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RESPONSE/RECOMMENDATION:  
YES. Obesity, along with advanced age, female sex and joint injury, is a major risk factor for OA1, 2. Beyond 
increased mechanical loading, obesity affects joint tissues and distant organs, such as the brain, adipose tissue, 
gut, cardiovascular system, and reproductive system through systemic inflammation, altered metabolism, and 
adipokine signaling. Characterizing the interorgan crosstalk between joint tissues and these distant organs is 
critical to understanding the mechanisms and pathophysiology of OA in the context of obesity, particularly given 
the strong modifying effects of sex and aging on metabolic and inflammatory biology. Such research could 
elucidate how systemic inflammation, co-morbid conditions, gut microbiota dysbiosis, adipose tissue dysfunction, 
menopause, and neuroimmune interactions exacerbate joint degeneration OA symptoms, the OA experience, 
and OA phenotypes, paving the way for targeted interventions that address both localized joint damage, systemic 
contributors to disease, and systemic effectors of disease. With the majority of individuals with OA having at 
least one and usually 2 or more co-morbid diseases3, investigating these interconnections is not only warranted 
but essential for developing holistic and effective therapeutic strategies for OA in individuals with obesity.  
 
LEVEL OF EVIDENCE: Strong  
 
RATIONALE/ELIGIBILITY CRITERIA: A scoping review of literature search was conducted on “crosstalk 
between joint tissues” and “osteoarthritis” focused on pre-clinical and translational studies indexed on pubmed. 
Preprints listed on pubmed at the time of the search were included.  
 
The literature supports the need for focused investigation on how obesity-related systemic factors interact with 
joint tissues and distant organs, including the brain, adipose tissue, gut, cardiovascular system, and reproductive 
system, to exacerbate OA pathophysiology and clinical outcomes. Mechanistic insights support the notion that 
obesity contributes to OA through both biomechanical and systemic pathways. Adipokines and cytokines, 
metabolic dysregulation, gut microbiota dysbiosis, and neuroimmune signaling are critical systemic factors 
driving mechanisms of joint degeneration, damage, pathology, pain and dysfunction. There is also a need to 
define the analytical or mechanistic strategy to link obesity, OA, and distant organ involvement beyond the tissue 
or molecular assessment.  
 



1. Multi-modal structural assessments of tissues: Extracellular matrix properties, spatial and dissociative 
profiling that captures all known tissue and cell types in the joint organ system, including neurons 
innervating the joint to capture pain-related changes in an obesity context. This should include, but not be 
limited to, cartilage (chondrocytes), bone (osteocytes, osteoblasts, osteoclasts, vascular cells, adipocytes, 
immune cells), synovium/joint-capsule (synovial fibroblasts, immune cells, vascular cells), meniscus, intra-
articular fat pad (adipocytes, immune cells), adipocytes, intra- and peri-articular ligaments/tendons/fascia 
(fibroblasts), muscle, (myocytes, stromal cells), sensory neurons (dorsal root ganglia cells), and autonomic 
neurons.   

2. Immunometabolic profiles: Obesity promotes low-grade systemic inflammation through the secretion of 
adipokines such as leptin, adiponectin, and resistin, as well as pro-inflammatory cytokines like TNF and IL-
64. These mediators not only accelerate cartilage destruction and synovial inflammation and pain pathology 
locally but also influence distant organs, including adipose tissue and the cardiovascular system, 
exacerbating systemic metabolic disturbances. Comprehensive profiling using flow cytometry, sequencing, 
proteomics, cytokine panels, and other available tools are required to understand the complex 
immunometabolic landscape across the joint and how that influences the organism’s systemic physiology 
(blood, serum, distant organ systems). It is also unclear how co-morbidities affect the immunometabolic 
profiles like diabetes5 and cardiovascular disease6.  

3. Gut Microbiota Dysbiosis: Obesity-induced alterations in gut microbiota composition have been linked to 
increased intestinal permeability and systemic subclinical endotoxemia, which may drive inflammatory 
responses in joint tissues7. Short-chain fatty acids (SCFAs), bile acids8 and gut-derived metabolites may 
further modulate immune responses and cartilage homeostasis. Data from mice suggest surgically induced 
post-traumatic OA but not sham surgery induces microbiome changes reciprocally, suggesting a bidirectional 
relationship between gut health and joint integrity9.(R 

4. Neuroimmune Interactions: Obesity-related inflammation extends to neuroimmune signaling pathways, with 
implications for pain sensitization and central nervous system involvement in OA progression10-13. Obesity 
induced by a high fat diet drives hyperalgesia in mice. Recent studies14 have reported expression of 
neurodegenerative molecules, like ApoE, and B-amyloid plaques, in knee joint tissues suggesting shared 
inflammatory or metabolic pathways. How neuroinflammation15 and altered autonomic nervous system 
activity may exacerbate OA-related pain16 and dysfunction is a promising area of future work. The recent 
findings that incretin drugs may mitigate pain in OA also may have underlying neuro-immune mechanisms17. 

5. Cardiovascular and Metabolic Drivers and Consequences: Cardiometabolic comorbidities frequently 
observed in obese patients may indirectly worsen CV comorbidity and mortality18, 19, and may directly impact 
OA through endothelial dysfunction, oxidative stress, and systemic inflammation. Insulin resistance and 
metabolic syndrome further contribute to the dysregulated cartilage metabolism and impaired repair 
mechanisms observed in OA. Recent studies suggest that cardiovascular and metabolic changes may occur 
as a result of joint damage, not only as a result of pain and reduced activity but also affect biological signalling 
from injured joint tissues either directly or through pain and reduced function. This possibility warrants further 
investigation to understand the impact of OA on healthy aging trajectories.  

6. Sex as a Biological Variable in OA: Obesity-related changes in reproductive hormones, such as estrogen 
and androgens, may influence joint homeostasis, particularly in postmenopausal women, who are more likely 
to report joint complaints, even when adjusted for age. Hormonal imbalances may directly contribute to 
cartilage degeneration and bone remodeling. These interactions can be reshaped by chronological age as 
individuals enter menopause and andropause. These mechanistic influences should be studied in relevant 
models of menopause, andropause, etc with and without co-morbid obesity to understand the context-



relevant impact on the biology of sex differences with OA. Recent studies also demonstrate the potential 
impact of cell-intrinsic sex differences via chromosomal sex. This is likely an important area of consideration 
with obesity and OA, and when possible to consider using transgenic mice or in microphysiological systems 
approaches.  

CONCLUSION 
The necessity of studying interorgan crosstalk in the context of obesity-related OA, as systemic factors play a 
crucial role in disease progression and severity. This is of particular importance in the setting of obesity, as 
mechanistic insights into adipokine signaling, gut microbiota dysbiosis, neuroimmune interactions, and hormonal 
imbalances highlight the influence of obesity on the complexity of OA pathophysiology and provide a foundation 
for future research. Although challenging to study, by adopting integrative, multidisciplinary collaborative study 
designs that account for systemic contributors, researchers can uncover novel therapeutic targets and develop 
holistic strategies to mitigate the impact of obesity on OA. 
 
REFERENCES:  

 
1. Deshpande BR, Katz JN, Solomon DH, Yelin EH, Hunter DJ, Messier SP, Suter LG, Losina E. 
Number of Persons With Symptomatic Knee Osteoarthritis in the US: Impact of Race and Ethnicity, Age, 
Sex, and Obesity. Arthritis Care Res (Hoboken). 2016;68(12):1743–50. Epub 20161103. doi: 
10.1002/acr.22897. PubMed PMID: 27014966; PMCID: PMC5319385. 
2. Collins KH, Haugen IK, Neogi T, Guilak F. Osteoarthritis as a systemic disease. Nat Rev 
Rheumatol. 2026;22(2):105–17. Epub 20251203. doi: 10.1038/s41584-025-01332-8. PubMed PMID: 
41339496. 
3. Pedersen JR, Pedersen AK, Eltved R, Jensen PF, Sabrido I, Hedegaard M, Blichfeldt-Eckhardt 
MR, Hansson SH, Vaegter HB. Beyond the Pain: Patterns of Somatic Comorbidity in Patients With High-
Impact Chronic Pain Referred to Specialised Interdisciplinary Treatment. Eur J Pain. 2026;30(2):e70217. 
doi: 10.1002/ejp.70217. PubMed PMID: 41615244. 
4. Hotamisligil GS. Inflammation and metabolic disorders. Nature. 2006;444(7121):860–7. doi: 
10.1038/nature05485. PubMed PMID: 17167474. 
5. King LK, Ivers NM, Waugh EJ, MacKay C, Stanaitis I, Krystia O, Stretton J, Wong S, Weisman A, 
Bardai Z, Ross S, Brady S, Shloush M, Stier T, Gakhal N, Agarwal P, Parsons J, Lipscombe L, Hawker 
GA. Improving diagnosis and treatment of knee osteoarthritis in persons with type 2 diabetes: 
development of a complex intervention. Implement Sci Commun. 2023;4(1):20. Epub 20230228. doi: 
10.1186/s43058-023-00398-3. PubMed PMID: 36855209; PMCID: PMC9972628. 
6. Shu C, Mihailidou A, Ashton A, Bryant A, Little CB. BAD KNEES & BROKEN HEARTS: miRs 
RELEASED FROM OSTEOARTHRITIC (OA) JOINTS INCREASE CARDIOVASCULAR DISEASE 
(CVD) RISK. Osteoarthritis and Cartilage. 2024;32. 
7. Escalante J, Artaiz O, Diwakarla S, McQuade RM. Leaky gut in systemic inflammation: exploring 
the link between gastrointestinal disorders and age-related diseases. Geroscience. 2025;47(1):1–22. 
Epub 20241206. doi: 10.1007/s11357-024-01451-2. PubMed PMID: 39638978; PMCID: PMC11872833. 
8. Wang X, Liu Y, Sun Z, Li J, Lu Z, Huang J, Hu S, Cao P, Cao X, Li S, Ruan J, Liu J, Xie J, Sun 
H, Chen T, Li S, Zhu Z, Wen Z, Tuan RS, Hunter DJ, Li ZA, Shi D, Ding C. Multi-Omics Reveal the 
Dysregulated Gut-Joint Axis in Knee Synovitis: Data from Two Osteoarthritis Studies in China. Adv Sci 
(Weinh). 2026;13(7):e12020. Epub 20251207. doi: 10.1002/advs.202512020. PubMed PMID: 41354462; 
PMCID: PMC12866873. 
9. Szymczak A, Miranda C, Hanebutt N, Dyson G, Barrett M, Jeffries MA. The gut microbiome in 
mice is altered during osteoarthritis development following destabilization of the medial meniscus (DMM) 
but not following sham surgery. Osteoarthritis and Cartilage. 2024;32:S491. Epub 2024/4/1. 



10. Courties A, Tuffet S, Cormier G, Roux CH, Ornetti P, Pers YM, Gottenberg JE, Lespessailles E, 
Chapurlat R, Arniaud D, Rannou F, Wendling D, Eymard F, Mathieu S, Richette P, Saraux A, Marotte H, 
Poursac N, Rat AC, Bastard JP, Fellahi S, Henrotin Y, Minssen L, Deprouw C, Nguyen C, Touati A, 
Berard L, Rousseau A, Simon T, Maheu E, Berenbaum F, Sellam J. Transcutaneous auricular vagus 
nerve stimulation versus sham stimulation in patients with erosive hand osteoarthritis (ESTIVAL): a 
randomised, multicentre, double-blind, sham-controlled trial. Lancet Rheumatol. 2026;8(2):e98–e107. 
Epub 20251208. doi: 10.1016/S2665-9913(25)00226-7. PubMed PMID: 41380709. 
11. Elsehrawy GG, Ibrahim ME, NH AM, Hefny MA, El Shaarawy NK. Transcutaneous vagus nerve 
stimulation as a pain modulator in knee osteoarthritis: a randomized controlled clinical trial. BMC 
Musculoskelet Disord. 2025;26(1):68. Epub 20250120. doi: 10.1186/s12891-025-08288-6. PubMed 
PMID: 39828740; PMCID: PMC11744843. 
12. Aoyagi K, Rivas E, Shababi R, Edwards R, LaValley M, Lechuga J, Napadow V, Neogi T. Safety 
and preliminary efficacy of transcutaneous auricular vagus nerve stimulation on chronic knee pain: A pilot 
trial. Osteoarthr Cartil Open. 2025;7(1):100545. Epub 20241123. doi: 10.1016/j.ocarto.2024.100545. 
PubMed PMID: 39687279; PMCID: PMC11647485. 
13. Cruz CJ, Yeater TD, Griffith JL, Allen KD. Vagotomy accelerates the onset of symptoms during 
early disease progression and worsens joint-level pathogenesis in a male rat model of chronic knee 
osteoarthritis. Osteoarthr Cartil Open. 2024;6(2):100467. Epub 20240408. doi: 
10.1016/j.ocarto.2024.100467. PubMed PMID: 38655014; PMCID: PMC11035058. 
14. Lian N, Luo K, Xie H, Kang Y, Tang K, Lu P, Li T. Obesity by High-Fat Diet Increases Pain 
Sensitivity by Reprogramming Branched-Chain Amino Acid Catabolism in Dorsal Root Ganglia. Front 
Nutr. 2022;9:902635. Epub 20220512. doi: 10.3389/fnut.2022.902635. PubMed PMID: 35634382; 
PMCID: PMC9133809. 
15. Geraghty T, Ishihara S, Obeidat AM, Adamczyk NS, Hunter RS, Li J, Wang L, Lee H, Ko FC, 
Malfait AM, Miller RE. Acute systemic macrophage depletion in osteoarthritic mice alleviates pain-related 
behaviors and does not affect joint damage. Arthritis Res Ther. 2024;26(1):224. Epub 20241220. doi: 
10.1186/s13075-024-03457-9. PubMed PMID: 39707543; PMCID: PMC11660666. 
16. Jenei-Lanzl Z, Pongratz G. Posttraumatic osteoarthritis as potential modulator of autonomic 
nervous system function. Osteoarthritis Cartilage. 2022;30(4):498–500. Epub 20220108. doi: 
10.1016/j.joca.2021.12.009. PubMed PMID: 35017059. 
17. Bliddal H, Bays H, Czernichow S, Udden Hemmingsson J, Hjelmesaeth J, Hoffmann Morville T, 
Koroleva A, Skov Neergaard J, Velez Sanchez P, Wharton S, Wizert A, Kristensen LE, Group SS. Once-
Weekly Semaglutide in Persons with Obesity and Knee Osteoarthritis. N Engl J Med. 
2024;391(17):1573–83. doi: 10.1056/NEJMoa2403664. PubMed PMID: 39476339. 
18. Kendzerska T, Juni P, King LK, Croxford R, Stanaitis I, Hawker GA. The longitudinal relationship 
between hand, hip and knee osteoarthritis and cardiovascular events: a population-based cohort study. 
Osteoarthritis Cartilage. 2017;25(11):1771–80. Epub 20170809. doi: 10.1016/j.joca.2017.07.024. 
PubMed PMID: 28801210. 
19. Zhang X, Tang H, Huang J, Lin H, Yang Q, Luo N, Weng J, Zeng H, Yu F. Association of 
cardiovascular health with morbidity and mortality among U.S. adults with osteoarthritis: a population-
based study. BMC Public Health. 2025;25(1):1587. Epub 20250430. doi: 10.1186/s12889-025-22530-9. 
PubMed PMID: 40307769; PMCID: PMC12042568. 
 


