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ABSTRACT
Background: Pharmacotherapy offers a potential solution for individuals with overweight and obesity to decrease their body 
weight. However, there is limited knowledge of the effects of antiobesity agents on the distribution of body fat.
Methods: The PubMed, Embase, and Cochrane Library databases were reviewed for randomized controlled trials (RCTs) of 
weight-lowering drugs between inception and May 23, 2023. The main results were visceral and subcutaneous adipose tissue 
(VAT and SAT). Secondary outcomes were altered body weights and waist circumferences. For the statistical analysis, STATA 
14.0 was utilized, and the frequentist method was used for random-effect network meta-analyses.
Results: A total of 39 articles including 41 RCTs with 2741 patients were included. GLP-1 receptor agonists and SGLT-2 inhibitors 
were observed to lower VAT (−0.90 [−1.32 to −0.47] and −0.66 [−1.22 to −0.10]) after a mean of 29.4 weeks, whereas only GLP-1 
receptor agonists reduced SAT (−1.01 [−1.58 to −0.43]). Naltrexone-bupropion, GLP-1 receptor agonists, SGLT-2 inhibitors, and 
metformin were found to reduce body weight (−5.60 [−8.64 to −2.56] kg, −4.73 [−5.58 to −3.88] kg, −3.20 [−4.69 to −1.72] kg, and 
−1.93 [−3.01 to −0.85] kg). Lastly, waist circumference was decreased by GLP-1 receptor agonists, metformin, SGLT-2 inhibitors, 
and naltrexone–bupropion.
Conclusion: This analysis demonstrated that GLP-1 receptor agonists may have advantages over other antiobesity agents in 
reducing VAT and SAT. SGLT-2 inhibitors were more helpful to reduce VAT. The clinical significance relates to physicians being 
able to choose appropriate weight-loss agents in accordance with a patient's fat distribution.

1   |   Introduction

According to World Health Organization estimates, world-
wide, 39% of adults are overweight, and 13% are obese [1], with 
prevalence rising to over 40% in certain regions [2]. Obesity 
and overweight are major worldwide health concerns [3] that 
are linked to a broad spectrum of ailments, including type 
2 diabetes (T2DM) and cardiovascular diseases [4, 5]. The 

hallmark of T2DM, apart from obesity and atherosclerosis, is 
insulin resistance. The distribution of fat plays a pivotal role 
in determining an individual's insulin sensitivity [6]. Visceral 
adipose tissue (VAT), found deep inside the abdominal cav-
ity, and subcutaneous adipose tissue (SAT), placed beneath 
the skin, are the two main locations of adipose tissue in the 
body. Each has specific metabolic features [7]. Research has 
implicated VAT in the pathogenesis of numerous conditions, 
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such as insulin resistance and disrupted glucose and lipid 
metabolism [7]. Moreover, an increase in VAT is a significant 
factor in assessing overall cardiovascular risk, elevating the 
likelihood of developing arterial hypertension and ischemic 
heart disease [7].

Five pharmacological treatments (orlistat, lorcaserin, lira-
glutide, naltrexone-bupropion, and phentermine-topiramate) 
have received approval for the long-term therapy of obesity in 
adult patients and are included in the 2016 guidelines released 
by the American Association of Clinical Endocrinology [4]. In 
2020, however, lorcaserin was withdrawn due to cancer risk [8]. 
Semaglutide, a once weekly subcutaneous injection at a dosage 
of 2.4 mg, received FDA approval in 2021 as an auxiliary treat-
ment together with a calorie-restricted diet and enhanced phys-
ical activity for the ongoing weight management [9]. Moreover, 
the antidiabetic drugs pramlintide, metformin, and SGLT-2 in-
hibitors have shown potential in the management of obesity [10]. 
Research shows that levocarnitine can significantly reduce body 
weight, BMI, and waist circumference, supporting its potential 
as an adjunct therapy for obesity management [11]. Although 
several drugs are FDA-approved for obesity, our review adopts 
a broader perspective to include other promising agents that are 
frequently used or investigated for their weight-loss and met-
abolic benefits, particularly focusing on their effects on VAT 
and SAT.

A research demonstrated that liraglutide effectively decreases 
visceral adipose tissue (VAT) [12]. Additionally, the study 
identified a significant correlation between VAT reduction and 
decreased levels of glycated hemoglobin following treatment. 
Various weight-reduction medications have the potential to 
alter body fat distribution by modulating lipid metabolism 
in different adipose depots, thereby ameliorating metabolic 
disturbances and macrovascular complications [13]. The in-
fluence of weight-reduction drugs on fat distribution has 
received little attention despite its significance in terms of in-
sulin resistance, T2DM, and the risks of cardiovascular and 
cerebrovascular disease. Therefore, a network meta-analysis 
and systematic review of randomized controlled trials (RCTs) 
were conducted using antiobesity drugs, with an emphasis on 
fat distribution results.

2   |   Methods

The analysis was conducted in line with the Preferred Reporting 
Items for Systematic Review and Meta-Analyses (PRISMA) cri-
teria [14].

2.1   |   Search Strategy

To ascertain the effects of antiobesity medicines on body fat 
distribution, the PubMed, Embase, and Cochrane Library da-
tabases were reviewed to May 23, 2023, using the Population, 
Intervention, Comparator, Outcomes, and Study (PICOS) de-
sign framework. The search technique included the following: 
keywords, Boolean operators (AND/OR), truncation sym-
bols, and medical subject heading (MeSH) phrases. SGLT-2 
inhibitors, metformin, pramlintide, GLP-1 receptor agonists, 

levocarnitine, naltrexone-bupropion, orlistat, lorcaserin, 
phentermine-topiramate, RCTs, and fat distribution were 
among the terms that were searched. A detailed study plan 
is provided in the Supporting Information. With EndNote 
X9, duplicated records were eliminated. Reviewers worked in 
pairs and used EndNote X9 to screen titles and abstracts be-
fore moving on to full-text papers. Information on the settings 
and designs of the studies, indicators, baseline patient data, 
interventions, and findings was collected. Disagreements 
were settled through discussion or consultation with a third 
investigator.

2.2   |   Inclusion Criteria and Data Extraction

Eligible RCTs compared the effects of pharmacological agents 
with weight-reducing properties against a placebo or an-
other active agent. This included FDA-approved antiobesity 
medications (e.g., orlistat, liraglutide, naltrexone-bupropion, 
phentermine-topiramate, and semaglutide) as well as other 
drugs that have been investigated for adipose tissue reduction 
(e.g., pramlintide, metformin, and SGLT-2 inhibitors, levocar-
nitine). Studies were required to report absolute or percent-
age changes in VAT and SAT between baseline/pretreatment 
and posttreatment without language restriction. To expand 
the search range, no restrictions were set on dose or duration 
of treatment, as well as clinical population. The exclusion of 
the trials was based on (i) studies using animals in place of 
human trials; (ii) conference abstracts, editorials, commentar-
ies, letters, interviews, or reviews; (iii) the absence of a control 
group, as in studies containing one experimental group; and 
(iv) insufficient VAT and SAT data.

2.3   |   Data Gathering and Registered Procedures

Studies meeting the criteria above were gathered as potential 
candidates. The selected papers provided the data source and 
setting, participants, total number, study design, interven-
tion, study duration, body mass index (BMI), and markers 
of fat distribution, such as VAT and SAT, weight, and waist 
circumference.

Ethical approval for the investigation was waived because the 
data were collected from articles written by other researchers. 
The procedures for the meta-analysis and systematic review 
were registered on PROSPERO (CRD 42023437434).

2.4   |   Risk-of-Bias Assessment

Bias risk was determined independently by two reviewers with 
the Cochrane Collaboration technique. The tool used seven 
source types and six domains, namely, bias linked to perfor-
mance (blinding personnel and participants), detection (blinding 
to outcome), selection (randomization and concealment of al-
location), attrition (incomplete outcomes), reporting (selective 
coverage), and others (e.g., funding sources). There were three 
classifications for each risk of bias analysis domain: low, un-
clear, and high. If the study used appropriate randomization and 
concealment, the selection bias risk was deemed minimal. If the 
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research was blinded to both participants and the individuals 
administering the therapy, a low risk of performance bias was 
considered. Blinding in outcome evaluation with no subjective 
influence from the evaluator suggested low detection bias risk. 
If the data were complete or if the missing information was com-
parable between the groups or deemed insufficient to affect the 
outcome, attrition bias was considered low. By comparing pro-
tocols and research reports, it was possible to ascertain whether 
an outcome had been reported selectively by accounting for the 
likelihood of reporting bias.

2.5   |   Statistical Analysis

To evaluate the relative influences of antiobesity medications 
on fat distribution, a frequentist random-effect network meta-
analysis was combined with a network meta-analysis. Data anal-
ysis was done via STATA 14, and RevMan 5.4 was utilized to 
generate graphs representing bias risk and network evidence.

Because some continuous variables had different units in dif-
ferent articles, the standardized mean difference (SMD) with 
standard deviation (SD) was applied for assessment of the in-
fluence of antiobesity agents on fat distribution including VAT 
and SAT. An SMD represents the difference between groups in 
terms of the number of standard deviations. For example, an 
SMD of −0.5 would indicate that the mean value in the treat-
ment group is 0.5 standard deviations lower than the mean 
in the control group. The mean difference (MD) with SD was 
used to assess the influences of antiobesity agents on weight 
and waist circumference. The study outcomes all needed the 
number of participants for each study arm, the SD of the mean 
change, and the abstraction of the mean change from base-
line. When variance estimates were not provided as an SD, the 
SD was computed for mean change using the recommended 
strategies.

The consistency and inconsistency of the included studies were 
examined. In each closed loop of evidence, the concurrence be-
tween direct and indirect estimates was determined with node-
splitting techniques. A p > 0.05 was observed as a sign of strong 
consistency, but a p ≤ 0.05 denoted inconsistent results. When 
significant differences were detected, the underlying causes 
were found by examining the relevant study in more detail.

Several sensitivity tests were undertaken to determine the re-
liability of the final results, including (i) exclusion of studies 
that did not report BMI at baseline; (ii) exclusion of studies with 
fewer than 50 patients; (iii) exclusion of studies lasting fewer 
than 24 weeks; and (iv) exclusion of all research that used DXA. 
The asymmetry of the funnel plot was examined to determine 
small-study effects, including publication bias.

Each treatment's rank probability was calculated using the sur-
face under the cumulative ranking (SUCRA) curve. SUCRA, 
which was equal to 1 or 0 when the therapy was the best or 
worst, respectively, was a percentage that represented the prob-
ability of the treatment being the most successful in the absence 
of uncertainty regarding the result. Higher SUCRA values in-
dicate that a treatment regimen is at the highest level or highly 

effective, resulting in the optimal intervention for the outcome 
measure.

3   |   Results

3.1   |   Literature Search

Of the 631 retrieved articles, 95 satisfied the requirements for 
inclusion. Following the exclusion of 56 articles, a total of 39 el-
igible studies [12, 15–52] were finally enrolled in the analysis, 
comparing placebo with six antiobesity agents (SGLT-2 inhib-
itors, orlistat, naltrexone-bupropion, levocarnitine, metformin, 
and GLP-1 receptor agonists). Of these, the studies by Pasquali 
et al. [15] and Kadowaki et al. [16] included two different RCTs. 
Figure  1 depicts a flowchart of the study selection procedure. 
The mean values for age, length of therapy, and starting weight 
were 50.8 years, 29.4 weeks, and 86.8 kg, respectively. The trial 
sample size ranged from 18 to 360. Table S1 contains the char-
acteristics of these studies, including the total number, BMI, 
participants, research duration, data source and setting, and in-
tervention. Of the 41 RCTs, 15 RCTs consisted of patients with 
T2DM, 7 RCTs consisted of participants with polycystic ovary 
syndrome (PCOS), and 13 RCTs consisted of patients with over-
weight or obesity.

3.2   |   Risk of Bias

Figures S1 and S2 display the bias risk for each study. The pri-
mary issues were the low reported degrees of blinding for the 
outcome assessors, investigators, and participants. Out of the 41 
trials, 21 (51.2%) had a low bias risk in terms of randomization, 
whereas 20 (48.8%) had a low likelihood of bias in terms of al-
location concealment. Blinding for participants and investiga-
tors was reported in 28 trials (68.3%), and blinding for outcome 
evaluation was reported in 24 trials (58.5%). A low likelihood of 
attrition bias was detected in 34 trials (82.9%), whereas minimal 
risk from selective outcome reporting was found in 37 studies 
(90.2%).

3.3   |   Main Outcomes

VAT data were reported in 40 trials consisting of 2689 patients 
(Figure 2A). Compared with placebo, administration of SGLT-2 
inhibitors and GLP-1 receptor agonists resulted in markedly 
lower VAT (−0.90 [−1.32 to −0.47] and −0.66 [−1.22 to −0.10], 
respectively), whereas no statistically significant changes were 
found following orlistat, naltrexone–bupropion, metformin, and 
levocarnitine treatment (Figure  3A). The SUCRA score indi-
cated that SGLT-2 inhibitors and GLP-1 receptor agonists were 
among the top three most effective drugs (Figure S3A).

SAT data were reported in 28 trials consisting of 1682 patients 
(Figure 2B). Figure 3B illustrates that only GLP-1 receptor ago-
nists decreased SAT when compared to a placebo (−1.01 [−1.58 
to −0.43]), whereas no statistically significant effects were ob-
served for SGLT-2 inhibitors, orlistat, naltrexone-bupropion, 
metformin, and levocarnitine. The SUCRA value indicated 
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that the most effective drugs were GLP-1 receptor agonists 
(Figure S3B).

3.4   |   Secondary Outcomes

Weight measurements were documented in a total of 33 investi-
gations, involving a sample size of 2235 individuals (Figure 2C). 
Weight loss was observed after naltrexone-bupropion, GLP-1 
receptor agonists, SGLT-2 inhibitors, and metformin treatment 
(−5.60 [−8.64 to −2.56] kg, −4.73 [−5.58 to −3.88] kg, −3.20 
[−4.69 to −1.72] kg, and −1.93 [−3.01 to −0.85] kg, respectively) 
relative to the placebo, whereas no marked weight changes 
were reported following orlistat and levocarnitine treatment 
(Figure  3C). GLP-1 receptor agonists, SGLT-2 inhibitors, and 
naltrexone-bupropion were found to be most effective according 
to the SUCRA score (Figure S3C).

Waist circumference was reported in 26 trials consisting of 1860 
patients (Figure  2E). Waist circumference was found to be re-
duced by medication with GLP-1 receptor agonists, naltrexone-
bupropion, SGLT-2 inhibitors, and metformin compared to 

placebo (−4.89 [−5.42 to −4.36] cm, −3.50 [−6.41 to −0.59] cm, 
−2.96 [−4.99 to −0.92] cm, and −1.18 [−1.41 to −0.95] cm, re-
spectively), whereas levocarnitine had no statistically significant
effect (Figure 3D). The SUCRA score revealed that naltrexone-
bupropion, SGLT-2 inhibitors, and GLP-1 receptor agonists
ranked as the three most efficacious medications (Figure S3D).

3.5   |   Heterogeneity and Inconsistency Tests

Using the node-splitting method, we examined overall network 
inconsistencies and heterogeneity. No significant inconsisten-
cies between direct and indirect observations were detected. 
Similarly, no local inconsistencies were observed (Figure S5).

Loop inconsistency analysis revealed that 95% CI of the closed 
loop formed by each intervention for VAT, SAT, weight, and waist 
circumference was approximately 0 (Figure S6), indicating essen-
tial consistency between direct and indirect comparisons.

In sensitivity analyses, after excluding studies, results similar to 
the primary analyses were found (Figure S7). After (i) exclusion 

FIGURE 1    |    Flowchart of the study selection process.
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of studies that did not report BMI at baseline; (ii) exclusion of 
studies with fewer than 50 patients; (iii) studies with a treatment 
duration shorter than 24 weeks were excluded; and (iv) all re-
search that used DXA were excluded, the GLP-1 receptor ago-
nists and SGLT-2 inhibitors decreased VAT, whereas only GLP-1 
receptor agonists reduced SAT. Upon analyzing the funnel plot 
symmetry, no indications of small study effects were found 
(Figure S8).

4   |   Discussion

Here, a network meta-analysis was used to investigate the im-
pact of antiobesity medications on the distribution of body fat. 
Although only six types of antiobesity drugs (SGLT-2 inhibitors, 
orlistat, naltrexone-bupropion, levocarnitine, metformin, and 
GLP-1 receptor agonists) were analyzed, it was found that GLP-1 
receptor agonists markedly decreased both VAT and SAT, as 
well as body weight and waist circumference relative to other 
antidiabetic drugs or the placebo.

There is increasing evidence linking VAT with the development 
of numerous health conditions. Excessive VAT has been found 
to interfere with adipocytokine production, contributing to the 
characteristic pathologies of nonalcoholic steatohepatitis and 
metabolic syndrome [14]. Furthermore, the active metabolic 
activity of VAT has been identified as a significant source of 

cellular inflammation in individuals suffering from obesity and 
coronary heart disease [53]. Karllson et  al. [54] reported that 
VAT could independently predict T2DM risk. Hence, it is recom-
mended to select drugs that modulate both glucose metabolism 
and reduce VAT for patients with T2DM. Here, preliminary ev-
idence is provided to suggest that GLP-1 receptor agonists can 
alter fat distribution patterns.

Multiple hypotheses have been proposed to elucidate the pro-
cesses by which GLP-1 receptor agonists impact the distribution 
of fat and promote weight reduction. Findings suggest that di-
abetic patients with obesity have greater densities of GLP-1 re-
ceptors on intra-abdominal, relative to subcutaneous fat cells. 
This higher receptor expression suggests that GLP-1 may induce 
fat cell lipolysis by activating these receptors. Notably, studies 
have indicated that GLP-1 at high concentrations enhances ad-
ipocyte lipolysis, whereas at lower concentrations, it can stim-
ulate adipocyte lipogenesis. Second, GLP-1 slows emptying of 
the stomach through interaction with gastrointestinal GLP-1 
receptors [55].

Our findings indicated that SGLT-2 inhibitors effectively re-
duced VAT but not SAT. Each sensitivity analysis corresponded 
with the overall results. The results contradicted a prior meta-
analysis that found that when the follow-up period was more 
than 6 months, therapy with SGLT-2 inhibitors significantly de-
creased VAT and SAT [56]. Furthermore, another study indicated 

FIGURE 2    |    A network plot showing the trials assessing antiobesity medications for various outcomes. (A) VAT, (B) SAT, (C) weight, and (D) waist 
circumference. Circle sizes are proportional to participant numbers in specific treatment types. Line thickness indicates numbers of studies using the 
drugs. Metformin and GLP-1 receptor agonists were the treatments most often compared to placebo.
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that treatment with SGLT-2 inhibitors led to weight loss in the 
first week of treatment, which stabilized after 6 months [57]. 
Because this analysis included four trials in which patients re-
ceived follow-up times of less than six months, it is likely that 
these shorter treatment times account for the discrepancies be-
tween our findings and these earlier reports.

It is not known whether SGLT-2 inhibitors decrease fat tissue. 
However, in animal experiments, SGLT-2 inhibitors can activate 
the liver-brain-adipose axis and initiate the glycogen depletion 
signal, which in turn stimulates lipolysis [58]. Lauritsen et  al. 
[59] indicated that SGLT-2 inhibitors decrease GLUT4 expres-
sion in adipose tissue, perhaps due to a reduction in glycerol
synthesis and a change in substrate use away from lipid storage
and glucose oxidation. Undoubtedly, SGLT-2 inhibitors' cardio-
protective effects are linked to a reduction in adipose tissue and
various pleiotropic effects that reduce indicators associated with 
cardiovascular disease risk [60].

The results of GLP-1 receptor agonists' effects on VAT align 
with those of a prior network meta-analysis [61], showing that 
GLP-1 receptor agonists significantly decreased VAT. Other 
medication possibilities that were included in this investigation 
were naltrexone-bupropion and phentermine-topiramate. It was 

observed that the approved medications' effects on weight reduc-
tion in the current research aligned with results from an earlier 
network meta-analysis [62]. The combination of phentermine-
topiramate, naltrexone-bupropion, and GLP-1 receptor agonists 
resulted in the greatest decrease in body weight in that study. 
Although the current data support these conclusions, the trial 
demonstrating that phentermine–topiramate decreased VAT 
and SAT was not included here.

This is the first network meta-analysis to justify the effective-
ness of antiobesity medications on VAT and SAT. It discusses the 
most recent data highlighting the advantages of weight-lowering 
medications on fat distribution. The current study has some lim-
itations. Although the inclusion of experimental controls that 
were not exclusively placebos may have introduced substan-
tial heterogeneity into the analysis, no marked inconsistencies 
were seen between indirect and direct evidence. The period of 
follow-up in the studies varied. Nevertheless, the sensitivity 
analyses revealed no significant variations in outcomes across 
different follow-up periods. GLP-1 receptor agonists and SGLT-2 
inhibitors demonstrated comparable results after excluding 
studies with brief treatment durations. In addition, only a few 
studies of 41 RCTs recorded the changes of lean mass and we did 
not evaluate fat distribution within the context of lean mass loss 

FIGURE 3    |    Network meta-analysis results for the outcomes compared with placebo. (A) VAT, (B) SAT, (C) weight, and (D) waist circumference. 
The study utilized the standardized mean difference (SMD) along with 95% confidence intervals for the assessment of medication effectiveness in 
terms of reducing fat distribution. It also utilized the mean difference (MD) along with 95% confidence intervals to evaluate the impact of weight and 
waist circumference.
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(or gains), which can impact health. Further large-sample RCTs 
are needed for verification of these results.

5   |   Conclusions

As one of the most widespread health concerns globally, the public 
health and economic burdens of obesity have garnered growing 
attention from patients, regulatory bodies, and biopharmaceu-
tical companies. Research and development efforts are actively 
pursuing weight-reduction medications that target various points 
in its pathophysiology. Given the strong association between fat 
distribution and metabolic syndrome, according to this network 
meta-analysis, SGLT-2 inhibitors and GLP-1 receptor agonists are 
useful in lowering VAT, which may have therapeutic advantages. 
Doctors can choose appropriate weight-loss drugs according to 
the patient's fat distribution. To provide further support for low-
ering the risk of long-term consequences in obesity, more clinical 
research focusing on fat distribution is required.
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Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Table S1:Main characteristics of the 
included studies. CT, computed tomography; MRI, magnetic resonance 
imaging; DXA, dual-energy x-ray absorptiometry. Figure S1: Risk of 
bias graph. Review of authors' judgments about each risk of bias pre-
sented as percentages across all included studies. Figure S2: Quality 
assessment findings using Cochran risk of bias tool. Review of authors' 
judgments about each risk of bias for each included study. Figure S3: 
Ranking probabilities of different weight-lowering agents for different 
outcome indicators (A) VAT, (B) SAT, (C) weight and (D) waist circum-
ference. Higher SUCRA values indicate that a treatment regimen is at 
the highest level or highly effective, resulting in the optimal interven-
tion for the outcome measure. Figure S4: Netleague for network meta-
analysis. The columns present the column drug class compared to the 
row drug class. The rows present the column drug class compared to the 
column drug class. The standardized mean difference (SMD) with 95% 
confidence intervals was used to assess the effect of anti-obesity agents 
on fat distribution including VAT and SAT. The mean difference (MD) 
with 95% confidence intervals was used to assess the effect of weight 
and waist circumference. Figure S5: Through node-splitting method, 
there is no evidence of overall network inconsistencies or heterogene-
ity between direct and indirect evidence, and there were no local in-
consistencies. Figure S6: After the loop inconsistency analysis, the 
95% CI of the closed loop formed by each intervention for VAT, SAT, 
weight and waist circumference contained 0, suggesting no significant 
inconsistency between direct and indirect comparisons. Figure S7: 
Multiple sensitivity analyses. Figure S8: Comparison-adjusted funnel 
plot of interventions. It was utilized for assessing included literature. 
Symmetrical plot represents the absence of publication bias. 
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