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Objective: The aim of present study was to explore whether the combination of serum uric acid and pro-inflammatory cytokines
could improve the accuracy of diagnosis of gout.
Methods: A total of 94 patients with gout were selected as the patient group, and 52 healthy subjects were selected as the control
group. Serum levels of uric acid and pro-inflammatory cytokines (C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis
factor-α (TNF-α)) were measured in both groups. Correlation between serum uric acid and pro-inflammatory cytokines was assessed
using Pearson correlation analysis. The area under curve (AUC) of CRP, IL-6, TNF-α combined with uric acid for the diagnosis of
gout were evaluated by receiver operating characteristic (ROC) curve method.
Results: Compared with the control group, the levels of serum uric acid, CRP, TNF-α and IL-6 were significantly increased in the
patients. Moreover, there was a positive correlation between serum uric acid and CRP (r = 0.179, P = 0.033), IL-6 (r = 0.194, P =
0.039), and TNF-α (r = 0.496, P < 0.001) levels. Furthermore, the AUCs of CRP, IL-6, TNF-α combined with uric acid level for the
diagnosis of gout were 0.932, 0.884, and 0.972, respectively. Additionally, the AUC for the combination of uric acid, CRP, and TNF-α
was 0.982 in discriminating patients with gout from healthy volunteers.
Conclusion: The combination of serum uric acid and pro-inflammatory cytokines could improve the accuracy of diagnosis of gout.
Keywords: gout, uric acid, pro-inflammatory cytokine, diagnosis

Introduction
Gout, characterized by the deposition of monosodium urate crystals (MSU) in joints and tendons, is the most common
form of inflammatory arthritis.1 The prevalence of gout varies among ethnic groups with overall lower frequency in
Europe (0.9–2.5%) and America (3.9%) as compared to some Oceanic-Pacific ethnic groups (over 6%).2 Despite the
availability of valid therapeutic options, gout is often misdiagnosed and its long-term management is suboptimal.3,4

Detection of MSU crystals in synovial fluid is the gold standard for diagnosis of gout, however, this is rarely performed
for the reason that obtaining a sample may be technically difficult, painful for the patient and the accuracy of the results
may be affected by multiple factors.5 Other diagnostic methods such as X-ray, dual-source CT (DSCT), magnetic
resonance imaging (MRI), and high-frequency ultrasound also have disadvantages such as inability to assess early soft
tissue changes, low positive rates, and high prices.6,7 Hyperuricemia, defined as a serum urate level above the upper limit
of the normal reference range, is considered an important biochemical detection marker for the diagnosis of gout.8–10

Epidemiological data show that serum uric acid levels are closely related to the incident gout.11 However, emerging
evidence suggest that not all hyperuricaemic patients have or will develop gout.12,13 Thus, 2018 updated European
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League Against Rheumatism evidence-based recommendations for the diagnosis of gout suggests that the diagnosis of
gout should not be made on the presence of hyperuricaemia alone.13 Therefore, it is of great clinical significance to
explore efficient biochemical markers to improve the accuracy of uric acid in the diagnosis of gout.

Gout is now regarded as systemic inflammatory disease driven by activation of the innate immune system.14 Studies
on the underlying mechanisms of gouty inflammation provide remarkable insights into the inflammasome and pro-
inflammatory cytokine release. Specifically, tumor necrosis factor-α (TNF-α), some interleukins, and NOD-like receptor
protein 3 (NLRP3) inflammasome mediate the development of gout and induce a series of cascade inflammatory
amplification reactions through the participation of macrophages, monocytes and neutrophils.15 It has been reported
that the serum levels of pro-inflammatory cytokines such as interleukin-6 (IL-6) and TNF-α were significantly increased
in gout patients compared to healthy controls.16 Therefore, whether pro-inflammatory cytokines could serve as objective
and reliable biological indicators for the diagnosis of gout was evaluated in the present study.

Considering the elevated levels of pro-inflammatory cytokines in peripheral blood of patients with gout, together with
the crucial role of uric acid in the pathophysiology of gout, the aim of the present study was to investigate whether pro-
inflammatory cytokines and uric acid could be used as noninvasive biomarkers for the diagnosis of gout and their
combination could improve the accuracy of diagnosis of gout.

Materials and Methods
Patients
A total of 94 patients with gout from Department of Rheumatology and Immunology at Third Affiliated Hospital of
Anhui Medical University between May 2018 and November 2021, fulfilling the classification criteria of 2015 American
College of Rheumatology/European League Against Rheumatism (ACR/EULAR), were enrolled in the study. Patients
with clinical evidence of other autoimmune diseases, hematologic diseases, malignancies, infections and abnormal liver
function were excluded. In order to avoid sex-related errors, all patients were male. A total of 50 age- and sex-matched
healthy individuals without evidence of illness and abnormal serum urate concentrations were recruited as controls. The
study was approved by the Ethics Committee of Hefei First People’s Hospital and was conducted according to the
principles of the Declaration of Helsinki. Informed written consent was obtained from all subjects.

Samples and Measurements
The blood samples from patients with gout and healthy controls were collected from the participants’ vein between 7:00
A.M. and 8:00 A.M., and immediately centrifuged at 3000 rpm for 5 minutes at 4°C. Extract supernatant as serum sample
was collected. The extracted serum was stored at −80°C until detection. Serum uric acid levels were detected by
a BECKMAN DXC800 automatic biochemical analyzer (Brea, USA). Commercially available Enzyme-Linked
Immunosorbent Assay (ELISA) kits were used to measure the concentrations of C-reactive protein (CRP), IL-6, and
TNF-α (Jianglai Bio, Shanghai, China) according to the manufacturer’s instructions.

Statistical Analysis
Data were analyzed using SPSS (version 17.0; IBM Corp., Armonk, NY, USA). Data are expressed as the mean ±
standard error of the mean (SEM), and P < 0.05 was considered statistically significant. A one-sample Kolmogorov–
Smirnov test showed a normal distribution of the continuous variables. A Student’s t-test was used to evaluate differences
between the groups (with Levene’s test for equality of variances). The correlation analyses were performed using
a Pearson correlation test. The receiver operating characteristic (ROC) curve analysis was plotted to evaluate the area
under the curve (AUC) of pro-inflammatory cytokines and uric acid for diagnosing gout.
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Results
Demographic Values, Uric Acid, and Pro-Inflammatory Cytokines Levels in Serum of
the Gout Group and the Control Group
As shown in Table 1, there were no significant differences in age (t = 0.780, P = 0.437) or BMI (t = 1.534, P = 0.127)
between the two groups. The levels of uric acid in serum of the gout group were significantly higher than those of the
control group. In terms of pro-inflammatory cytokines, the CRP (t = −5.032, P < 0.001), IL-6 (t = −2.040, P = 0.044),
and TNF-α (t = −10.996, P < 0.001) levels in serum were also increased in patients with gout (Table 1).

Relationship Between Serum Uric Acid Levels and Pro-Inflammatory Cytokines
As shown in Figure 1, the serum uric acid levels were positively correlated with the CRP (r = 0.179, P = 0.033), IL-6 (r =
0.194, P = 0.039), and TNF-α (r = 0.496, P < 0.001) levels.

Diagnostic Values of Serum Uric Acid Levels and Pro-Inflammatory Cytokines in
Patients with Gout
As shown in Figure 2A and Table 2, ROC analysis indicated the potential diagnostic value of the serum uric acid
concentrations in discriminating patients with gout from healthy volunteers with an AUC of 0.893 (P < 0.001; 95%
confidence interval (CI): 0.838–0.948). In terms of pro-inflammatory cytokines, the AUCs of CRP, IL-6, and TNF-α

Table 1 Comparison of Mean Values of Demographic Data, Uric Acid, CRP, IL-6, and TNF-α Levels in
Serum Between the Gout and Control Groups (Mean ± SEM)

Variables Control Group Gout Group Statistics (t) P

Age 51.24±1.92 49.07±1.75 0.780 0.437

BMI (kg/m2) 25.93±3.06 25.09±3.15 1.534 0.127

Uric acid (μmol/L) 310.96±11.68 474.86±10.74 −9.579 <0.001
CRP (mg/L) 9.66±0.76 31.24±4.22 −5.032 <0.001

IL-6 (pg/mL) 25.48±1.36 31.04±2.36 −2.040 0.044

TNF-α (pg/mL) 42.53±2.03 80.21±2.75 −10.996 <0.001

Abbreviations: BMI, body mass index; CRP, C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α.

Figure 1 Correlation between serum uric acid and pro-inflammatory cytokines levels (Pearson correlation analysis).
Abbreviations: CRP, C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α.
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levels were 0.681 (P = 0.004; 95% CI: 0.595–0.766; Figure 2B and Table 2), 0.610 (P = 0.0443; 95% CI: 0.505–0.715;
Figure 2C and Table 2), and 0.956 (P < 0.001; 95% CI: 0.910–1.000; Figure 2D and Table 2), respectively.

At a cut-off point of 378.50 μmol/L for uric acid, the sensitivity and specificity were 85.1% and 85.7% for separating
patients with gout from healthy volunteers. At a cut-off point of 18.09 mg/L for CRP, the sensitivity and the specificity
were 51.1% and 92.0%, respectively. At a cut-off point of 32.21 pg/mL for IL-6, the sensitivity and the specificity were

Figure 2 ROC curve of serum uric acid and pro-inflammatory cytokines in identification of the patients with gout. (A) ROC curve of uric acid; (B) ROC curve of CRP; (C)
ROC curve of IL-6; (D) ROC curve of TNF-α.
Abbreviations: CRP, C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; ROC, receiver operating characteristic.

Table 2 ROC Analysis of Various Indicators for Diagnosis of Gout

Variables AUC 95% Confidence Interval P Cutoff Sensitivity Specificity

Uric acid 0.893 0.838–0.948 <0.001 378.50 85.1 85.7
CRP 0.681 0.595–0.766 0.004 18.09 51.1 92.0

IL-6 0.610 0.505–0.715 0.0443 32.21 49.2 84.0

TNF-α 0.956 0.910–1.000 <0.001 56.52 100.0 92.0
Uric acid + CRP 0.932 0.889–0.974 <0.001 88.3 89.8

Uric acid + IL-6 0.884 0.824–0.944 <0.001 75.4 91.8

Uric acid + TNF-α 0.972 0.929–1.000 <0.001 96.1 93.9
Uric acid+ CRP + TNF-α 0.982 0.964–1.000 <0.001 98.0 93.9

Abbreviations: CRP, C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α.
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49.2% and 84.0%, respectively. At a cut-off point of 56.52 pg/mL for TNF-α, the sensitivity and the specificity were
100.0% and 92.0%, respectively (Table 2).

When the test results for uric acid and pro-inflammatory cytokines were considered jointly, the ROC analysis revealed
an AUC of 0.932 (P < 0.001; 95% CI: 0.889–0.974; Figure 3A and Table 2) for the combination of uric acid and CRP, an
AUC of 0.884 (P < 0.001; 95% CI: 0.824–0.944; Figure 3B and Table 2) for combination of uric acid and IL-6, an AUC
of 0.972 (P < 0.001; 95% CI: 0.929–1.000; Figure 3C and Table 2) for combination of uric acid and TNF-α, respectively.
The AUC for the combination of uric acid, CRP, and TNF-α was 0.982 (P < 0.001; 95% CI: 0.964–1.000; Figure 3D and
Table 2) in discriminating patients with gout from healthy volunteers.

Discussion
In the present study, we demonstrated that the levels of serum uric acid, CRP, TNF-α, and IL-6 were significantly
increased in the patients compared with the control group. Moreover, the results of the Pearson correlation analysis
showed that there was a positive correlation between serum uric acid and CRP, IL-6, and TNF-α levels. Furthermore, the
results of the ROC curve analysis revealed that the AUCs of CRP, IL-6, TNF-α combined with uric acid level for the
diagnosis of gout were 0.932, 0.884, and 0.970, respectively. Additionally, the AUC for the combination of uric acid,
CRP, and TNF-α was 0.986 in discriminating patients with gout from healthy volunteers, suggesting that combination of
serum uric acid and pro-inflammatory cytokines could improve the accuracy of diagnosis of gout.

Figure 3 ROC curve for the combination of uric acid and pro-inflammatory cytokines in identification of the patients with gout. (A) ROC curve for the combination of uric
acid and CRP; (B) ROC curve for the combination of uric acid and IL-6; (C) ROC curve for the combination of uric acid and TNF-α; (D) ROC curve for the combination of
uric acid, CRP, and TNF-α.
Abbreviations: CRP, C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; ROC, receiver operating characteristic.
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Hyperuricemia is considered to be a crucial causal factor for gout. It has been demonstrated that all patients with gout
experience hyperuricemia for at least a period of time.17,18 Numerous evidence has indicated a close relationship between
serum uric acid levels and the risk suffering from gout.19–21 Due to the low solubility of uric acid, long-term
hyperuricemia leads to destructive crystalline urate deposits around joints, which causes inflammation and destroys the
joint structure, eventually leads to the occurrence and development of gout.22 Thus, the American Rheumatism
Association 1977 case definition of primary gout takes hyperuricemia as one of the 12 diagnostic indicators of gout
symptoms.23 In the present study, the serum levels of uric acid of the gout group were significantly higher than those of
the control group. Moreover, the results of ROC curve analysis showed that the AUC for serum uric acid was 0.893 in
discriminating patients with gout from healthy volunteers, suggesting that serum uric acid may be a potential marker for
the diagnosis of gout. However, although hyperuricemia is often used as the main diagnostic index in hospitals, gout can
still occur when serum uric acid levels are normal.8 Thus, there is an urgent need to develop other biochemical indicators
to improve the diagnostic accuracy of uric acid.

Activation of the innate immune response is crucial in the pathogenesis of gout, which leads to the release of pro-
inflammatory cytokines.24 Consistent to the result that the concentrations of CRP, IL-6, and TNF-α were significantly
higher in acute gout attack patients,25 the levels of serum CRP, TNF-α, and IL-6 were significantly increased in the
patients compared with the control group in the present study. It is well known that uric acid crystals clearly have the
potential to induce inflammation given their role in pathogenesis of gout and elevated serum uric acid levels have been
associated with increased levels of proinflammatory cytokines.26,27 In the present Consistently, a positive correlation
between serum uric acid and CRP, IL-6, and TNF-α level was observed in the present study, providing more data linking
uric acid to inflammation.

Based on the observation that combining the detection of different biomarkers may help to increase the sensitivity
and specificity over the use of a single biomarker,28,29 a combined ROC analysis using uric acid and pro-inflammatory
cytokines was further conducted. The results showed that the AUC for the combination of uric acid, CRP, and TNF-α
increased to 0.986 compared with the AUC value (0.893) of uric acid alone. These findings suggest that the
combination of uric acid and pro-inflammatory cytokines (CRP, and TNF-α) may offer a useful tool for the detection
of gout.

Due to the fact that the most common types of arthritis are rheumatoid arthritis (RA), osteoarthritis (OA), psoriatic
arthritis (PsA), ankylosing spondylitis (AS), gout, and pseudogout,30 it is of great clinical significance to explore efficient
biochemical markers to distinguish patients with gout from patients with other types of inflammatory arthritis. Uric acid
levels in serum has been reported to be useful to distinguish quickly gouty from other types of inflammatory arthritis.31

Considering that serum levels of pro-inflammatory cytokines were increased in patients with various types of inflam-
matory arthritis, it is rational to assume that combination of serum uric acid and pro-inflammatory cytokines cannot
improve the diagnostic accuracy of serum uric acid alone for distinguishing patients with gout from those with other
types of inflammatory arthritis. Further studies need to be performed to investigate other indicator but not pro-
inflammatory cytokines to improve the diagnostic accuracy of serum uric acid for distinguishing patients with gout
from those with other types of inflammatory arthritis. In the present study, the aim of present study was to explore
whether uric acid and pro-inflammatory cytokines could improve the diagnostic accuracy for distinguishing patients with
gout from healthy people. Consistently, numerous studies have also used healthy subjects as controls to find biomarkers
of gout diagnosis.32–34 Our results may help to screen out gout patients in the health checkup.

There are some limitations to this study. Firstly, all the subjects in this study were men, limiting the ability to
expand these results to the whole population due to the sex differences in the incidence of gout35 and in controlled
clinical trials testing SUA-lowering drugs.36 Secondly, since epidemiological surveys have confirmed the strong
relationship of gout and hyperuricaemia with hypertension,37 the blood pressure values of the subjects should be
observed. Thirdly, there may be some misclassification bias since the identification of patients with gout was based on
a clinical diagnosis of gout (the gold standard of urate crystal identification in synovial aspirate is not mandatory for
inclusion into the study).
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Conclusion
In conclusion, this study is the first to reveal that combination of serum uric acid and pro-inflammatory cytokines could
improve the accuracy of diagnosis of gout. Multicentric studies are clearly required to validate the potential value of this
combination for the diagnosis of gout.

Disclosure
The authors declare no conflicts of interest in this work.
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