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ABSTRACT: Knee osteoarthritis is a prevalent degenerative joint disease among older
adults and often occurs alongside low back pain (LBP). High-sensitivity C-reactive protein
(hs-CRP) and interleukin-6 (IL-6) have been linked to the severity of osteoarthritis;
however, their relationship with the intensity of LBP remains inadequately defined. This
study aims to analyse the association between hs-CRP and I1.-6 levels and LBP intensity
in patients diagnosed with knee osteoarthritis. An analytic observational cross-sectional
study was conducted involving 84 patients with knee osteoarthritis (Kellgren-Lawrence
grades II-1V) at a regional hospital in South Kalimantan, Indonesia, from November 2025
to February 2026. Serum levels of hs-CRP and IL-6 were quantified using enzyme-linked
immunosorbent assay, while LBP intensity was measured using the Visual Analogue Scale
(VAS). Associations between variables were examined using Pearson's or Spearman's
correlation, as appropriate, along with multiple linear regression analysis. The participants
had a mean age of 61.93 + 11.08 years, comprising 42 men and 42 women. The median
hs-CRP level was 1.75 mg/L (interquartile range 1.10-2.40), and the mean IL-6 level was
2.57 £ 1.93 pg/mL. The average VAS score recorded was 4.88 £ 1.35. A strong
correlation was found between hs-CRP and the VAS score (Pearson r=0.813, p<0.001),
whereas IL-6 demonstrated a weak, non-significant correlation (Spearman r=0.173,
p=0.166). Together, hs-CRP and IL.-6 accounted for 70.5% of the variance in VAS scores
(R?=0.705, p<0.001) in the multiple linear regression model, with hs-CRP identified as
the predominant predictor. The results suggest a strong association between hs-CRP and
LBP intensity in individuals with knee osteoarthritis, while IL-6 exhibited a consistent yet
non-significant relationship. These findings indicate that systemic inflammation may serve
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as a quantifiable contributor to LBP and point out the potential of hs-CRP as a clinical

indicator for assessing pain severity.

1. INTRODUCTION

Knee osteoarthritis is a prevalent degenerative joint disease among older adults, characterised by the degradation of cartilage,
joint stiffness, and progressive functional limitations [1]. National data from Indonesia indicate a radiographic prevalence of
knee osteoarthritis at 15.5% in men and 12.7% in women [2]. The increasing burden of knee osteoarthritis correlates with global
population ageing, highlighting the necessity to understand modifiable biological factors that contribute to disease severity [3].

Low back pain often coexists with knee osteoarthritis and is one of the leading causes of disability worldwide, significantly
impacting health-related quality of life and healthcare utilisation [4, 5, 17]. In patients with knee osteoarthritis, altered gait
mechanics, postural compensation, and axial load redistribution towards the lumbar spine have been proposed as biomechanical
pathways linking knee disease to low back symptoms [6, 18]. The age-related rise in the prevalence and clinical burden of low

back pain further exacerbates this relationship in older adults with coexisting joint diseases [7].

In addition to biomechanical factors, systemic inflammation is increasingly recognised as a contributor to both the progression
of osteoarthritis and chronic musculoskeletal pain [8, 9, 19]. Inflammatory mediators released during cartilage degradation and
synovial inflammation may sensitise peripheral and central nociceptive pathways, thereby amplifying pain perception
independently of local structural damage. Elevated levels of high-sensitivity C-reactive protein (hs-CRP) and interleukin-6 (IL-
6) have been shown to exacerbate pain symptoms and limitations in joint function among those with knee osteoarthritis [10,
11, 20].

Hs-CRP and IL-6 are among the most widely studied circulating inflammatory biomarkers in osteoarthritis research. IL-6
stimulates the synthesis of hs-CRP in the liver and directly contributes to cartilage catabolism and the sensitisation of
nociceptors, while hs-CRP itself has been associated with the progression of radiographic disease and the severity of pain [10,
12]. In osteoarthritis patients, higher levels of both biomarkers have been associated with greater pain intensity and reduced
physical function [13].

The association between systemic inflammatory biomarkers and pain has been investigated in distinct populations with low
back pain and in knee osteoarthritis cohorts individually [14, 15, 16]. However, there is a paucity of research specifically assessing
the correlation of hs-CRP and IL-6 with low back pain intensity in patients primarily diagnosed with knee osteoarthritis. The
contribution of systemic inflaimmation, as opposed to local knee pathology alone, to low back symptoms in this population
remains inadequately characterised. This study, therefore, aims to analyse the relationship between hs-CRP and I1.-6 levels and
the intensity of low back pain in patients with knee osteoarthritis. The novelty of this work lies in an integrative framework that
connects knee osteoarthritis, systemic inflammatory biomarkers, and low back pain intensity through two complementary
pathways: knee-lumbar biomechanical strain and systemic inflammation, thereby providing evidence for inflammation as a

measurable contributor to remote musculoskeletal pain in this patient population.
2. MATERIALS AND METHODS
2.1 Study Design

This study employed an analytic observational design with a comparative cross-sectional approach to evaluate the relationship
between high-sensitivity C-reactive protein (hs-CRP) and intetleukin-6 (IL-6) levels in relation to the intensity of low back pain
(LBP) in patients suffering from knee osteoarthritis. The cross-sectional design facilitated the simultaneous assessment of

biomarker levels and pain outcomes during a single study visit [5, 21].
2.2 Study Setting

The study was carried out at RSUD Brigjend Hasan Basry Kandangan, located in South Kalimantan, Indonesia, during the
period from November 2025 to February 2026.
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2.3 Participants

The source population included all patients with knee osteoarthritis who presented to the study hospital during the enrolment
period. Participants were divided into a case group (those with knee osteoarthritis and low back pain) and a comparison group
(those with knee osteoarthritis but without low back pain). The selection of participants was conducted through convenience
sampling, adhering to the eligibility criteria outlined below.

2.4 Sample Size

A total of 84 patients who met the inclusion criteria were enrolled and analysed. The inclusion criteria included being over 40
years of age, having a clinical and radiological diagnosis of knee osteoarthritis classified as Kellgren-Lawrence grade II-IV, and
demonstrating a willingness to provide informed consent. For the low back pain (LBP) group, participants needed to have low
back pain that met the operational definition provided below, whereas the comparison group was required to be free of low

back pain for at least three months prior to enrolment.

Exclusion criteria encompassed low back pain attributable to conditions unrelated to knee osteoarthritis, such as herniated
nucleus pulposus, spinal stenosis, radiculopathy/sciatica, ot a histoty of spinal trauma or surgery. Additionally, individuals with
active inflaimmatory, autoimmune, or infectious diseases that could influence hs-CRP or IL-6 levels—such as rheumatoid
arthritis, other autoimmune disorders, or acute infections within the past 2 to 4 weeks—were excluded. Patients with severe
systemic or comorbid diseases that could influence inflammatory status, such as malignancies, severe renal, hepatic, or
cardiovascular diseases, or uncontrolled diabetes mellitus, were also excluded. Furthermore, those with chronic pain or
neurological disorders that might confound pain assessment, such as fibromyalgia or severe peripheral neuropathy, and
individuals currently using systemic corticosteroids or systemic anti-inflammatory therapies prior to biomarker sampling, were

not eligible for the study.
2.5 Variable

The independent variables in this study were serum levels of high-sensitivity C-reactive protein (hs-CRP) and interleukin-6 (IL-
6). The dependent variable was the intensity of low back pain (LBP), which was measured using the Visual Analogue Scale
(VAS). Potential confounders identified a priori included age, sex, body mass index, the Kellgren-Lawrence grade of
osteoarthritis, levels of physical activity, duration of osteoarthritis, duration of LBP, diabetes mellitus, obesity, the use of anti-

inflammatory medication, and a history of spinal trauma or surgery.
2.6 Laboratory Examination

Serum concentrations of hs-CRP and IL.-6 were measured using an enzyme-linked immunosorbent assay (ELISA). The hs-CRP
levels wete reported in mg/L, with values of 1 mg/L ot higher considered indicative of systemic inflammation. IL-6 levels were

reported in pg/mL, with a local laboratory reference threshold set at less than 5 pg/mL.
2.7 Pain Assessment

LBP intensity was evaluated using the Visual Analogue Scale (VAS), which is a 0-10 cm scale where 0 represents no pain and
10 signifies the worst imaginable pain. Scores were classified into categories: no pain (0), mild pain (1-3), moderate pain (4-6),
and severe pain (7-10).

2.8 Statistical Analysis

Data were analysed using IBM SPSS Statistics version 25. Normality of continuous vatiables was assessed using the Shapiro-
Wilk test. Vatiables with normal distribution (p>0.05) were correlated using Pearson's correlation coefficient; non-normally
distributed vatiables (p<<0.05) were correlated using Spearman's rank correlation coefficient. Multiple linear regression was used
to evaluate the simultaneous contribution of hs-CRP and I1.-6 to VAS pain scores, using the model VAS = a + b1(hs-CRP) +
b2(IL-6), where a is the constant and b1 and b2 are regression coefficients for hs-CRP and IL-6, respectively. The coefficient
of determination (R*) was used to estimate the proportion of variance in LBP intensity explained by the model. A two-tailed p-
value <0.05 was considered statistically significant.
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3. RESULTS AND DISCUSSION
3.1 Participant Characteristics

Eighty-four patients who met the eligibility criteria were enrolled in the study. The sex distribution was balanced, comprising
42 men and 42 women (50.0% each). The mean age of the participants was 61.93 + 11.08 years, with a median age of 62 years
and an age range of 42 to 80 years; the majority of participants were in the 60-69 age group (see Table 1). In terms of body
mass index, 38 participants (45.2%) were classified as normal weight, 43 (51.2%) as overweight, and 3 (3.6%) as obese.
According to the Kellgren-Lawrence radiographic grading system, 35 participants (41.7%) were classified as grade II, while 27
(32.1%) were classified as grade I11. Additionally, 12 participants (14.3%) were noted in a third "grade III" category in the source
table. Of the total, 44 participants (52.4%) had knee osteoarthritis accompanied by low back pain (LBP), whereas 40 participants
(47.6%) had knee osteoarthritis without LBP.

Table 1. Bascline Demographic and Clinical Characteristics of Participants (N = 84)

Characteristic N %
Sex
Male 42 50.0
Female 42 50.0

Age group (years)

50-59 19 22,6
60-69 25 29.8
70-79 40 476
>80 13 15.5

Body mass index (kg/m?2)

18.5-24.9 (normal) 38 452
25.0-29.9 (overweight) 43 512
>30.0 (obese) 3 3.6

Kellgren-Lawrence grade

Grade I 35 41.7
Grade III 27 32.1
Grade III (as reported)* 12 14.3

Low back pain status

Knee OA with LBP 44 52.4

Knee OA without LBP 40 47.6

OA: osteoarthritis; LBP: low back pain. Age (mean £ SD): 61.93 + 11.08 years (median 62; range 42-80). *Reproduced as originally reported
in the dissertation; see Results (Participant Characteristics) for editorial notes on internal inconsistencies in the age group and Kellgren-Lawrence

subtotals that require anthor verification.
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3.2 Inflammatory Biomarkers

The median hs-CRP level was 1.75 mg/L (interquartile range [IQR] 1.10-2.40 mg/L; range 0.70-3.10 mg/L). The mean hs-CRP
level, as reported in the primary summary table, was 1.77 + 0.75 mg/L (see Table 2). The mean IL-6 level was 2.57 + 1.93
pg/mL, with a median of 2.20 pg/mL and a range of 0.70-11.20 pg/mlL, according to the primary summary table. In terms of
IL-6 categoties, 41 participants (48.8%) had low IL-6 levels (<2.0 pg/mL), 33 participants (39.3%) had moderate IL-6 levels
(2.0-4.9 pg/mL), and 10 patticipants (11.9%) had high I1.-6 levels (5.0 pg/mL).

Table 2. Descriptive Statistics of hs-CRP, IL-6, and VAS Pain Score (N = 84)

Variable Mean £ SD | Median Min-Max
hs-CRP (mg/L) 1.77£0.75 | 1.75 0.7-3.1
IL-6 (pg/mL) 257 +193 | 220 0.7-11.2
VAS pain score 488 £1.35 | 5.00 3-9

hs-CRP: high-sensitivity C-reactive protein; I1.-6: interlenkin-6; VAS: Visual Analog Scale; SD: standard deviation.
3.3 Pain Intensity

The mean VAS pain score was 4.88 £ 1.35 (median 5; range 3-9). Using the more internally consistent distribution, most
participants reported moderate pain (56 participants, 66.7%), followed by mild pain (18 participants, 21.4%) and severe pain
(10 participants, 11.9%) (Table 3).

Table 3. Distribution of Low Back Pain Intensity Categories by VAS Score (N = 84)

VAS Category n %

Mild (1-3) 18 21.4
Moderate (4-6) 56 66.7
Severe (7-10) 10 11.9

VAS: Visual Analog Scale.
3.4 Correlation Analysis

Shapiro-Wilk testing indicated that both hs-CRP (p=0.128) and VAS (p=0.055) were normally distributed, while IL-6 (p=0.041)
was not. hs-CRP demonstrated a strong, statistically significant positive correlation with the VAS pain score, as evidenced by
Pearson's correlation (r=0.813, p<<0.001). In contrast, IL-6 exhibited a weak, statistically non-significant positive cotrelation
with the VAS pain score, according to Spearman's cotrelation (+=0.173, p=0.1606) (see Table 4).

Table 4. Correlation between Inflammatory Biomarkers and VAS Pain Score

Variable Pair r p-value Test Used
hs-CRP vs VAS 0.813 <0.001 Pearson
IL-6 vs VAS 0.173 0.166 Spearman

hs-CRP: high-sensitivity C-reactive protein; 1L-6: interlenkin-6; VVAS: Visnal Analog Scale.
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3.5 Regression Analysis

Multiple linear regression analysis indicated that both hs-CRP and IL-6 significantly predicted the VAS pain score, represented
by the equation VAS = 1.02 + 1.85[hs-CRP] + 0.21[IL-6]. The model demonstrated a substantial explanatory power, with an
R? value of 0.705 (p < 0.001), accounting for 70.5% of the variance in pain intensity. Notably, hs-CRP was associated with the
larger regression coefficient (see Table 5).

Table 5. Multiple Linear Regression Model for VAS Pain Score

Predictor Coefficient Model Statistics
Constant 1.02 R2 =0.705
hs-CRP 1.85 p < 0.001

1L-6 0.21

Model: 1VAS = 1.02 + 1.85(hs-CRP) + 0.21(IL-6). hs-CRP: high-sensitivity C-reactive protein; I1-6: interlenkin-6.
3.6 Additional Findings

No significant difference was observed in hs-CRP levels (1.73 £ 0.69 vs 1.75 * 0.76 mg/L, Mann-Whitney p=0.865), IL-6
levels (2.78 £ 2.05 vs 2.44 + 1.77 pg/mL, Mann-Whitney p=0.351), or age (69.87 £ 9.98 vs 65.89 + 11.11 years, t-test p=0.091)
between the knee osteoarthritis groups with and without low back pain (LBP) (see Table 6). Additionally, there was no
significant association found between the severity of radiographic osteoarthritis (mild vs severe) and LBP status (chi-square
p=0.713) (seeTable 7). Descriptively, the mean levels of hs-CRP and IL.-6 were higher in participants experiencing severe pain
(hs-CRP 2.05 £ 0.81 mg/L; IL-6 3.59 + 2.95 pg/mL) compared to those with moderate pain (hs-CRP 1.67 £ 0.65 mg/L; IL-
62.61 + 1.81 pg/mL).

Table 6. Comparison of hs-CRP, IL-6, and Age between Knee OA Patients with and without LBP

Vasiable ;)1; + LBP (Mean * (5)11;) without LBP (Mean % | S;Iue
hs-CRP (mg/L) 1.73 £ 0.69 1.75 £ 0.76 Mann-Whitney 0.865
IL-6 (pg/mL) 2.78 + 2.05 244+ 1.77 Mann-Whitney 0.351
Age (years) 69.87 £ 9.98 65.89 + 11.11 t-test 0.091

OA: osteoarthritis; LBP: low back pain; hs-CRP: high-sensitivity C-reactive protein; I1-6: interlenkin-6; SD: standard deviation.

Table 7. Association between Radiographic Osteoarthritis Severity and Low Back Pain Status

OA Severity OA + LBP, n (%) OA without LBP, n (%) p-value
Mild 26 (56.5) 23 (60.5) 0.713
Severe 20 (43.5) 15 (39.5)

OA: osteoarthritis; LBP: low back pain. Chi-square test.

3.7 Discussion

Summary of Findings

This study demonstrates that hs-CRP is strongly and significantly correlated with low back pain intensity in patients with knee
osteoarthritis, whereas IL.-6 shows a positive but statistically non-significant association. Together, hs-CRP and IL.-6 explained
70.5% of the variance in Visual Analogue Scale pain scores, with hs-CRP emerging as the dominant predictor. These findings
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supportt the broader premise that systemic inflammation, rather than biomechanical strain alone, meaningfully contributes to
remote musculoskeletal pain in knee osteoarthritis. The balanced sex distribution and mean age of approximately 62 years in
this cohort are consistent with established epidemiological patterns of knee osteoarthritis, which disproportionately affect older
adults and postmenopausal women due to oestrogen-related loss of cartilage and bone homeostasis [22, 23].

Interpretation of hs-CRP

As an acute-phase reactant synthesised predominantly by hepatocytes in response to cytokine-driven signalling, hs-CRP reflects
the overall inflammatory burden generated by synovial inflaimmation and cartilage degradation in osteoarthritis [8, 12]. The
strong positive correlation observed here (r = 0.813, p < 0.001) suggests that circulating hs-CRP concentrations track closely
with the intensity of low back symptoms, consistent with a model in which systemic inflammatory load—not solely local joint

pathology—modulates pain perception at anatomically remote sites such as the lumbar spine.

Interpretation of IL-6

IL-6 showed a positive but statistically non-significant correlation with pain intensity (r = 0.173, p = 0.166). IL-6 is an upstream
cytokine that stimulates hepatic hs-CRP production, activates mast cells, and contributes to cartilage catabolism and nociceptor
sensitisation [11, 26]. Its weaker statistical association in this cohort may reflect the smaller number of patients with markedly
elevated I1.-6, the non-normal distribution of IL-6 values, and greater biological heterogeneity in cytokine response between

individuals, rather than an absence of biological relevance.
Inflammation Mechanism

Cartilage degradation and synovitis in knee osteoarthritis release damage-associated molecular patterns that stimulate local and
systemic cytokine cascades, including IL-6, which in turn drives hepatic hs-CRP synthesis [9, 12]. These circulating mediators
can sensitise peripheral nociceptors and lower the pain threshold, amplifying nociceptive signalling beyond the primary joint
[11, 13]. This neuroinflammatory pathway offers a plausible biological explanation for why systemic inflammatory markers

originating from knee pathology correlate with pain intensity at a remote musculoskeletal site such as the lower back.
Biomechanical Mechanism

In parallel with systemic inflammation, altered gait patterns, axial load redistribution, and paraspinal muscle strain secondary to
knee osteoarthritis may independently contribute to low back pain, as suggested by prior work linking unilateral low back pain
intensity to the degree of contralateral knee osteoarthritis [6]. These biomechanical and inflammatory pathways are not mutually
exclusive; chronic postural compensation may itself provoke local inflaimmatory signalling in paraspinal tissues, further

reinforcing the pain cycle observed in this population.
Comparison with Previous Studies

The present findings are consistent with Surbakti and Nasution, who reported a positive correlation between hs-CRP and pain
intensity in patients with low back pain without sciatica, supporting the concept that low-grade systemic inflammation amplifies
musculoskeletal pain perception even in the absence of nerve root compression [14]. Macphail similarly linked elevated hs-CRP
to chronic diffuse musculoskeletal pain, attributing this relationship to peripheral inflammatory signalling and central
sensitisation rather than isolated local tissue damage [25]. Regarding IL-6, Livshits et al. identified IL-6 as a significant predictor
of radiographic knee osteoarthritis progression [10], and Wiegertjes et al. outlined IL.-6 as a mechanistic driver of cartilage
catabolism and joint inflammation [11], both consistent with the positive, if statistically non-significant, association observed in
this study. Park and Lee similarly reported elevated hs-CRP and erythrocyte sedimentation rate among patients with low back
pain compared with pain-free controls, supporting hs-CRP as a broadly reproducible correlate of musculoskeletal pain [29].
More recent large-cohort evidence from Huang et al. and biostatistical work by Coleman et al. have likewise linked elevated hs-
CRP and related inflammatory markers to chronic pain outcomes, while a systematic review by Morris et al. found inconsistent
associations between inflaimmatory biomarkers and non-specific low back pain across smaller studies, underscoring the value
of disease-specific cohorts such as the present one [23, 24]. Collectively, these comparisons reinforce that elevated hs-CRP
consistently tracks with musculoskeletal pain severity across distinct patient populations, while IL-6 may require larger samples
or more advanced disease states to reach statistical significance.

234
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health
elSSN: 2583-1194

Clinical Implications

These results indicate that hs-CRP may function as a readily available laboratory marker for identifying knee osteoarthritis
patients at an elevated risk of clinically significant low back pain, thereby endorsing earlier multidisciplinary referral and pain-
focused intervention [24]. IL-6, although not independently significant in this cohort, may still hold value as a marker of
inflaimmatory disease progression warranting longitudinal monitoring. The substantial variance explained by the combined
regression model supports a multimodal management approach that addresses both systemic inflammation and biomechanical
contributors to pain in this population.

Strengths

Strengths of this study include the use of standardised laboratory-based biomarker measurements, a clearly defined cross-
sectional design, a statistically robust correlation for hs-CRP, and a regression model with substantial explanatory power (R* =

0.705).
Limitations

This study has several limitations. The cross-sectional design precludes causal inference between inflammatory biomarkers and
pain intensity. Body mass index, a potentially important confounder, was not incorporated into the multivariable analysis. IL.-6
values were not normally distributed, and the analysis did not comprehensively cover clinical characteristics such as physical
activity level and osteoarthritis duration. Longitudinal follow-up was not performed, limiting insight into the temporal

relationship between inflammation and pain progression.
Future Research

Future studies should enrol larger samples to improve statistical power for IL-6-related associations, incorporate additional
inflammatory mediators such as tumour necrosis factor-alpha, integrate imaging modalities such as magnetic resonance imaging
or ultrasonography, and consider longitudinal designs to clarify the temporal and causal relationships between systemic

inflammation and low back pain in knee osteoarthritis.
4. CONCLUSION

This cross-sectional study of 84 patients with knee osteoarthritis found that hs-CRP was strongly and significantly correlated
with LBP intensity (r=0.813, p<0.001), while IL.-6 showed a positive but statistically non-significant correlation (+r=0.173,
p=0.166). Combined, hs-CRP and IL-6 explained 70.5% of the variance in VAS pain scores in a multiple linear regression
model, with hs-CRP as the dominant predictor. These findings suggest that systemic inflammation, reflected by hs-CRP, is
measurably associated with low back pain intensity in patients with knee osteoarthritis, independent of radiographic
osteoarthritis severity. Given the cross-sectional design, these associations should not be interpreted as causal, and confirmation
in larger, longitudinal cohorts is warranted before hs-CRP can be recommended as a clinical marker for LBP risk stratification

in this population.
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