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ABSTRACT

Introduction and purpose

Osteoarthritis (OA) is the most prevalent chronic joint disorder. It is the primary cause of

chronic pain. Known risk factors for OA include obesity and type 2 diabetes mellitus (T2DM).

One of the challenges in managing OA is the absence of disease-modifying treatments. Since

obesity is an independent risk factor of OA, the use of medications like GLP-1 analogs and

metformin may benefit patients with OA. The purpose of our article was to provide an

overview of the findings from studies on the use of the mentioned drugs in OA patients.

Materials and methods

To write this article, databases such as PubMed and Google Scholar were searched using the

following terms: osteoarthritis, glucagon-like peptide-1 (GLP-1), obesity, anti-obesity

medications.

Description of the state of knowledge

Research on the effects of GLP-1 analogs in OA patients has yielded inconclusive results.

Some studies showed that semaglutide provided benefits in reducing knee osteoarthritis

symptoms in obese, nondiabetic patients. For those with knee OA and T2DM, GLP-1 receptor

agonists lowered body weight and pain intensity. Furthermore, patients treated with GLP-1

receptor agonists have a reduced risk of knee surgery and lower cartilage loss velocity.

Patients receiving semaglutide who underwent arthroplasty procedures experienced lower

risks of prosthetic infections and hospital readmissions. The use of metformin was associated

with reduced rates of joint replacement surgery.
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Conclusions

GLP-1-based therapies and metformin, due to their pleiotropic effects, may provide

advantages by alleviating joint inflammation and facilitating weight loss in OA patients.

Additional research is required to validate these outcomes and identify the most effective

treatment approaches for managing OA.

Keywords

Osteoarthritis, Glucagon-like peptide-1 (GLP-1), Liraglutide, Semaglutide, Anti-obesity

medications, Weight management, Total knee arthroplasty, Total hip arthroplasty

1. Introduction

Osteoarthritis (OA) is the most common chronic joint condition. Approximately 4.3% of

adults experience symptomatic knee osteoarthritis, characterized by frequent knee pain

occurring on most days. [1] Its prevalence rises with age, affecting the majority of individuals

over 65. [2,3] It is defined by progressive cartilage degradation, subchondral bone remodeling,

and synovial inflammation. [4]

Articular cartilage can be impaired by everyday wear and tear or pathological factors like

abnormal mechanical stress or injury. In the early stages of OA, inflammation of the

synovium can occur, while the cartilage surface remains intact. [3,5]

In healthy joints, chondrocytes possess limited regenerative ability and exhibit low metabolic

activity. However, in OA transient proliferative response and increased matrix synthesis occur

in order to ensure repair processes. This leads to the formation of more catabolic factors and

the destruction of proteoglycans and, subsequently, the collagen network. As a result,

cartilage integrity is disrupted. The complete loss of cartilage, leading to decreased joint space,

causes bone friction, resulting in pain and restricted joint movement. Other signs of OA,

including subchondral sclerosis as well as muscle and tendon weakness and loosening will

also emerge. [3,6] OA impacts joints such as the knees, hips, hands, and spine, and is the

primary cause of chronic pain, reduced mobility, and functional impairment in older adults,

particularly women. [3,7,8]
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Although etiopathogenesis is not completely understood, the risk factors affecting OA are

known, such as genetic predisposition, aging, obesity, and joint malalignment. The existence

of a strong link between knee OA and obesity has been proven in scientific studies. In

addition, weight loss can slow the progression of the disease. [7,9] Therefore, obesity is

considered an independent risk factor for the development of osteoarthritis. [10]

One of the difficulties in treating patients with OA is the lack of disease-modifying treatments

that can slow down the progression of OA or postpone the permanent breakdown of cartilage,

aside from total joint replacement surgery. [2,3,5] While anticytokine therapies have proven

highly effective in managing rheumatoid arthritis, they have not demonstrated similar success

as treatments for osteoarthritis. [11] Current approaches focus on reducing pain, alleviating

stiffness, preserving functional abilities, and enhancing overall quality of life. Available

treatments include low-impact aerobic exercise, weight reduction, and surgical interventions.

[3] Due to the association of OA with obesity, American College of Rheumatology (ACR)

and the European League Against Rheumatism (EULAR) advise obese patients with knee OA

weight loss and engage in physical activity. [12,13]

Co-morbidity of obesity, type 2 diabetes mellitus and Osteoarthritis

The global prevalence of obesity and type 2 diabetes mellitus (T2DM) has been consistently

rising. Both conditions are influenced by notable genetic and environmental factors in their

progression. Obesity amplifies the effect of genetic susceptibility and environmental factors

on diabetes mellitus. Disturbed metabolic balance due to excess of adipose tissue and

metabolite accumulation, results in insulin resistance and abnormalities in the functioning of

the microbiome-gut-brain axis. In turn, these disorders result in low-grade systemic

inflammation, which disrupts homeostasis, exacerbates the loss of functional β-cells, and

chronic hyperglycemia. [14] Moreover, inflammation created by increased adipose tissue

causes direct pathological effects on the musculoskeletal system through oxidative stress and

endothelial cell dysfunction. In particular, proinflammatory cytokines secreted by adipose

tissue interact with various components of the musculoskeletal system, including cartilage,

bone, meniscal tissue, and synovial cells, leading to degradation of bone and subchondral

structures, along with inflammation in the surrounding soft tissues. [6,10]

T2DM and OA are common chronic diseases with shared pathophysiological pathways,

including inflammation and metabolic dysregulation. Moreover, T2DM is a risk factor for OA
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progression. [4,6] The well-known link between osteoarthritis (OA) and T2DM is partially

explained by hyperglycemia, which leads to cellular and tissue damage within joint tissues. [2]

The prevalence of OA in the general population is 27%, whereas among patients with T2DM

is up to 52%. [15] Therefore, since individuals with diabetes are at an increased risk of bone

degradation, the use of antidiabetic drugs may have a protective effect on the condition of the

skeletal system. [4]

2. Objective of the work

Conventional weight-loss approaches, such as lifestyle changes involving diet and exercise,

are often associated with poor patient adherence, resulting in less effective outcomes than

anticipated. for this reason, incorporating antidiabetic drugs can enhance the positive results

of treatment. [10] The aim of the study was to investigate the possible benefits of antidiabetic

drugs in patients with OA.

3. Materials and methods

For this review article, databases such as PubMed and Google Scholar were searched. The

following terms were used to search for relevant scientific articles: osteoarthritis, glucagon-

like peptide-1 (GLP-1), obesity, anti-obesity medications, semaglutide, liraglutide. Ultimately,

31 research articles were cited.

4. Description of the state of knowledge

Mechanism of GLP-1 action

Glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) are

the key incretin hormones responsible for glucose-dependent insulin release from pancreatic β

cells. Due to the rapid degradation of native human forms, GLP-1 analogues are used for the

treatment (e.g., liraglutide, semaglutide). They play a crucial role in the treatment of T2DM.

Research suggests that they have beneficial pleiotropic effects, including immunomodulation,
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anti-inflammatory activity, and neuroprotection. [4,16,17] These characteristics could make

them advantageous for patients with osteoarthritis (OA). [4]

Studies have proven that the use of GLP-1 analogs, due to their strong anti-inflammatory

properties, provides therapeutic benefits in managing neurological, cardiovascular, and

pulmonary diseases. [2,18] In addition, they may be beneficial in treating patients with

atherosclerosis nonalcoholic steatohepatitis, diabetic nephropathy, and psoriasis. [16,19]

GLP-1 analogues could also act locally at the joint level [5] as a result of the expression of the

glucagon-like peptide-1 receptor (GLP-1R) in joint tissues [2], as well as in the central

nervous system, where the activation of neuronal GLP-1 receptors suppresses toll-like

receptor activity, leading to a reduction in the production of inflammatory cytokines. [20]

Considering the shared risk factors between OA and T2DM, along with the proven anti-

inflammatory effects of GLP-1 in various tissues, GLP-1 analogs could be promising

therapeutic options for treating OA. [2]

GLP-1 in vitro and in vivo experiments

The presence of GLP-1R has been proven in both synovial cell types: macrophages and

fibroblast-like synoviocytes, as well as bone marrow stem cells, osteoblasts, osteocytes, and

osteoclasts. [2] Research conducted using in vitro and in vivo experiments showed that intra-

articular injection of liraglutide helped reduce pain associated with OA. This effect was

probably caused by the GLP-1R-mediated anti-inflammatory activity of the drug. [2] A study

in rats showed that liraglutide diminishes swelling and paw temperature by reducing acute

peripheral inflammation. [21]

Additionally, liraglutide treatment notably decreases the expression of inflammatory genes in

vitro in chondrocytes and macrophages, as well as the secretion of IL-6, PGE2, and nitric

oxide. [2, 5] In vitro, it also reduced the activity of enzymes responsible for cartilage

degradation such as metalloproteinases and aggrecanases. Moreover, liraglutide caused an

increase in the anti-inflammatory M2 phenotype of macrophages, instead of the pro-

inflammatory M1 phenotype [5].

The use of GLP-1 in patients with osteoarthritis
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Studies examining the effects of GLP-1 analogs in individuals with OA have yielded

inconclusive results. The observed benefits of these medications may result from their weight-

loss properties rather than direct anti-inflammatory or pain-relieving actions. [22,23]

In a randomized controlled trial involving patients with knee osteoarthritis, participants were

randomly assigned to receive either liraglutide 3 mg/d or a placebo. [23] After 52 weeks,

weight loss, as well as pain severity were assessed using the Knee Injury and Osteoarthritis

Outcome Score measurement scale. Significantly greater weight loss was observed in the

liraglutide group compared to placebo, but pain intensity was comparable in both groups.

On the other hand, a double-blind, multicenter, placebo-controlled trial showed a beneficial

effect of semaglutide in alleviating knee osteoarthritis symptoms in nondiabetic patients with

obesity. [24] The study compared a group of patients using once-weekly injectable

semaglutide for 68 weeks to a control group who were recommended exercise and a caloric

deficit diet. Among patients in the study group, there was greater weight loss, as well as a

reduction in pain severity measured by the Western Ontario and McMaster Universities

Osteoarthritis Index (WOMAC) and improvements in function and quality of life as assessed

by 36-Item Short Form Health Survey version-2.0 (SF-36v2). In addition, these individuals

covered more distance in the 6-minute walk test.

The prospective, observational, multicenter study conducted on patients with knee

osteoarthritis and T2DM found that participants taking GLP-R agonists had significant weight

loss and lower pain intensity in WOMAC pain subscale scores than the control group. [25]

Furthermore, individuals treated with GLP-1R agonists had a lower risk of knee surgery,

which was mediated by weight reduction They were also observed to have a lower cartilage

loss velocity and fewer intra-articular injections of steroids.

Arthroplasty benefits OA patients with and without obesity. In recent years, the prevalence of

obesity among patients undergoing hip or knee arthroplasty has been increasing. [26]

Unfortunately, the procedure in people with excess adipose tissue is associated with an

increased risk of infection, reoperation, and revision of surgical procedures. Furthermore,

these patients tend to undergo total joint arthroplasty at an earlier age. Since preoperative

weight can influence the complication rate in orthopedic surgery, achieving optimal weight

before arthroplasty may be crucial. Anti-obesity medications such as GLP-1 analogues can be

helpful in this regard. [10]
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The retrospective study evaluated the effect of semaglutide use on decreasing complications

in patients with diabetes undergoing total knee arthroplasty (TKA) for osteoarthritis shows the

benefits of treatment. 90-day postoperative medical complications, 2-year implant-related

complications, 90-day readmissions, in-hospital lengths of stay, and costs were assessed. [27]

Semaglutide cohorts had lower odds of sepsis, prosthetic joint infections, and readmission.

Unfortunately, it has also been shown that semaglutide use increases the risk of myocardial

infarction, acute kidney injury, pneumonia, and hypoglycemic events.

Fewer 90-day readmissions and 2-year prosthetic joint infections were observed among

diabetic patients treated with semaglutide undergoing total hip arthroplasty (THA). [28]

Nevertheless, there were no notable differences observed in medical complication rates,

duration of hospital stays, same-day surgery expenses, or 90-day episode costs.

The use of metformin in patients with osteoarthritis

Metformin is a popular first-line oral anti-hyperglycemic drug in the obese and T2DM patient

population. Its pleiotropic effects are due to its beneficial effects on the endothelium along

with its antioxidant and anti-inflammatory properties. [29] Metformin acts by enhancing

peripheral glucose uptake, inhibiting hepatic gluconeogenesis, and increasing insulin

sensitivity. [4] Its positive effects encompass reducing insulin resistance, promoting weight

loss, and lowering the occurrence of cardiovascular events and mortality. [4,29] Additionally,

its anti-inflammatory action through AMPK activation holds the potential for slowing OA

progression by maintaining cartilage integrity and lowering levels of inflammatory markers.

[4,30] A study conducted on a population of people with OA and T2DM showed lower joint

replacement surgery rates in those using a combination of COX-2 inhibitor and metformin

therapy, compared to a group using COX-2 inhibitor alone. [31]

Used drug Summary of positive effects Study

Liraglutide  Significantly greater weight loss observed in

the liraglutide group compared to placebo,

 Pain intensity was comparable in both groups

[23]

Semaglutide  Significantly greater weight loss [24]
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 Reduction in pain severity measured by

WOMAC

 Improvements in function and quality of life

as assessed by SF-36v2.

 Longer distance in the 6-minute walk test

Semaglutide  Lower odds of sepsis, prosthetic joint

infections, and readmission.

 Increased risk of myocardial infarction, acute

kidney injury, pneumonia, and hypoglycemic

events.

[27]

Semaglutide  Fewer 90-day readmissions and 2-year

prosthetic joint infections among diabetic

patients treated with semaglutide THA

[28]

GLP-1 analogs  Significant weight loss

 Lower pain intensity in WOMAC pain

subscale

 Lower risk of knee surgery

 Lower cartilage loss velocity and fewer intra-

articular injections of steroids.

[25]

Metformin  Lower joint replacement surgery rates [31]

Tabel 1. Overview of the beneficial outcomes of drug applications in the referenced studies.

5. Conclusion

OA is a common problem in daily medical practice due to its high prevalence, as well as the

lack of disease-modifying treatments. Pain is the primary reason patients seek medical

assistance. Often, patients have difficulty complying with recommendations that include

lifestyle modification. Current symptomatic treatment fails to provide the expected

improvement, leading to chronic pain, decreased mobility, and functional limitations. Due to

the burden of co-morbidities, joint replacement surgeries, which are sometimes the only

viable option, come with potential complications. GLP-1-based therapies and metformin, with
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their pleiotropic effects, could offer benefits by reducing cytokine-driven joint inflammation,

supporting cartilage repair, and promoting weight loss in patients with OA. Further

investigation is needed to confirm these findings and determine the most effective treatment

strategies for OA.
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