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Abstract
The objective of this study was to examine whether Magnetic resonance imaging (MRI) features of knee osteoarthritis (OA) had an
association with the level of serum uric acid (SUA). The MRI of the OA patients from June 2015 to July 2017 were studied. The
patients fulfilled the following inclusion criteria: 1) meet American College of Rheumatology (ACR) radiological and clinical criteria for
OA of the knee, 2) age�65years old, 3) Body mass index (BMI) <25kg/m2. Patients with OA were categorized into two groups
based on the level of SUA. Patients with SUA level lower than 360umol/L were recruited into the first group and the others were the
second group. Odds ratios (OR) and 95% confidence intervals (CI) for SUA level and different MRI patterns were estimated with
multivariable logistic regression.71 patients were included in this research. The mean age of the first group was 54.5±8.4 and the
second group was 55.6±6.4. The Body Mass Index (BMI) of two groups was 22.7±1.3 and 23.23±1.9 separately. The mean SUA
and creatinine (CR) level of the second group were 433.8±70.6umol/L and 80.1±23.9umol/L. There were statistically more focal
erosions, osteophytes, bonemarrow lesions and synovitis in the MRIs of the second group. A positive association between SUA level
and synovitis as well as soft tissue swelling in MRIs was observed in patients with knee OA (OR=1.017; 1.008, 95%CI: 1.007–1.028;
1.000–1.016). In conclusion, subjects with higher SUA level were more likely to have MRI abnormalities. OA patients need to lower
their SUA level in order to keep the disease from progressing.

Abbreviations: ACR = American College of Rheumatology, BMI = body mass index, CI = confidence intervals, CR = creatinine,
Gd = gadolinium, MRI = magnetic resonance imaging, OA = osteoarthritis, OR = odds ratios, SUA = serum uric acid.
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1. Introduction

Osteoarthritis (OA) which defined as a degenerative joint
disease affects almost all joint structures. It causes pain,
disability, and economic burden to more than 33% of persons
aged 60 years and older.[1] As 1 of the 5 leading causes of
disability among noninstitutionalized adults, knee OA is
usually a slowly progressing disease, whereas some patients
show more rapid progression leading to severe joint damage.[2]
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Although OA is initiated by mechanical stress on cartilage, its
progression depends on cellular and biochemical factors,
including both localized factors and systemic factors.[3] The
diagnosis of OA is currently based on radiographic criteria and
clinical symptoms.[4] In the past decade, crucial progress has
been made in the development of the radiographic technology,
especially magnetic resonance imaging (MRI). MRI is a
noninvasive technology that can generate images of the
structural changes that occur in the joint tissues, including
the progressive degradation of cartilage, menisci and ligaments,
synovial inflammation and changes to the subchondral bone
cartilage.[5]

Elevated serum uric acid (SUA) which is thought to be the
product of human purine metabolism mirroring supersaturation
of the extracellular fluid with urate is regarded as a marker of
impaired metabolism nowadays.[6] A large body of evidence has
accumulated suggests that hyperuricemia may play a role in the
development and pathogenesis of metabolic syndromes. In recent
years there has been a renewed interest in hyperuricemia and its
association with a number of clinical disorders other than gout,
including hypertension, atherosclerosis, cardiovascular disease,
and chronic kidney disease.[7] However, its relationship with OA
is still unclear. Some studies inferred that OA is not simply a
disease related to aging or mechanical stress of joints but rather a
metabolic disorder in which various interrelated humoral
mediators contribute to the initiation and progression of the
disease process.[8,9] Knee OA and metabolic syndrome share age
and obesity as risk factors. Many investigators had studied the
association of OA and other components of metabolic syndrome
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including hypertension, dyslipidemia, and impaired glucose
tolerance.[10,11] However, to our knowledge, hardly had any
studies put their focus on investigating the relationship between
SUA and knee OA. In the meantime, for the purpose of
optimizing the management of OA, it is important to discover the
possible predictors of progression of OA. The certain prognostic
factors can be used to identify high-risk groups, which may have
implications for patient information and management.
Therefore, we hypothesized that there was a latent association

of the elevated SUA levels and the MRI features of knee OA. The
objective of this study was to investigate the relationship between
them in order to provide a possible predictor of progression of
OA.
2. Materials and methods

2.1. Patients selection

To address the proposed hypothesis, potential subjects who were
in accordance with the following criteria were enrolled:
1)
 meet American College of Rheumatology (ACR) radiological
and clinical criteria for OA of the knee;
2)
 age<=65years old;

3)
 Body mass index (BMI) <25kg/m2.[4]

Exclusion criteria:
1)
 attacked by gout previously;

2)
 had surgery of the detected knee joint previously;

3)
 had other rheumatoid conditions;

4)
 had trauma of the detected joint previously.

Following these considerations, consecutive patients between
June 2015 and July 2017 were recruited in Hainan general
hospital. Subjects were informed of and provided written and
verbal consent to the experimental protocol and procedures. This
study was approved by the Ethics Committee of Hainan general
hospital (Ethical approval No.:Med-Eth[2018]78).
2.2. Clinical data and laboratory measures

For each patient, we collected demographic data covering age,
gender, height, and weight. As to the laboratory measures, blood
samples were obtained from an antecubital vein in the morning
after a requested 12 hours overnight fast. SUA and creatinine
(CR) were recorded.
Table 1

Demographics and clinical characteristics of patients.

SUA<360 SUA>=360 P value

Sex, n, female (%) 27 (72.9) 16 (47.1) .34
Age, mean (SD) years 54.5 (8.4) 55.6 (6.4) .47
Body Mass Index, mean (SD) 22.7 (1.3) 23.23 (1.9) .45
SUA, mean (SD) umol/L 268.6 (42.9) 433.8 (70.6) .13
Cr, mean (SD) umol/L 60.2 (12.2) 80.1 (23.9) .23

Cr= creatinine, SD= standard deviation, SUA= serum uric acid.
2.3. MRI data

One radiologist who was not aware of the clinical history and
laboratory results read the MRI results. Scans were made using a
3.0 T MRI Scanner (GE Signa Horizon Echospeed, LX9.0,
General Electric Medical Systems, Milwaukee). The MRI
sequences were chosen in close collaboration with an MRI
technician and musculoskeletal radiologist. Coronal, sagittal and
axial T1-weighted (T1w) fat-suppressed (fs) pre/postintravenous
gadolinium (Gd) (0.1 mmol Gd/kg body weight; Magnevist,
Bayer Schering Pharma AG, Leverkusen, Germany) images were
acquired from a 3-dimensional dual-echo technique. Patients
were in supine position with the knee joint extension placed in a
dedicated extremity coil centrally in the magnetic field.
Inflammatory and structural changes were graded as present
or absent (score 0 or 1) and a lesion by lesion comparison was
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made. One reader scored all the MRI results including the
presence of synovitis, focal erosions, joint effusion, osteophytes,
bone marrow lesions, soft tissue (including periarticular muscle,
ligament, tendon) swelling, collateral ligament discontinuity, and
meniscus injury.
2.4. Statistical analysis

Results for quantitative clinical and demographic variables were
reported as the mean± standard deviation.MRI diagnosed results
were considered as dichotomous data depend on absent/present.
The comparison of the quantitative values was performed with
Student t test for paired samples and the McNemar test for
qualitative values. The association between the SUA and the
patternsofMRIswasanalyzedbymultivariable logistic regression.
P<.05 was considered significant. Tests were performed using
statistical software SPSS 20.0.
3. Results

3.1. Demographic characteristics of patients

In order tomake the resultsmore intuitional, we artificially divided
the patients into 2 groups based on the level of SUA. Patients with
the SUA level lower than 360umol/L were recruited into the first
group. Those with higher than or equal to 360umol/L were
included in the second group.71 patients (28 male: 43female)
fulfilled the inclusion criteria. The demographic data were
summarized in Table 1. The mean age, BMI of the 2 groups were
not significantly different. The SUA level of the first group was
268.6±42.9umol/L, and the second groupwas 433.8±70.6umol/
L. The CR level of the second group was higher, however, without
dramatically different. The normal laboratory values of the SUA
and CR levels in our institution are 155 to 357umol/L and 41 to
73umol/L separately.
3.2. MRI findings of the 2 groups

The different MRI changes in 2 groups were demonstrated in
Fig. 1. The 8 most common patterns were listed in it. As shown in
Fig. 1, we included the focal erosions, osteophytes, bone marrow
lesions, joint effusion, synovitis, meniscus injury, collateral
ligament discontinuity, soft tissue swelling into our analysis. The
percentage of patients had the different lesions of the first group
were 40.5%, 29.7%, 21.6%, 71.8%, 10.8%, 75.7%, 45.9%,
and 24.3% separately. As to the second group, the number
changed to 79.4%, 58.8%, 47.1%, 82.4%, 67.6%, 50%,
32.3%, and 44.1%. There were statistically more focal erosions,
osteophytes, bone marrow lesions, and synovitis in the MRIs of
the second group.



Table 2

The association between MRI for the detection of various knee
lesions and the SUA level, including odds ratios and 95%
confidence intervals.

95% EXP(B) confidence interval

P value Exp(B) lower upper

Focal erosion .581 1.011 0.972 1.053
osteophytes .068 1.007 0.999 1.015
Bone marrow lesions .142 1.005 0.998 1.012
Joint effusion .702 0.993 0.958 1.030
Synovitis .002

∗
1.017 1.007 1.028

Meniscus injury .126 0.995 0.988 1.001
Collateral ligament discontinuity .971 1.000 0.993 1.007
Soft tissue swollen .038

∗
1.008 1.000 1.016

MRI=magnetic resonance imaging, SUA= serum uric acid.

Figure 1. MRI findings of patients with different SUA level. MRI=Magnetic resonance imaging, SUA=serum uric acid.
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3.3. The level of SUA and patterns of MRI changes

In order to certify the relationship between the level of SUA and
the MRI changes, we use multivariable logistic regression. The
results were shown in Table 2. In the analysis process, statistically
significant associations were found between the level of SUA and
2 MRI features including synovitis (odds ratio [OR]=1.017,
95% confidence interval [CI] 1.007–1.028; P= .02) and soft
tissue swelling (OR=1.008, 95% CI 1.000–1.016; P= .038).

4. Discussion

OA is thought to be the most prevalent chronic joint disease in the
world.[1] The incidence of OA is rising because of the aging
population and the epidemic of obesity.[2] Therefore, it is profound
todemonstrate the possible predictors ofOA,whichmaydefine the
implications for patient information in order to make the suitable
treatment plan. The aim of this study was to assess the association
between SUA level and MRI-based assessments of knee OA. Our
study suggested a positive association between SUA level and 2
MRI features including synovitis and soft tissue swelling. Our
finding was consistent with the recent result achieved by Oshinsky
et al discovering that patients with hyperuricemiaweremore likely
to experience a more rapid rate of OA progression, and to have a
higher rate of synovitis as seen on MRI.[12]

Knee OA and metabolic syndrome share many risk factors
together.[13] Meanwhile, hyperuricemia is regarded as a new
3

marker for metabolic syndrome.[14] However, hardly had any
studies put their focus on investigating the potential relationship
between changes in the MRI findings of knee OA and the SUA
level until now. We enrolled patients in accordance with the
following criteria:
1)
 meet ACR radiological and clinical criteria for OA of the knee;

2)
 age<=65years old;

3)
 BMI<25kg/m2.[4]
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As prior studies implied that unit increase in BMI was related
to the increased odds of OA meeting ACR criteria clinically/
radiographically estimated with logistic regression models
independent of other serum indexes.[15–17] These data indicated
that the impact of BMI may obscure the impact of gout on OA
among obese populations. Therefore, we only included non-
overweight subjects in this study. We divided the patients into 2
groups as we had mentioned above. The most common
radiographic change of the first group was meniscus injury.
75.7% patients of the group had the alteration. As to the second
group, joint effusion was the most familiar. There were
statistically more focal erosions, osteophytes, bone marrow
lesions and synovitis in the images of the second group. A
potential mechanism underlying the observed result may be
angiogenesis of subchondral bone caused by uric acid. As we all
know, OA was no longer deemed to be a non-inflammatory
disease driven by articular cartilage “wear and tear”. Recent
evidence has led to a new view that OA pathophysiology should
be perceived in the context of the entire joint with involvement of
several tissues in which the synovium, meniscus and soft tissue
also plays a pivotal role.[4,18,19] We detected that there were
statistically positive associations between the level of SUA and 2
MRI features including synovitis and soft tissue swelling.
Synovitis was thought to be a significant predictor for all
measures of radiographic progression including development of
erosions.[20] As a result, patients with relatively higher SUA level
may have a more rapid radiographic progression. In other word,
OA patients may need to lower their SUA level to keep the disease
from progressing. As to soft tissue swelling, according to the
traditional view of it, cartilage matrix macromolecules are
released into the joint fluid during degradation, triggering a
secondary inflammation reaction, in the meantime, causing pain
to the patients.[18] Consequently, it resulted in acute inflamma-
tion process in the joint area. Anna E. and her colleagues
substantiated that uric acid may be a factor promoting the
pathological process of OA through activation of the inflamma-
some, which may explain why the higher SUA level was related to
the MRI soft tissue swelling.[21] There had been several studies
put their effort on discovering the association between uric acid
and patterns of OA. One research concluded that there was a
possible role of elevated SUA in the multifactorial etiology of
generalizedOA.Nonetheless, they observed negative relationship
between SUA andOA of the knee joint.[22] However, they did not
probe into the different changes in radiographic images.
Meanwhile, they use X-ray as radiographic assessment tool
which may make them ignore some early changes during disease
course. In 2015, one report regarding the relationship of gout and
OA gave the conclusion that the presence of asymptomatic
hyperuricemia was associated with increased kneeOA prevalence
and severity.[17] This result was consistent with ours, at the same
time, gave our conclusion a reasonable explanation.
In the interpretation of our results, the following limitations

require careful discussion. First, our study only included 71
patients. The small sample size of this study may have increased
the possibility of type II error. In the meantime, these participants
do not represent the entire general population because they were
recruited from only one area. Second, as our study was
retrospective, it was difficult to know the exact pain degree of
the outpatients at that moment. As a result, a more precise
designed and larger-population prospective study is needed to
further assess these potentially promising findings.
4

In conclusion, several important findings of this study might
have implications in clinical practice or future research should be
paying attention to. Our study determined that the SUA seemed
to play a role in the radiographic progression of OA. Subjects
with higher SUA were more likely to have MRI abnormalities.
Thus, OA patients need to lower their SUA level compared with
normal people in order to keep the disease from processing.
Further studies could focus on the underlying factors that may
play a role during the radiographic progression in OA patients
with higher SUA level.
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