulin, and placebo groups, the proportion of patients with HbA1c<7% was significantly
higher in the TZP-treated group [OR=4.89, 95% CI (2.47, 9.67), OR=8.11, 95% CI (3.85, 17.08), OR=8.20, 95% CI
(4.41, 15.25)]. The proportion of patients with HbA1c<7% in the 10 mg and 15 mg TZP-treated groups was significantly
higher than that in the 5 mg TZP-treated group [OR=1.53, 95% CI (1.25, 1.8)], OR=1.7, 95% CI (1.15, 2.50)]. However,
there was no significant difference in the proportion of patients with HbA1c<7% between the 10 and 15 mg TZP-treated
groups (Table 2).

Adverse Events

There was no overall increase in the number of patients who withdrew from TZP treatment. We studied the incidence of
adverse reactions to different doses of TZP-treated groups (Table 4). When compared with the 5 mg TZP group, the risks
of nausea [OR=1.81, 95% CI (1.51, 2.18)], vomiting [OR=1.87, 95% CI (1.43, 2.43)], discontinuation [OR=1.43, 95% CI
(1.12, 1.83)], and hypoglycemia [OR=1.47, 95% CI (1.07, 2.01)] in the 15 mg TZP-treated group, and the 10 mg TZP-
treated group [OR=1.46, 95% CI (1.21, 1.77)] were slightly increased. However, the risk of other adverse reactions did
not show significant differences among the different dose groups (Table 4).

Discussion
TZP, as a dual GIP-1/GIP receptor antagonist, represents a new type of hypoglycemic drug. The findings on TZP
treatment showed significant weight loss, as well as hypotensive and lipid-regulating effects in overweight and obese
patients with T2DM. Importantly, TZP did not increase the risk of severe gastrointestinal reactions, hypoglycemia,
pancreatitis, and cholelithiasis when compared to the GLP-1RA, insulin, and placebo controls. In addition, TZP had
a dose-dependent effect on blood glucose, body weight, and lipid levels.

TZP is a linear synthetic peptide consisting of 39 amino acids, designed based on the natural GIP sequence. It exhibits
agonist activity for both GIP and GLP-1 receptors, making it an unbalanced dual agonist. Compared to endogenous GIP,
TZP shows equivalent affinity for the GIP receptor (GIPR), but binds to the GLP-1 receptor (GLP-1R) with
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approximately 5-fold weaker affinity compared to endogenous GLP-1. A previous meta-analysis showed that TZP has
beneficial effects on blood glucose and blood lipid profiles without significantly increasing adverse effects,'* which is
consistent with our findings. However, in our study, a subgroup analysis was conducted based on the different types of
control drugs, revealing varying degrees of improvement in body weight, blood lipids, and blood pressure levels with
TZP treatment compared to other GLP-1RA, insulin, or placebo controls. In addition, changes in FBG, TG, HDL-C, and
SBP levels were not dose-dependent, indicating that the degree of index change did not increase with increasing TZP
doses.

This meta-analysis showed that TZP demonstrated a unique appeal in reducing body weight, particularly by
increasing the proportion of T2DM patients with >5% weight loss. Compared with the GLP-1RA, insulin, and placebo-
treated groups, the body weight were increased in the TZP-treated groups of overweight/obese T2DM patient, and
compared with the 5 mg TZP-treated group, the 10 mg and 15 mg doses had a stronger effect on the decrease of body
weight levels. GIP receptor activation (GIPRA) can lead to weight loss in patients with metabolic diseases. The GLP-1/

GIP dual receptor agonists resulted in better weight loss than GLP-1RA alone,'>'¢

while long-term administration of
GIPRA does not reduce body weight,'” Therefore, the weight loss effect may be associated with the simultaneous
activation of GIP-1/GIP receptors by TZP and the synergistic effect exerted by the two enterostatins, which can suppress
appetite and increase energy expenditure in T2DM patients. For example, in transgenic mice, chronically elevated GIP
levels alleviated diet-induced obesity (DIO) and improved insulin sensitivity by reducing caloric intake.'> In addition, the
synergistic effects of GIP and GLP-1 receptors may occur in the CNS level.'® Concomitant administration of GLP-1 and
GIP increased the expression of pro-opiomelanocortin (POMC) genes in anorexia nervosa, which reduced appetite and
food intake. In addition to POMC neurons, there may be a unique population of neurons in the arcuate nucleus of the
hypothalamus (ARN) that is only activated by the simultaneous co-administration of GLP-1 and GIP and is not activated
when administered alone. These neurons are POMC gene-independent with both GLP-1 and GIP receptors, which
function by transmitting a chemical signal to adjacent anaerobic POMC gene-regulated neurons.'® This raises the
possibility that GIP may enhance the function of GLP-1 by facilitating its entry into the anorexigenic neuron population
in the basal region of the hypothalamus, thereby increasing satiety and reducing the preference for high-fat and sweet
foods in patients, acting as an anorexic and thus reducing their body weight. The cellular properties and mechanisms of
action of these activated neurons are not yet known and need to be studied in depth.

Firstly, our study found that compared with the GLP-1RA, insulin, and placebo-treated groups, the body weight, TG,
VLDL-C, TC levels were significantly decreased, while HDL-C levels were increased in the TZP-treated groups of
overweight/obese T2DM patient. Secondly, compared with the 5 mg TZP-treated group, the 10 mg and 15 mg doses had
a stronger effect on the decrease of TG levels and VLDL-C as well as stronger effect on the increase of HDL-C levels.
There were no statistically significant differences in the effects of different TZP treatment doses on TC and LDL-C
levels. There was no difference in lipid metabolism indices between the 10 and 15 mg TZP-treated groups. In
combination with GLP-1RA and insulin therapy, TZP also demonstrates significant lipid-regulating effects without
increasing serious gastrointestinal adverse effects. This presents a promising development in the treatment of T2DM
patients. In peripheral tissues, GIP promotes the storage of triglycerides (TAG) after food intake, either directly through
the activation of GIPR on adipocytes, or indirectly through the lipogenic effect of insulin, or both.?>*' Studies on mice
injected with large amounts of GIP have revealed down-regulation of several genes encoding proteins involved in
mitochondrial function and inflammatory signaling pathways. These include reduced expression of the pro-inflammatory
cytokine MCP-1 (Ccl2), fibrinogen activator inhibitor type 1 (Serpinel), and interleukin 4 receptor a (IL4ra), as well as
a component of the nuclear factor kB (NF-kB) pathway, inhibitor of nuclear factor kappa B kinase subunit B (Ikbkb).?’ In
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addition to this, GIP can increase insulin sensitivity and improve islet B-cell function in mice,
promote lipid metabolism in the body, thus resulting in a reduction of free lipid substances in the blood. However, the
number of studies addressing the lipid profile changes is scarce, and further studies are needed.

Ongoing randomized controlled trials will confirm the role of TZP in overweight/obese adults or children with non-
T2DM, those with liver damage, and those with kidney damage. A 72-week clinical study in obese patient has
confirmed®® that once-weekly treatment with 5 mg, 10 mg, or 15 mg TZP results in significant and sustained weight

loss. In addition to this, TZP has shown unique appeal in non-alcoholic fatty liver diseases (NAFLD). A clinical study”®
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demonstrated that TZP significantly reduces the levels of biomarkers associated with non-alcoholic steatohepatitis
(NASH) in patients with T2DM, which provides a basis for further evaluation of the role of TZP in NASH patients. It
was reported”’ that TZP resulted in a reduction in liver fat content, visceral adipose tissue and abdominal subcutaneous
adipose tissue volume compared to insulin treatment. These encouraging results suggest that TZP holds great promise for
future applications in the treatment of obesity, heart failure and NAFLD.

In this study, we performed a subgroup analysis to explore the source of heterogeneity; however, the results were
unsatisfactory. Ethnic differences in the study population, different follow-up times, or different selections, definitions,
and interpretations of the results may have contributed to the high heterogeneity observed in this study. In the comparison
with GLP-1RA, the reason for high heterogeneity may be related to different drug classes and different doses.

Conclusions

Compared with the GLP-1RA, insulin, and placebo-treated groups, the body weight, TG, VLDL-C, TC, blood pressure,
FBG, and HbAlc levels were significantly decreased, while HDL-C levels were increased in the TZP-treated groups of
overweight/obese T2DM patient. With the gradual increase of TZP doses, the proportions of T2DM patients with weight
loss >5% gradually increased. The 10 mg and 15 mg TZP doses had a stronger effect on the levels of TG, VLDL-C, and
HDL-C. Furthermore, there was no significant difference regarding the risk of adverse reactions.
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