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Abstract

Background Considering the important role of cardiometabolic risk factors in different societies on increasing the
burden of non-communicable diseases, in this study we will investigate the possible effects of Beinaglutide as an
glucagon-like peptide-1 receptor agonists (GLP-1RAs) on these risk factors.

Methods In order to identify all randomized controlled trials that investigated the effects of Beinaglutide on
cardiometabolic factors, a systematic search was conducted in the original databases using predefined keywords until
July 2024. The pooled weighted mean difference and 95% confidence intervals were computed using the random-
effects model.

Results A quantitative meta-analysis results from 7 studies with 872 participants showed that Beinaglutide has a
significant lowering effect on weight (WMD: -3.74 kg; 95% Cl: -5.03, -2.45), body mass index (BMI) (WMD:-1.64 kg/mz;
95% Cl:-2.10,-1.17), waist circumference (WC) (WMD: -3.19 cm; 95% Cl: -4.65 to -1.73), triglycerid (TG) levels (WMD:
-0.14 mmol/l with; 95% Cl:-0.25, -0.04), and systolic blood pressure (SBP) (WMD: -1.76 mm/Hg; 95% Cl:-2.61,-0.91).
Furthermore, the results obtain from subgroup analysis showed a greater effect of Beinaglutide on the reduction of
weight and TG during the intervention of more than 12 weeks. In addition, body weight loss was greater in doses less
than 0.4 mg compared to doses greater than or equal to 0.4 mg.

Conclusions The results of this meta-analysis show that Beinaglutide is effective in reducing factors related to
obesity, TG as wil as SBP, especially with longer interventions and lower doses.
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Introduction

Cardiometabolic risk has been defined as a cluster of
metabolic and cardiovascular abnormalities, including
excess weight and abdominal obesity, insulin resistance,
hypertension, dyslipidemia and atherosclerosis, that
predispose individuals to cardiovascular disease (CVD)
and type 2 diabetes mellitus (T2DM) and future cardio-
vascular events such as ischemic heart disease, myocar-
dial infarction, and valvular disease [1, 2]. These factors
are best identified by primary care providers, as most
patients will present at an early stage with no symptoms
[3]. Effective management of these conditions is crucial
for improving patient outcomes and reducing the burden
on healthcare systems [4].

Strong evidence has been established that excess
weight included overweight and obesity increase the risk
of major noncommunicable diseases including cardiovas-
cular disease, T2DM, and cancer, which are associated
with premature death and disability [5, 6]. Studies have
confirmed that maintaining a stable healthy weight and
losing weight in early adulthood and midlife are impor-
tant for better life quality during the aging process [7].

In recent years, glucagon-like peptide-1 receptor ago-
nists (GLP-1RAs) have emerged as promising therapeutic
agents for managing cardiovascular risk factors in indi-
viduals with T2DM [8, 9]. Beinaglutide, a novel GLP-
1RA, has garnered attention for its potential to improve
cardiometabolic parameters by modulating glucose
metabolism, reducing body weight, and exerting favor-
able effects on blood pressure and lipid profiles [10, 11].
It is an approved treatment for T2DM according to the
Chinese Guideline for the Prevention and Treatment of
T2DM [12]. Despite its growing use in clinical practice,
the overall efficacy and safety of Beinaglutide in cardio-
metabolic management remain to be comprehensively
evaluated through high-quality evidence synthesis [11].

This systematic review and meta-analysis aims to criti-
cally assess the effect of Beinaglutide on cardiometabolic
factors, including glycemic control, body weight, blood
pressure, lipid levels, and cardiovascular outcomes. By
analyzing data from randomized controlled trials (RCTs),
this study seeks to provide a robust summary of the ther-
apeutic potential of Beinaglutide and its implications for
managing cardiometabolic disorders.

Methods

Search strategy

This systematic review and meta-analysis was conducted
without any time or language restrictions, following the
writing of Preferred Reporting Criteria for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [13]. A
comprehensive search strategy was completed by March
2024, encompassing major databases including PubMed/
MEDLINE, Web of Science, Scopus, and Embase. This
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search strategy incorporated the medical subject head-
ings (MeSH) and Emtree (Embase subject title) and
included the following search terms:: (Beinaglutide OR
glucagon-like peptide 1) AND (“Clinical Trials as Topic”
OR “Cross-Over” OR “Double-Blind” OR “Single-Blind "
OR “Random Allocation” OR “Clinical Trial”). To ensure
comprehensive coverage, we also manually reviewed ref-
erence lists from relevant studies, meta-analyses, and
review articles.

Eligibility criteria

To determine eligibility, two authors independently
reviewed the studies, removing duplicates and evaluat-
ing each base of Population, Intervention, Comparison,
Outcomes and Study design (PICOS) criteria.The follow-
ing criteria were used: (1) The study population includes
all healthy or unhealthy individuals with an age greater
than or equal to 18 years; (2) The investigated interven-
tion was also limited to the prescription of Beinaglu-
tide; (3) The individulas who used a lifstyle intervention
or a placebo were also considered as the control group;
(4) Glucose metabolism (Fasting Blood Sugar [FBS],
Homeostatic Model Assessment for Insulin Resistance
[HOMA-IR], and HbAlc), anthropometry data (weight,
body mass index [BMI], waist circumference [WC]),
lipid profiles (Low-density lipoprotein [LDL] and high-
density lipoprotein [HDL] cholesterol, triglycerid [TG],
and total cholesterol [TC]), and blood pressure (systolic
blood pressure [SBP] and diastolic blood pressure [DBP])
variables were evaluated as outcomes of this study; (5)
Finally, the included studies were designed as a random-
ized, controlled clinical trial.

Additionally, studies were eligible if the intervention
lasted at least 2 weeks and provided baseline and post-
intervention data on FBS, HOMA-IR, HbAlc, weight,
BMI, WC, LDL and HDL cholesterol, TG, TC, SBP, and
DBP. In cases with multiple follow-up periods, only data
from the final follow-up were analyzed. Studies involving
animals, those with repeated data, those without control
groups, and systematic reviews or meta-analyses were
excluded from the analysis.

EndNote software was utilized for efficient manage-
ment of eligible articles and removal of duplicates.

Data extraction

To systematically review and analyze the data, two
authors independently extracted the relevant details from
the eligible studies, including the first author’s name,
year of publication, sample size for both the intervention
and control groups, mean age, body mass index of the
participants, the study population, details of the inter-
ventions for both groups, and the mean and standard
deviation (S.D.) of the investigated outcomes at baseline
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and at the last follow-up (or the changes between base-
line and post-intervention).

Quality assessment

The methodological quality of the trials was evaluated
using the most recent version of the Cochrane risk-
of-bias tool for randomized trials (RoB 2) [14]. Several
potential sources of bias were examined and ranked by
the study’s authors including incomplete outcome data,
selective reporting, participant and staff blinding, alloca-
tion concealment, blinding of volunteers and research-
ers, and random sequence generation. Each study was
assessed by two authors, who independently determined
the level of bias, classifying it as low, high, or unclear.
A third author was consulted to resolve any disagree-
ments, ensuring consensus. The quality of this systematic
review and meta-analysis was further evaluated using
the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) system. The GRADE
checklist, a 10-point grading system, assesses various fac-
tors affecting study quality across seven distinct domains:
[1] risk of bias [2], precision [3], heterogeneity [4], direct-
ness [5], publication bias [6], funding bias, and [7] study
design [32].

Data synthesis and statistical analysis

Data analysis was performed using software STATA ver-
sion 12.0. Means and standard deviations (S.D.s) were
calculated using a predefined method [15, 16]. In the
absence of standard deviations, the following technique
was used to determine the amount of the change: To find
the formula for the change in standard deviation, we first
take the square root of the difference between the sum of
the squares of the baseline and final standard deviations,
then subtract twice the product of the baseline and final
standard deviation correlation coefficients, and finally,
we add the absolute values of the standard deviations to
get the final SD. This formula was also used to derive the
standard deviation from the standard error of the mean
(SEM): multiplying SEM by the square root of the sample
size (n) for each group provided the S.D. Meta-analysis of
the study results was conducted using a random-effects
model, applying the inverse variance method. This
approach allowed for the integration of multiple time
points into a single study cohort. Heterogeneity was
assessed using Q statistics and I-squared (I%) values, with
heterogeneity classified as low, moderate, or high based
on I? values ranging from 0 to 25%, 26-50%, 51-75%,
and 76-100%. In STATA, the T-test is performed using
the ttest command; for an independent sample T-test,
the syntax is ttest varl, by(group), where varl, var2, and
group represent the respective variables. Subgroup analy-
sis was used to investigate potential sources of heteroge-
neity, such as the dosage of Beinaglutide, baseline of BMI,

Page 3 of 11

and the duration of the intervention. Sensitivity analysis
was conducted to determine the influence of each study
on the overall mean difference. Publication bias was
assessed using Egger’s test, a widely recognized statistical
method.

Results

The flow diagram of the study, including identification,
screening, eligibility and the final sample, is presented in
Fig. 1. After an exhaustive search of the main databases
as described in the methodology, 58 publications were
entered into the Endnote software. Of these, 12 studies
were removed due to duplication, leaving 46 studies for
evaluation and screening. After the initial evaluation,
which included assessing titles, abstracts, and eligibil-
ity based on inclusion and exclusion criteria, 34 studies
were excluded, and 12 studies were identified for futher
full-text evaluation. Of these 12 studies, 5 studies were
excluded for various reasons detailed in Fig. 1, and 7
studies were ultimately included in the meta-analysis for
systematic review and data analysis.

Study characteristics

The characteristics of the aggregated studies are summa-
rized in Table 1. As shown, all seven studies reviewed in
this meta-analysis were conducted in Asia and China, all
using the parallel design. These studies were publicated
between 2021 and 2023, with follow-up interventions
varied from 8 to 24 weeks.The participants baseline char-
acteristics showed that the average age ranged from 30 to
52.6 years, with the proportion of male participants vary-
ing between 0 and 72.25%. The mean baseline BMI across
the studies ranged from 24.71 to 33.3. The dosages of the
investigated drug varied from 0.3 to 0.6 and in two stud-
ies the drug was investigated alone and in other studies it
was combined with metformin or lifestyle changes. The
studied population in 4 studies included obese or over-
weight people, and in 3 studies it was done on diabetic
people.

Table 2 displays the results of the assessment con-
ducted to evaluate the quality of the eligible studies.
Moreover, the quality of the present meta-analysis was
evaluated using the GRADE score method, resulting in a
grade of 9.5, indicating a very good level of quality (Sup-
plementary Table 2).

Meta-analysis

Glucose metabolism results

The findings obtained from the meta-analysis showed
that Beinaglutide has no significant effect on any of
the glucose metabolism factors including FBS (WMD:
0.19 mmol/l P<0.001; 95% CI: -0.14, 0.51; p<0.001;
1?=94.2%), HbAlc(WMD:0.07% with Pvalue P<0.001;
95% CI: -0.14, 0.27; p <0.001; I*=67.2%), and HOMA-IR
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Fig. 1 Flow chart of study selection process

(WMD:-0.90 with Pvalue P<0.001; 95% CI: -2.28, 0.48;
p <0.001; I* = 96.4%) (Fig. 2).

Anthropometric measurements and indicators

A quantitative meta-analysis showed that Beinaglu-
tide has a significant lowering effect on weight (WMD:
-3.74 kg with Pvalue P<0.001; 95% CI: -5.03, -2.45;
p<0.001; 1°=86.6%), BMI (WMD:-1.64 kg/m?P<0.001;
95% CI: -2.10, -1.17; P=0.120; *=45.4%), and WC
(WMD: -3.19 cm P<0.001; 95% CI: -4.65 to -1.73;
p<0.001; I*=82.6%) (Fig. 3).

Lipid profiles and blood pressure findings

In addition, no significant effect on LDL-C (WMD:-0.17
mmol/l P=1.00; 95% CI: -0.38, 0.03; p <0.001; I>=91.2%),
HDL-C (WMD:0.01 mmol/l with P=0.851; 95% CI: -0.07,
0.08; p=0.009; I?=67.2%), and TC (WMD: 0.00 mmol/l
with P=0.261; 95% CI: -0.25, 0.26; p <0.001; I? = 94.4%)
as well as DBP (WMD: -1.53 mm/Hg P=0.152; 95%

Vo

c . .

Records identified through datab: . .

'..9.. cooras identiied through database Additional records identified

I searching

9O _ through other sources

&= (n=58) -

= (n=0)

]

3
—
. v v

Records after duplicates removed

o (n=46 )

&

c

]

1)

S

(2] v

Records screened | Records excluded
— (n=46) ] (n=34)
o
v

Z Full-text articles assessed 5 articles excluded

= for eligibility . _

E’ (n=12) Insuffienicent control, n=3

- No outcome of interest, n=2
—/ . v .

7 RCTs included in the
) systematic review and
meta-analysis

_ @=7

Q

-]

3

[%}

=
—

CL -3.61, 0.56; p<0.001; 1*=90.1%) was reported fol-
lowing the intervention with a Beinaglutide. However,
based on the findings, the Beinaglutide caused a signifi-
cant decrease in TG levels (WMD: -0.14 mmol/l with
P=0.010; 95% CI: -0.25, -0.04; p=0.015; I*=64.7%) and
SBP (WMD: -1.76 mm/Hg P<0.001; 95% CI: -2.61, -0.91;
p=0.320; I = 14.4%) (Fig. 4).

Subgroups analysis

The stratified analysis based on the dosage of Beinaglu-
tide, baseline of BMI, and the duration of the intervention
showed a greater effect of Beinaglutide on the reduction
of weight and TG during the intervention of more than
12 weeks. In addition, body weight loss was greater in
doses less than 0.4 mg compared to doses greater than
or equal to 0.4 mg. However, for other variables, no sig-
nificant differences were observed between subgroup
analyses. It also seems that the baseline level of BMI as
well as the length of the intervention period is a possible
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Table 2 Risk of bias assessment according to the Cochrane collaboration’s risk of bias assessment tool

Risk of bias domains
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Domains:

D1 : Bias arising from the randomization process.

D1b: Bias arising from the timing of identification
and recruitment of Individual participants in
relation to timing of randomization.

D2 : Bias due to deviations from intended intervention.

D3 : Bias due to missing outcome data.
D4 : Bias in measurement of the outcome.
D5 : Bias in selection of the reported result.

on LDL cholesterol, HDL cholesterol or total choles-
terol. However, there was a significant reduction in tri-
glyceride (TG) levels and systolic blood pressure (SBP).
Although the effects on the lipid profile are limited, the
reduction in triglycerides is relevant [22], since high TG
levels are associated with greater cardiovascular risk
[23]. The reduction in systolic blood pressure may also
indicate an indirect benefit in preventing cardiovascu-
lar events, especially in individuals with mild hyperten-
sion. The stratified analysis showed that the efficacy of
Beinaglutide in reducing weight and triglycerides was
greater in interventions lasting longer than 12 weeks
and at doses lower than 0.4 mg. This suggests that the
response to treatment may be time- and dose-dependent,
which may guide clinical practice in terms of optimizing
therapy. The fact that there were no significant differ-
ences for other parameters suggests that the drug has a
narrower efficacy profile. It is important to note that for
all parameters without statistical significance, coupled
methods of lifestyle change are effective [24], such as the
inclusion of a proper and healthy diet, physical exercise,
sleep monitoring and attention to mental health [25-
28]. Prolonged treatment allows gradual physiological

e e ®

Judgement

® i

- Some concerns

. Low

adaptation, maintaining receptor responsiveness and
minimizing tolerance. Extended exposure enhances lipid
metabolism, improves insulin sensitivity, and recalibrates
appetite-regulating hormones like leptin and ghrelin,
promoting sustained weight loss and metabolic benefits.
Additionally, lower doses reduce adverse effects, improv-
ing patient adherence over time. This approach may bal-
ance efficacy and safety, but further research is needed to
confirm its mechanisms and practical applicability.
Studies comparing Beinaglutide with other interven-
tions highlight its notable efficacy in glycemic control,
weight reduction, and lipid profile improvement. The
BM]J (2024) study [29] on GLP-1 receptor agonists dem-
onstrated that this class, including Beinaglutide, effec-
tively improves these parameters, with Beinaglutide
showing particular promise for weight loss. In contrast,
taurine was shown to reduce metabolic syndrome risk
and improve cardiovascular outcomes [30, 31], focus-
ing more on long-term cardiometabolic health rather
than immediate weight or glucose control. Addition-
ally, Capsicum annuum supplementation [32] modestly
improved components of metabolic syndrome but lacked
the robust glycemic and weight-reduction effects seen
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Study %
D WMD (95% Cl) Weight
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Fan (2023) —0-—5 -0.10(-0.36,0.16)  14.67
Overall (I-squared = 96.6%, p = 0.000) <® 0.19(-0.14,051)  100.00
NOTE: Weights are from random effects analysis ;
T T
-1.71 0 171
c) HOMA-IR
Study
D
Gao (2021) ——

Wen (2023)
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b) HbAlc

Study %

D WMD (95%Cl)  Weight

Gao (2021) 020(0.15,025) 2214
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Han (2023) 012(0.13,037) 1661

Liu (2023) 0.37(0.29,045) 2161

Fan (2023) 0.10 (:0.25,0.05)  19.86
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Fig. 2 Forest plots from the meta-analysis of clinical trials investigating the effects Beinaglutide on (a) glucose, (@) HbA1c¢, (c) Homeostatic Model Assess-

ment for Insulin Resistance (HOMA-IR). WMD: weighted mean

with Beinaglutide. Overall, while taurine and Capsicum
annuum provide broader metabolic and cardiovascular
benefits, Beinaglutide is superior in targeted weight loss
and glycemic management for type 2 diabetes.

As strengths of this study, we highlight the rigorous
methodology was used based on the PRISMA guidelines
[33]; removal of duplicates from a reliable source [34]; a
comprehensive literature search included independent
databases; search, selection, and data extraction applied
to the selected studies were performed separately, and
in duplicate, by two researchers; and a third party was
accessed to resolve disagreements. Furthermore, because
the evaluation of this drug was recent, few studies were
found and this is our main limitation. However, the sen-
sitivity analysis confirms the robustness of the findings,
reinforcing confidence in the overall results. In addi-
tion, the absence of publication bias, verified by visual

inspection of the funnel plot and Egger’s regression test,
increases the validity of these results. Moreover, since
the evaluation of this drug is relatively recent, the lim-
ited number of available studies represents a major limi-
tation. Both clinical and statistical heterogeneities were
observed, which may be attributed to variations in inter-
vention-specific factors (such as drug dosages and proto-
col duration), differences in the control group status (e.g.,
metformin/insulin vs. lifestyle modifications) or from
baseline disease comorbidities (e.g., diabetic vs. non-
diabetic populations), and patient-specific characteristics
(including genetics, age, sex, ethnicity, medical history,
and dietary carbohydrate and fat intake). Additionally,
the novel nature of the drug has contributed to the scar-
city of studies in this area. Another constraint was the
inability to register the current study in PROSPERO due
to time limitations.
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Fig. 3 Forest plots from the meta-analysis of clinical trials investigating the effects Beinaglutide on (a) weight, (b) Body Mass Index (BMI), and (c) Waist
Circumference (WC). WMD: weighted mean
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Study %
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NOTE: Weights are from random effects analysis
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b)LDL-C

Study %
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NOTE: Weights are from random effects analysisi
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Gao (2021) i — 0.10(0.03,0.17)  22.01
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Wen (2023) —0—-— -0.15(-0.37,0.07) 8.14
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Liu (2023) —%—*— 0.05 (-0.05,0.16) 17.97
Fan (2023) —-ﬁ— 0.09 (-0.08,0.26) 11.38
Overall (I-squared = 67.2%, p = 0.009) <> 0.01(-0.07,0.08) 100.00
NOTE: Weights are from random effects analysis| i

T T
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Study %
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Wu (2022) -1.00(-7.56,556)  1.66
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Overall (I-squared = 14.4%, p = 0.320) @ -176(-261,-091)  100.00
NOTE: Weights are from random effects analysis |

T T
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-1.36 1.36
Study %
D WMD (95% CI) Weight
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Wen (2023) —_—— 0.15(:037,007) 1373
Han (2023) —_— 0.31(-043,-0.19) 2223
Liu (2023) | —— -001(0.13,0.11) 2257
Fan (2023) —_— 008(-038,023) 894
Overall (l-squared = 64.7%, p = 0.015) Q 0.14(-025,-0.04)  100.00
NOTE: Weights are from random effects analysis +

T T

=717 0 7
Study %
) WMD (95% Cl) Weight
Gao (2021) —_— . -390 (4.79,-301) 2099
W (2022) ; 0.00(459,4.59) 1253
Chen (2023) -0.40(-1.90,1.10) 2727
Liu (2023) 082(165,001) 3020
Overall (1squared = 90.1%, p = 0.000) <>> 153(:361,056) 10000

NOTE: Weights are from random effects analysis.

479 0 479

Fig. 4 Forest plots from the meta-analysis of clinical trials investigating the effects Beinaglutide on (a) cholesterol, (b) Low-density lipoprotein (LDL-C), (c)
High-density lipoprotein (HDL-C), d) Triglycerid (TG), e) Systolic Blood Pressure (SBP), and f) Diastolic Blood Pressure (DBP). WMD: weighted mean

Conclusion

Although Beinaglutide shows a promising effect in
reducing factors related to obesity, triglycerides as well as
SBP, it seems to have no significant impact on glycemic
parameters or most indicators of lipid profile and DBP.
This may indicate that its use may be more effective as

part of weight control strategies than as a stand-alone
agent for the management of glucose metabolism or
dyslipidemia and should be used with caution in clini-
cal practice. For the parameters to work in real harmony,
lifestyle changes need to be monitored, with attention
paid to diet and physical exercise.
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