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Abstract 

Introduction: Glucagon-like peptide-1 (GLP-1) agonists are key components of type-2 diabetes mellitus (T2DM) treatment 

due to their role in improving insulin secretion, inhibiting glucagon release, promoting lipid metabolism, and enhancing 

satiety. Recent studies have highlighted the possible drawback that comes with intended weight loss: muscle loss. This study 

seeks to better understand the significance of this muscle loss in terms of strength, function, and total mass lost in T2DM 

individuals with comorbid obesity. 

Methods: A 20-week treatment trial will investigate lean mass changes with the administration of GLP-1 agonists in 3 

T2DM cohorts: insulin-reliant, metformin-reliant, and prediabetic groups, and their respective controls. Overall health 

analysis will occur through metrics such as total mass, lean mass, grip strength, 31P-MRS, quality of life questionnaires, 

HbA1c, and lipid panel. Through these, a holistic view on GLP-1 effectiveness, its relationship to unintended lean mass loss, 

and its health implications as a whole can be gained. 

Results: A relatively linear relationship between severity of T2DM and/or greater BMI and lean mass lost – both 

proportionally and absolutely – is anticipated. Similarly, the greater the severity of T2DM the more significant the decrease in 

muscle strength and function is predicted. Inversely, the most significant improvements in terms of HbA1c and lipid panel 

will be in the greater severity T2DM cohorts. Overall quality of life and patient experience will increase noticeably across all 

three treatment groups with respect to controls with slightly less increases with more severe T2DM. 

Discussion: This study improves GLP-1 usage guidelines through an investigation of the treatment over different 

populations. It exhibits the first literature utilizing 31P-MRS to gain insight on muscle function decreases across diabetic 

patients undergoing GLP-1 therapy. Possible co-treatments may be recommended in future studies to limit the lean mass lost 

in already susceptible populations. 

Conclusion: In conclusion, GLP-1 agonists demonstrate significant effects on lean mass, muscle strength, muscle function, 

and diabetic biomarkers, with the severity of T2DM varying the extent of the effects. While quality of life improvements are 

noticeable, the impact of GLP-1 treatment on muscle dynamics highlights complex interplay between muscle preservation 

and intended weight loss. 
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Introduction 

A growing body of literature is supporting new and 

seemingly more effective weight loss treatments being 

developed within the obesity realm, known as glucagon-

like peptide-1 (GLP-1) receptor agonists [1]. These recently 

introduced, diverse diabetes and obesity treatments are 

taking both the scientific and commercial world by storm 

and are the focus of this work. 

Type 2 Diabetes Mellitus (T2DM) is a condition that 

affects over 400 million people globally, with an ever-rising 

incidence [2]. It is characterized by insulin resistance and 

declining ß-cell function. ß-cells within the pancreas are 

specialized cells designed to secrete insulin and C-peptide, 

among other hormones [3]. The T2DM severity “spectrum” 

is generally characterized by specific target ranges for three 

tests: fasting plasma glucose (FPG), oral glucose tolerance 

test (OGTT), and Hemoglobin A1c (HbA1c) (Figure 1) [4]. 

These tests assess various aspects of an individual’s ability 

to maintain glycemic control; FPG assesses the body’s 

maintenance of blood glucose after a fast, OGTT assesses 

the body’s ability to process glucose by measuring the 

body’s reaction to a glucose challenge, and HbA1c assesses 

the general trends of blood glucose over a 2-3 month period 

through the percentage of glycated hemoglobin [4, 5]. 

RESEARCH PROTOCOL        OPEN ACCESS 
 

https://www.urncst.com/
https://doi.org/10.26685/urncst.957
http://crossmark.crossref.org/dialog/?doi=https://doi.org/10.26685/urncst.957&domain=pdf
mailto:ben.mei-dan@duke.edu


UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL 

Read more URNCST Journal articles and submit your own today at: https://www.urncst.com 

 

Mei-Dan | URNCST Journal (2025): Volume 9, Issue 11 Page 2 of 9 

DOI Link: https://doi.org/10.26685/urncst.957 

 
 

Figure 1. Diagnostic ranges for blood glucose and A1C used to define normoglycemia (green), prediabetes (yellow), and 

diabetes (red). A1C (%) is shown on the y-axis, with the corresponding x-axis shown on the top. FPG, and, OGTT (mg/dL 

glucose) are shown on the y-axis with the corresponding x-axis shown on the bottom. Created with Python. HbA1C – 

hemoglobin A1C, FPG – fasting plasma glucose; OGTT – oral glucose tolerance test. 

 

First line pharmacokinetic treatment for T2DM is 

metformin, a drug that suppresses liver glucose production 

and improves insulin sensitivity within muscle and fat cells 

[6]. The goal of this treatment is to lower overall blood 

glucose levels without directly affecting insulin. This is 

done through the hepatic gluconeogenesis inhibition and 

activation of AMP-activated protein kinase (AMPK) – an 

enzyme that plays a role in cellular metabolic homeostasis 

[6]. As T2DM progresses, the pancreas loses its ability to 

produce enough insulin through ß-cell dysfunction [7]. 

Exogenous insulin therapy becomes necessary at this stage, 

and the T2DM is generally considered advanced and 

irreversible through lifestyle modifications [7]. Blood sugar 

levels remain elevated and high metformin doses are no 

longer sufficient to manage hyperglycemic events [7]. 

Lifestyle changes such as increased physical activity and 

diet modifications are still crucial components of care, but 

can no longer solely manage the condition. 

Recently GLP-1 agonists became a treatment for all 

severities of T2DM alike. GLP-1 is an endogenous gut 

hormone produced in the intestinal L-cells. It maintains 

glucose homeostasis through increasing glucose-dependent 

secretion of insulin whilst simultaneously suppressing 

glucagon stores [8]; this paired with activation of GLP-1 

receptors in the brain slows the food digestion and increases 

satiety [9]. This discovery quickly prompted the testing and 

subsequent approval of the GLP-1 receptor agonist 

treatment for T2DM [1]. A growing body of evidence 

indicates that GLP-1 agonists promote significant weight 

loss with minimal side effects, making them a very effective 

and safe treatment for people suffering from obesity as well, 

for which they are also clinically indicated and approved [1]. 

Studies have highlighted that the rapid weight 

reduction may have the drawback of unintended muscle 

loss [10]. Skeletal muscle mass, strength, and function, all 

must be closely monitored in this patient population that 

already suffers from reduced levels of these crucial 

components [11]. Resistance training has been shown to 

counteract this decline through preservation and 

enhancement of muscle mass and strength, highlighting the 

importance of muscle-specific training during weight loss 

[12]. Patients with high risk of falls, frailty, low existing 

lean mass, and older diabetics all require elevated 

monitoring for muscle loss [13]. Since the muscle mass is 

crucial for metabolic function and glucose disposal, when it 

is eventually lost, metabolic function will decrease in these 

populations starting a downward spiral of reduced physical 

capacity and worsening glycemic control [14]. Muscle mass 

loss in older individuals and specifically in T2DM patients 

significantly increases the risk for sarcopenia [15]. It is of 

note that muscle mass includes skeletal muscle and some 

connective tissue while lean mass includes skeletal muscle, 

skin, organs, tendons, and body water [16]. 

This study seeks to better understand the significance of 

GLP-1 agonist-associated lean mass loss in patients with 

varying severities of T2DM and comorbid obesity. Patients 

will be subgrouped based on the accepted severity of 

T2DM: prediabetes (least severe), metformin-reliant T2DM 

(intermediate), and insulin-reliant T2DM (most severe). 

Allocation will be further discussed in methodology. While 

previous trials have focused on general glycemic trends and 

muscle loss in T2DM cohorts, they have yet to assess how 

these drugs affect muscle mass, strength, and function at 

different stages of the T2DM “spectrum” [17–21]. 

Understanding how GLP-1 agonists impact skeletal muscle 

mass across patients with varying T2DM severity can 

promote safe and effective usage of these drugs in varying 

diabetics. New clinical trials exhibit successful muscle mass 

retention and even growth during GLP-1 agonist induced 

weight loss with a new class of drugs entitled myostatin and 

activin inhibitors [22]. This work may offer further evidence 

to support adjunct treatments, such as exercise or these 

muscle conserving drugs, as necessary co-treatments when 

prescribing GLP-1 agonists by investigating the effect of 

GLP-1 agonists on lean mass, strength, and function across 

3 distinct groups of T2DM patients w comorbid obesity. 
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Methods 

Trial Design 

This trial is randomized, double-blind, parallel-group, 

placebo-controlled trial aimed at assessing the effects of 

GLP-1 receptor agonist therapy on lean mass, muscle 

strength and function, and metabolic parameters in T2DM 

individuals. Semaglutide is the most widely prescribed GLP-

1 agonist, and will therefore be used for this study [23]. The 

trial will be conducted over 20 weeks, as it has been shown 

that most of the muscle mass lost in GLP-1 studies occurs in 

the first 15 weeks of treatment [24]. The randomization for 

group classification will be determined by a computer-

generated sequence. Participants and outcome assessors will 

be blinded to group allocation. Baseline data will come from 

verification and categorization of participants as either 

diabetic or pre-diabetic based on the HbA1c. 

 

Participants 

Participants will be enrolled with the inclusion criteria 

of a prediabetes or diabetes diagnosis and a body mass index 

(BMI) >30 kg/m2. The 270 participants will be allocated into 

groups of 90 based on the following classification: pre-

diabetics, metformin-dependent diabetics, and insulin-

dependent diabetics. Each group of 90 will be randomly split 

into 3 groups of 30, one taking the GLP-1 agonist on top of 

their diabetes treatment, one taking a placebo GLP-1 agonist 

on top of diabetes treatment, and one staying as a control 

with only their diabetes. Additional inclusion criteria are as 

follows: age 18-65, diagnosed T2DM (confirmed with an 

HbA1c of 6.5-10.0%) or prediabetes (HbA1c of 5.6-6.5%), 

stable metformin and insulin usage (if applicable). Exclusion 

criteria include any current or past use of GLP-1 agonists, 

adjunct diabetes treatments, existing sarcopenia, myopathy 

or other neuromuscular conditions, past surgical obesity 

treatment, and uncontrolled hypertension [25]. 

 

Dosing and Intervention 

The three GLP-1 agonist groups will receive a weekly 

semaglutide via a subcutaneous injection of an initial 0.5 mg 

that increases by 0.5 mg every week until week 5, where the 

maintenance dose of 2.5 mg is kept constant. It will be 

administered by blinded study staff. The placebo group will 

receive saline injections within commonly recognized 

semaglutide syringes on a matched schedule. While 

resistance training remains a proven approach for improving 

muscle function and reducing muscle loss, this study seeks to 

isolate pharmacologic effects of GLP-1-specific mechanisms. 

 

Outcomes 

The data collection will come from a monthly 

evaluation of the study’s aims. Evaluations will take place 

at baseline and every 4 weeks following (Table 1). The 

primary outcome measured in this study is lean mass. This 

will be measured using a dual energy x-ray absorption 

(DEXA) scan that will approximate lean mass in the arms, 

legs, and trunk. A muscle strength and a function 

assessment, indicated by grip strength and phosphorus 

magnetic resonance spectroscopy (31P-MRS) tests, 

respectively, will be performed. Hand grip strength testing 

remains an essential and validated proxy for assessing 

overall muscle strength [26]. 31P-MRS has become 

standard for tracking muscle function through an 

evaluation of muscle metabolism and mitochondrial 

function in a non-invasive reproducible fashion [27]. Key 

muscle metabolites are measured after muscle contraction 

to assess mitochondrial oxidative function and muscle 

bioenergetics [27]. To mitigate potential challenges with 

participant compliance and the technical demands of 31P-

MRS, assessments will be aligned with pre-existing visits, 

participants will receive completion reminders, and 

missing data will be clearly reported. At each follow-up a 

lipid panel (total cholesterol, LDL-C, HDL-C, 

triglycerides, non-HDL-C), HbA1c, and homeostatic 

model assessment of insulin resistance (HOMA-IR) for 

insulin sensitivity rating will be taken. The HbA1c will be 

used to distinguish and properly place participants due to 

its ability to reflect average blood glucose markers over 

three months, providing a more stable indicator of long-

term glycemic control as opposed to the acute tests (FPG 

& OGTT) [28], though the FPG will be used for the 

HOMA-IR. An Impact of Weight on Quality of Life-Lite 

Clinical Trials Version (IWQOL-Lite-CT) questionnaire 

will quantitatively reflect overall quality of life (QOL) and 

patient experience [29]. 

 

Table 1. Aims of Study and Measurement Schedule. Created with Word. HbA1c – hemoglobin A1C, DEXA – dual energy x-

ray absorptiometry; 31P-MRS – phosphorus magnetic resonance spectroscopy; HOMA-IR – homeostatic model assessment of 

insulin resistance. 

 

Outcome / Aim Measurement Schedule (weeks) 

Weight Baseline, 4, 8, 12, 16, 20 

DEXA  Baseline, 4, 8, 12, 16, 20 
31P-MRS  Baseline, 4, 8, 12, 16, 20 

Grip Strength  Baseline, 4, 8, 12, 16, 20 

Lipid Panel Baseline, 4, 8, 12, 16, 20 

HbA1c Baseline, 4, 8, 12, 16, 20 

HOMA-IR Baseline, 4, 8, 12, 16, 20 

QOL Questionnaire Baseline, 4, 8, 12, 16, 20 
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Statistical Analysis Plan 

A 2-way analysis of variance will be used to compare 

mean changes in aims across groups while linear 

regression will assess associations between weight loss, 

glycemic outcomes, and changes in muscle parameters. It 

will be adjusted for baseline value, age, sex, and diabetes 

class. Subgroup analyses will also be run based on BMI 

classes. Statistical significance will be stated with an alpha 

rejection threshold of α = 0.05; the sample size provides 

90% power with approximately 30 participants per group 

(n=270). For the purpose of anticipated results, the 

placebo-controlled group will not be discussed as this can 

not be predicted. 

 

Anticipated Results 

Weight Loss 

Control groups will likely maintain similar weight and 

lean mass as compared to baseline. Slight fluctuations in 

mass may occur in the metformin and insulin-dependent 

groups as their respective treatments play their role. Total 

weight loss is anticipated to be relative to baseline weight 

and proportional to T2DM severity. Therefore, the DEXA 

scan may reveal that the insulin-dependent groups will lose 

more lean mass proportional to their total mass lost compared 

to the metformin-dependent and prediabetic cohorts. Prior 

studies assessing lean mass change over 40-72 week ranges 

with semaglutide injections have decreased 2-13% [19, 30–

32]. It is expected that the fraction of total mass lost that is 

lean mass will range in the 1.5-15.0% range, with the insulin 

group and/or higher starting BMI individuals likely to be 

closer to 15% and prediabetic groups and/or lower starting 

BMI individuals likely to be closer 1.5% [33]. 

 

Muscle Strength and Function 

The prediabetic control group will likely maintain 

similar strength and function values as compared to 

baseline. The metformin and insulin dependent control 

groups, especially the latter, will likely experience a slight 

decrease in strength and function as their conditions 

progress [34]. Since insulin-dependent T2DM is considered 

a late-stage disease, the muscle insulin resistance is often 

severe and continually worsening [7]; therefore, the natural 

progression of T2DM will interplay within the control 

group and decrease grip strength and muscle energetic 

values over the 20-week period. Similar trends to lean mass 

will be observed – the more severe the diabetes, the greater 

the decrease of strength and function for the GLP-1 groups 

will be observed. The greater the baseline impairment of 

muscle energetics and strength the more likely the GLP-1 

agonists will negatively affect overall muscle function. The 

negative effects of losing functional muscle fibers along 

with the minimization of muscle load could likely offset the 

gains from metabolic function and lead to possible 

functional decline [35]. Additionally, increased systematic 

insulin sensitivity does not always equate to improved 

mitochondrial function [36]. GLP-1 agonists will reduce 

muscle mass volume at greater rates with more severe 

T2DM, as aforementioned, and this equates to greater 

decreases in grip strength and muscle energetics. Grip 

strength testing will likely reveal a modest reduction in 

peak contraction force in all GLP-1 agonist treatment 

groups. 31P-MRS will likely reveal reduced 

phosphocreatine (PCr) recovery rates across all three 

treatment groups, indicating slightly impaired muscle 

energetics from GLP-1 therapy. The bioenergetics will 

decrease the most in efficacy in the insulin-dependent 

group as severe diabetes is associated with mitochondrial 

defects such as decreased mitochondrial density and 

impaired electron transport chain properties [37]. 

 

Biomarkers and Diabetes 

All control groups will likely maintain stable diabetic 

biomarkers as their respective treatments hopefully maintain 

glycemic control homeostasis. The GLP-1 users are 

expected to show significant improvement in the HbA1c and 

the HOMA-IR tests throughout the timeframe with the 

improvements maintaining a relatively linear fashion, with 

plateaus beginning to occur at week 15. The more severe the 

diabetes, the greater the improvements expected in these 

tests; worse initial values for these tests exhibit greater room 

for improvement. Lipid panel improvements will be great 

across all groups as they improve with weight loss and 

appetite suppression caused by the agonists [1]. 

 

Overall Quality 

Quality of life will remain relatively stable across all 

control groups. Muscle mass, strength, and function trends 

will invert for quality of life. The less severe the diabetes, 

the greater the improvements in QOL. In severe diabetes 

the significant weight loss and increased metabolic markers 

will be accompanied by decreased function, strength loss, 

and fatigue. Reduced appetite and natural breakdown of 

metabolites will diminish gains to QOL. Prediabetics will 

notice the greatest increase in QOL as there is the least 

disease burden and treatment may bring the group closer to 

a non-diabetic state, though all three groups will notice 

large increases in quality of life values. 

 

Discussion 

The anticipated findings suggest that GLP-1 agonists 

are effective in improving glycemic control and promoting 

total weight loss. However, an unwanted side effect that 

accompanies this GLP-1 agonist-induced weight loss is a 

measurable loss of muscle mass, strength, and function. 

Using 31P-MRS, the picture becomes more sophisticated, as 

the loss of muscle mass may be accompanied by altered 

muscle energetics – evidenced by slower PCr recovery 

times and reduced ATP levels. The decrease in 

functionality is likely to correlate with decreased grip 

strength. This emphasizes that GLP-1 agonists induce 

muscle changes that are not purely structural but also have 

functional implications. 
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The clinical relevance of maintaining skeletal muscle 

function is significant [10]. Muscle function in aging and 

diabetic populations is even more crucial, as these 

populations are pre-disposed to higher risks of sarcopenia 

and frailty which leads to osteoporotic elderly fractures and 

increased mortality rates [38]. If muscle function is expected 

to reduce substantially despite metabolic benefits, then long-

term GLP-1 therapy may need to be reevaluated in T2DM 

populations for adjunct therapy possibilities. This study is 

among the first to propose the use of 31P-MRS to evaluate 

muscle bioenergetics in a T2DM GLP-1 study. This 

provides a mechanistic insight into how weight loss agents 

directly affect mitochondria and cellular pathways within 

the muscle [27]. This distinguishes between functional and 

structural muscle loss, and should be recommended in future 

studies regarding long-term prescription of GLP-1 agonists. 

Potential mechanisms that underlie the findings of 

decreased muscle energetics and reduced grip strength are 

possible appetite suppression leading to reduced protein 

intake that eventually cascades to decreased muscle protein 

synthesis [39]. Reduced caloric intake also produces 

exercise intolerance making individuals less likely to 

exercise as it is more strenuous for them [40]. More severe 

obesity likely comes with more absolute and proportional 

fat loss as there are higher initial fat reserves to draw from. 

Conversely individuals with lower BMI’s are at higher risk 

to lose more muscle mass proportional to total mass lost 

[41]. Recent work has demonstrated the efficacy of 

combining GLP-1 agonists with myostatin/activin-A 

inhibitors for the preservation (and even increase) of 

muscle mass in non-human primates, optimizing body 

composition statistics while on these agonists [22]. 

 

Limitations and Future Directions 

Availability of 31P-MRS is limiting, leading us to 

certain imaging centers which may delay participant 

recruitment. However, the anticipated results support the 

underlying idea that muscle function loss accompanies lean 

mass loss, emphasizing the importance of function-based 

assessments in future studies. Skeletal muscle function can 

change and vary based on age, sex, and baseline activities 

[42]. As well, inter-individual differences in treatment 

response can play a factor depending on previous experience 

with muscle hypertrophy and atrophy [43]. Additionally, the 

study duration does not leave time to observe long-term 

trends associated with GLP-1 agonist treatment. While the 

majority of weight loss occurs in the first 15 weeks of 

therapy [24], it would be helpful to observe long-term data 

associated with GLP-1 agonists to see how muscle function 

continues to shift once weight loss has slowed significantly. 

This study terminated with the cessation of GLP-1 agonist 

administration; possible future studies should investigate the 

effects of a treatment termination on all previously discussed 

aims in the context of rebound weight gain [44, 45]. 

Future studies should explore the co-administration of 

GLP-1 agonists with protein supplementation [46], anabolic 

agents (e.g. myostatin inhibitors) [22], or simply resistance 

training [46], to possibly limit the aforementioned 

functional. It may be helpful to investigate whether GLP-

1/GIP co-agonists exhibit the same muscle effects, and if 

trends are similar on smooth and/or cardiac muscle to 

understand GLP-1 more broadly. Only once these broader 

ideas are understood a holistic view of GLP-1 therapy can 

be gained to individualize treatment to the needs of patients. 

 

Conclusions 

Type 2 Diabetes Mellitus exists on a severity 

“spectrum,” ranging from prediabetes all the way to latter 

stage insulin-dependent diabetes. The purpose of this study 

was to examine the effects of GLP-1 therapy on lean mass, 

muscle strength, muscle function, diabetic biomarkers, and 

quality of life across a range of diabetics in a population with 

comorbid obesity. The loss of lean mass has exhibited 

significance within the clinical realm and concerns about 

body composition shifts in weight reduction have prompted 

the need for its investigation. This research proposal expects 

to find significant lean mass reductions and shifts in overall 

body composition across all treatment groups. The more 

severe the diabetes and/or starting BMI, the more severe the 

lean mass reductions (absolutely and proportionally), muscle 

strength reductions, and function reductions will likely be. 

The more severe diabetics will likely have less improvements 

in quality of life as weight reductions are offset by fatigue 

and significant muscle and function results; they will have 

the best improvements in lipid and diabetic biomarkers 

though, as they have the most improvement from the get-go. 

While GLP-1 agonists offer incredible potential for the 

treatment of obesity and underlying issues with glycemic 

control, this study emphasizes the need to monitor and 

preserve skeletal muscle mass and function. The proposed 

data supports the value of pairing general and energetic 

assessment of muscle to protect muscle resilience in diabetic 

patients and individualize treatment regimens with adjunct 

treatments that can help mitigate the muscle mass, strength, 

and function that is lost during GLP-1 therapy. 
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