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Abstract: 
Background: Osteoarthritis (OA) is a common chronic joint disorder with knee OA (OAK) being the most 
prevalent form. Metabolic syndrome (MetS) has been suggested to contribute to OA progression through systemic 
inflammation and metabolic abnormalities. Understanding the association between MetS and OAK severity may 
aid early intervention. 
Materials and Methods: A case-control study took place at a tertiary care hospital over one year, including 216 
participants aged ≥50 years with primary knee OA. Cases (n=108) were scheduled for total knee replacement, 
while controls (n=108) had OA not requiring surgery. Anthropometric measurements, blood pressure, and 
laboratory tests for MetS components were recorded. Radiographs were graded using the Kellgren-Lawrence (KL) 
system, and statistical analyses were performed using Chi-square tests, t-tests, and odds ratios. 
Results: Gender distribution was similar between groups (P=0.372). MetS was more common in cases (68.5%) 
than controls (37%), with an odds ratio of 3.6. Patients with MetS had higher KL grades, greater BMI, waist 
circumference, and lower HDL levels compared to controls. Blood pressure, fasting glucose, and triglycerides 
were comparable between groups. 
Conclusion: Metabolic syndrome is strongly correlated with enhanced severity of OAK, highlighting the need 
for early metabolic evaluation and management. 
Keywords: Knee Osteoarthritis, Metabolic Syndrome, Total Knee Replacement, Obesity, Kellgren-Lawrence 
Grading. 
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Introduction

Osteoarthritis (OA) is the most common chronic 
joint disease worldwide that represents a leading 
cause of pain and functional impairment [1]. While 
OA primarily affects the hip, knee, and hand joints, 
the knee joint is particularly susceptible, accounting 
for nearly 80% of the global OA burden [2]. In India, 
OA has a prevalence ranging from 22% to 39% 
[3,4]. Clinically, OA manifests as stiffness of joints, 
pain, and limitations in daily activities, significantly 
reducing quality of life despite not directly causing 
mortality [5]. Mechanical stress, aging, obesity, and 
female sex are well-recognized risk factors, 
highlighting the multifactorial nature of OA [2,6]. 

The rise in sedentary lifestyles and increased dietary 
fat intake has contributed to the growing prevalence 
of metabolic disturbances, including obesity, 
dyslipidaemia, hypertension, hypercholesterolemia, 
and diabetes, collectively referred to as metabolic 

syndrome (MetS) [6,7]. According to the National 
Cholesterol Education Program Adult Treatment 
Panel III (NCEPATP III) guidelines, the presence of 
any three of these parameters defines MetS [8]. 
Recent evidence suggests a potential link between 
MetS and osteoarthritis of the knee (OAK), as 
systemic inflammation associated with insulin 
resistance and dyslipidaemia may exacerbate joint 
inflammation and accelerate cartilage degeneration 
[9–11]. Low-grade tissue inflammation and 
oxidative stress have been proposed as common 
pathogenic mechanisms connecting MetS and OA, 
which may contribute to cartilage, bone, and 
synovial tissue damage independent of obesity [12–
14]. 

Despite emerging evidence, significant gaps remain 
regarding whether MetS or its individual 
components specifically increase the risk of early 
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onset or advanced OAK requiring total knee 
replacement (TKA). Genetic and neuroendocrine 
factors may further modulate the pathophysiology of 
OAK, emphasizing the complex interplay of 
systemic and local factors [15]. This study 
investigates the association between MetS and 
osteoarthritis severity and examines whether MetS 
or its components contribute to early-onset knee 
osteoarthritis. 

Methodology 

Study Design, Place, and Duration: This case-
control study took place at a tertiary care hospital 
from August 2022 to August 2023. 

Study Population and Sample Size: A total of 216 
participants were enrolled, including cases and 
controls. Cases (patients with primary knee OA 
scheduled for total knee replacement, TKA) and 
controls (patients with primary knee OA not 
requiring TKA) were included. Exclusion criteria 
comprised secondary arthritis, neutral or valgus 
knee alignment, neurological disorders, ongoing 
medications for metabolic disorders, unfitness for 
surgery, metabolic bone diseases, other 
arthropathies, and neoplasms. Participants aged 50 
years or older with knee pain were evaluated 
clinically for OA. 

Clinical and laboratory investigations: Socio-
demographic, anthropometric, and health data were 
collected through a structured questionnaire, 
including measurements of weight, height, BMI, 
waist circumference, and blood pressure, alongside 
knee examinations by trained clinicians. Venous 
blood samples were analyzed for fasting blood 
sugar, triglycerides, total cholesterol, LDL, and 
HDL, with MetS diagnosed per Modified NCEP 
ATP III criteria. Bilateral weight-bearing AP and 
lateral knee radiographs were obtained and graded 
independently by two blinded orthopedic surgeons 
using the Kellgren-Lawrence (KL) system, with 
discrepancies resolved by consensus. Radiographic 
OA was defined as KL grade ≥2 in at least one knee. 

Statistical Analysis: Statistical analyses were 
performed using SPSS v28. Categorical variables 
were compared with Chi-square tests, continuous 
variables with unpaired t-tests, and odds ratios 
calculated, with p<0.05 considered significant. 

Results 

The study included 216 participants, equally divided 
into 108 cases and 108 controls. Among the cases, 
50 (46.3%) were male and 58 (53.7%) were female, 
while in the control group, 52 (48.1%) were male 
and 56 (51.9%) were female (Table 1).

 
Table 1: Distribution of Study Participants as per gender (n=216) 

Cohort Male Female Total P 
Controls (n=108) 52 (48.1%) 56 (51.9%) 108 0.372 
Cases (n=108) 50 (46.3%) 58 (53.7%) 108 
Total 102 (47.2%) 114 (52.8%) 216 

 

 
Metabolic syndrome was observed in 74 of 108 
cases (68.5%), compared to 40 of 108 controls 
(37%). The difference was statistically significant 
(P<0.001), with an odds ratio of 3.6, suggesting that 

patients with advanced knee osteoarthritis requiring 
total knee replacement were more than three times 
as likely to have MetS as those with milder OA not 
requiring surgery (Table 2).

 
Table 2: Prevalence of MetS in Cases and Controls 

MetS Status Controls (n=108) Cases (n=108) Total P 
Positive 40 (37%) 74 (68.5%) 114 <0.001 
Negative 68 (63%) 34 (31.5%) 102 
Total 108 108 216 
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Figure 1: Prevalence of MetS in Cases and Controls 

 
Analysis of Kellgren-Lawrence (KL) radiographic 
grades revealed that patients with MetS were more 
likely to present with higher OA severity. Among 
MetS-positive participants, 64 (56.1%) had KL 
grade 4, 36 (31.6%) had grade 3, 12 (10.5%) had 
grade 2, and only 2 (1.8%) had grade 1. In contrast, 

MetS-negative participants showed a lower 
proportion with KL grade 4 (35.3%) and a higher 
proportion with grades 2 and 3. The association 
between MetS and higher KL grades was 
statistically significant (P=0.026) (Table 3).

 
Table 3: KL Grading of OA and Metabolic Syndrome 

KL Grade MetS Positive MetS Negative Total P 
1 2 (1.8%) 6 (5.9%) 8 0.026 
2 12 (10.5%) 28 (27.5%) 40 
3 36 (31.6%) 32 (31.4%) 68 
4 64 (56.1%) 36 (35.3%) 100 
Total 114 102 216 

 

 

 
Figure 2: KL Grading of OA and Metabolic Syndrome 

 
Comparing cases and controls, patients with 
advanced OA had higher mean weight (71.5 ± 13.2 
kg vs. 66.2 ± 10.1 kg), BMI (28.0 ± 5.3 kg/m² vs. 
24.4 ± 3.2 kg/m²), and waist circumference (92.1 ± 

13.5 cm vs. 83.7 ± 12.8 cm), indicating a greater 
prevalence of obesity-related parameters. Fasting 
blood sugar and triglyceride levels were slightly 
higher in cases, while HDL cholesterol was notably 
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lower (48.2 ± 13.8 mg/dl vs. 55.6 ± 15.0 mg/dl), 
reflecting a more adverse metabolic profile. Blood 

pressure values were similar between the two groups 
(Table 4).

 
Table 4: Anthropometric and Metabolic Parameters in Cases and Controls 

Parameter Controls (n=108) Cases (n=108) 
Weight (kg) 66.2 ± 10.1 71.5 ± 13.2 
Height (cm) 164.8 ± 8.1 160.2 ± 9.4 
BMI (kg/m²) 24.4 ± 3.2 28.0 ± 5.3 
Waist Circumference (cm) 83.7 ± 12.8 92.1 ± 13.5 
Systolic BP (mmHg) 129.2 ± 17.1 128.4 ± 18.2 
Diastolic BP (mmHg) 82.3 ± 11.0 84.1 ± 10.3 
Fasting Blood Sugar (mg/dl) 114.5 ± 42.1 107.6 ± 28.7 
Triglycerides (mg/dl) 165.3 ± 72.4 168.7 ± 65.2 
HDL Cholesterol (mg/dl) 55.6 ± 15.0 48.2 ± 13.8 

 
Discussion 

The gender distribution in the present study of 216 
participants was similar across cases and controls, 
with 53% females in cases and 50% in controls, 
showing no statistically significant difference. This 
indicates that gender did not act as a confounding 
factor in our analysis. While several studies have 
reported that osteoarthritis of the knee (OAK) is 
more prevalent in women in contrast to men, 
particularly in the geriatric groups [16], the present 
study’s findings suggest that, in this cohort, both 
genders were evenly represented, supporting the 
relevance of metabolic factors over gender in 
disease progression. 

Metabolic syndrome (MetS) was significantly more 
prevalent among cases (68.5%) compared to 
controls (37%) in the present study, with an odds 
ratio of 3.6 (P<0.001). A strong association was 
observed between MetS and the severity of OAK, as 
indicated by higher Kellgren-Lawrence (KL) grades 
and the need for TKA. These findings align with the 
hypothesis that systemic metabolic factors 
contribute to the pathophysiology of OA [17]. 
Previous research, including meta-analyses by Liu 
SY et al., [18] has reported bidirectional 
relationships between MetS and OA, with higher 
OA prevalence in participants with baseline MetS. 
Our results extend this evidence by demonstrating 
not only increased OA prevalence but also greater 
severity among patients with MetS. 

Obesity-related parameters, including BMI and WC, 
were significantly larger in cases in contrast to 
controls (BMI: 28.0 vs 24.4 kg/m²; WC: 92.1 vs 83.7 
cm). This supports prior findings that components of 
MetS, such as obesity and dyslipidemia, exacerbate 
joint degeneration by promoting systemic 
inflammation and cartilage degradation [14,19,20]. 
While fasting blood sugar, triglycerides, and HDL 
cholesterol showed differences, blood pressure did 
not differ significantly between cases and controls, 
consistent with mixed findings in the literature 
[21,22]. These variations may reflect differences in 

age, ethnicity, and diagnostic criteria for OA and 
MetS across studies. 

The pro-inflammatory state associated with MetS, 
characterized by elevated cytokines, may accelerate 
the progression of OA, contributing to increased KL 
grades and higher likelihood of TKA in patients with 
MetS [23,24]. This underscores the importance of 
early identification and management of MetS in OA 
patients. Interventions targeting lifestyle factors, 
including diet, physical activity, and metabolic 
control, may help mitigate OA progression and 
reduce the need for surgical intervention [18]. 
Overall, the present findings suggest that addressing 
metabolic abnormalities may not only improve 
systemic health but also slow the advancement of 
knee OA, highlighting the clinical importance of 
integrating metabolic evaluation into OA 
management. 

Conclusion 

In the present investigation, metabolic syndrome 
was significantly more prevalent among individuals 
with advanced knee osteoarthritis requiring total 
knee replacement and was strongly associated with 
higher Kellgren-Lawrence grades. Obesity-related 
parameters, including BMI and WC, were notably 
higher in cases, highlighting the contribution of 
metabolic abnormalities to disease severity. These 
findings suggest that MetS not only elevates the 
incidence rate of developing knee OA but may also 
accelerate its progression, emphasizing the 
importance of early identification and management 
of metabolic risk factors. Integrating metabolic 
evaluation and lifestyle interventions into the care of 
OA patients may help mitigate disease progression 
and reduce the need for surgical intervention. 
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