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Musculoskeletal Effects of GLP-1 Receptor  
Agonists in Patients Undergoing  
Pharmacologic Weight Reduction: 
A Retrospective Analysis of Bone Density  
and Sarcopenia in Orthopaedic Practice

INTRODUCTION
Obesity represents one of the most important modifiable risk 
factors influencing outcomes in orthopaedic surgery. Elevated 
Body Mass Index (BMI) has been associated with increased rates 
of periprosthetic joint infection, wound complications, implant 
loosening, and delayed postoperative rehabilitation following Total 
Joint Arthroplasty (TJA) [1,2]. Consequently, weight reduction 
is frequently recommended for patients preparing for elective 
orthopaedic procedures.

In recent years, GLP-1 RAs have transformed the management of 
obesity and metabolic disease. Medications such as semaglutide 
and liraglutide have demonstrated substantial weight reduction 
in randomised clinical trials, with reported decreases exceeding 
15% of baseline body weight [3,4]. These medications act through 
appetite suppression, delayed gastric emptying, and improved 
glycaemic control [5,6].

As pharmacologic weight reduction becomes more common, 
orthopaedic surgeons are increasingly evaluating patients 
receiving GLP-1 therapy. In our clinical practice, an increasing 
number of patients presenting for evaluation of osteoarthritis and 
joint replacement report recent use of GLP-1 receptor agonists 
for weight loss. While lower body weight may improve surgical 
eligibility and reduce mechanical loading across weight-bearing 
joints, rapid weight loss may also influence musculoskeletal 
physiology [7,8].

Bone remodeling is influenced by mechanical loading, metabolic 
status, and hormonal factors [9,10]. Substantial reductions in body 
mass may reduce skeletal loading and potentially influence BMD. 
In addition, pharmacologic weight loss may be accompanied by 
reductions in skeletal muscle mass [8,11]. Preservation of lean 
muscle tissue is essential for joint stability, mobility, and postoperative 
rehabilitation.

Loss of muscle mass may contribute to sarcopenia, which has 
been associated with increased fall risk and poorer outcomes 
following orthopaedic procedures [12,13]. Orthopaedic surgeons 
evaluating these patients therefore need a clearer picture of what 
pharmacologic weight loss does to muscle and bone.

While the metabolic and cardiovascular benefits of GLP-1 receptor 
agonists are well established, their long-term effects on skeletal 
muscle mass and BMD in patients presenting to orthopaedic practice 
remain inadequately studied. Most available literature focuses on 
metabolic outcomes, with limited data examining musculoskeletal 
consequences relevant to surgical planning [3,4,8]. The present 
study aimed to address this gap by evaluating changes in muscle 
mass and bone density in patients undergoing pharmacologic weight 
loss and receiving prolonged GLP-1 receptor agonist therapy.

MATERIALS AND METHODS
This retrospective study was conducted at a tertiary care teaching 
hospital (World College of Medical Sciences Research and Hospital, 
Haryana), Jhajjar, Haryana, India among patients receiving GLP-1 
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ABSTRACT
Introduction: Glucagon-Like Peptide-1 Receptor Agonists 
(GLP-1 RAs) are increasingly used for the treatment of obesity 
and type 2 diabetes mellitus. Patients receiving these agents 
frequently present to orthopaedic clinics during pharmacologic 
weight reduction.

Aim: To evaluate changes in skeletal muscle mass and Bone 
Mineral Density (BMD) in patients receiving GLP-1 receptor 
agonist therapy.

Materials and Methods: A retrospective study was conducted 
at a tertiary orthopaedic centre (World College of Medical 
Sciences Research and Hospital), Jhajjar, Haryana, India 
between 1 January 2023 and 31 December 2025. A total of 142 
patients aged ≥18 years receiving GLP-1 receptor agonists for 
at least 12 months with available baseline and follow-up body 
composition data were included. Changes in body weight, lean 
body mass, Appendicular Skeletal Muscle Index (ASMI), and 

BMD were analysed using paired Student’s t-test and Pearson 
correlation analysis. 

Results: A total of 142 patients were included with mean follow-
up of 19.4±7.1 months. Mean weight reduction was 16.3%±4.8% 
(p-value<0.001). About, 29.8% of weight loss occurred from 
lean muscle mass. ASMI declined significantly (p-value<0.01). 
Dual-energy X-Ray Absorptiometry (DXA) measurements were 
available in 86 patients and showed modest reductions in BMD 
that did not reach statistical significance.

Conclusion: GLP-1 receptor agonists result in statistically 
significant reductions in skeletal muscle mass and although 
reductions in BMD were observed, these did not reach statistical 
significance. Orthopaedic surgeons should therefore consider 
evaluation of muscle mass and bone health when assessing 
patients undergoing pharmacologic weight loss prior to elective 
surgery.
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receptor agonist therapy who presented to the orthopaedic clinic 
between 1 January 2023 and 31 December 2025 for evaluation of 
degenerative joint disease or arthroplasty. The study was planned, 
analysed, and interpreted between January 2026 and March 2026. 
The study involved retrospective analysis of anonymised patient 
data. As per institutional policy, formal ethical approval was waived 
by the Institutional Ethics Committee (IEC) for this retrospective 
study. The study was conducted in accordance with the principles 
of the Declaration of Helsinki [14].

Inclusion criteria: Patients aged ≥18 years or older, had received 
GLP-1 receptor agonist therapy for at least 12 months, and had 
available baseline and follow-up body weight and body composition 
measurements were included in the study. 

Exclusion criteria: Patients if they had undergone prior bariatric 
surgery, had known metabolic bone disease, were receiving chronic 
corticosteroid therapy, or had malignancy affecting bone metabolism 
were excluded from the study.

Sample size: As this was a retrospective study, all eligible patients 
during the study period were included, and no prior sample size 
calculation was performed.

Data collection: Clinical data collected included age, sex, baseline 
BMI, type of GLP-1 receptor agonist used, and duration of therapy. 
Body composition parameters included total body weight, lean 
body mass, and ASMI. ASMI was calculated as appendicular lean 
mass (kg) divided by height squared (m²), derived from Bioelectrical 
Impedance Analysis (BIA) measurements [13,15]. Follow-up body 
composition measurements were obtained. Body composition 
measurements were obtained using BIA during routine clinic 
visits [15,16]. DXA scans were available for a subset of patients 
who had undergone bone density evaluation as part of routine 
metabolic or osteoporosis screening. Lean body mass and ASMI 
were derived from BIA measurements in patients without DXA 
data. A measurable decline in BMD was defined as a reduction 
of ≥1% from baseline BMD measurements between baseline and 
follow-up DXA scans [17].

STATISTICAL ANALYSIS
Continuous variables were expressed as mean±standard deviation. 
Paired comparisons between baseline and follow-up measurements 
were performed using the paired Student’s t-test. Associations 
between percentage weight loss and reduction in lean muscle 
mass were evaluated using the Pearson correlation test. Statistical 
significance was defined as p-value<0.05. All analyses were 
performed using IBM Statistical Package for the Social Sciences 
(SPSS) Statistics for Windows, version 26.0 (IBM Corp., Armonk, 
NY, USA).

RESULTS
A total of 142 patients met inclusion criteria [Table/Fig-1]. The mean 
age was 51.7±11.2 years, with 84 female patients (59.15%) and 58 
male patients (40.85%). Mean baseline BMI was 35.2±5.1 kg/m². 
Type 2 diabetes mellitus was present in 62 patients (43.7%), while 
80 patients (56.3%) were treated for obesity without diabetes. Mean 
duration of GLP-1 receptor agonist therapy was 19.4±7.1 months.

GLP-1 receptor agonists used included semaglutide (61.26%), 
liraglutide (28.16%), and other GLP-1 agents (10.56%); the latter 
group comprised dulaglutide and exenatide [Table/Fig-2].

Weight reduction and body composition outcomes: Patients 
demonstrated significant weight loss during the study period. Mean 
body weight declined from 97.6±12.8 kg at baseline to 81.7±11.4 
kg at follow-up, corresponding to a mean absolute reduction of - 
15.9±5.2 kg and a mean percentage weight loss of 16.3%±4.8% 
[Table/Fig-3]. Body composition analysis demonstrated that 
29.8%±3.6% of total weight loss occurred from lean muscle mass, 

Variable Value

Mean age (years) 51.7±11.2

Female patients 84 (59.15%)

Male patients 58 (40.85%)

Mean baseline BMI (kg/m²) 35.2±5.1

Mean duration of GLP-1 therapy (months) 19.4±7.1

Patients with T2DM 62 (43.7%)

Patients treated for obesity without diabetes 80 (56.3%)

[Table/Fig-1]:	 Baseline characteristics of study participants (n=142).
BMI: Body mass index; T2DM: Type 2 diabetes mellitus

Medication n (%)

Semaglutide 87 (61.26)

Liraglutide 40 (28.16)

Other GLP-1 receptor agonists* 15 (10.56)

[Table/Fig-2]:	 GLP-1 receptor agonists used (n=142).
*Other GLP-1 receptor agonists included dulaglutide and exenatide

Parameter Baseline Follow-up
Change 

(mean±SD)

Body weight (kg) 97.6±12.8 81.7±11.4 −15.9±5.2 kg

BMI (kg/m²) 35.2±5.1 29.4±4.7 −5.8±2.1

Mean weight loss (%) — — 16.3%±4.8%

Lean body mass (kg) 54.8±9.3 50.1±8.7 −4.7±2.4 kg

Lean mass proportion of weight loss — — 29.8%±3.6%

[Table/Fig-3]:	 Weight loss and body composition outcomes after follow-up.
BMI: Body mass index

Variable Baseline Follow-up Test statistic (t) p-value

Mean ASMI (kg/m²) 7.21±1.14 6.83±1.06 4.18 <0.01

[Table/Fig-4]:	 Changes in Appendicular Skeletal Muscle Index (ASMI) in the study 
population (n = 142).

with lean body mass declining from 54.8±9.3 kg to 50.1±8.7 kg. 
Weight reduction was statistically significant (p-value<0.001). 
Correlation analysis demonstrated a moderate positive correlation 
between percentage weight loss and reduction in lean muscle mass 
(r = 0.41, p-value<0.01), suggesting that greater weight reduction 
was associated with greater lean mass loss. Mean ASMI declined 
from 7.21±1.14 kg/m² at baseline to 6.83±1.06 kg/m² at follow-up, 
representing a mean reduction of 0.38±0.22 kg/m² (p-value<0.01) 
[Table/Fig-4].

Bone Mineral Density (BMD): The DXA scans were available for 
86 patients. Mean lumbar spine BMD declined from 1.06±0.12 
g/cm² to 1.04±0.11 g/cm², representing a mean change of 
approximately -1.9%±1.2%, which did not reach statistical 
significance (p-value = 0.08). Femoral neck BMD declined from 
0.89±0.10 g/cm² to 0.88±0.09 g/cm², corresponding to a mean 
change of -1.3%±1.4%, which was also not statistically significant 
(p-value = 0.12) [Table/Fig-5].

Measurement Baseline Follow-up

Mean% 
Change 
(±SD)

Test 
statistic 

(t)
p-

value

Lumbar spine BMD 
(g/cm²)

1.06±0.12 1.04±0.11 −1.9%±1.2% 1.78 0.08

Femoral neck BMD 
(g/cm²)

0.89±0.10 0.88±0.09 −1.3%±1.4% 1.55 0.12

[Table/Fig-5]:	 Bone Mineral Density (BMD) outcomes in patients with DXA 
measurements (n = 86).
BMD: Bone mineral density; DXA: Dual-energy X-ray absorptiometry

Among the 86 patients who underwent DXA scanning, reductions 
in BMD were observed in 12 of 48 non-diabetic patients (25%) 
compared with six of 38 patients with type 2 diabetes (15.8%), 
although this difference did not reach statistical significance 
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(p-value=0.28). Overall, 18 patients (20.9%) demonstrated a 
measurable decline in BMD, operationally defined as a reduction of 
≥1% from baseline measurements on follow-up DXA assessment.

Knee osteoarthritis was the most common primary orthopaedic 
diagnosis, accounting for 76 patients (53.52%), followed by hip 
osteoarthritis in 21 patients (14.79%), lumbar degenerative disease 
in 18 patients (12.68%), shoulder pathology in 12 patients (8.45%), 
and other musculoskeletal conditions in 15 patients (10.56%) 
[Table/Fig-6].

reduction may create a misleading impression of improved surgical 
fitness. Routine assessment of body composition- including lean 
mass measurement and functional muscle strength testing- should 
therefore be considered in patients who have undergone substantial 
pharmacologic weight loss prior to orthopaedic procedures.

The DXA measurements, available in 86 patients, demonstrated 
mean reductions in lumbar spine BMD of -1.9%±1.2% and 
femoral neck BMD of -1.3%±1.4% over the follow-up period. 
While these reductions did not reach statistical significance, likely 
reflecting the limited size of the DXA subgroup, the directional 
trend is broadly consistent with emerging data suggesting modest 
skeletal demineralisation during periods of rapid pharmacologic 
weight reduction [22,23]. The likely mechanism involves decreased 
mechanical loading following substantial mass reduction, which 
attenuates osteoblastic activity and may shift bone remodeling 
toward net resorption [23]. In contrast, some experimental data 
have suggested that GLP-1 receptors are expressed on osteoblasts 
and that GLP-1 agonism may have a direct anabolic effect on 
bone- a potential mitigating factor that remains to be confirmed in 
prospective human studies [24].

Although BMD reductions appeared more frequent in non diabetic 
patients, this difference did not reach statistical significance and 
should be interpreted cautiously. This pattern may reflect differences 
in glycaemic status, baseline bone turnover, or concurrent metabolic 
therapies in diabetic patients; however, the absence of multivariate 
adjustment limits firm conclusions. Future studies should evaluate 
whether the musculoskeletal effects of GLP-1 therapy differ by 
indication and metabolic phenotype.

While the absolute BMD reductions observed were modest, their 
clinical significance must be contextualised against baseline bone 
health. In patients with pre-existing low bone mass or osteopenia, 
even small additional declines may carry meaningful fracture risk 
implications, particularly at the femoral neck [25,26]. Preoperative 
DXA screening should be considered in patients with risk factors 
for low bone density who are undergoing prolonged GLP-1 therapy 
prior to elective orthopaedic procedures.

These results carry practical implications for preoperative planning. 
GLP-1 therapy clearly helps patients reach surgical eligibility 
thresholds, but the trade-off in lean mass and possibly bone density 
means that achieving a lower BMI does not necessarily mean the 
patient is in better physical condition for surgery. Patients undergoing 
prolonged GLP-1 therapy should be advised on the importance of 
resistance-based exercise training during weight loss. Structured 
resistance exercise has demonstrated efficacy in attenuating lean 
mass loss during caloric restriction and pharmacologic weight loss, 
and is appropriate for most orthopaedic patients in the preoperative 
period [19]. Adequate dietary protein intake- typically 1.2-1.6 g/
kg/day in older or sarcopenic populations- should be reinforced, 
as protein availability is a modifiable determinant of muscle protein 
synthesis during energy deficit [19,27]. Baseline and follow-up bone 
density assessment and vitamin D supplementation should be 
considered, particularly in postmenopausal women and older male 
patients who carry additional skeletal risk.

Limitation(s)
This study had several limitations that warrant acknowledgment. The 
retrospective design precludes causal inference, and the absence 
of a control group- whether patients undergoing equivalent weight 
loss through dietary restriction alone or bariatric surgery- limits 
conclusions specific to GLP-1 pharmacology. DXA measurements 
were not uniformly available across the cohort, introducing potential 
selection bias in the bone density analysis. Body composition was 
assessed primarily using BIA, which may be less precise than DXA-
based measurements, and represents a limitation in the accuracy of 
lean mass estimates. Data on physical activity levels, dietary protein 

Primary orthopaedic diagnosis n (%)

Knee osteoarthritis 76 (53.52)

Hip osteoarthritis 21 (14.79)

Lumbar degenerative disease 18 (12.68)

Shoulder pathology 12 (8.45)

Other musculoskeletal conditions 15 (10.56)

[Table/Fig-6]:	 Clinical presentation in orthopaedic clinic.

DISCUSSION
The present study demonstrates three key findings: GLP-1 
receptor agonist therapy resulted in significant weight reduction, 
approximately one-third of total weight loss occurred from lean 
muscle mass, and modest, non significant reductions in BMD 
were observed. These findings have important implications for 
orthopaedic patient optimisation.

GLP-1 therapy produced substantial weight reduction in the present 
cohort, with a mean loss of 16.3% of baseline body weight over 19.4 
months. This magnitude of reduction was consistent with pivotal 
randomised controlled trials of semaglutide and liraglutide, which 
have reported weight losses of 12-17% from baseline [3,4]. From an 
orthopaedic standpoint, such reductions are clinically meaningful. 
Elevated BMI is an established risk factor for periprosthetic joint 
infection, wound dehiscence, implant loosening, and suboptimal 
rehabilitation outcomes following TJA [1]. Weight reduction prior to 
elective surgery is therefore a reasonable goal, and GLP-1 therapy 
represents an increasingly accessible tool for achieving it.

However, the favourable effect of GLP-1-induced weight loss on 
surgical eligibility must be interpreted alongside its body composition 
consequences. In the present cohort, approximately 29.8% of 
total weight loss was derived from lean muscle mass- a finding 
consistent with patterns reported in calorie-restriction studies and 
pharmacologic weight-loss trials [8,11,18,19]. This proportion is 
comparable to, though at the lower end of, lean mass loss reported 
following bariatric surgical procedures such as Roux-en-Y gastric 
bypass and sleeve gastrectomy, where lean mass losses of 30-45% 
of total weight loss have been documented [18]. Whether GLP-1 
therapy poses an independent musculoskeletal risk beyond what 
caloric restriction alone would produce remains an open question, 
as no head-to-head data with non pharmacologic weight loss at 
equivalent magnitudes are currently available.

The clinical relevance of lean mass loss in the orthopaedic context 
is substantial. Skeletal muscle strength is a primary determinant of 
joint stability, gait mechanics, and functional recovery following joint 
replacement [20]. ASMI declined significantly in present cohort (7.21 
to 6.83 kg/m²; p-value<0.01), and a meaningful subset of patients 
approached diagnostic thresholds for sarcopenia as defined by the 
Asian Working Group for Sarcopenia and the European Working 
Group on Sarcopenia in Older People [21]. Sarcopenia in orthopaedic 
patients has been independently associated with increased fall 
risk, delayed mobilisation, prolonged inpatient stay, and higher 
rates of revision surgery [13]. These risks are compounded in older 
patients, in whom age-related muscle loss may be exacerbated by 
pharmacologically accelerated lean mass reduction.

Importantly, the loss of lean mass in this population may not be 
readily apparent on standard preoperative assessments. BMI 
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intake, and concurrent medications that influence bone and muscle 
metabolism- including calcium, vitamin D, and bisphosphonates- 
were not systematically captured, and represent important 
confounders. No formal sample size calculation was performed, and 
findings from this single-centre study may not be generalisable to 
populations with different demographic or metabolic characteristics. 
Prospective studies with uniform DXA-based body composition 
monitoring and controlled exercise protocols are needed. Given the 
rapid uptake of these medications, such data are needed soon.

CONCLUSION(S)
The GLP-1 receptor agonists are effective agents for achieving 
clinically meaningful weight reduction. However, a substantial 
proportion of weight loss may occur from lean muscle mass, raising 
concerns regarding sarcopenia in orthopaedic patients. Although 
reductions in BMD were observed, these did not reach statistical 
significance. These findings suggest that weight loss alone should 
not be considered a sufficient marker of surgical fitness. Evaluation 
of muscle mass and bone health should be considered in patients 
undergoing pharmacologic weight loss prior to elective orthopaedic 
procedures. Further prospective studies are needed to better define 
the musculoskeletal effects of GLP-1 therapy.
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