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ABSTRACT

Background: Knee osteoarthritis (KOA) is increasingly regarded not as a purely
mechanical degenerative disorder but as a systemic metabolic-inflammatory
condition. The extent to which circulating inflammatory mediators and insulin
resistance coexist in established KOA, and whether they track with symptom
severity, remains incompletely defined in Indian populations. Objectives: To
compare serum interleukin-6 (IL-6), tumour necrosis factor-alpha (TNF-a), high-
sensitivity C-reactive protein (hs-CRP), fasting plasma glucose (FPG), fasting serum
insulin and the homeostatic model assessment of insulin resistance (HOMA-IR)
between patients with primary KOA and age- and sex-matched healthy controls, and
to examine the relationship of these variables with adiposity and clinical severity.
Methods: A hospital-based analytical case—control study was conducted at a
tertiary care teaching hospitalin central India over 24 months. Sixty patients aged 40—
65 years with primary KOA diagnosed by American College of Rheumatology criteria
and Kellgren-Lawrence (K-L) grade II-IV radiographic change, and 60 age- and sex-
matched apparently healthy controls, were recruited consecutively. IL-6 and TNF-a
were measured by sandwich ELISA, hs-CRP by particleenhanced
immunoturbidimetry, FPG by the glucose oxidase—peroxidase method and fasting
insulin by chemiluminescent immunoassay; HOMA-IR was derived. Pain was
assessed by visual analogue scale (VAS) and function by the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC). Groups were compared by
independent Student's t-test and chi-square test; associations were assessed by
Pearson correlation. Results: Cases and controls were comparable for age (57.69 +
7.73vs 57.20 £ 8.23 years; p = 0.739) and sex distribution (p = 0.46), while body mass
index (BMI) was higher in cases (29.22 + 3.48 vs 25.01 = 2.63 kg/m? p < 0.001). All
three inflammatory markers were significantly elevated in KOA: IL-6 15.13 £ 5.47 vs
6.47 +2.00 pg/mL, TNF-a 53.95 + 13.69 vs 30.85 * 9.80 pg/mL and hs-CRP 4.75 =
1.51 vs 1.79 £ 0.60 mg/L (all p < 0.001). Metabolic indices were likewise higher in
cases: FPG 102.94 + 12.14 vs 91.96 = 8.69 mg/dL, fasting insulin 12.42 + 3.54 vs
8.54 = 2.04 plU/mL and HOMA-IR 3.15 £ 0.97 vs 1.94 + 0.48 (all p < 0.001). Within
the KOA group, none of the inflammatory markers or HOMA-IR correlated
significantly with VAS or WOMAC scores (all p > 0.05). BMI correlated positively with
HOMA-IR (r = 0.305; p = 0.018) and, unexpectedly, inversely with TNF-a (r = -0.386;
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p = 0.002). Conclusion: Patients with primary KOA showed substantially higher
systemic inflammatory activity and insulin resistance than matched controls, yet
these abnormalities were unrelated to each other and to symptom severity. In
established disease, low-grade inflammation and insulin resistance appear to
operate as parallel rather than tightly coupled processes, and circulating cytokine
levels are unlikely to serve as surrogates for clinical severity.

Keywords: Knee osteoarthritis; Interleukin-6; Tumour necrosis factor-alpha; C-
reactive protein; Insulin resistance; HOMA-IR.

INTRODUCTION

Osteoarthritis is the most prevalent chronic joint disorder worldwide and a leading contributor to years lived with disability,
affecting more than half a billion people, with the knee the most commonly involved joint [1,2]. In India, community-based
surveys report prevalence estimates in the range of 22-39%, and knee involvement predominates [3,4]. The burden is
expected to grow with population ageing, rising obesity and increasingly sedentary patterns of living. For much of the
twentieth century, osteoarthritis was conceptualised as the inevitable mechanical consequence of ageing cartilage. That
view has been substantially revised. Contemporary evidence positions osteoarthritis as a whole-joint disease in which
synovial inflammation, subchondral bone remodelling and altered chondrocyte metabolism are early rather than terminal
events [5,6]. Chondrocytes, synovial fibroblasts and infiltrating macrophages generate interleukin-1p, IL-6 and TNF-a,
which suppress matrix synthesis, induce matrix metalloproteinases and aggrecanases, and sustain a catabolic joint
environment [7,8]. Importantly, this inflammatory activity is not confined to the joint: circulating IL-6 and CRP are
modestly but consistently raised in knee osteoarthritis and have been reported to predict radiographic progression [9,10,11].
A parallel line of enquiry has linked osteoarthritis to metabolic dysfunction. The proposed metabolic phenotype of
osteoarthritis is characterised by central obesity, dyslipidaemia, insulin resistance and low-grade systemic inflammation,
and epidemiological studies indicate that metabolic syndrome and type 2 diabetes increase osteoarthritis risk independently
of mechanical loading [12,13,14]. Mechanistically, insulin resistance and inflammation are plausibly reciprocal: adipose
tissue is an endocrine source of IL-6 and TNF-a, both of which impair insulin signalling, while hyperinsulinaemia in turn
promotes an inflammatory chondrocyte phenotype [15,16,17]. Despite this conceptual convergence, most studies have
examined inflammatory markers or metabolic indices in isolation, and relatively few have assessed both simultaneously in
the same cohort with concurrent measurement of pain and function. Data from Indian populations are particularly sparse,
even though diet, body composition and the well-documented ethnic predisposition to insulin resistance at lower body mass
index may alter the strength of these associations [4,18]. The present study was therefore designed to quantify circulating
IL-6, TNF-a and hs-CRP alongside fasting glucose, fasting insulin and HOMA-IR in patients with primary knee
osteoarthritis and matched healthy controls, and to determine whether these variables relate to adiposity and to clinically
assessed disease severity.

MATERIALS AND METHODS

Study design and setting

This hospital-based analytical case—control study was conducted over 24 months in the Department of Biochemistry in
collaboration with the Department of Orthopaedics at Index Medical College Hospital and Research Centre, Indore,
Madhya Pradesh, a tertiary care teaching hospital.

Participants

Cases were adults aged 40—65 years with primary knee osteoarthritis diagnosed by consultant orthopaedic surgeons using
the American College of Rheumatology clinical criteria [19] and confirmed radiographically as Kellgren—Lawrence grade
IL, IIT or IV in one or both knees [20]. Controls were apparently healthy adults of the same age range, individually matched
to cases for sex and for age within +5 years, recruited from hospital staff, patient attendants and individuals attending for
routine health examination, and drawn from the same geographical region. Controls had no clinical or radiological evidence
of knee osteoarthritis and no history of inflammatory joint disease, diabetes mellitus or other chronic systemic illness.
Participants were excluded if they had secondary osteoarthritis attributable to trauma, congenital deformity, infection or
inflammatory arthropathy; rheumatoid arthritis, gout or ankylosing spondylitis; previous knee arthroplasty or major knee
surgery; acute infection or febrile illness within the preceding four weeks; chronic liver or kidney disease; malignancy;
autoimmune disease; type 1 or uncontrolled type 2 diabetes mellitus; thyroid dysfunction; chronic cardiovascular disease
with active inflammation; current corticosteroid, immunosuppressive or disease-modifying antirheumatic therapy; regular
antioxidant supplementation in the preceding three months; or pregnancy or lactation.

Sample size and sampling
Sample size was estimated a priori using G*Power version 3.1.9.7 (Heinrich Heine University, Diisseldorf, Germany) for
the comparison of two independent means, assuming an effect size (Cohen's d) of 0.60, a two-tailed alpha of 0.05, power
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of 80% and an allocation ratio of 1:1. This yielded a minimum of 45 participants per group. Given the number of
biochemical variables to be analysed and the planned correlation analyses, the target was increased to 60 per group, giving
120 participants in total. Consecutive sampling was used: all eligible patients attending the orthopaedics outpatient
department during the study period were screened, and for each enrolled case a matched control was recruited, until the
target was reached.

Clinical and radiological assessment

Demographic details, medical history, drug history and lifestyle characteristics were recorded on a pre-validated case record
form. Height, weight, waist and hip circumference, pulse and blood pressure were measured using standard techniques,
and body mass index was calculated as weight in kilograms divided by height in metres squared. Pain intensity was recorded
on a 10-cm visual analogue scale. Functional status was assessed using the 24-item Western Ontario and McMaster
Universities Osteoarthritis Index covering pain, stiffness and physical function, with higher scores indicating greater
impairment [21]. Standing anteroposterior and lateral radiographs of both knees were graded by an experienced radiologist
blinded to laboratory results.

Sample collection and biochemical analysis

After an overnight fast of 812 hours, 10 mL of venous blood was drawn between 08:00 and 10:00 h to limit circadian
variation. Blood was distributed into a plain clot activator tube (5 mL) for serum IL-6, TNF-o and hs-CRP, a sodium
fluoride tube (2 mL) for plasma glucose and a potassium EDTA tube (3 mL) as required. Samples in plain tubes were
allowed to clot for 30 minutes and centrifuged at 3000 rpm for 10—15 minutes within one hour of collection. Serum was
aliquoted into sterile cryovials and stored at —80 °C until analysis; repeated freeze— thaw cycles were avoided. Haemolysed,
lipaemic, clotted or insufficient samples were rejected. Serum IL-6 and TNF-o were measured by commercially available
sandwich enzyme-linked immunosorbent assay kits according to the manufacturer's instructions, with absorbance read at
450 nm on an ELISA microplate reader and concentrations derived from a standard calibration curve; results were
expressed in pg/mL. Samples were analysed in batches to minimise inter-assay variation. High-sensitivity CRP was
measured by particle-enhanced immunoturbidimetric assay on a fully automated clinical chemistry analyser and expressed
in mg/L. Fasting plasma glucose was determined by the glucose oxidase—peroxidase method [22] and fasting serum insulin
by chemiluminescent immunoassay on an automated analyser.

Internal and external quality control procedures were followed throughout.
Insulin resistance was estimated using the homeostatic model assessment [23]:
HOMA-IR = [fasting insulin (uIU/mL) x fasting plasma glucose (mg/dL)] + 405

Statistical analysis

Data were compiled in a spreadsheet and analysed using [insert software and version]. Continuous variables are presented
as mean * standard deviation and categorical variables as frequencies and percentages. Normality was assessed before
parametric testing. Continuous variables were compared between groups using the independent Student's t-test and
categorical variables using the chi-square test. Associations between biochemical variables, body mass index and clinical
severity scores within the case group were examined using Pearson's correlation coefficient, interpreted as very weak (0.00—
0.19), weak (0.20-0.39), moderate (0.40—0.59), strong (0.60—0.79) or very strong (0.80—1.00). A two-tailed p value below
0.05 was considered statistically significant.

RESULTS

Baseline characteristics

A total of 120 participants were analysed, comprising 60 patients with knee osteoarthritis and 60 matched controls. The
two groups were well matched for age and sex, confirming the adequacy of the matching procedure, but cases were
significantly heavier, with a mean body mass index in the overweight-to-obese range compared with the normal range in
controls (Table 1). Among the cases, K-L grade III was the commonest radiographic stage (43.3%), followed by grade IV
(31.7%) and grade II (25.0%). Mean VAS score indicated moderate to severe pain and mean WOMAC score indicated
substantial functional limitation.

Table 1. Demographic and clinical characteristics of cases and controls

Variable Cases (n = 60) Controls (n = 60) p value
Age (years), mean + SD 57.69+7.73 57.20+8.23 0.739
Male, n (%) 25 (41.7) 29 (48.3) 0.46
Variable Cases (n = 60) Controls (n = 60) p value
Female, n (%) 35(58.3) 31 (51.7) —
BMI (kg/m?), mean = SD 29.22 +£348 25.01 +£2.63 <0.001
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K-L grade II, n (%) 15 (25.0) — —
K-L grade III, n (%) 26 (43.3) — —
K-L grade IV, n (%) 19 (31.7) — —
VAS score, mean + SD 6.41 £1.36 — —
WOMAC score, mean + SD 56.45+15.02 — —

BMI, body mass index; K—L, Kellgren—Lawrence; VAS, visual analogue scale; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; SD, standard deviation. Age and BMI compared by independent Student's t-test; sex
distribution by chi-square test.

Inflammatory biomarkers

All three circulating inflammatory markers were markedly higher in patients with knee osteoarthritis than in controls (Table
2). Mean serum IL-6 was more than twofold higher, TNFa approximately 75% higher and hs-CRP more than 2.5-fold
higher in cases, with all comparisons highly significant.

Table 2. Comparison of inflammatory biomarkers between cases and controls

Biomarker Cases (n = 60) Controls (n = 60) p value
IL-6 (pg/mL) 15.13 +£5.47 6.47 £2.00 <0.001
TNF-a (pg/mL) 53.95 + 13.69 30.85 +9.80 <0.001
hs-CRP (mg/L) 4.75+1.51 1.79 £ 0.60 <0.001

Values are mean + standard deviation. IL-6, interleukin-6, TNF-a, tumour necrosis factoralpha; hs-CRP, high-sensitivity
C-reactive protein. Independent Student's t-test.

Glycaemic and insulin resistance indices
Fasting plasma glucose, fasting serum insulin and HOMA-IR were all significantly higher in the osteoarthritis group (Table
3). Notably, the mean HOMA-IR among cases exceeded the value conventionally taken to indicate moderate insulin
resistance, whereas the control mean lay within the insulin-sensitive range, despite the exclusion of participants with known
or uncontrolled diabetes from both groups.

Table 3. Comparison of glycaemic and insulin resistance indices between cases and controls

Parameter Cases (n = 60) Controls (n = 60) p value
Fasting plasma glucose (mg/dL) 102.94 £ 12.14 91.96 + 8.69 <0.001
Fasting serum insulin (uIU/mL) 12,42 +£3.54 8.54+2.04 <0.001
HOMA-IR 3.15+0.97 1.94 +£0.48 <0.001

Values are mean =+ standard deviation. HOMA-IR, homeostatic model assessment of insulin resistance. Independent
Student's t-test.

Association with clinical severity

Within the osteoarthritis group, correlation analysis showed no statistically significant association between any
inflammatory biomarker and either VAS or WOMAC score, and HOMA-IR was likewise unrelated to both severity
measures (Table 4). All correlation coefficients were of very weak magnitude and the direction of association was
inconsistent.

Table 4. Correlation of inflammatory biomarkers and HOMA-IR with clinical severity scores in patients with
knee osteoarthritis (n = 60)

Variable VAS (r) p value WOMAC (r) p value
IL-6 0.038 0.771 0.126 0.336
TNF-a —0.088 0.502 —0.035 0.791
hs-CRP —0.146 0.267 0.115 0.380
HOMA-IR 0.091 0.488 —0.090 0.493

Pearson's correlation coefficient. Abbreviations as in Tables 1-3.

Association with adiposity
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Body mass index correlated positively and significantly with HOMA-IR, consistent with adiposity-driven insulin resistance
(Table 5). Unexpectedly, body mass index showed a moderate inverse correlation with serum TNF-o, whereas its
associations with IL-6 and hsCRP were very weak and non-significant.

Table 5. Correlation of body mass index with inflammatory and metabolic variables in patients with knee
osteoarthritis (n = 60)

Variable Pearson's r p value
IL-6 —0.050 0.706
TNF-a —0.386 0.002
hs-CRP —0.085 0.519
HOMA-IR 0.305 0.018

Pearson's correlation coefficient. Abbreviations as in Tables 1-3.

DISCUSSION

This study produced two findings that sit somewhat uneasily together. Patients with primary knee osteoarthritis showed
unambiguous elevation of all three circulating inflammatory markers and clear evidence of insulin resistance relative to
carefully matched healthy controls. Yet within the disease group, neither the inflammatory markers nor HOMA-IR showed
any meaningful relationship with pain or functional disability, and the inflammatory markers were not associated with each
other's presumed metabolic driver. The between-group signal was therefore strong, while the within-group signal was
essentially absent.

The magnitude of the inflammatory elevation is consistent with the accumulated literature. Stannus and colleagues reported
that circulating IL-6 and TNF-a were associated with radiographic knee osteoarthritis and cartilage loss in older adults
[24], and the Chingford cohort identified serum IL-6 as a significant predictor of incident radiographic knee osteoarthritis
[9]. Attur and co-workers demonstrated increased inflammatory gene expression in peripheral blood leucocytes of patients
with symptomatic knee osteoarthritis [11], and Spector and colleagues showed that even modest increases in CRP are
present early in the disease and predict progression [10]. Reports from Indian settings have similarly documented raised
IL-6 and CRP in radiographic knee osteoarthritis [25]. The present data extend these observations by demonstrating that
all three markers are concurrently raised in the same cohort under standardised assay conditions.

The metabolic findings are equally consistent with the metabolic-phenotype hypothesis. Fasting insulin and HOMA-IR
were substantially higher in cases even though individuals with known or uncontrolled diabetes were excluded, indicating
that insulin resistance in this population is subclinical rather than a reflection of overt dysglycaemia. This mirrors reports
that metabolic syndrome and diabetes independently predict osteoarthritis severity and progression [12,13,26,27] and
supports the view that impaired insulin signalling contributes to a catabolic chondrocyte phenotype rather than merely
accompanying obesity [14,17].

The absence of correlation with clinical severity deserves careful interpretation rather than dismissal. Pain and disability
in osteoarthritis are only loosely coupled to structural and biochemical disease activity; central sensitisation, psychological
factors, muscle strength, comorbidity and coping strategies all contribute substantially to symptom burden. A serum
cytokine concentration measured at a single time point captures a systemic average that may bear little relation to the local
synovial environment driving nociception. It is also plausible that the cohort, restricted to K—L grade II-IV disease, was
too narrow in biological range for a severity gradient to emerge, and that inflammatory markers discriminate disease
presence better than disease intensity. Similar dissociation has been noted previously, with systemic markers showing only
modest relationships with symptom scores despite robust case—control differences [9,24].

The inverse correlation between body mass index and serum TNF-a runs counter to the expectation that adipose tissue
drives circulating TNF-a, and it should be reported with candour rather than explained away. Several considerations are
relevant. Circulating TNF-a is largely a paracrine cytokine with a short half-life, and plasma concentrations correlate poorly
with adipose tissue expression; assay platforms differ substantially in their measurement of low range TNF-a; and in a
sample of 60 a moderate coefficient can arise from a small number of influential observations. The concurrent positive
correlation between body mass index and HOMA-IR in the same participants indicates that the anthropometric data behave
as expected against a well-validated metabolic index. This finding is best regarded as hypothesis-generating and requires
replication with a larger sample and preferably a high-sensitivity TNF-o platform before any biological interpretation is
advanced.

Taken together, the results support a model in which systemic inflammation and insulin resistance are both features of
established knee osteoarthritis but function as parallel rather than tightly coupled pathways at this stage of disease. If
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inflammation and insulin resistance were reciprocally reinforcing in the manner suggested by mechanistic work [15,16], a
correlation between the cytokines and HOMA-IR would be expected within the case group; none was observed. One
interpretation is that the reciprocal relationship operates predominantly during disease initiation, and that by the time
radiographically established osteoarthritis is present, both abnormalities have plateaued and their coupling is no longer
detectable cross-sectionally.

Longitudinal designs are needed to test this.

Strengths and limitations

Strengths include individual matching of controls for age and sex, exclusion of conditions known to confound inflammatory
and metabolic measurements, standardised pre-analytical handling with batched cytokine assays, use of validated clinical
instruments, and the simultaneous measurement of inflammatory and metabolic domains in a single Indian cohort — a
population under-represented in this literature.

Several limitations temper the conclusions. The design was cross-sectional and hospital-based at a single tertiary centre, so
temporal and causal inferences cannot be drawn and the sample may over-represent advanced disease. The sample size,
while adequate for group comparison, gives limited precision for correlation estimates; with 60 participants the study had
roughly 80% power to detect correlations of about 0.35 or greater, so weaker but genuine associations may have been
missed. Only circulating markers were measured; synovial fluid concentrations may reflect joint-level activity more
faithfully. Other relevant mediators — IL-1f3, matrix metalloproteinases, leptin, adiponectin and cartilage oligomeric matrix
protein — were not assessed for reasons of cost. Waist—hip ratio and physical activity were recorded but not modelled, and
residual confounding by adiposity distribution and activity level cannot be excluded. Finally, the analyses were unadjusted;
multivariable modelling of the metabolic outcomes would strengthen inference in future work.

CONCLUSION

Patients with primary knee osteoarthritis demonstrated significantly higher circulating IL-6, TNF-a, and hs-CRP, together
with higher fasting glucose, fasting insulin and HOMA-IR, than age- and sex-matched healthy controls. These
abnormalities were, however, unrelated to pain and functional disability and unrelated to one another within the disease
group. The findings reinforce the characterisation of knee osteoarthritis as a systemic inflammatory and metabolic disorder
while cautioning against the use of circulating cytokine concentrations as surrogate markers of clinical severity. Prospective
studies incorporating synovial fluid sampling and repeated measurement are required to establish whether inflammatory
and metabolic pathways converge earlier in the disease course.
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