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Abstract

Background: A growing body of evidence suggested that uric acid (UA) may contribute in the pathways underlying
osteoarthritis (OA) pathogenesis; however, studies that investigated the relationship between UA and OA emerged
inconclusive results. The purpose of the study was to explore the association of serum uric acid (sUA) levels with
clinical severity, radiological severity of knee osteoarthritis (KOA) based on Kellgren-Lawrence (KL) grading system, and
MRI changes in non-gouty patients.

Results: WOMAC scores: pain, stiffness, function, and total score are significantly higher in H-sUA group than L-sUA
group (p = 0.004, p = 0.019, p = 0.018, p = 0.008 respectively). Joint space width (JSW) is significantly narrower in H-sUA
group than L-sUA group (p = 0.013). H-sUA group had more frequent KL grade 4 (p < 0.001), osteophytes grade 4
(p < 0.001), focal bone erosion (p < 0.001), bone marrow lesions (p = 0.023), and synovitis (p = 0.011) than L-sUA group.
Female KOA patients in H-sUA group had significantly higher pain, stiffness, and function and total WOMAC scores
than L-sUA group (p = 0.003, p = 0.015, p = 0.008, p = 0.004), more frequently had KL grade 4 and osteophytes grade 4
(p = 0.003, p < 0.001), significantly narrower JSW (p = 0.016), more frequently show focal bone erosion (p = 0.002),
bone marrow lesions (p = 0.019), and synovitis (p = 0.004) than L-sUA group. In regression analysis, female sex
(p = 0.035), duration of KOA (p = 0.031), and sUA level (p = 0.025) were associated with KL severity. For female patients
with KOA, KL severity is associated with duration of KOA (p = 0.045) and sUA (p = 0.009).

Conclusion: Higher sUA level is associated with higher clinical severity, higher radiographic KL grades, and more
frequent MRI findings in patients with primary KOA patients. Our results also indicated that sUA level was significantly
associated with KOA severity in female patients, but not in male patients. More studies are warranted to explore
whether the two conditions exist simultaneously or there is a direct causal relationship between the two conditions.
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Background
Osteoarthritis (OA) is a leading cause of chronic pain,
impaired mobility, and reduced quality of life in the eld-
erly population [1]. Knee OA (KOA) is the 11th highest
contributor to global disability [2] and accounts for >
80% of the total burden of the diseases [3]. At least 19%

of adults aged 45 years or older had KOA [4]. The life-
time risk of developing symptomatic KOA is ~ 45% (40%
in males and 47% in females), with higher risk (~ 60.5%)
in obese persons [5].
KOA results from a combination of breakdown of ar-

ticular cartilage due mechanical loading [6] and chronic
inflammation [7]; however, the deeper molecular mecha-
nisms underlying KOA remain largely unclear and scant-
ily investigated, hindering efforts to develop strategy for
disease prevention and treatment [8]. On the other hand,
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KOA is typically a slowly progressing condition; how-
ever, some patients had a rapid progression of structural
damage [9]. Therefore, advances in our understanding of
KOA pathogenesis may lead to introduction of novel
therapeutic strategies for this condition [10].
Uric acid (UA) is a metabolically active molecule.

Urate deposition within joints and soft tissues can in-
duce acute painful gouty arthritis. However, UA can
also drive low-level chronic inflammatory state, even
in the absence of gout [11, 12]. Epidemiologically, old
age and obesity are common risk factors for OA and
urate deposition in tissues and both conditions share
a common tendency for certain joints, including the
knee joint [10]. Additionally, OA is associated with
interleukin-1 (IL-1) response [13], a key mediator of
the inflammatory response to urate deposition in tis-
sues [14].
A growing body of evidence suggested that UA may

contribute in the pathways underlying OA pathogen-
esis [15]; however, studies that investigated the rela-
tionship between UA and OA emerged inconclusive
results. In the one hand, OA severity was found to be
correlated with serum UA (sUA) level in non-gouty
patients [16, 17]. On the other hand, it was reported
that sUA level was not significantly associated with
KOA, although the same study observed a trend to-
ward such an association in female patients with
KOA [18]. The aim of this study is to explore the as-
sociation of sUA levels with clinical and radiological
severity of KOA based on Kellgren-Lawrence (KL)
grading system and MRI changes in non-gouty
patients.

Methods
Patients selection
A total of 200 consecutive patients with KOA were
invited to participate in this cross-sectional study. Pa-
tients were recruited from the Outpatient Clinics of
Rheumatology and Rehabilitation Department between
June 2018 and June 2020. For inclusion in the study,
patients should meet the American College of
Rheumatology radiological and clinical criteria for
diagnosis of KOA [19].
We excluded patients with secondary KOA, history

of gouty arthritis, patients with metabolic syndrome
or any of its individual components, any other form
of knee arthritis (including other crystal arthritis, in-
fectious arthritis, inflammatory arthritis, or sero-
negative spondylo-arthropathy), previous knee surgery,
or knee trauma, patients currently using UA-lowering
medication, and hyaluronan and/or corticosteroid in-
jection to the affected knee within 3 past months. Pa-
tients with body mass index (BMI) ≥ 33 kg/m2 were
not enrolled in this study to minimize impact of
obesity on OA/inflammatory biomarkers [20]. For the
current study, we included only patients whose KOA
was predominantly medial (i.e., medial joint space
width (JSW) less than lateral JSW on radiographic as-
sessment), consistent with the OA Research Society
International recommendations [21].
Patients were informed about study aim and proce-

dures prior to inclusion in the study. Patients willing to
participate in the study had provided written informed
consent. The study was approved by the local Ethical
Committee.

Fig. 1 Flowchart for KOA patients participated in the study
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Clinical data and laboratory measures
Patients were clinically assessed through full history tak-
ing followed by general and local examinations. Data re-
garding age, sex, duration of KOA, presence of co-
morbidities, and current medications were recorded and
BMI was calculated. All patients completed Western
Ontario and McMaster Universities OA Index
(WOMAC) questionnaire [22].
Venous blood sample was withdrawn from antecubital

vein from every patient in the morning after twelve
hours overnight fast. Serum samples had been collected
in serum collection tubes, and serum has been isolated
within 60 min of collection then placed in aliquots and

stored at − 70 °C until time of assessment of sUA levels.
The sUA measurements were performed at the Clinical
Pathology labs by the automated colorimetric assay
using a Cobas c 111 analyzer–Roche, Germany. The pa-
tients were subdivided into two groups according to the
solubility point of sUA at body temperature (= 6.8 mg/
dl) [23]; a group of patients with low sUA (< 6.8 mg/dl)
“L-sUA group” and the other group included the pa-
tients with high sUA (≥ 6.8 mg/dl) “High-sUA group.”

Radiological examination
All radiological images were performed and interpreted
by the same experienced musculoskeletal radiologist

Table 1 Comparison of socio-demographic characteristics, clinical findings, and radiological findings between knee osteoarthritis
patients in low serum uric acid group versus high serum uric acid group

L-sUA group H-sUA group P

Age (years) (mean ± SD) 59.7 ± 5.8 59.5 ± 6.8 0.898*

Females sex (, %) 89, 74.2% 23, 53.5% 0.012**

Residence (n, %)

Rural 54, 45.0% 20, 46.5%

Urban 66, 55.0% 23, 53.5% 0.864**

Educational level (n, %)

Basic 36, 30.0% 11, 25.6%

Secondary 34, 28.3% 11, 25.6%

Higher 50, 41.7% 21, 48.8% 0.714**

BMI (kg/m2) (mean ± SD) 22.6 ± 1.4 22.8 ± 1.6 0.452*

Duration of KOA (years) (mean ± SD) 10.7 ± 3.2 10.3 ± 3.7 0.469*

WOMAC score (mean ± SD)

Pain subscale 8.3 ± 3.6 10.2 ± 4.0 0.004*

Stiffness subscale 2.2 ± 1.1 2.6 ± 1.2 0.019*

Function subscale 30.8 ± 9.8 35.0 ± 10.1 0.018*

Total score 41.2 ± 13.7 47.8 ± 14.1 0.008*

KL grade (n, %)

Grade 2 58, 48.3% 10, 23.3%

Grade 3 43, 35.8% 15, 34.9%

Grade 4 19, 15.8% 18, 41.9% < 0.001**

Osteophytes (n, %)

Grade 2 60, 50.0% 8, 18.6%

Grade 3 43, 35.8% 14, 32.6%

Grade 4 17, 14.2% 21, 48.8% < 0.001**

JSW (mm) (median [IQR]) 1.75 [1.67] 1.10 [1.70] 0.013***

Focal erosion (n, %) 47, 39.2% 30, 69.8% < 0.001**

Bone marrow lesions (n, %) 38, 31.7% 22, 51.2% 0.023**

Effusion (n, %) 48, 40.0% 18, 41.9% 0.831**

Synovitis (n, %) 43, 35.8% 25, 58.1% 0.011**

Soft tissue swelling (n, %) 40, 33.3% 18, 41.9% 0.316*

KOA knee OA, L-sUA low serum uric acid, H-sUA high serum uric acid, SD standard deviation, BMI body mass index, WOMAC Western Ontario and McMaster
Universities OA Index, KL Kellgren-Lawrence, JSW joint space width, mm millimeters, IQR interquartile range
* Student’s t test, ** chi-square test, *** Mann-Whitney U test, significance level was set at p ≤ 0.05
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who was blinded to the clinical and laboratory findings
of the patients.
Patients underwent 45° posteroanterior flexion weight-

bearing plain radiograph of both knee joints. The KOA
severity and osteophytes grading was determined ac-
cording to the Kellgren-Lawrence (KL) grading system
[24]. The minimum JSW, defined as the inter-bone dis-
tance, was measured in millimeters (mm) at the medial
tibiofemoral joint space [25]. The knee joint with higher
KL grade was recognized as the index knee. Only the
data of the index were analyzed in this study. For mag-
netic resonance image (MRI) examination, patients were
placed in supine position with the knee joint extended.
MRI inflammatory and structural changes including
synovitis, focal bone erosions, effusion, bone marrow le-
sion, and soft tissue swelling were reported as present or
absent.

Statistical analysis
Continuous variables were normally distributed and
were presented as mean ± standard deviation (SD).
Categorical data were presented in number and per-
centage. Comparisons were determined by using inde-
pendent sample Student’s t test for two variables with
continuous data. Chi-square test was used for
comparison of variables with categorical data.
Multivariable-adjusted association between radio-
graphic severity of KOA, measured by KL grade and
the potential covariant variables was evaluated by lo-
gistic regression in patients with KOA and in female
patients with KOA. All data analyses were performed

using SPSS version 20.0. P ≤ 0.05 was considered sta-
tistically significant.

Results
A total of 200 consecutive patients with KOA were in-
vited to participate in the study. Among these patients,
11 did not provide a written consent for participation in
the study and were excluded from the study. Another 26
patients were excluded from the study due to BMI > 33
kg/m2 (n = 8), hyaluronan injection (n = 8), or cortico-
steroid injection (n = 3) of the affected knee within 3
months, secondary KOA (n = 5) and previous trauma/
surgery (n = 2), leaving 163 patients, 112 females and 51
males, eligible to participate in the study. The average
level of sUA in the eligible KOA patients was 5.6 ± 1.2
mg/dl. The flowchart for patient selection and grouping
is demonstrated in Fig. 1.

KOA patients
As shown in Table 1, the WOMAC pain, stiffness, and
function scores are significantly higher in KOA patients
in the H-sUA group compared to L-sUA group (p =
0.004, p = 0.019 and p = 0.018 respectively). The total
WOMAC score was also significantly higher in KOA pa-
tients with H-sUA than L-sUA (p = 0.008).
On plain radiography imaging, H-sUA group showed

more severe changes than L-sUA group of patients. The
KL grade 4 in plain radiography is more frequent in the
H-sUA group than L-sUA group (41.9% vs. 15.8% re-
spectively, p < 0.001). The osteophytes in grade 4 were
also more frequently seen in the H-sUA group than L-

Fig. 2 Comparison of the JSW between KOA patients in L-sUA group versus H-sUA group
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sUA group (48.8% vs. 14.2% respectively, p < 0.001)
(Table 1). In addition, the JSW is significantly narrower
in the H-sUA group than L-sUA group (p = 0.013)
(Table 1, Fig. 2).
On MRI examination, patients in H-sUA group more

frequently show focal bone erosion (69.8% vs. 39.2% re-
spectively), bone marrow lesions (51.2% vs. 31.7% re-
spectively), and synovitis (58.1% vs. 35.8% respectively)
than L-sUA group. These differences were significant (p
< 0.001, p = 0.023, and p = 0.011 respectively) (Table 1).

Female KOA patients
Females KOA patients in H-sUA group had significantly
higher pain, stiffness, and function scores than L-sUA

group (p = 0.003, p = 0.015, p = 0.008 respectively). The
WOMAC total score was also significantly higher in H-
sUA than L-sUA group of females with KOA (p =
0.004). Female patients with KOA in H-sUA group more
frequently had KL grade 4 (39.1% vs. 11.2% respectively)
and osteophytes grade 4 (56.5% and 11.2% respectively).
These differences were significant (p = 0.003 and p <
0.001 respectively) (Table 2). Moreover, JSW is signifi-
cantly narrower in female KOA patients in H-sUA group
than L-sUA group (p = 0.016) (Table 2, Fig. 3).
On MRI examination, female patients in H-sUA group

more frequently show focal bone erosion (73.9% vs.
37.1% respectively), bone marrow lesions (56.5% vs.
30.3% respectively), and synovitis (73.9% vs. 40.4%

Table 2 Comparison of socio-demographic characteristics, clinical findings, and radiological findings between female knee
osteoarthritis patients in low serum uric acid group versus high serum uric acid group

L-sUA group H-sUA group P

Age (years) (mean ± SD) 59.4 ± 5.6 59.5 ± 6.7 0.970*

Residence (n, %)

Rural 37, 41.6% 10, 43.5%

Urban 52, 58.4% 13, 56.5% 0.869**

Educational level (n, %)

Basic 28, 31.5% 5, 21.7%

Secondary 25, 28.1% 6, 26.1%

Higher 36, 40.4% 12, 52.2% 0.549**

BMI (kg/m2) (mean ± SD) 22.6 ± 1.4 22.7 ± 1.7 0.790*

Duration of KOA (years) (mean ± SD) 10.9 ± 3.1 10.7 ± 3.7 0.732*

WOMAC score (mean ± SD)

Pain subscale 8.4 ± 3.5 10.9 ± 4.0 0.003*

Stiffness subscale 2.1 ± 1.0 2.7 ± 1.3 0.015*

Function subscale 30.7 ± 9.8 36.9 ± 9.6 0.008*

Total score 41.2 ± 13.6 50.5 ± 13.6 0.004*

KL grade (n, %)

Grade 2 48, 53.9% 6, 26.1%

Grade 3 31, 34.8% 8, 34.8%

Grade 4 10, 11.2% 9, 39.1% 0.003**

Osteophytes (n, %)

Grade 2 45, 50.6% 3, 13.0%

Grade 3 35, 39.3% 7, 30.4%

Grade 4 9, 10.1% 13, 56.5% <0.001**

JSW (mm) (median [IQR]) 2.40 [1.60] 1.30 [2.10] 0.016***

Focal erosion (n, %) 33, 37.1% 17, 73.9% 0.002**

Bone marrow lesions (n, %) 27, 30.3% 13, 56.5% 0.019**

Effusion (n, %) 28, 31.5% 8, 34.8% 0.761**

Synovitis (n, %) 36, 40.4% 17, 73.9% 0.004**

Soft tissue swelling (n, %) 28, 31.5% 9, 39.1% 0.486**

KOA knee OA, L-sUA low serum uric acid, H-sUA high serum uric acid, SD standard deviation, BMI body mass index, WOMAC Western Ontario and McMaster
Universities OA Index, KL Kellgren-Lawrence, JSW joint space width, mm millimeters, IQR interquartile range
* Student’s t test, ** chi-square test, *** Mann-Whitney U test, significance level was set at p ≤ 0.05
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respectively) than patients in L-sUA group. These differ-
ences were significant (p = 0.002, p = 0.019, p = 0.004
respectively) (Table 2).

Male KOA patients
No significant difference was found as regards the clinical
or imaging findings between the male KOA patients in H-
sUA group in comparison to L-sUA group (Table 3).

Regression analysis
The multivariable-adjusted associations with the severity
of KOA measured by the KL grade in patients with
KOA and in female patients with KOA are shown in Ta-
bles 4 and 5. Factors that demonstrated significant asso-
ciation with the KL grade in patients with KOA include
female sex (p = 0.035), duration of KOA (p = 0.031), and
sUA level (p = 0.025). For female patients with KOA, a
significant association between KL grade and duration of
KOA (p = 0.045) and sUA (p = 0.009) was observed.

Discussion
The results of the present study revealed that KOA pa-
tients in H-sUA group had significantly worse WOMAC
pain, stiffness, and function scores and worse WOMAC
total score than patients in L-sUA group. In addition, H-
sUA group showed more severe x-ray changes, as they
display significantly more frequent KL grade 4, more fre-
quent grade 4 osteophytes, and narrower JSW than L-
sUA group. On MRI examination, patients in H-sUA
group more frequently show focal bone erosion, bone
marrow lesions and synovitis than patients in L-sUA
group.

Xiao et al. [17] enrolled 71 patients with primary KOA
without previous attack of gout, and patients were cate-
gorized into two groups based on the level of sUA at a
cutoff point of 360 μmol/L (equivalent to 6.05 mg/dl).
The aim of that study was to assess the association be-
tween sUA and MRI-based assessment of KOA severity.
The study found that KOA patients with sUA > 360
μmol/L had significantly more focal erosions, osteo-
phytes, bone marrow lesions, and synovitis and soft tis-
sue swelling than patients with sUA < 360 μmol/L. The
study concluded that primary KOA patients with higher
sUA level were more likely to have more severe MRI
findings, in agreement with our findings.
In the cross-sectional study of Srivastava et al. [26],

that included 570 patients with primary KOA without
history of gout, the results revealed that the patients
with higher sUA had significantly more severe WOMAC
score of the three subscales; pain, stiffness, and function
as well as total WOMAC score. In addition, the study
reported a significant increase in sUA levels with radio-
logical severity in terms of KL grade.
Also, in support with our findings, previous studies

had found that the highest tertile of sUA level is associ-
ated with osteophytes in KOA [27] and even with gener-
alized OA [28]. In addition, one previous study that
explored the relationship of sUA and OA gave the con-
clusion that KOA prevalence and severity were signifi-
cantly increased in patients with elevated sUA [29].
In contrast, Krasnokutsky et al. [20] found that sUA

did not correlate with KOA severity measured as
WOMAC pain score, KL grade, and JSW. In that study,
22.7% of the KOA patients had KL grade 1 instead of

Fig. 3 Comparison of the JSW between female KOA patients in L-sUA group versus H-sUA group
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the more conventionally defined KL score > 2 for defin-
ing OA used in the present study which may explain the
inconsistency between the findings of the present study
from that of Krasnokutsky et al. However, the same
study reported that KOA patients with sUA level > 6.8
mg/dl at baseline had significantly narrower JSW and
more evident synovitis after 24 months than KOA pa-
tients with sUA level < 6.8 mg/dl in the univariate
analysis and the correlation remained significant in

the multivariate analysis. This later finding provides a
clue for the role of sUA in the progression of severity
of the KOA.
In support to the relationship between the sUA and

WOMAC score, two randomized clinical trials showed a
significant improvement rate of total WOMAC score
from 57.9 to 23.5% [30] and from 49 to 39% [31] at 20
weeks in a group of patients receiving colchicine than in
control group receiving placebo.
Next, we categorized the patients that participated in

this study into two gender-based subgroups to deter-
mine whether gender contributes to the harmful effects
of sUA on KOA. Our results showed that female pa-
tients with KOA in H-sUA group had significantly more
severe WOMAC subscales and total scores, and in plain
x-ray, had more frequent KL grade 4, more frequent
grade 4 osteophytes, and narrower JSW than female pa-
tients in L-sUA group. On MRI examination, female pa-
tients with KOA in H-sUA group more frequently
showed focal bone erosion, bone marrow lesions, and
synovitis than patients in L-sUA group. In contrast,
there were no such significant differences regarding clin-
ical and radiological findings between male patients with
KOA in H-sUA group as compared to L-sUA group.
In agreement with our findings, a Chinese study that

assessed the association between sUA and radiographic
changes in 4685 OA patients revealed that the highest
tertile of sUA level was positively correlated with osteo-
phytes in female patients with KOA, but not in male pa-
tients [27]. In support for the gender differences
regarding the effect of sUA, previous studies have ob-
served that the sUA level was related to KOA and also
with hand OA in female patients, but not in male pa-
tients [32, 33]. The findings obtained by Kim et al.’s [18]
study indicated that sUA level was not significantly asso-
ciated with OA in the male patients with OA, although
there was a trend toward such a relationship in female
patients. The gender differences regarding the associ-
ation of sUA with KOA severity can be attributed to the
abnormal biomechanical environments and aberrant sex
hormone modulation as it had been shown that sUA rise
significantly after menopause [34, 35].
To determine the factors related to severity of KOA,

based on KL grade, we performed regression analysis in
patients with KOA and in the subgroup of females with
KOA. In regression analysis, female sex, duration of
KOA, and sUA level were associated with KL grade in
KOA patients. For female patients with KOA, a signifi-
cant association between KL grade and duration of KOA
and sUA was observed. Consistent to our findings, Ding
et al. [27] found a positive association between osteo-
phyte severity and sUA in female patients in the multi-
variate analysis and the prevalence of osteophytes was
increased in the highest tertile of UA compared to the

Table 3 Comparison of socio-demographic characteristics,
clinical findings, and radiological findings between male knee
osteoarthritis patients in low serum uric acid group versus high
serum uric acid group

L-sUA group H-sUA group p

Age (years) (mean ± SD) 60.3 ± 6.5 59.6 ± 7.1 0.703*

Residence

Rural 17, 54.8% 10, 50.0%

Urban 14, 45.2% 10, 50.0% 0.735**

Educational level (n, %)

Basic 8, 25.8% 6, 30.0%

Secondary 9, 29.0% 5, 25.0%

Higher 14, 45.2% 9, 45.0% 0.928**

BMI (kg/m2) (mean ± SD) 22.7 ± 1.6 23.0 ± 1.6 0.512*

Duration of KOA (years) 10.1 ± 3.5 9.9 ± 3.7 0.787*

WOMAC score (mean ± SD)

Pain subscale 8.1 ± 3.9 9.4 ± 4.0 0.242*

Stiffness subscale 2.3 ± 1.2 2.5 ± 1.1 0.542*

Function subscale 30.8 ± 9.8 32.8 ± 10.5 0.512*

Total score 41.2 ± 14.2 44.7 ± 14.4 0.403*

KL grade (n, %)

Grade 2 10, 32.3% 4, 20.0%

Grade 3 12, 38.7% 7, 35.0%

Grade 4 9, 29.0% 9, 45.0% 0.452**

Osteophytes (n, %)

Grade 2 15, 48.4% 5, 25.0%

Grade 3 8, 25.8% 7, 35.0%

Grade 4 8, 25.8% 8, 40.0% 0.243**

JSW (mm) (median [IQR]) 1.10 [0.80] 1.05 [1.73] 0.575***

Focal erosion (n, %) 14, 45.2% 13, 65.0% 0.166**

Bone marrow lesions (n, %) 11, 35.5% 9, 45.0% 0.497**

Effusion (n, %) 20, 64.5% 10, 50.0% 0.304**

Synovitis (n, %) 7, 22.6% 8, 40.0% 0.183**

Soft tissue swelling (n, %) 12, 38.7% 9, 45.0% 0.656**

KOA knee OA, L-sUA low serum uric acid, H-sUA high serum uric acid, SD
standard deviation, BMI body mass index, WOMAC Western Ontario and
McMaster Universities OA Index, KL Kellgren-Lawrence, JSW joint space width,
mm millimeters, IQR interquartile range
* Student’s t test, ** chi-square test, *** Mann-Whitney U test, significance
level was set at p ≤ 0.05
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lowest among the female patients. These associations
were not demonstrated in males.
Synovitis was thought to be a significant predictor for

radiographic progression of hand OA including develop-
ment of erosions [36], and MRI-detected synovitis is
considered a risk factor for initiation and progression of
OA [37, 38]. Furthermore, synovitis in OA patients cor-
relates with radiographic OA severity [39]. Our results
revealed that synovitis was more frequent among KOA
patient in H-sUA group compared to patients in L-sUA
group, in agreement with previous studies [17, 20]. The
presence of significantly more frequent synovitis in KOA
patients with higher sUA level provide an explanation
why these patients demonstrated a more rapid and se-
vere radiographic progression.
It had been suggested that synovial fluid is mainly a

hyper-filtrate of serum. In this context, synovial mem-
brane in OA may contribute to elevated urate level in
the joint because OA synovium is permeable to water
more than to urates and, hence, resorption of water
from the joint space to circulation is faster than urate

resorption in the resting joint leading to a relative eleva-
tion in urate concentration [10, 16].
The assumption that synovial fluid is mainly an ultra-

filtrate of serum comes in support for the causal rela-
tionship between sUA levels and OA, with increased
concentration of synovial fluid urate is promotor for
damage of the cartilage [16]. Chondrocytes express urate
transporters, and thus they are capable of taking up sol-
uble urate. Urate deposition drives intra-cellular pro-
oxidant effect and production of IL-1β, a major cytokine
involved in mechanisms underlying OA progression
[14]. On the other hand, OA progression can be has-
tened intrinsically by chondrocytes death by UA-
dependent cycle [40]. Dying chondrocytes can locally
generate UA, which act as a danger signal to activate in-
flammatory responses of neighboring cells promoting
the pathological process of OA, which may explain why
higher sUA levels were related to synovitis [41].
The present study had some limitations. The study in-

cluded 163 patients with primary KOA. The relatively
small sample size may increase the probability of type II

Table 4 Multivariate regression analysis for factors associated with Kellgren-Lawrence grade in patients with knee osteoarthritis

Unstandardized coefficients Standardized Coefficients t p

B Std. error Beta

In KOA patients

(Constant) − 5.767 2.934 − 1.965 0.052

Age − 0.261 0.137 − 0.173 − 1.902 0.060

Sex − 0.284 0.133 − 1.216 − 2.134 0.035

Residence 0.230 0.139 0.153 1.656 0.101

Education − 0.075 0.081 -0.084 -0.924 0.358

BMI 0.036 0.048 0.068 0.749 0.456

Duration 0.136 0.062 0.203 2.189 0.031

SUA 0.166 0.073 1.291 2.270 0.025

KL Kellgren-Lawrence, KOA Knee OA, BMI Body mass index, SUA Serum uric acid

Table 5 Multivariate regression analysis for factors associated with Kellgren-Lawrence grade in female patients with knee
osteoarthritis

Unstandardized coefficients Standardized Coefficients t p

B Std. error Beta

In female KOA patients

(Constant) − 0.241 1.850 -0.130 0.897

Age 0.262 0.141 0.174 1.851 0.067

Residence 0.015 0.041 0.118 0.369 0.713

Education − 0.084 0.083 − 0.095 − 1.018 0.311

BMI 0.047 0.049 0.090 0.956 0.341

Duration − 0.284 0.140 − 0.189 − 2.030 0.045

SUA 0.166 0.062 0.248 2.677 0.009

KL Kellgren-Lawrence, KOA Knee OA, BMI Body mass index, SUA Serum uric acid
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error. Hence, more studies on larger sample sizes are
necessary to confirm generalizability of the findings
obtained by the present study. Elevated sUA levels are
regarded as a component of metabolic syndrome and
hence abdominal obesity is likely to be more relevant to
be associated with KOA and hyperuricemia rather than
BMI. Abdominal obesity and hyperuricemia are strongly
associated with sedentary behavior and abdominal obes-
ity. Exploring of the possible link between other con-
founding factors including the abdominal obesity is
warranted. In the present study, we had classified our
patients according to the solubility point of sUA and ac-
cordingly, at this cutoff point sUA level was significantly
associated with KOA severity in female patients, but not
in male patients probably suggesting that males may had
a different cutoff point; this is an area of future study. In
addition, a follow up study is warranted to explore the
ability of the sUA to predict future deterioration of the
osteoarthritic joint. The possible ability of sUA lowering
drugs in hindering KOA progression had to be explored.

Conclusion
Higher sUA level is associated with higher clinical sever-
ity, higher radiographic KL grades, and more frequent
MRI findings in patients with primary KOA patients.
Our results also indicated that sUA level was signifi-
cantly associated with KOA severity in female patients,
but not in male patients. More studies are warranted to
explore whether the two conditions exist simultaneously
or there is a direct causal relationship between the two
conditions.
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