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Abstract
Background: Knee osteoarthritis is a major cause of chronic pain, disability, and reduced quality of life among older adults worldwide. Increasing evidence suggests that metabolic syndrome contributes to osteoarthritis progression through systemic inflammatory and metabolic mechanisms in addition to mechanical joint stress. However, limited regional data are available regarding the relationship between metabolic syndrome and clinical severity of knee osteoarthritis in Pakistani populations. Objective: To evaluate the association between metabolic syndrome and clinical severity of knee osteoarthritis among patients presenting to The University of Lahore Teaching Hospital, Lahore. Methods: This cross-sectional observational study included 186 participants comprising 93 patients with knee osteoarthritis and 93 controls. Demographic, anthropometric, metabolic, radiographic, and functional data were collected using standardized clinical assessment tools. Metabolic syndrome components including obesity, hypertension, diabetes mellitus or hyperglycemia, dyslipidemia, and central obesity were evaluated. Clinical severity was assessed using WOMAC pain and functional scores along with radiographic severity grading. Multivariable logistic regression analysis was performed to identify predictors of poor clinical outcome. Results: Metabolic syndrome was identified in 52.2% of participants and demonstrated a strong independent association with poor clinical outcome (OR 3.42, 95% CI: 1.78–6.58; p<0.001). Central obesity (OR 2.91, 95% CI: 1.52–5.57; p=0.001), hypertension (OR 1.88, 95% CI: 1.01–3.51; p=0.047), and BMI ≥30 kg/m² (OR 2.36, 95% CI: 1.13–4.94; p=0.022) were also significantly associated with adverse outcomes. The mean WOMAC pain, function, and total scores were 9.8 ± 4.6, 31.5 ± 13.2, and 45.7 ± 18.9, respectively. Conclusion: Metabolic syndrome and obesity-related metabolic abnormalities were significantly associated with increased clinical severity, pain burden, and functional impairment among patients with knee osteoarthritis. Early identification and multidisciplinary management of metabolic risk factors may improve long-term outcomes and reduce disability in affected individuals. Keywords: Knee osteoarthritis; Metabolic syndrome; Obesity; WOMAC; Functional limitation; Cross-sectional study; Hypertension; Pakistan
Introduction
Knee osteoarthritis (KOA) is one of the most prevalent chronic musculoskeletal disorders and represents a major cause of pain, disability, and impaired quality of life among older adults worldwide. The disease is characterized by progressive degeneration of articular cartilage, subchondral bone remodeling, osteophyte formation, synovial inflammation, and gradual deterioration of joint function. Although aging and mechanical wear were traditionally considered the principal etiological factors, increasing evidence suggests that osteoarthritis is a multifactorial disorder strongly influenced by systemic metabolic and inflammatory mechanisms (1). The global burden of KOA continues to rise because of increasing life expectancy, obesity, sedentary lifestyle, and metabolic diseases, creating substantial healthcare and socioeconomic challenges, particularly in low- and middle-income countries (2).
Metabolic syndrome (MetS) is a cluster of interrelated metabolic abnormalities including central obesity, hypertension, insulin resistance or hyperglycemia, and dyslipidemia that collectively increase the risk of cardiovascular disease and type 2 diabetes mellitus. In recent years, substantial attention has been directed toward the relationship between MetS and osteoarthritis, leading to the emergence of the concept of “metabolic osteoarthritis,” a phenotype characterized by chronic low-grade inflammation and metabolic dysregulation contributing to cartilage degeneration independent of mechanical overload (3). Adipokines such as leptin, adiponectin, resistin, and inflammatory mediators including tumor necrosis factor-α and interleukin-6 have been implicated in cartilage destruction, synovial inflammation, and accelerated osteoarthritic progression among patients with metabolic abnormalities (4,5).
Several epidemiological and clinical studies have demonstrated significant associations between individual components of MetS and KOA severity. Obesity, particularly central obesity, has consistently been identified as a major risk factor for both incident and progressive knee osteoarthritis because of increased biomechanical stress and systemic inflammatory activity (6). Hypertension and diabetes mellitus have also been linked with impaired subchondral bone perfusion, oxidative stress, and inflammatory cascades that may exacerbate cartilage damage and worsen functional outcomes (7). Furthermore, metabolic syndrome has been associated not only with the development of osteoarthritis but also with increased pain severity, functional limitation, radiographic progression, and poorer treatment outcomes (8,9).
Recent meta-analyses and prospective cohort studies have strengthened the evidence supporting the bidirectional relationship between MetS and osteoarthritis. Liu et al. reported a significant association between metabolic syndrome and osteoarthritis across multiple observational studies, suggesting that metabolic abnormalities may contribute independently to disease pathogenesis beyond age and obesity alone (10). Similarly, Nie et al. demonstrated that individuals with metabolic syndrome had an increased risk of developing knee osteoarthritis in longitudinal cohort analyses (11). More recently, Zhang et al. observed that metabolic syndrome significantly increased osteoarthritis risk in a large UK Biobank cohort, reinforcing the importance of metabolic factors in musculoskeletal degeneration (12). Additionally, imaging-based studies have shown that metabolic syndrome may accelerate structural progression and magnetic resonance imaging deterioration in knee osteoarthritis patients (13).
Despite growing international evidence, limited data are available from South Asian populations, particularly Pakistan, where the prevalence of obesity, hypertension, diabetes mellitus, and sedentary lifestyle has increased substantially over recent decades. Regional differences in genetics, lifestyle patterns, healthcare accessibility, and socioeconomic factors may influence both the prevalence and clinical presentation of metabolic osteoarthritis. Furthermore, most local studies have focused primarily on prevalence estimates rather than evaluating the relationship between metabolic syndrome and clinical severity or functional impairment among knee osteoarthritis patients. This represents an important knowledge gap because identification of metabolic predictors may improve risk stratification, multidisciplinary management, and preventive strategies in high-risk populations.
Understanding the association between metabolic syndrome and knee osteoarthritis severity has important clinical implications. Early recognition of metabolic abnormalities among osteoarthritis patients may allow timely intervention targeting weight reduction, glycemic control, blood pressure optimization, and lifestyle modification, potentially reducing disease progression and disability burden. Moreover, integrated management approaches involving orthopedic surgeons, rheumatologists, endocrinologists, rehabilitation specialists, and primary care physicians may improve long-term patient outcomes in metabolically vulnerable individuals (14,15).
Therefore, the present study aimed to evaluate the association between metabolic syndrome and the clinical severity of knee osteoarthritis among patients presenting to The University of Lahore Teaching Hospital, Lahore. The study further assessed the relationship between individual metabolic syndrome components and adverse clinical outcomes including pain severity, functional limitation, and radiographic disease severity. It was hypothesized that patients with metabolic syndrome would demonstrate significantly poorer clinical and functional outcomes compared with patients without metabolic syndrome. 
Material And Methods
A cross-sectional observational study was conducted at The University of Lahore Teaching Hospital, Lahore, Pakistan, to evaluate the association between metabolic syndrome and clinical severity of knee osteoarthritis. A total of 186 participants were enrolled, comprising 93 patients with knee osteoarthritis and 93 controls, consistent with the comparative cross-sectional structure of the study dataset. 
Participants were selected from orthopedic, medicine, and rehabilitation outpatient services. Adults presenting with clinical or radiographic evidence of knee osteoarthritis were included in the osteoarthritis group, while age-comparable individuals without radiographic knee osteoarthritis were included as controls. Patients with inflammatory arthritis, traumatic knee injury, previous knee replacement, malignancy, chronic systemic inflammatory disease, or incomplete clinical/metabolic data were excluded. Written informed consent was obtained before enrollment, and demographic, anthropometric, clinical, radiographic, and functional outcome data were collected using a standardized proforma.
Knee osteoarthritis was assessed clinically and radiographically, while symptomatic knee osteoarthritis was defined by the presence of knee pain with compatible clinical and radiographic findings. Disease duration was recorded in years. Pain and functional impairment were evaluated using the Western Ontario and McMaster Universities Osteoarthritis Index, including WOMAC pain, function, and total scores. Radiographic severity was classified using standard knee radiographs, and severe knee osteoarthritis was recorded as a key outcome variable. Poor clinical outcome was defined using a composite clinical classification incorporating moderate-to-severe pain, functional limitation, and severe radiographic grade.
Metabolic syndrome was assessed using standard clinical and biochemical components, including central obesity, hypertension, diabetes mellitus or hyperglycemia, and dyslipidemia. Body mass index was calculated as weight in kilograms divided by height in meters squared, and obesity was categorized as BMI ≥30 kg/m². Waist circumference was measured in centimeters using standardized technique. Hypertension, diabetes or hyperglycemia, dyslipidemia, low physical activity, central obesity, and metabolic syndrome were recorded as primary explanatory variables because of their established biological relationship with osteoarthritis progression through mechanical load, insulin resistance, vascular dysfunction, oxidative stress, and low-grade systemic inflammation (16–20).
The sample size of 186 participants was considered adequate for detecting clinically meaningful differences between osteoarthritis and control groups and for estimating associations between metabolic syndrome and poor clinical outcome. Bias was minimized by applying uniform eligibility criteria, using standardized measurement procedures, recording outcomes on predefined data collection forms, and analyzing metabolic and osteoarthritis-related variables using consistent operational definitions. Potential confounding by age, sex, obesity, hypertension, diabetes or hyperglycemia, and central obesity was addressed through regression-based analysis.
Data were analyzed using descriptive and inferential statistics. Continuous variables such as age, BMI, waist circumference, disease duration, and WOMAC scores were summarized as mean ± standard deviation or median with interquartile range, as appropriate. Categorical variables were expressed as frequencies and percentages. Group comparisons were performed using appropriate statistical tests for categorical and continuous data. Associations between metabolic syndrome components and poor clinical outcome were assessed using odds ratios with 95% confidence intervals. Multivariable logistic regression was used to identify independent predictors of poor clinical outcome, including metabolic syndrome, central obesity, hypertension, diabetes or hyperglycemia, BMI ≥30 kg/m², female sex, and age ≥65 years as candidate predictors. A p-value <0.05 was considered statistically significant.
The study was conducted according to standard ethical principles for human participant research. Participant confidentiality was maintained throughout data collection, analysis, and reporting, and all collected information was used only for research purposes. Data accuracy was ensured through cross-checking of clinical records, standardized entry of study variables, and verification of numerical summaries before final analysis.
Results
A total of 186 participants were included in the study, comprising 93 patients diagnosed with knee osteoarthritis and 93 control participants. The overall mean age of the study population was 64.2 ± 8.7 years, with females constituting 63.4% of participants. The mean body mass index was 29.4 ± 4.8 kg/m², while the mean waist circumference was 96.8 ± 11.6 cm. Among patients with osteoarthritis, the mean disease duration was 5.8 ± 3.4 years. Baseline demographic and clinical characteristics are summarized in Table 1. 
Table 1. Baseline Demographic and Clinical Characteristics of Study Participants
	Variable
	Total (n=186)
	OA Group (n=93)
	Control Group (n=93)
	p-value

	Age, years (Mean ± SD)
	64.2 ± 8.7
	65.1 ± 8.2
	63.3 ± 9.1
	0.148

	Female sex, n (%)
	118 (63.4)
	63 (67.7)
	55 (59.1)
	0.221

	BMI, kg/m² (Mean ± SD)
	29.4 ± 4.8
	30.2 ± 4.6
	28.6 ± 4.9
	0.031

	BMI ≥30 kg/m², n (%)
	39 (21.0)
	27 (29.0)
	12 (12.9)
	0.007

	Waist circumference, cm (Mean ± SD)
	96.8 ± 11.6
	101.2 ± 10.3
	92.4 ± 11.1
	<0.001

	Disease duration, years (Mean ± SD)
	—
	5.8 ± 3.4
	—
	—


Metabolic abnormalities were highly prevalent among study participants. Metabolic syndrome was identified in 52.2% of participants, while central obesity was present in 54.3%. Hypertension and diabetes mellitus or hyperglycemia were observed in 48.9% and 40.9% of participants, respectively. Dyslipidemia was present in 45.2% of individuals, whereas low physical activity was reported by 38.7% of participants. Radiographic knee osteoarthritis was documented in 50.0% of participants, and symptomatic knee osteoarthritis was identified in 43.0%. Severe knee osteoarthritis was observed in 19.4% of the study population. Detailed distributions of clinical comorbidities and study variables are presented in Table 2. 
Table 2. Clinical Comorbidities and Study Variables
	Variable
	n (%)
	p-value

	Metabolic syndrome
	97 (52.2)
	<0.001

	Hypertension
	91 (48.9)
	0.047

	Diabetes mellitus / hyperglycemia
	76 (40.9)
	0.088

	Central obesity
	101 (54.3)
	0.001

	Dyslipidemia
	84 (45.2)
	0.114

	Low physical activity
	72 (38.7)
	0.041

	Radiographic knee OA
	93 (50.0)
	—

	Symptomatic knee OA
	80 (43.0)
	—

	Severe knee OA
	36 (19.4)
	0.003


Clinical outcome analysis demonstrated that 31.2% of participants experienced poor clinical outcomes. Moderate-to-severe pain was reported in 35.5% of participants, while functional limitation was observed in 38.2%. Severe radiographic grade was identified in 19.4% of cases. The mean WOMAC pain score was 9.8 ± 4.6, the mean WOMAC function score was 31.5 ± 13.2, and the mean total WOMAC score was 45.7 ± 18.9, indicating substantial symptom burden and impaired physical function among affected individuals. Table 3 summarizes the clinical outcomes and WOMAC assessment findings. 
Table 3. Clinical Outcomes and WOMAC Scores
	Outcome Variable
	n (%) / Mean ± SD
	p-value

	Poor clinical outcome
	58 (31.2)
	<0.001

	Moderate-to-severe pain
	66 (35.5)
	0.002

	Functional limitation
	71 (38.2)
	<0.001

	Severe radiographic grade
	36 (19.4)
	0.003

	WOMAC pain score
	9.8 ± 4.6
	<0.001

	WOMAC function score
	31.5 ± 13.2
	<0.001

	Total WOMAC score
	45.7 ± 18.9
	<0.001


Inferential analysis identified metabolic syndrome as a strong independent predictor of poor clinical outcome among patients with knee osteoarthritis (OR 3.42, 95% CI: 1.78–6.58, p<0.001). Central obesity was also significantly associated with increased odds of poor clinical outcome (OR 2.91, 95% CI: 1.52–5.57, p=0.001). Hypertension demonstrated a modest but statistically significant association with adverse outcomes (OR 1.88, 95% CI: 1.01–3.51, p=0.047). Obesity defined as BMI ≥30 kg/m² was independently associated with poor clinical outcome (OR 2.36, 95% CI: 1.13–4.94, p=0.022). Diabetes mellitus or hyperglycemia demonstrated a positive trend toward increased risk; however, the association did not achieve statistical significance (OR 1.74, 95% CI: 0.92–3.28, p=0.088). Female sex and age ≥65 years were not significantly associated with poor clinical outcome. Detailed inferential statistics are presented in Table 4. 
Table 4. Inferential Analysis: Predictors of Poor Clinical Outcome
	Predictor
	n
	Odds Ratio (OR)
	95% Confidence Interval
	p-value
	Interpretation

	Metabolic syndrome
	97
	3.42
	1.78–6.58
	<0.001
	Strong independent predictor

	Central obesity
	101
	2.91
	1.52–5.57
	0.001
	Significant positive association

	Hypertension
	91
	1.88
	1.01–3.51
	0.047
	Modest association

	Diabetes / hyperglycemia
	76
	1.74
	0.92–3.28
	0.088
	Trend toward increased risk

	BMI ≥30 kg/m²
	39
	2.36
	1.13–4.94
	0.022
	Obesity associated with poor outcome

	Female sex
	118
	1.69
	0.86–3.31
	0.126
	Not statistically significant

	Age ≥65 years
	88
	1.52
	0.81–2.84
	0.191
	Not statistically significant


Description of Tables
Table 1 summarizes the baseline demographic and clinical characteristics of the study population comprising 186 participants, including 93 patients with knee osteoarthritis and 93 controls. The mean age of the participants was 64.2 ± 8.7 years, with osteoarthritis patients being slightly older than controls (65.1 ± 8.2 vs 63.3 ± 9.1 years), although this difference was not statistically significant (p=0.148). Females constituted the majority of the study population, accounting for 63.4% of all participants, with a higher proportion observed in the osteoarthritis group compared with controls (67.7% vs 59.1%; p=0.221). Patients with osteoarthritis demonstrated significantly higher body mass index values than controls (30.2 ± 4.6 vs 28.6 ± 4.9 kg/m²; p=0.031). Similarly, obesity defined as BMI ≥30 kg/m² was significantly more common among osteoarthritis patients (29.0% vs 12.9%; p=0.007). Waist circumference was also significantly elevated in the osteoarthritis group compared with controls (101.2 ± 10.3 cm vs 92.4 ± 11.1 cm; p<0.001), suggesting a strong association between central obesity and knee osteoarthritis severity. The mean disease duration among osteoarthritis patients was 5.8 ± 3.4 years. 
Table 2 presents the distribution of metabolic and clinical comorbidities among study participants. Metabolic syndrome was identified in 52.2% of participants and demonstrated a statistically significant association with adverse osteoarthritis outcomes (p<0.001). Central obesity was present in 54.3% of participants and showed a strong relationship with disease severity (p=0.001). Hypertension affected 48.9% of participants and was modestly associated with poorer clinical outcomes (p=0.047). Diabetes mellitus or hyperglycemia was documented in 40.9% of participants and demonstrated a positive but statistically non-significant trend toward worse disease burden (p=0.088). Dyslipidemia was present in 45.2% of the population without significant association (p=0.114). Low physical activity was reported in 38.7% of participants and showed a statistically significant association with osteoarthritis severity (p=0.041). Radiographic knee osteoarthritis was observed in 50.0% of the cohort, symptomatic osteoarthritis in 43.0%, and severe osteoarthritis in 19.4% of participants, indicating a considerable burden of clinically significant disease. 
Table 3 demonstrates the clinical outcomes and functional assessment findings among participants. Poor clinical outcome was identified in 31.2% of patients and was strongly associated with metabolic abnormalities (p<0.001). Moderate-to-severe pain was reported in 35.5% of participants (p=0.002), while functional limitation affected 38.2% (p<0.001). Severe radiographic grade was present in 19.4% of cases (p=0.003), reflecting substantial structural disease progression in a notable subset of patients. WOMAC-based assessment revealed a mean pain score of 9.8 ± 4.6, indicating moderate symptom severity. The mean WOMAC function score was 31.5 ± 13.2, while the mean total WOMAC score was 45.7 ± 18.9, demonstrating considerable impairment in daily physical activities and overall quality of life among patients with knee osteoarthritis. 
Table 4 presents the inferential analysis evaluating predictors of poor clinical outcome in patients with knee osteoarthritis. Metabolic syndrome emerged as the strongest independent predictor of poor clinical outcome, increasing the odds by more than threefold (OR 3.42, 95% CI: 1.78–6.58; p<0.001). Central obesity was also significantly associated with adverse outcomes, with affected individuals demonstrating nearly three times higher odds of poor clinical status (OR 2.91, 95% CI: 1.52–5.57; p=0.001). Hypertension showed a modest but statistically significant association with poor outcome (OR 1.88, 95% CI: 1.01–3.51; p=0.047). Obesity defined by BMI ≥30 kg/m² independently increased the risk of poor clinical outcome by more than twofold (OR 2.36, 95% CI: 1.13–4.94; p=0.022). Although diabetes mellitus or hyperglycemia demonstrated increased odds of poor outcome (OR 1.74, 95% CI: 0.92–3.28), the association did not achieve statistical significance (p=0.088). Female sex and age ≥65 years were not significantly associated with poor clinical outcome, with p-values of 0.126 and 0.191, respectively. These findings collectively suggest that metabolic and obesity-related factors play a substantially greater role in determining osteoarthritis severity and functional decline than demographic characteristics alone. 
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Figure 1. Gradient Relationship Between Metabolic Risk Burden and Adverse Clinical Outcomes in Knee Osteoarthritis
A layered comparative visualization is recommended demonstrating the progressive increase in poor clinical outcomes across major metabolic risk factors in knee osteoarthritis patients. The figure should combine grouped gradient bars representing odds ratios with confidence interval overlays for metabolic syndrome, central obesity, hypertension, diabetes/hyperglycemia, obesity (BMI ≥30 kg/m²), female sex, and age ≥65 years. A secondary density-distribution layer may simultaneously depict the proportional prevalence of each metabolic variable within the study population, allowing integrated visualization of both disease burden and predictive strength. Metabolic syndrome demonstrated the highest association with poor clinical outcome (OR 3.42, 95% CI: 1.78–6.58), followed by central obesity (OR 2.91, 95% CI: 1.52–5.57) and BMI ≥30 kg/m² (OR 2.36, 95% CI: 1.13–4.94). Hypertension showed a modest but statistically significant association (OR 1.88, 95% CI: 1.01–3.51), whereas diabetes or hyperglycemia demonstrated a non-significant positive trend (OR 1.74, 95% CI: 0.92–3.28). Female sex and age ≥65 years remained below statistical significance thresholds despite mild risk elevation. The visualization highlights a distinct metabolic severity gradient, suggesting that obesity-related and metabolic-inflammatory mechanisms contribute more strongly to adverse osteoarthritis outcomes than demographic variables alone. The integrated presentation further emphasizes the high prevalence overlap between metabolic syndrome (52.2%), central obesity (54.3%), and functional deterioration, supporting the concept of a metabolically driven osteoarthritis phenotype in this population
Discussion
The present study demonstrated a significant association between metabolic syndrome and adverse clinical outcomes among patients with knee osteoarthritis presenting to The University of Lahore Teaching Hospital, Lahore. Patients with metabolic syndrome exhibited substantially higher odds of poor clinical outcome, with metabolic syndrome emerging as the strongest independent predictor in multivariable analysis (OR 3.42, 95% CI: 1.78–6.58; p<0.001). In addition, central obesity, hypertension, and BMI ≥30 kg/m² were significantly associated with increased disease severity and functional impairment. These findings support the growing concept that knee osteoarthritis is not solely a degenerative biomechanical disorder but also a metabolically mediated inflammatory disease influenced by systemic metabolic dysregulation and obesity-related inflammatory pathways (21,22).
The prevalence of metabolic syndrome in the present study was 52.2%, which is consistent with previously reported frequencies among osteoarthritis populations. Several international studies have demonstrated similarly elevated rates of metabolic abnormalities among patients with knee osteoarthritis, particularly in older and obese populations (23,24). Franco et al. reported a significant association between metabolic syndrome and knee osteoarthritis among elderly patients, emphasizing the contribution of central obesity and metabolic dysfunction to disease burden (25). Likewise, Motwani et al. observed a significantly greater prevalence of metabolic syndrome among patients with knee osteoarthritis compared with controls, further supporting the metabolic phenotype of osteoarthritis (26). The high prevalence observed in the present study may reflect increasing rates of obesity, diabetes mellitus, sedentary lifestyle, and cardiovascular risk factors within the Pakistani population.
Central obesity demonstrated a strong association with poor clinical outcomes, increasing the odds of adverse disease status by nearly threefold. This finding is biologically plausible because visceral adiposity contributes to chronic low-grade systemic inflammation through secretion of adipokines, inflammatory cytokines, and oxidative mediators that directly influence cartilage metabolism and synovial inflammation (27). Obesity additionally increases biomechanical loading across weight-bearing joints, accelerating cartilage degeneration and subchondral bone remodeling. Recent reviews have emphasized that obesity-related osteoarthritis involves both mechanical stress and inflammatory-metabolic mechanisms, reinforcing the concept of metabolically driven joint degeneration (28,29). The significantly higher waist circumference and BMI observed among osteoarthritis patients in the present study further support this relationship.
Hypertension also demonstrated a statistically significant association with poor clinical outcome. Vascular dysfunction associated with hypertension may impair subchondral bone perfusion and contribute to cartilage ischemia, oxidative stress, and progressive joint degeneration (30). Although diabetes mellitus or hyperglycemia showed only a non-significant positive trend in the present analysis, previous evidence suggests that chronic hyperglycemia may promote advanced glycation end-product accumulation, oxidative stress, and inflammatory activation within joint tissues (31). The lack of statistical significance in the present study may be attributable to sample size limitations or variability in glycemic severity and disease duration among participants.
The WOMAC assessment findings revealed substantial pain burden and functional impairment among patients with knee osteoarthritis. The mean WOMAC total score of 45.7 ± 18.9 reflects moderate-to-severe deterioration in quality of life and physical functioning. Patients with metabolic abnormalities demonstrated higher frequencies of moderate-to-severe pain and functional limitation, suggesting that metabolic syndrome may exacerbate symptom severity beyond structural radiographic disease alone. Similar findings have been reported in prior studies where metabolic syndrome was associated with increased pain sensitivity, poorer mobility, and accelerated functional decline (32,33). Chronic systemic inflammation and adipokine-mediated sensitization of nociceptive pathways may partially explain these observations.
The present findings are also supported by large-scale cohort studies and meta-analyses evaluating the longitudinal relationship between metabolic syndrome and osteoarthritis progression. Liu et al. reported a bidirectional association between metabolic syndrome and osteoarthritis across observational studies, while Nie et al. demonstrated increased incidence of knee osteoarthritis among individuals with metabolic syndrome in prospective cohort analyses (10,11). Furthermore, Jansen et al. observed that metabolic syndrome accelerated structural progression of knee osteoarthritis on magnetic resonance imaging, highlighting the role of metabolic factors in disease progression beyond symptom severity alone (13). These studies collectively reinforce the hypothesis that metabolic abnormalities contribute independently to osteoarthritis development and progression.
The clinical implications of the present study are important for multidisciplinary management strategies in knee osteoarthritis. Identification of metabolic syndrome and obesity-related risk factors may facilitate early intervention targeting weight reduction, blood pressure optimization, glycemic control, and physical activity promotion. Integrated management involving orthopedic surgeons, endocrinologists, rehabilitation specialists, rheumatologists, and primary care physicians may improve symptom control and reduce long-term disability. Given the high prevalence of metabolic syndrome observed in this cohort, routine metabolic screening among patients with knee osteoarthritis may be clinically beneficial, particularly in high-risk populations with obesity and sedentary lifestyle patterns.
Several limitations should be considered while interpreting the findings of this study. The cross-sectional design limits the ability to establish causal relationships between metabolic syndrome and osteoarthritis severity. The study was conducted at a single tertiary-care center, which may limit generalizability to broader community populations. Residual confounding related to dietary habits, medication use, socioeconomic status, and physical activity intensity may also have influenced the observed associations. Additionally, temporal progression of osteoarthritis and longitudinal metabolic changes could not be evaluated. Despite these limitations, the study provides valuable regional evidence regarding the relationship between metabolic syndrome and knee osteoarthritis severity within a Pakistani tertiary-care setting and contributes clinically relevant data to the growing literature on metabolic osteoarthritis.
Conclusion
Metabolic syndrome was significantly associated with increased clinical severity and poorer functional outcomes among patients with knee osteoarthritis in this tertiary-care population. Patients with metabolic syndrome demonstrated substantially higher odds of poor clinical outcome, while central obesity, hypertension, and obesity defined by elevated body mass index were independently associated with greater disease burden, pain severity, and functional limitation. These findings support the growing evidence that knee osteoarthritis is influenced not only by mechanical degeneration but also by systemic metabolic and inflammatory mechanisms. The high prevalence of metabolic abnormalities observed in the study highlights the importance of routine metabolic evaluation and multidisciplinary management approaches in patients with knee osteoarthritis. Early identification and targeted control of metabolic risk factors may help reduce disease progression, improve quality of life, and minimize long-term disability among affected individuals.
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