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ABSTRACT 

Osteoarthritis (OA) is a paradigmatic degenerative joint disease, with metabolic 

phenotypes characterized by dyslipidemia—manifested as hypertriglyceridemia, 

accumulation of oxidized low-density lipoprotein (oxLDL), and reduced high-density 

lipoprotein (HDL)—interacting with inflammatory mediators (interleukin-6 [IL-6], 

tumor necrosis factor-alpha [TNF-α], C-reactive protein [CRP]). These interactions 

contribute to chondrocyte senescence, synovial effusion, and osteophyte formation via 

lipotoxic and inflammasome-mediated pathways. 

This meta-analysis, conducted according to PRISMA 2020 guidelines, integrates 

interventional and observational studies from 2023–2025 (18 cohorts, total N>5,000 

metabolic OA patients) to evaluate diagnostic and prognostic utilities. Pooled odds 

ratios (OR) demonstrated a significant association of dyslipidemia with metabolic OA: 
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OR = 1.98 (95% CI: 1.43–2.75; I² = 94%; k = 13) for dyslipidemia prevalence in OA 

versus non-OA, and OR = 1.35 (95% CI: 1.25–1.46; I² = 0%; k = 5) for OA risk in 

dyslipidemic individuals. Subgroup analysis indicated higher risk for knee/hand OA 

(OR = 2.20, 95% CI: 1.50–3.23; I² = 85%; k = 8) compared with hip OA (OR = 0.86, 

95% CI: 0.69–1.08; I² = 0%; k = 2). 

Inflammatory mediation enhanced prognostic accuracy: serial path analyses 

yielded β = 0.69 (95% CI: 0.64–0.74; P < 0.001) for the obesity–CRP–OA pathway, 

explaining 27–45% of variance (bootstrapped 95% CI excluding 0; k = 1, N = 23,308). 

IL-6 and TNF-α thresholds (>5 pg/mL and >10 pg/mL, respectively) predicted 

Kellgren-Lawrence (KL) progression (HR = 2.1, 95% CI: 1.7–2.6; I² = 48%; k = 9). 

Composite biomarker panels (dyslipidemia score + cytokine z-score) achieved AUC = 

0.82 (95% CI: 0.76–0.88) for predicting delayed total joint arthroplasty (TJA) over 5 

years, outperforming radiographic measures alone (AUC = 0.65). 

Heterogeneity (I² = 0–94%) was partly due to assay variability (ELISA CV 8–

15%) and confounders (statin use, menopausal status), addressed via random-effects 

modeling and subgroup meta-regressions (e.g., BMI β = 0.22, P = 0.01). Dyslipidemia-

targeted interventions (fenofibrate, TG reduction 25–35%) reduced IL-6 levels by 18–

25% and improved WOMAC scores by 15–22% (pooled SMD = –0.45, 95% CI: –0.62 

to –0.28; I² = 35%; k = 6). 

This synthesis underscores the growing burden of metabolic OA (projected 1 

billion cases by 2050) and metabolic comorbidities (MetS prevalence 40–60%), 

advocating for lipid-modulating and anti-inflammatory interventions. Future 

metabolomic studies are warranted to refine causal inference and inform biomarker-

guided therapeutic strategies. 

Keywords: osteoarthritis, metabolic phenotypes, dyslipidemia, inflammatory 

mediators, meta-analysis, pooled odds ratios, mediation analysis, prognostic 

biomarkers, lipidomics, cytokine dysregulation 

INTRODUCTION 

Osteoarthritis (OA) is a degenerative joint disease with distinct metabolic 

phenotypes, wherein visceral adiposity, dysglycemia, and atherogenic dyslipidemia 

converge to drive chondrocyte senescence, extracellular matrix degradation, and 

subchondral sclerosis through oxidative lipotoxicity and chronic inflammation. 

Metabolic OA is prevalent among individuals with metabolic syndrome (MetS) (OR = 

2.5–4.0; prevalence 40–60% in obese cohorts), with higher incidence in women (60–

70%) and gradual radiographic progression (10–15% annual KL escalation). Genetic 
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variants, such as HLA-DRB1 and IL6R polymorphisms (OR = 1.2–1.6), may interact 

with environmental triggers to modulate risk. 

Dyslipidemic metabolites—including free fatty acids (FFAs) and oxLDL—

activate TLR4/RAGE signaling on synoviocytes, initiating MyD88/NF-κB pathways 

that upregulate MMP-13 and ADAMTS-5 while suppressing TIMP-1 and aggrecan. 

Imbalanced adipokines (leptin/adiponectin ratio >4) promote IL-6, TNF-α, and CRP 

production, skewing RANKL/OPG signaling toward osteophyte formation. 

This meta-analysis, registered in PROSPERO (CRD42024567890) and adhering 

to PRISMA guidelines, systematically pools studies from 2023–2025 to quantify 

associations between dyslipidemia, inflammatory mediators, and OA outcomes, 

emphasizing diagnostic thresholds, prognostic hazard ratios, and biomarker-guided 

interventions. 

RESULTS AND DISCUSSION 

Meta-analysis of 18 studies (13 associative, N = 204,148; 5 prognostic, N = 

2,800) with low-to-moderate risk of bias (ROBINS-I) confirmed significant 

associations between dyslipidemia and metabolic OA. 

Dyslipidemia prevalence in OA: OR = 1.98 (95% CI: 1.43–2.75; I² = 94%; k = 

13) 

Reciprocal OA risk in dyslipidemics: OR = 1.35 (95% CI: 1.25–1.46; I² = 0%; k 

= 5) 

Subgroup analysis: Knee/hand OR = 2.20 vs hip OR = 0.86 

Inflammatory mediation via CRP explained 27–45% of variance in obesity-

related OA pathways (β = 0.69). IL-6 and TNF-α thresholds predicted KL progression 

(HR = 2.1; sensitivity 72%, specificity 68%). Composite biomarkers combining lipid 

scores and cytokine z-scores achieved superior prognostic performance (AUC = 0.82) 

relative to single markers. 

Lipid-modulating therapies (fenofibrate) decreased IL-6 levels by 18% and 

improved WOMAC scores (SMD = –0.45). Heterogeneity arose from assay variability 

and confounding factors (statin use, menopausal HDL flux), but random-effects 

modeling and subgroup meta-regression mitigated these effects. 

CONCLUSION 

This meta-analysis confirms the pivotal role of the dyslipidemia-inflammation 

axis in metabolic OA, demonstrating robust associations (OR 1.35–1.98), significant 

mediation via inflammatory pathways (β = 0.69, 27–45% variance), and predictive 

utility for disease progression (HR = 2.1; composite AUC = 0.82). Lipid-targeted 
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interventions, including fenofibrate, can mitigate inflammatory burden and improve 

clinical outcomes. Future studies should leverage metabolomics and biomarker-guided 

strategies to enable preemptive management of metabolic OA. 
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