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Response/Recommendation: Yes. Obesity-related OA therapeutics span multiple aspects of OA 
pathoetiology, including systemic inflammation, mechanical overloading, and neuroimmune sensitization. 
Notably, the relationship between obesity and OA is complicated, and obesity-associated OA constitutes a 
distinct OA phenotype that requires different therapeutic strategies than other OA subtypes. Rigorous testing of 
obesity-related therapeutics in preclinical models offers a powerful opportunity to advance mechanistic 
understanding and therapeutic development across both OA and obesity fields. 
 
Strength of evidence: Strong 
 
Rationale: Obesity is one of the most predominant disease risk factors for OA, driven by both increased 
mechanical stress from excess body weight and systemic inflammation from adipose tissue1-4. Obese 
individuals have a substantially higher risk of developing OA and often experience more severe pain5-8. 
Emerging evidence also highlights the contributions of obesity-related metabolic dysfunction and insulin 
resistance to OA development9-11. Although obesity-associated OA may represent a unique OA phenotype, 
obesity-related OA therapeutics remain broadly relevant and may benefit the wider OA population.  
 
1. Targeting Systemic Inflammation  
OA is often associated with low-grade systemic inflammation. In obesity, excess adipose tissues release 
inflammatory mediators that create a pro-inflammatory environment, impacting both weight-bearing and non-
weight-bearing joints12, 13. Obesity also alters local fat depots within the joint, such as the infrapatellar fat pad 
(IPFP), promoting immune cell infiltration and synovitis14, 15. Therefore, targeting systemic inflammation, 
especially in obese OA patients, warrants further investigation from genetic and epigenetic perspectives16, 17. 
a. Nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroids, and Disease-Modifying 

Antirheumatic Drugs (DMARDs). Guidelines recommend oral NSAIDs for hand, knee, and hip OA, topical 
NSAIDs for knee OA, and short-term intra-articular corticosteroid injections for hip and knee OA18, mainly 
for pain and symptomatic relief. DMARDs have not shown clinically meaningful pain relief in OA based on 
meta-analysis19, but some mixed results suggest that methotrexate may relieve pain and joint symptoms in 
hand or knee OA patients, particularly those with synovitis20, 21.   

b. Cytokine Inhibitors. Clinical trials of TNF-α inhibitors (e.g., etanercept, infliximab, and adalimumab) have 
not demonstrated consistent efficacy22-26, though mixed results suggest that etanercept may offer modest 
long-term benefit in subsets of hand OA patients with high levels of joint inflammatory21, 22. Therapies that 
target IL-1 (e.g., AMG108, anakinra, canakinumab, and lutikizumab) have largely failed knee OA clinical 
trials27-30, but post hoc analysis suggests that canakinumab may reduce total knee and hip replacement 
risks28, and lutikizumab may improve pain in patients with more severe knee OA30, underscoring the need 
for improved patient stratification in future trials18, 31. Recently, encouraging outcomes have been reported 
from clinical trials of IL-1 receptor antagonist (PCRX201 and GNSC-001) and IL-6 vaccine (PPV-06) in 
knee OA patients, highlighting the potential of gene and immune therapies in future OA interventions32-34.  

c. Other/Emerging Targets. Mounting preclinical evidence supports targeting systemic inflammation through 
specific signaling pathways, including inhibition of adipokine signaling (e.g., leptin)35, 36, suppression of 
inflammasomes (e.g., NLRP3)37, 38; modulation of macrophage polarization39, 40; and regulation of key 
inflammation-related pathways (e.g., NF-κB, JAK, and IL-6/gp130)41-46, several of which have progressed 
toward clinical evaluation47, 48. Additionally, growing attention has focused on the modulation of the gut-joint 
axis to attenuate obesity-associated OA inflammation and correct gut microbiota dysbiosis49-52. 
Recently published studies highlight metabolic abnormalities in OA and obesity, specifically by altering the 
metabolic profiles of lipids, amino acids, and carbohydrates53-55. Restoration of normal metabolic activity 
has been shown to alleviate pain and slow OA progression in preclinical models51, 56, consistent with the 
favorable outcomes from human trials of glucagon-like peptide-1 (GLP-1) receptor agonists and metformin 
in individuals with knee OA57-62. These observations suggest targeting metabolism as a promising strategy 
for OA treatment, in conjunction with or independent of targeting inflammation and weight loss. 



2. Targeting Mechanical Overload      
Mechanical overload, described as supraphysiological joint loading resulting from traumatic injury, abnormal 
joint alignment, obesity, or repetitive stress, plays a crucial role in OA pathogenesis and progression63-65. Meta-
analyses have demonstrated a strong association between body mass index (BMI) and OA risk66. Targeting 
mechanical overload for OA encompasses both physical interventions aimed at reducing joint stress and 
molecular/biochemical approaches that modulate biological pathways dysregulated by mechanical stress. 
a. Physical interventions  

Guideline-recommended physical interventions include weight loss, exercise/physical therapy, and patient 
education/self-management4. In individuals with mild-to-moderate knee OA, achieving a 5–10% reduction 
in body weight is associated with significant improvements in pain and joint function67.  Meta-analyses 
revealed that supervised exercise is effective in reducing pain and improving physical function across OA 
populations, including individuals with overweight or obesity, although 87% of people with knee OA do not 
meet recommended physical activity guidelines due to substantially reduced activity levels68-71.   

b. Targeting Mechanotransduction Signaling Pathways 
Mechanotransduction underlies how joint cells convert mechanical cues, such as compression, tension, 
shear, and hydrostatic pressure, into intracellular biochemical responses. Cartilage, bone, and synovial 
cells sense mechanical stimuli through mechanoreceptors, including integrins and ion channels (e.g., 
TRPV4, Piezo1, and Piezo2), which activate downstream signaling cascades such as MAPK, NF-κB, 
YAP/TAZ, and Wnt pathways64, 72-75. Importantly, distinct mechanosensitive channels can engage unique 
components of the cellular “mechanome” and operate in cell-type-specific contexts, resulting in diverse 
biological outcomes ranging from matrix remodeling to cartilage repair75-77. Targeting mechanotransduction 
in OA holds therapeutic promise for several key disease-modifying objectives: 
- Dampening inflammation. Mechanical stress induces inflammatory mediators (e.g., NF-κB, TNF-α, IL-

6, and IL-1), which can further sensitize Piezo1-dependent mechanotransduction, creating a pathogenic 
feed-forward loop in OA78. 

- Preventing cell death and senescence. Mechanical overload can trigger chondrocyte ferroptosis via 
Piezo-mediated GPX4 reduction79, 80, and promote cell senescence through downregulating FBXW781.  

- Restoring mitochondrial function and alleviating oxidative stress. Mechanical overload can cause 
mitochondrial dysfunction and lead to increased Reactive Oxygen Species (ROS)82-84. 

 
3. Targeting Neuroimmune Pathways 
OA pain is partially driven by nociceptor sensitization and maladaptive neuroplasticity in joint and peripheral 
nervous tissues4. Obesity is associated with a higher risk of OA accompanied by more severe pain, supporting 
the concept of neuroimmune sensitization that links meta-inflammation and the pain processing in OA8.  
a. Targeting nerve signal 

Many mediators present in OA joints contribute to nociceptor sensitization, including pro-inflammatory 
cytokines and chemokines, disease-associated molecular patterns, and nerve growth factor (NGF)85-88. 
Inhibition of NGF demonstrated early promise in pain relief, but the clinical trial was halted due to the rapid 
progression of OA in a subset of patients87, 88. Elucidating the mechanisms underlying the side effects will 
be critical for understanding the relationship between pain and joint integrity. In parallel, TRPV1 and Piezo2 
channels in the nerve have emerged as potential targets for pain control in OA89-91. 

b. Targeting immune cells  
OA progression and pain are usually associated with the sprouting of nociceptors in the subchondral bone, 
osteochondral channels, and synovium92-95. Immune cells, especially macrophages, can release mediators 
that sensitize nociceptors and mediate neuronal growth96-98. Macrophages also infiltrate the dorsal root 
ganglia, and depletion of macrophages in the nervous system alleviates pain in experimental models99, 100.  

 
Conclusion and Outlook:  
Obesity-related OA therapeutics represent promising avenues for advancing OA research and treatment. A 
major challenge remains the translation of preclinical discoveries into effective clinical therapies, likely due to 
the biological and clinical heterogeneity of OA, including sex as an important biological variable. In parallel with 
ongoing clinical efforts to identify reliable biomarkers that enable patient stratification into distinct endotypes, 
preclinical studies should place greater emphasis on defining mechanisms that are either specific to unique OA 
subtypes (e.g., obesity-associated OA) or broadly applicable across multiple OA etiologies. 
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