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ABSTRACT
Aims: This study aims to systematically evaluate the efficacy of bimagrumab on body composition and glucose parameters in 
adults with obesity and metabolic dysfunction and its safety profile.
Methods: We searched MEDLINE, PubMed, Embase, and the Cochrane Library on April 20, 2026, for randomized controlled 
trials (RCTs) assessing bimagrumab treatment in adults with obesity, insulin resistance, or type 2 diabetes mellitus (T2DM). 
The risk of bias was assessed using the Cochrane Risk of Bias tool (RoB 2), and meta-analyses of efficacy and safety data were 
conducted using R software. The Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) system was 
used to assess the strength of evidence. The study was registered with PROSPERO (CRD420261377110).
Results: Of the 134 retrieved records, 4 RCTs (enrolling 268 participants) were included. The included population represented 
a broad spectrum of metabolic dysfunction, from obesity and nondiabetic insulin resistance to established T2DM. Compared 
with placebo, bimagrumab treatment significantly reduced total weight (mean difference [MD] –4.85 kg, 95% confidence interval 
[CI] –6.82 to −2.88), fat mass (−4.72 kg [−8.05 to −1.40]), and glycated haemoglobin (HbA1c) (−0.13% [−0.23 to −0.03]) and sig-
nificantly increased total lean mass (1.66 kg [0.81 to 2.51]). However, bimagrumab led to an increase in low-density lipoprotein 
(LDL) concentrations of 0.47 mmol/L [0.03 to 0.91] and significantly increased incidences of discontinuation (risk ratio [RR] 5.75 
[1.61 to 20.46]), muscle spasms (RR 10.44 [4.23 to 25.75]), and diarrhoea (RR 4.91 [2.38 to 10.11]).
Conclusion: Bimagrumab effectively reversed adverse effects on body composition in obese individuals, resulting in significant 
fat reduction, increased skeletal muscle mass, and improved glycemic control, suggesting that bimagrumab is a promising new 
target for personalized metabolic therapy.

1   |   Introduction

Obesity acts as a chronic disease, leading to nearly 3.3 billion 
adults affected globally by 2035, whose economic impact is esti-
mated to exceed $4 trillion [1]. Current weight loss interventions, 

including dietary restrictions, bariatric surgery, and medications 
such as GLP-1 receptor agonists (GLP-1RAs), primarily reduce 
body fat mass, with a portion attributed to lean mass reduction 
[2]. The STEP trials for semaglutide and the SURMOUNT trials 
for tirzepatide demonstrated substantial total body weight loss 
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of 15% to 20% [3, 4]. However, recent research has reported that 
the proportion of total weight loss attributed to the reduction in 
fat-free mass, lean soft tissue, or skeletal muscle even exceeds 
commonly accepted empirical benchmarks [5, 6]. Data indicate 
that lean mass accounts for up to 20% to 50% of the total body 
weight loss achieved with these potent medications [2].

Skeletal muscle, which functions as an endocrine organ, is criti-
cal for systemic metabolism, physiological function, and glucose 
homeostasis [7]. It is responsible for insulin-stimulated glucose 
disposal and maintaining the resting metabolic rate (RMR) [8]. 
Consequently, obese individuals with low muscle mass at base-
line, thereby compromising metabolic function, might benefit 
from therapies that preserve skeletal muscle and minimize fat 
mass [9]. Bimagrumab, a fully human monoclonal antibody that 
targets ActRIIA and ActRIIB, thereby preventing native ligand 
binding, was initially developed for muscle-related disorders 
such as muscle atrophy [10]. However, clinical studies unexpect-
edly revealed that bimagrumab not only increased thigh muscle 
volume by approximately 6% in healthy lean adults but also con-
comitantly reduced fat mass to a similar extent. Mechanistically, 
this phenomenon might be regulated by increased lipid mobili-
zation and lipolysis induced by bimagrumab [11]. Unlike current 
weight-loss medications that primarily target appetite suppres-
sion, bimagrumab's demonstrated efficacy directly stems from 
ActRIIA/IIB blockade, which is anticipated to increase muscle 
mass and insulin sensitivity.

Given these unique characteristics, bimagrumab is receiving 
significant attention as a novel anti-obesity and metabolic reg-
ulatory agent because of its distinct pharmacodynamic profile. 
Previous meta-analyses published in 2021 were limited to exam-
ining its effects on muscle quality and functional improvements 
in individuals with sarcopenia [12, 13]. More recently, Phase I/
II randomized controlled trials (RCTs) evaluating bimagrumab 
in populations with overweight, obesity, insulin resistance (IR), 
and type 2 diabetes (T2DM) have emerged [11, 14–16]. Despite 
the growing interest in bimagrumab for metabolic disorders, 
to our knowledge, a systematic evaluation of its pooled effect 
size on weight loss, fat reduction, and muscle gain, as well as 
its safety profile in populations with metabolic disruptions, re-
mains absent.

Therefore, this study aims to quantitatively assess the effects 
of bimagrumab on body structure and key metabolic parame-
ters in the population with obesity and metabolic abnormali-
ties through a systematic literature review and meta-analysis. 
Furthermore, the Grades of Recommendation, Assessment, 
Development, and Evaluation (GRADE) framework can be ap-
plied to rigorously grade the certainty of existing evidence to 
inform the future Phase III clinical trials and clinical practice.

2   |   Methods

Our study adheres to the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) guidelines 
[17] and was preregistered on the International Prospective 
Register of Systematic Reviews (PROSPERO) under registration 
number (CRD420261377110), where the review protocol can be 
viewed.

2.1   |   Literature Search Strategy

A search of the PubMed, Cochrane Library, Embase, and 
MEDLINE databases was conducted on April 20, 2026, to iden-
tify all relevant RCTs. In addition to electronic searches, manual 
citation tracking of the ultimately selected papers and associ-
ated review articles was conducted to discover supplementary 
records. Our search was restricted to English publications. Our 
search strategy primarily focused on intervention agents such 
as “bimagrumab” and “BYM338”. To maximize sensitivity and 
capture early studies, initial searches did not impose strict sub-
ject heading restrictions on the target population (e.g., “obesity” 
or “diabetes”), and the screening of population characteristics 
will be focused on the subsequent manual screening stage. The 
complete database search strategy is detailed in the Supporting 
Information (Table S1).

2.2   |   Study Selection and Inclusion Criteria

All retrieved literature was imported into EndNote 21 for man-
agement and deduplication. Subsequently, the preliminary 
evaluation of publication titles and abstracts was performed 
independently by two investigators (C.S. and H.L.) to isolate 
prospective candidate articles. Full texts were then obtained for 
in-depth examination to determine final study inclusion. This 
study strictly followed the PICOS framework for inclusion cri-
teria: Population: adult individuals (≥ 18 years) with metabolic 
dysregulations, including overweight or obesity, T2DM, or IR. 
Intervention: administration of bimagrumab. Comparison: pla-
cebo control. Outcomes: reported at least one primary or sec-
ondary outcome of interest to this study. Study design: RCTs. 
Exclusion criteria included: (1) studies for which the full text 
was unobtainable; (2) irrelevant outcomes or inability to extract 
data; (3) non-RCT study designs (e.g., observational studies, re-
views, case reports); and (4) studies not published in English. 
Disagreements arising from the initial evaluation were first ad-
dressed via mutual deliberation, with any remaining lack of con-
cordance referred to an independent reviewer (J.Y.).

2.3   |   Data Extraction and Quality Assessment

Two researchers (C.S. and H.L.) independently analysed key 
characteristics of four studies (including the first author, pub-
lication year, study region, intervention regimen, etc.) and pre-
specified outcome data. Disagreements during data collection 
were resolved through discussion, with a third senior reviewer 
assisting with any persistent disputes (J.Y.). Methodological 
quality assessment of the included RCTs was performed using 
the Cochrane Risk-of-Bias tool 2.0 (RoB 2) [18]. Based on the as-
sessment of the five key domains included, the overall risk of 
bias for each study was categorized as “low risk,” “some con-
cerns,” or “high risk”.

2.4   |   Outcome

Primary outcomes: absolute changes in body weight (kg), abso-
lute fat mass (kg), absolute lean mass (kg), and glycated haemo-
globin (HbA1c, %) were assessed. Secondary outcomes included 
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changes in grip strength (kg) and lipid metabolism parameters, 
including triglyceride (TG), total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), and high-density lipoprotein 
cholesterol (HDL-C) levels, all of which were converted to 
mmol/L upon data extraction. Safety outcomes included adverse 
events (AAE), serious adverse events (SAE), adverse events lead-
ing to intervention discontinuation, and specific adverse events 
such as muscle spasms, rash, upper respiratory tract infection, 
and diarrhoea.

2.5   |   Statistical Analysis

All data aggregation and statistical analyses were performed 
using Review Manager (RevMan) version 5.4 and R software 
(R Core Team, 2024. R Foundation for Statistical Computing, 
Vienna, Austria. https://​www.​R-​proje​ct.​org/​). For continuous 
variables (e.g., changes in body composition and metabolic 
parameters), we extracted the mean and standard deviation 
(SD) for each group and calculated the mean difference (MD) 
with its 95% confidence interval (CI) using the inverse vari-
ance (IV) method. When studies reported 80% confidence in-
tervals (n ≤ 30), standard errors (SEs) were estimated using the 
Student's t-distribution rather than the standard normal dis-
tribution. We then converted the data into 95% CIs according 
to the Cochrane Handbook guidelines. To ensure consistency 
when calculating the pooled mean differences (MDs), the ex-
tracted data were standardized: lipid profiles reported in mg/
dL were converted to mmol/L, and grip strength measured in 
Newtons (N) was converted to kilograms (kg). For dichoto-
mous variables (e.g., safety outcomes), we retrieved the ob-
served frequencies of events alongside the corresponding total 
number of subjects and calculated the risk ratio (RR) with 
its 95% CI using the Mantel–Haenszel (M–H) model. When 
studies involved multiple intervention arms (e.g., different 
bimagrumab dosage groups), to avoid unit-of-analysis errors, 
we combined multiple intervention arms into a single inter-
vention group for comparison against the placebo group [19]. 
The absolute risk difference (ARD) and number needed to 
harm (NNH) were calculated strictly following the Cochrane 
Handbook [20].

Given the potential clinical heterogeneity in participant 
baseline characteristics and specific dosing across studies, 
all meta-analyses were performed using a random-effects 
model. To assess heterogeneity, we calculated I2. In this con-
text, thresholds of 25%, 50%, and 75% were established to cat-
egorize the heterogeneity as low, moderate, and substantial, 
respectively.

For outcome measures with I2 > 50%, we performed sensi-
tivity analyses using the leave-one-out method to assess the 
robustness of the pooled results. Additionally, to address po-
tential concerns regarding the limited number of included 
trials and overall sample size, a targeted sensitivity analysis 
excluding the smallest trial was conducted. We also conducted 
prespecified subgroup analyses to investigate the underlying 
factors driving statistical heterogeneity, with grouping criteria 
including intervention dosage, baseline diagnosis of T2DM, 
and intervention duration characteristics. In accordance with 
the Cochrane Handbook, we did not assess reporting bias 

using funnel plots or Egger's test, as the limited number of 
included studies (n = 4) falls below the recommended thresh-
old of 10 required for adequate statistical power [21]. Finally, 
the certainty of evidence for each key outcome was rigorously 
assessed using the GRADE framework, which classifies evi-
dence quality as “high,” “moderate,” “low,” or “very low”. All 
the statistical tests were conducted, with a two-sided alpha of 
p < 0.05 considered statistically significant.

3   |   Results

We retrieved 134 articles from four databases. After exclud-
ing 60 duplicates and 54 articles based on the title and ab-
stract review, we performed a full-text screening of 20 studies. 
Ultimately, 4 studies (268 participants) were included in the 
present meta-analysis (Figure 1).

3.1   |   Study Characteristics and Risk of Bias

A total of four studies encompassing 268 participants, with 
a mean age ranging from 40.4 to 60.4 years, were included. 
Among the eligible studies, three trials assessed the efficacy 
of bimagrumab versus placebo, and three evaluated its safety 
outcomes in patients with obesity or metabolic disorders. Of 
the four included trials, one utilized an intervention dose of 
10 mg/kg, two used 30 mg/kg, and one reported both doses 
concurrently. Rooks (2020) reported only safety outcomes in 
the obese population, with no efficacy outcomes; Garito (2017) 
reported efficacy outcomes, but safety outcomes lacked suffi-
cient data, whereas the remaining two studies reported both 
safety and efficacy outcomes. The included studies spanned 
four countries. Two of these studies were multinational, mul-
ticenter trials, with the remaining studies conducted in single 
countries. The United States was the most common country 
in which studies were conducted. The participants in this 
meta-analysis covered a broad spectrum of overweight and 
obesity-related conditions, encompassing not only individu-
als with simple obesity but also those at various stages of glu-
cose impairment, ranging from nondiabetic patients with IR 
to diagnosed T2DM patients with obesity. A comprehensive 
overview of the specific attributes for the incorporated litera-
ture is provided in Table 1. Risk of bias assessments indicated 
that all the studies were rated as having a “low risk of bias”. 
Specific risk of bias assessments for each trial are detailed in 
Figures S1 and S2.

3.2   |   Primary Outcomes

Across studies reporting efficacy outcomes in patients with 
metabolic dysfunction based on two comparisons, bimagrumab 
demonstrated a point estimate for overall weight reduction of 
4.85 kg compared with placebo, with an MD of −4.85 kg (95% CI 
–6.82 to −2.88; I2 = 0%) (Figure 2A).

With respect to the outcome of total fat mass reduction, analy-
sis of three studies revealed an MD of −4.72 kg (95% CI: −8.05 
to −1.40; I2 = 92.5%) (Figure 2B). The exclusion of Garito 2017, 
which was the smallest trial, reduced the heterogeneity to 

https://www.r-project.org/
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29.4% in the sensitivity analysis (Figures S3 and S4), further 
amplifying the fat loss effect of bimagrumab (MD = −6.62 kg; 
95% CI: −8.52 to −4.72). This suggests that the study by Garito 
2017 may be a primary contributor to the underestimation of 
overall efficacy and heterogeneity, potentially because of its 
small size and the inclusion of a population ranging from nor-
mal weight to obese individuals rather than exclusively obese 
individuals.

With respect to the outcome of the increase in total lean mass, 
analysis of three comparisons revealed an MD of 1.66 kg (95% 
CI: 0.81 to 2.51; I2 = 0%) (Figure  2C). With respect to the out-
comes of HbA1c, analysis of the three comparisons revealed an 
MD of −0.13% (95% CI: −0.23 to −0.03; I2 = 59.6%) (Figure 2D). 
The results of the sensitivity analysis are shown in Figures S5 
and S6. Notably, when excluding the smallest trial (Garito 2017), 
the pooled effect size lost its statistical significance, yielding a 
mean difference of −0.39% (95% CI: −1.05 to 0.27). Conversely, 
excluding Heymsfield 2021 completely eliminated the statistical 
heterogeneity (I2 = 0%), while the pooled effect size maintained 
a robust and significant reduction (MD = −0.11%, 95% CI: −0.21 
to −0.02).

3.3   |   Secondary and Safety Outcomes

Secondary outcomes primarily included grip strength and 
lipid metabolism parameters. Compared with placebo, bima-
grumab failed to demonstrate a statistically significant dif-
ference in grip strength (2.03 kg [−0.18 to 4.25; I2 = 0%]) 
(Figure 3A). The estimated treatment effects of bimagrumab 
on TG, TC, and HDL were similar to those of the placebo, with 
estimates of 0.12 mmol/L (95% CI: −0.04 to 0.28; I2 = 0%) for 
TG (Figure 3B), 0.41 mmol/L (95% CI: −0.11 to 0.94; I2 = 61.1%) 
for TC (Figure  3C), and −0.05 mmol/L (95% CI: −0.12 to 
0.01; I2 = 0%) for HDL (Figure  3D). Sensitivity and subgroup 
analyses for TC are presented in Figures  S7–S9. However, 
bimagrumab led to a small increase in LDL concentration 
(0.47 mmol/L; 95% CI: 0.03 to 0.91; I2 = 56.2%) (Figure  3E), 
whose sensitivity and subgroup analysis results are shown in 
Figures S10–S12.

Safety outcomes in patients with metabolic disorders were re-
ported by Heymsfield 2021, Heymsfield 2026, and Rooks 2020. 
Compared with placebo, bimagrumab did not significantly differ 
in the incidence of AAEs or SAEs, but adverse events resulting in 

FIGURE 1    |    PRISMA flow diagram of the study selection process.
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discontinuation (RR were 1.16 [95% CI: 0.97 to 1.38; I2 = 22.1%], 
1.78 [95% CI: 0.62 to 5.12; I2 = 0%], and 5.75 [95% CI: 1.61 to 20.46; 
I2 = 0%], respectively) (Figures S13–15). Based on the pooled risk 
ratio, the absolute risk difference for adverse events leading to 
discontinuation of study was 10.2%, corresponding to an NNH 
of approximately 9. Compared with placebo, this finding indi-
cates that for every nine patients treated with bimagrumab, one 
additional adverse event leading to discontinuation is expected 
to occur. No significant dose–response relationship was de-
tected for this clinical outcome (pinteraction = 0.6490), with RRs of 
7.19 (95% CI: 1.41–36.80) and 3.93 (95% CI: 0.52–29.89) for the 10 
and 30 mg subgroups, respectively (Table S3).

Among the most frequent adverse events, bimagrumab treatment 
was associated with a significantly higher frequency of muscle 
spasms (RR = 10.44; 95% CI: 4.23 to 25.75; I2 = 0%) and diarrhoea 
(RR = 4.91; 95% CI: 2.38 to 10.11; I2 = 2.5%) (Figures S16 and S17). 
Based on the pooled risk ratio, the absolute risk difference for 
muscle spasms was 39.7%, corresponding to an NNH of approx-
imately 2. In the subgroup analysis by dose, the RRs were 14.13 
(95% CI: 3.54–56.47) for the 10 mg group and 8.45 (95% CI: 2.58–
27.61) for the 30 mg group. The test for subgroup differences was 
not statistically significant (pinteraction = 0.5798), indicating that 
there was no apparent dose–response relationship. The absolute 
risk difference for diarrhoea was 28.8%, corresponding to an 
NNH of approximately 3. The elevated risk remained consistent 
across dosages, with RRs of 4.81 (95% CI: 1.97–11.76) and 4.45 
(95% CI: 0.99–19.99) for the 10 and 30 mg doses, respectively, in-
dicating no significant dose–response effect (pinteraction = 0.9298) 
(Table S3). For the safety outcomes of rash and upper respiratory 
tract infection, the RRs were 1.46 (95% CI: 0.55 to 3.90; I2 = 0%) 
and 1.62 (95% CI: 0.92 to 2.85; I2 = 0%), respectively (Figures S18 
and S19). Only in Heymsfield 2026 did muscle spasms lead to 
discontinuation (n = 5). In other studies, neither diarrhoea nor 
muscle spasms led to discontinuations.

3.4   |   Subgroup and Sensitivity Analyses

The sensitivity analyses have been detailed in the preceding 
sections. The primary outcomes stratified by drug dose, in-
tervention period, and baseline blood glucose condition are 
shown in Figure 4A. Subgroup analyses indicated that, in three 
studies reporting 240 participants, individuals who received 
48 weeks of treatment exhibited a greater reduction in body fat 
mass than those who received 10 weeks of treatment (p < 0.05). 
Furthermore, subgroup analysis revealed a more pronounced 
decrease in body fat mass among participants with T2DM than 
among the nondiabetic subgroup (intergroup difference in MD 
of approximately 4 kg). No significant subgroup effect was ob-
served for drug dosage.

Based on subgroup analyses stratified by intervention dose and 
treatment duration, no significant difference in subgroup effects 
in bimagrumab versus placebo was found in reducing HbA1c. 
However, in patients diagnosed with T2DM, a reduction of 0.7% 
in HbA1c was observed compared with that in non-T2DM pa-
tients (Figure 4B). Based on our subgroup analyses, the effects 
of bimagrumab versus placebo on TC and LDL-C levels were 
neither dose-dependent nor significantly influenced by patients' 
baseline T2DM status (Figures S9 and S12).T
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3.5   |   Certainty of Evidence

We conducted a GRADE assessment for the aforementioned out-
comes, yielding overall moderate to high certainty. Moderate-
certainty outcomes included grip strength (kg), TG (mmol/L), 
TC (mmol/L), HDL (mmol/L), AAEs, SAEs, rash, and upper 
respiratory tract infection due to imprecision. High-certainty 
outcomes included body weight change (kg), lean mass change 
(kg), fat mass change (kg), HbA1c (%), LDL (mmol/l), adverse 
events resulting in discontinuation, muscle spasms, and diar-
rhoea (Table S2).

4   |   Discussion

A meta-analysis of RCTs investigating the safety and efficacy of 
bimagrumab among individuals with obesity or metabolic dis-
orders revealed substantial reductions in body weight, fat mass, 
as well as HbA1c, along with an increase in lean mass. The re-
duction in fat mass is particularly beneficial in those with T2DM 
and with longer intervention durations. However, bimagrumab 

is related to an increased risk of elevated LDL levels, adverse 
events resulting in discontinuation, muscle spasms, and diar-
rhoea, although other safety parameters were not significantly 
different. Collectively, these results indicate that bimagrumab is 
a promising novel anti-obesity agent.

Our findings are in line with those of previous RCTs and animal 
studies showing that bimagrumab's role is to reduce fat mass 
while increasing lean mass. Mechanistically, as a monoclonal 
antibody targeting ActRIIA and ActRIIB, preclinical studies 
in mice have shown that both the differentiation of brown ad-
ipocytes and the functional activity of brown adipose tissue are 
suppressed upon the interaction of myostatin with the ActRIIB 
receptor; antibody neutralization of ActRIIB reversed this mech-
anism [22]. Preclinical in vivo studies have also demonstrated 
that myostatin or ActRIIB deficiency-induced muscle growth 
protects against dietary and genetic obesity while significantly 
increasing systemic insulin sensitivity.

Our sensitivity analyses revealed the fragility of the overall 
HbA1c findings. The statistical significance disappeared upon 

FIGURE 2    |    Forest plots of primary outcomes. (A) Absolute change in body weight (kg); (B) Absolute change in fat mass (kg); (C) Absolute change 
in lean mass (kg); (D) HbA1c, %. HbA1c, glycated haemoglobin.
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excluding the smallest trial, indicating that the glycemic bene-
fits are heavily driven by individual studies. Conversely, omit-
ting Heymsfield 2021, the only trial involving type 2 diabetes 
patients, eliminated all statistical heterogeneity. This suggests 
that bimagrumab's effect on HbA1c might highly depend on 
baseline diabetic status. While our primary analyses for certain 
lipid parameters initially exhibited wide confidence intervals, 
subsequent sensitivity analyses demonstrated that excluding a 
single underpowered trial significantly improved the precision 
of the effect sizes for TC and LDL-c. This suggests that this find-
ing requires confirmation in larger, well-powered clinical trials.

Fat mass reduction seems to be more pronounced in those diag-
nosed with diabetes and treated for a longer time in the subgroup 
analysis. As direct comparisons are not performed in RCTs, fu-
ture large-scale investigations and animal studies are warranted 

to elucidate the mechanisms underlying the profound reduction 
in fat mass following ActRII inhibition in diabetic and nondia-
betic participants [15]. HbA1c reduction is more obvious in those 
with baseline T2DM subgroup, which aligns with the findings 
of previous studies [23]. However, these findings may not be 
overinterpreted because of the limited number of studies in each 
subgroup.

A notable finding of this meta-analysis is the mean increase 
in LDL-C of 0.47 mmol/L associated with bimagrumab treat-
ment. In populations with existing metabolic dysfunction, 
such an elevation is clinically nontrivial and warrants care-
ful mechanistic and prognostic interpretation. First, with 
respect to temporal dynamics, evidence from the included 
trials indicated that this increase in lipid levels is regimen-
dependent; while it persists during bimagrumab monotherapy 

FIGURE 3    |    Forest plots of secondary outcomes. (A) Grip strength (kg); (B) TG (mmol/L); (C) TC (mmol/L); (D) HDL-C (mmol/L); (E) LDL-C 
(mmol/L). HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.
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up to week 72, it appears to be transient when bimagrumab 
is co-administered with semaglutide 2.4 mg, with lipid levels 
returning to baseline over time. Second, our subgroup anal-
ysis did not reveal a significant dose–response relationship 
(p = 0.48) for changes in LDL-C levels, which may suggest that 
the effect is not strictly dose-dependent within the evaluated 
ranges.

Most importantly, the cardiovascular implications of this in-
crease in LDL-C must be contextualized within the drug's 
unique mechanism of action. Comparing these lipid dynamics 
with those of other established anti-obesity agents provides a crit-
ical mechanistic context. While incretin-based therapies induce 
weight loss predominantly through central appetite suppres-
sion, evidence suggests that the accompanying improvements 
in circulating lipids (such as significant LDL-C reductions) are 
largely unique to semaglutide. Compared with placebo, other 
GLP-1 RAs and the dual agonist tirzepatide generally have no 
significant lipid-lowering effect [24]. In contrast to these central 
mechanisms, bimagrumab primarily acts by blocking ligand 
signalling in adipose tissue, which markedly increases lipid 
mobilization and lipolysis. The magnitude of lipid changes with 
bimagrumab may be explained in part by the effects of the high 
intravenous doses used in this study, with likely direct effects on 

lipid metabolism in the adipose tissue and/or liver. Future long-
term cardiovascular outcome trials, particularly investigations 
of postdrug withdrawal lipid kinetics and systemic inflamma-
tion, are needed to conclusively determine the net cardiovascu-
lar risks or benefits of this treatment [14].

Moving forward, describing the optimal clinical application of 
bimagrumab needs more recent clinical evidence. While recent 
animal research and pioneering Phase II trial designs, such as 
evaluating bimagrumab and semaglutide alone or in combina-
tion, have provided crucial proof-of-concept [14, 25], there re-
mains an urgent need for large-scale, long-term Phase III trials.

First, definitive head-to-head comparisons against bimagrumab 
and GLP-1RAs are needed to conclusively evaluate their relative 
long-term effects on the quality of weight loss, lean mass preser-
vation, and metabolic durability. Second, further exploration of 
combination therapies (e.g., bimagrumab plus a GLP-1RA) rep-
resents a highly promising therapeutic frontier. As preliminary 
data suggest, this dual-targeting strategy could synergistically 
maximize high-quality fat loss, mitigate GLP-1RA-associated 
muscle depletion, and effectively neutralize transient lipid el-
evations [14]. Future large-scale trials focusing on these head-
to-head and combination strategies will be vital in translating 

FIGURE 4    |    Subgroup analyses. (A) Total body fat mass (kg); (B) HbA1c (%). HbA1c, glycated haemoglobin.
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these early physiological benefits into long-term cardiovascular 
and metabolic risk reduction.

Given the moderate to high GRADE scores, the use of bima-
grumab could serve as an alternative targeted strategy for man-
aging obesity and metabolic disorders from a clinical translation 
perspective. For obese patients with baseline T2DM, severe IR, 
or who are at risk for muscle loss, bimagrumab offers an individ-
ualized intervention option focused on long-term body composi-
tion optimization and glycemic homeostasis.

The methodological strengths of this study include strict adher-
ence to the PRISMA guidelines, a comprehensive and indepen-
dent dual-reviewer literature screening strategy, rigorous bias 
risk assessment using the RoB 2 tool, and the inclusion of the 
latest trial data up to 2026 [14]. As the first systematic review 
of drugs targeting this pathway in populations with metabolic 
disorders, this study maximally integrated existing clinical 
evidence.

5   |   Limitations

This meta-analysis did not evaluate the efficacy of bimagrumab 
combined with semaglutide because only one RCT including 
this outcome is available [14]. Second, all included trials were 
in early developmental stages (Phase I/II) and had modest 
sample sizes, thereby constraining the statistical power of our 
subgroup analyses. Third, the primary literature lacked a repre-
sentation of individuals with extreme obesity. To address these 
evidence gaps, future research should prioritize adequately 
powered Phase III RCTs. These trials should aim to encompass 
broader demographics, including those with extreme obesity, 
and rigorously establish long-term cardiovascular safety or ben-
efits. Furthermore, systematic evaluations of bimagrumab in 
combination with various GLP-1 receptor agonists are highly 
warranted.

6   |   Conclusion

In conclusion, this meta-analysis revealed the potential of 
bimagrumab as an effective candidate drug for improving body 
composition by fat mass reduction and increasing muscle mass 
in obese adults and for ameliorating the metabolic status in 
individuals with T2DM and IR. Baseline blood glucose condi-
tions and intervention period potentially influence treatment 
response. Future clinical intervention implementation should 
prioritize tailoring strategies based on individual patient base-
line characteristics. Taken together, these results indicate that 
bimagrumab could act as a helpful nonsurgical alternative for 
weight management; however, Phase III trials are needed to ex-
amine its cardiovascular safety, prolonged effectiveness, and the 
integration of multiple objective physical function endpoints.
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