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Purpose: This study aimed to explore the accuracy for joint application of inflammatory cytokines in diagnosis of gout flare by
comparison with peripheral blood cells.

Methods: We collected the clinical data of 96 acute gout patients and 144 remission gout patients, and compared the levels of
peripheral blood cells, inflammatory cytokines and blood biochemistry indexes between acute and remission gout. We respectively
assessed the area under curves (AUCs) for single and multiple inflammatory cytokines including C-reactive protein (CRP), interleukin-
1B (IL-1B), interleukin-6 (IL-6), and tumor necrosis factor-o (TNF-a), and single and multiple peripheral blood cells including platelet
(PLT), white blood cell (WBC), percentages of neutrophils (N%), lymphocytes (L%), eosinophils (E%), basophils (B%) in diagnosis
of acute gout by receiver operating characteristic (ROC) curve analysis.

Results: By contrast with remission gout, the levels of PLT, WBC, N%, CRP, IL-1p, IL-6 and TNF-a increased, and the levels of L%,
E% and B% decreased in acute gout. The AUCs of PLT, WBC, N%, L%, E% and B% in diagnosis of acute gout were respectively
0.591, 0.601, 0.581, 0.567, 0.608 and 0.635, while the AUC for joint application of these peripheral blood cells was 0.674. Moreover,
the AUCs of CRP, IL-1p, IL-6 and TNF-a in diagnosis of acute gout were respectively 0.814, 0.683, 0.622 and 0.746, while the AUC
for joint application of these inflammatory cytokines was 0.883, reflecting significantly higher levels than peripheral blood cells.
Conclusion: The joint application of multiple inflammatory cytokines can better distinguish acute gout from remission gout compared
with peripheral blood cells.
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Introduction
Gout is a common inflammatory arthritis, caused by hyperuricemia and related monosodium urate (MSU) crystal
deposition.! According to a global epidemiologic report of gout in 2020, the prevalence and incidence of gout respectively
range from <1% to 6.8% and 0.58 to 2.89 per 1000 person-years, and the data are likely to keep rising.? Projections indicate
that the mortality of gout may increase by 55% in 2060.> Such heavy burden of gout prompts us to find faster, better and
more accurate diagnostic methods of gout. Clinically, gout patients can suffer from repeated attacks of acute gout, typically
manifested by redness, swelling, heat and pain of local bone and joints, which greatly reduce the quality of life.* Although
significant manifestations can largely assist with a definitive diagnosis of acute gout, it is still with relative difficulties for
clinicians to diagnose atypical gout attacks and evaluate the levels of acute inflammation in gout.

Immune cells and inflammatory cytokines are major participants in gout flares. During an acute attack of gout, MSU
crystals initially stimulate the activation of the NOD-like receptor thermal protein domain associated protein 3 (NLRP3)
inflammasome, which then activate caspase-1, one kind of intracellular cysteine proteases, playing important roles in

processing pro-IL-1p to active IL-1B in monocytes and macrophages.’ After the maturation of IL-1p, the inflammatory
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processes are amplified by recruitment and activation of neutrophils, and releases of pro-inflammatory cytokines,
chemokines, and other factors.®’

Acute gouty arthritis is not only a local but also a systemic inflammatory disease. Former studies have revealed large
amounts of leukocytes and high levels of cytokines such as IL-1B, IL-6 and TNF-a in the synovial fluid during gout flares.®”
! Similarly, serum levels of pro-inflammatory cytokines such as IL-1pB, IL-4, IL-6, IL-18, CRP were previously detected to
elevate in acute gout compared with remission gout or normal controls.'?"'> A Korean research team discovered that the pro-
inflammatory factor macrophage migration inhibitory factor (MIF) and IL-8 in peripheral blood and synovial fluid of gout
patients were conformably higher than normal controls.'® This finding indicated that we can evaluate the levels of
inflammatory cytokines in the synovial fluid based on their levels in peripheral blood to determine whether gout is in the
acute phase. Nevertheless, the diagnostic efficacy of peripheral inflammatory cytokines in acute gout remains little known.

In this study, we compared the clinical indexes including peripheral blood cells, inflammatory cytokines, blood
biochemistry between acute and remission gout, and analyzed the receiver operating characteristic (ROC) curves of
single peripheral blood cell, multiple peripheral blood cells, single inflammatory cytokine and multiple inflammatory

cytokines to figure out the best diagnostic method in acute gout among them.

Materials and Methods
Study Population

This is a retrospective study, which involves 240 patients diagnosed as gout by two senior attending doctors between
September 2021 and December 2022 from Center for Nephrology and Clinical Metabolomics, Division of Nephrology
in Shanghai Tenth People’s Hospital. The Inclusion standards of gout patients were listed as follows: 1) age between
18 and 80 years; 2) male patients; 3) diagnostic score for gout more than 8 according to the American College of
Rheumatology/the European League Against Rheumatism Executive Committee (ACR/EULAR) gout classification
criteria in 2015'7; 4) evidence of MSU crystal deposition by dual-energy CT scan or ultrasonic examination within 3
months. The exclusion standards of gout patients were listed as follows: 1) acute or chronic infection, malignant tumor
and other rheumatic immune diseases; 2) end-stage renal disease (ESRD) (eGFR <15 mL/min/1.73 m?); 3) usage of
anti-inflammatory drugs such as non-steroidal drugs, glucocorticoids and immunosuppressors within 3 months; 4)
vaccination within 6 months.

According to symptomatic episodes defined in 2015 ACR/EULAR clinical diagnostic criteria for gout and
pathophysiological stages of gout,'”"'® 96 and 144 patients were respectively classified as acute gout group and
remission gout group. The criterion for acute gout was clinical manifestations including redness, swelling, heat
and pain at local joint or bursa. The criteria for remission gout included 1) remission of clinical manifestations
including redness, swelling, heat and pain at local joint or bursa for at least 3 months since the last gout flare and
2) serum uric acid below 360umol/L at least twice within 6 months. Our study complies with the Declaration of
Helsinki. Informed consent was obtained from all patients. This study was approved by the Medical Ethics
Committee of Shanghai Tenth People’s Hospital of Tongji University (SHSY-IEC-4.1/21-246/01).

Study Samples

Blood was drawn from peripheral veins of gout patients. Two-milliliter venous blood of each patient was added to
vacuum tubes (including anticoagulant EDTA solution) for peripheral blood cell examination. Three-milliliter
venous blood of each patient was added to vacuum tubes for inflammatory cytokine examination. Five-milliliter
venous blood of each patient was added to vacuum tubes for blood biochemistry examination. The peripheral
blood cells of all the patients were detected in the same anticoagulant blood samples. The inflammatory cytokines
and blood biochemistry of all the patients were detected in the same serum samples. All the examinations were
completed at the Department of Laboratory of Shanghai Tenth People’s Hospital.
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Clinical Indexes

The clinical data of these 240 acute and remission gout patients were collected from the standardized medical records.
Basic information included age, BMI (body mass index), systolic blood pressure (SBP) and diastolic blood pressure
(DBP), among which BMI was calculated as weight (kg) divided by the square of height (m). Peripheral blood cell
indexes included red blood cell (RBC), platelet (PLT), white blood cell (WBC), percentage of neutrophils (N%),
percentage of monocytes (M%), percentage of lymphocytes (L%), percentage of eosinophils (E%), percentage of
basophils (B%). Inflammatory cytokine indexes contained C-reactive protein (CRP), interleukin-1p (IL-1pB), interleu-
kin-2 (IL-2), interleukin-4 (IL-4), interleukin-5 (IL-5), interleukin-6 (IL-6), Interleukin-10 (IL-10), interleukin-17A (IL-
17A), and tumor necrosis factor-o. (TNF-a)). Blood biochemistry indexes included alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total protein (TP), albumin (ALB), globulin (GLO), albumin-to-globulin ratio (A/
G), total bilirubin (TBIL), direct bilirubin (DBIL), blood urea nitrogen (BUN), serum creatinine (SCr), serum uric acid
(SUA), cystatin C (CysC), fasting blood glucose (FBG), glycosylated hemoglobin (HbA 1¢), total triglycerides (TG), total
cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL). We used the Chronic Kidney Disease
Epidemiology (CKD-EPI) formula corrected for Asians to evaluate the eGFR.'? The equation for male is as follows:
eGFR = 149 x (0.993)%° x (SCr/0.7) %!, SCr >0.9; eGFR = 149 x (0.993)*¢ x (SCr/0.7) **!3, SCr <0.9.

Statistical Analysis

Statistical analysis was performed by using GraphPad Prism 9.0 (GraphPad Software Inc.) and IBM SPSS Statistics 27
(IBM Corp., Armonk, NY, USA). The Kolmogorov—Smirnov test was applied to determine the distribution of data. Data
with normal distribution were presented as mean + standard deviation (M + SD), and data with skewed distribution were
presented as median (interquartile range) [Psy (Pps, P7s)]. In comparison between the two groups, P values were
evaluated by two-tailed unpaired ¢ test for data with normal distribution and equal variance, by two-tailed Welch’s
t test for data with normal distribution and unequal variance, and by two-tailed Mann—Whitney test for data with skewed
distribution. The receiver operating characteristic (ROC) curve analysis was used to evaluate the area under the curves
(AUC:) of various indexes in diagnosis of acute gout. The optimal cutoff value was selected with the maximum Youden
index calculated by subtracting 1 from the sum of sensitivity and specificity. P value <0.05 indicated statistical
difference.

Results
Acute Gout Showed Increases in Levels of Certain Peripheral Blood Cells and

Inflammatory Cytokines Compared with Remission Gout

There were no statistical differences in age, BMI, SBP and DBP between acute and remission gout (Table 1). In
comparison with remission gout, except for RBC, Hb and M% showing no differences between the two groups, PLT
(P=0.017), WBC (P=0.008) and N% (P=0.033) increased in acute group, while L% (P=0.033), E% (P=0.004) and B%
(P<0.001) decreased in acute gout (Table 1). For inflammatory cytokines, serum levels of IL-2, IL-4, IL-5, IL-10, IL-17A
displayed no statistical differences between the two groups, whereas serum levels of CRP (£<0.001), IL1-B (P<0.001),
IL-6 (P=0.001) and TNF-a (P<0.001) were much higher in acute gout than that in remission gout (Table 1). In blood
biochemistry, apart from total bilirubin (TBIL) with a lower level in acute gout than that in remission gout (P=0.039),
there were no statistical differences in indexes of liver function, renal function, glucose and lipid metabolism between
acute and remission gout (Table 1).

Single Peripheral Blood Cell in Diagnosis of Acute Gout

In order to assess the value of peripheral blood cells which presented with statistical differences between acute and
remission gout in diagnosis of acute gout, we conducted ROC curve analysis. For each single immune cell, the AUCs
were 0.591 (95% confidence interval (95% CI): 0.518-0.664, P=0.017) in PLT, 0.601 (95% CI: 0.525-0.677, P=0.008) in
WBC, 0.581 (95% CI: 0.508-0.654, P=0.033) in N%, 0.567 (95% CI: 0.493-0.641, P=0.079) in L%, 0.608 (95% CI:
0.535-0.681, P=0.005) in E% and 0.635 (95% CI: 0.565-0.705, P<0.001) in B% (Table 2, Figure 1A-F). The optimum
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Table 1 Comparison of Clinical Indexes Between Remission and Acute Gout Patients

Variables Remission (n=144) Acute (n=96) P value

Age 57(47,67) 59 (41,66) 0.786

BMI (kg/mz) 26.10(24.18,27.42) 25.81(24.21,27.68) 0.742

SBP (mmHg) 136.49+19.82 136.41+17.59 0.975

DBP (mmHg) 86.00(80.00,91.75) 87.00(79.00,93.00) 0.869

RBC (*IOIZ/L) 4.62(4.15,5.05) 4.49(3.91,4.96) 0.109

Hb (g/L) 142.00(125.50,153.75) 133.00(119.25,150.75) 0.054

PLT (*|09/L) 224.0(175.3,267.3) 241.5(192.5,295.8) 0.017

WBC (*|09/L) 6.22(5.43,7.14) 6.91(5.59,8.36) 0.008

N% (%) 58.10(51.98,64.90) 59.85(55.28,66.88) 0.033

M% (%) 7.10(6.10,8.60) 7.20(6.03,8.40) 0.855

L% (%) 30.20+7.82 27.93+8.26 0.033

E% (%) 2.90(1.73,4.30) 2.15(1.30,3.20) 0.004

B% (%) 0.50(0.30,0.80) 0.40(0.30,0.50) <0.001

CRP (mg/L) 3.30(3.02,4.37) 12.65(4.45,44.95) <0.001

IL-1B (pg/mL) 4.73(3.03,5.36) 5.34(4.68,8.31) <0.001

IL-2 (pg/mL) 1.42(0.81,2.15) 1.69(0.97,2.64) 0.092

IL-4 (pg/mL) 1.64(0.82,2.38) 1.85(1.00,2.42) 0.231

IL-5 (pg/mL) 1.01(0.71,1.59) 1.23(0.68,1.88) 0.191

IL-6 (pg/mL) 24.76(10.75,36.01) 30.28(10.92,74.11) 0.001

IL-10 (pg/mL) 3.31(2.79,4.31) 3.63(2.95,4.87) 0.095

IL-17A (pg/mL) 15.60(10.48,21.04) 15.49(10.31,20.15) 0.923

TNF-o (pg/mL) 8.30(4.91,8.49) 11.87(8.15,15.68) <0.001

ALT (U/L) 22.10(16.00,37.08) 20.85(12.93,37.38) 0.334

AST (U/L) 18.90(15.83,24.73) 17.20(13.00,24.90) 0.132

TP (g/L) 69.33+7.16 70.15+6.14 0.359

ALB (g/L) 41.30(39.00,44.35) 40.40(37.25,43.80) 0.201

GLO (g/L) 29.00(25.80,31.00) 29.00(25.93,32.85) 0.149

AIG 1.45(1.31,1.60) 1.36(1.17,1.61) 0.086

TBIL (umol/L) 12.30(8.35,16.00) 10.55(7.70,14.10) 0.039

DBIL (umol/L) 4.05(2.90,5.40) 3.65(3.00,4.88) 0.481

BUN (mmol/L) 5.63(4.60,7.92) 5.67(4.60,8.78) 0.785

SCr (pmol/L) 95.50(80.25,126.25) 98.35(80.30,131.35) 0.795

eGFR (mL/min/|.73m2) 73.23+29.14 72.84+29.45 0516

SUA (umol/L) 491.63+126.01 504.64+137.87 0451

CysC (mg/L) 1.27(1.03,1.86) 1.32(1.02,1.94) 0.981

FBG (mmol/L) 5.03(4.40,5.70) 4.98(4.54,5.80) 0.747

HbAlc (%) 6.00(5.59,6.70) 5.98(5.60,6.41) 0611

TG (mmol/L) 1.89(1.30,2.74) 1.75(1.11,2.35) 0.067

TC (mmol/L) 4.36(3.78,5.05) 4.38(3.73,5.05) 0.968

HDL (mmol/L) 0.99(0.84,1.15) 0.96(0.80,1.13) 0.580

LDL (mmol/L) 2.62+1.02 2.66+0.84 0.762
Notes: Continuous variables with normal distribution are presented as mean * standard deviation (M * SD).
Continuous variables with skewed distribution are presented as median (interquartile range) [Pso (P25, P7s)]-
P values indicate difference significance results by two-tailed unpaired t test for data with normal distribution and
equal variance, by two-tailed Welch’s t test for data with normal distribution and unequal variance, and by two-
tailed Mann—-Whitney test for data with skewed distribution.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; RBC, red
blood cell; Hb, hemoglobin; PLT, platelet; WBC, white blood cell; N%, percentage of neutrophils; M%, percen-
tage of monocytes; L%, percentage of lymphocytes; E%, percentage of eosinophils; B%, percentage of basophils;
CRP, C-reactive protein; IL-IB, interleukin-1p; IL-2, interleukin-2; IL-4, interleukin-4; IL-5, interleukin-5; IL-6,
Interleukin-6; IL-10, interleukin-10; IL-17A, interleukin-17A; TNF-a, tumor necrosis factor-o; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TP, total protein; ALB, albumin; GLO, globulin; A/G, albumin-
to-globulin ratio; TBIL, total bilirubin; DBIL, direct bilirubin; BUN, blood urea nitrogen; SCr, serum creatinine;
eGFR, estimated glomerular filtration rate; SUA, serum uric acid; CysC, Cystatin C; FBG, fasting blood glucose;
HbAIc, glycosylated hemoglobin; TG, total triglycerides; TC, total cholesterol; HDL, high-density lipoprotein;
LDL, low-density lipoprotein.
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Table 2 ROC Curve Analysis of Peripheral Blood Cells in Diagnosis of Acute Gout

Indicators AUC (95% CI) P value Cutoff | Youden Index | Sensitivity (%) | Specificity (%)
PLT 0.591(0.518-0.664) 0.017 236.50 0.149 55.21 59.72
WBC 0.601(0.525-0.677) 0.008 6.97 0.219 48.96 72.92
N% 0.581(0.508-0.654) 0.033 53.05 0.167 85.42 31.25
L% 0.567(0.493-0.641) 0.079 28.45 0.118 52.08 59.72
E% 0.608(0.535-0.681) 0.005 2.95 0.188 70.83 47.92
B% 0.635(0.565-0.705) <0.001 0.55 0.247 78.13 46.53
PLT+WBC 0.619(0.545-0.692) 0.002 / 0.208 52.08 68.75
PLT+WBC+N% 0.628(0.555-0.701) 0.001 / 0.215 41.67 79.86
WBC+N%+L%+E%+B% 0.659(0.588-0.730) <0.001 / 0.253 48.96 76.39
PLT+WBC+N%+L%+E%+B% | 0.674(0.605-0.743) <0.001 / 0.264 66.67 59.72

Abbreviations: ROC, receiver operating characteristic; AUC, area under curve; Cl, confidence interval; PLT, platelet; WBC, white blood cell; N%, percentage
of neutrophils; L%, percentage of lymphocytes; E%, percentage of eosinophils; B%, percentage of basophils.

cutoff value of PLT was 236.50 x 10°/L, with the Youden index, sensitivity and specificity as 0.149, 55.21% and 59.72%
(Table 2, Figure 1A). The optimum cutoff value of WBC was 6.97 x 10°/L, with the Youden index, sensitivity and
specificity as 0.219, 48.96% and 72.92% (Table 2, Figure 1B). The optimum cutoff value of N% was 53.05%, with the
Youden index, sensitivity and specificity as 0.167, 85.42% and 31.25% (Table 2, Figure 1C). The optimum cutoff value
of L% was 28.45%, with the Youden index, sensitivity and specificity as 0.118, 52.08%, 59.72% (Table 2, Figure 1D).
The optimum cutoff value of E% was 2.95%, with the Youden index, sensitivity and specificity as 0.188, 70.83% and
47.92% (Table 2, Figure 1E). The optimum cutoff value of B% was 0.55%, with the Youden index, sensitivity and
specificity as 0.247, 78.13% and 46.53% (Table 2, Figure 1F).

Joint Application of Multiple Peripheral Blood Cells Could Elevate the Accuracy in

Diagnosis of Acute Gout

Then, we analyzed the ROC curves for combination of these peripheral blood cells. The AUC of PLT+WBC was 0.619
(95% CI: 0.545-0.692, P=0.002) with Youden index, sensitivity and specificity as 0.208, 52.08% and 68.75% (Table 2,
Figure 2A). The AUC of PLT+WBC+N% was 0.628 (95% CI: 0.555-0.701, P=0.001) with Youden index, sensitivity and
specificity as 0.215, 41.67% and 79.86% (Table 2, Figure 2B). The AUC of WBC+N%+L%+E%+B% was 0.659 (95%
CI: 0.588-0.730, P<0.001) with Youden index, sensitivity and specificity as 0.253, 49.96% and 76.39% (Table 2,
Figure 2C). The AUC of PLT+WBC+N%+L%+E%+B% was 0.674 (95% CI: 0.605-0.743, P<0.001) with Youden
index, sensitivity and specificity as 0.264, 66.67% and 59.72% (Table 2, Figure 2D). The increased AUCs and Youden
indexes in joint application of multiple peripheral blood cells suggested their elevated accuracy in diagnosis of acute gout
compared with application of each single peripheral blood cell.

Single Inflammatory Cytokine in Diagnosis of Acute Gout

To assess the value of inflammatory cytokines with statistical differences between acute and remission gout in diagnosis of acute
gout, we analyzed their ROC curves. For each single inflammatory cytokine, the AUCs were 0.814 (95% CI: 0.752-0.876,
P<0.001) in CRP, 0.683 (95% CI: 0.611-0.756, P<0.001) in IL-1B, 0.622 (95% CI: 0.544-0.699, P=0.001) in IL-6, 0.746 (95%
CI: 0.678-0.814, P<0.001) in TNF-a (Table 3, Figure 3A-D). The optimum cutoff value of CRP was 9.865 mg/L, with the
Youden index, sensitivity and specificity as 0.580, 61.46% and 96.53% (Table 3, Figure 3A). The optimum cutoff value of IL-1
was 7.50 pg/mL, with the Youden index, sensitivity and specificity as 0.403, 45.83% and 94.44% (Table 3, Figure 3B). The
optimum cutoff value of IL-6 was 38.98 pg/mL, with the Youden index, sensitivity and specificity as 0.354, 47.92% and 87.50%
(Table 3, Figure 3C). The optimum cutoff value of TNF-a was 8.94 pg/mL, with the Youden index, sensitivity and specificity as
0.559, 71.88% and 84.03% (Table 3, Figure 3D).
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Figure 1 ROC curve analysis of single peripheral blood cell in diagnosis of acute gout. (A) ROC curve of PLT; (B) ROC curve of WBC; (C) ROC curve of N%; (D) ROC
curve of L%; (E) ROC curve of E%; (F) ROC curve of B%.

Abbreviations: ROC, receiver operating characteristic; PLT, platelet; WBC, white blood cell; N%, percentage of neutrophils; L%, percentage of lymphocytes; E%,
percentage of eosinophils; B%, percentage of basophils.

Joint Application of Multiple Inflammatory Cytokines Could Better Elevate the

Accuracy in Diagnosis of Acute Gout than Joint Application of Multiple Peripheral
Blood Cells

We also analyzed the ROC curves for combination of multiple inflammatory cytokines. The AUC of CRP+ IL-1f3 was 0.872
(95% CI: 0.822—0.922, P<0.001) with Youden index, sensitivity and specificity as 0.635, 80.21% and 83.33% (Table 3,
Figure 4A). The AUC of CRP+IL-6 was 0.812 (95% CI: 0.749-0.875, P<0.001) with Youden index, sensitivity and
specificity as 0.580, 65.63% and 92.36% (Table 3, Figure 4B). The AUC of CRP+TNF-a was 0.877 (95% CI: 0.829—
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Figure 2 ROC curve analysis of multiple peripheral blood cells in diagnosis of acute gout. (A) ROC curve of PLT+WBC; (B) ROC curve of PLT+WBC+N?%; (C) ROC curve
of WBC+N%+L%+E%+B%; (D) ROC curve of PLT+WBC+N%+L%+E%+B%.

Abbreviations: ROC, receiver operating characteristic; PLT, platelet; WBC, white blood cell; N%, percentage of neutrophils; L%, percentage of lymphocytes; E%,
percentage of eosinophils; B%, percentage of basophils.

0.925, P<0.001) with Youden index, sensitivity and specificity as 0.663, 78.13% and 88.19% (Table 3, Figure 4C). The AUC
of CRP+IL-1B+IL-6+TNF-a was 0.883 (95% CI: 0.836-0.930, P<0.001) with Youden index, sensitivity and specificity as
0.660, 79.17% and 86.81% (Table 3, Figure 4D). The increased AUCs and Youden indexes in joint application of multiple
inflammatory cytokines suggested their elevated accuracy in diagnosis of acute gout compared with application of each
single inflammatory cytokine. Furthermore, the higher levels of AUCs and Youden indexes of inflammatory cytokines than
peripheral blood cells in diagnosis of acute gout indicated that joint application of multiple inflammatory cytokines could
better distinguish acute gout from remission gout by contrast with joint application of multiple peripheral blood cells.

Table 3 ROC Curve Analysis of Inflammatory Cytokines in Diagnosis of Acute Gout

Indicators AUC (95% CI) P value Cutoff | Youden Index | Sensitivity (%) | Specificity (%)
CRP 0.814 (0.752-0.876) <0.001 9.865 0.580 61.46 96.53
IL-1B 0.683 (0.611-0.756) <0.001 7.50 0.403 45.83 94.44
IL-6 0.622 (0.544-0.699) 0.001 38.98 0.354 47.92 87.50
TNF-a 0.746 (0.678-0.814) <0.001 8.94 0.559 71.88 84.03
CRP+IL-1B 0.872 (0.822-0.922) <0.001 / 0.635 80.21 83.33
CRP+IL-6 0.812 (0.749-0.875) <0.001 / 0.580 65.63 9236
CRP+TNF-a 0.877 (0.829-0.925) <0.001 / 0.663 78.13 88.19
CRP+IL-1B+IL-6 +TNF-o. | 0.883 (0.836-0.930) <0.001 / 0.660 79.17 86.81

Abbreviations: ROC, receiver operating characteristic; AUC, area under curve; Cl, confidence interval; CRP, C-reactive protein; IL-1p, interleukin-1; IL-6,
interleukin-6; TNF-a, tumor necrosis factor-o.
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Figure 3 ROC curve analysis of single inflammatory cytokine in diagnosis of acute gout. (A) ROC curve of CRP; (B) ROC curve of IL-1B; (C) ROC curve of IL-6; (D) ROC
curve of TNF-o.
Abbreviations: ROC, receiver operating characteristic; CRP, C-reactive protein; IL-1, interleukin-18; IL-6, interleukin-6; TNF-0, tumor necrosis factor-a.

Discussion

In this study, we found that levels of certain peripheral blood cells including PLT, WBC, N%, L%, E%, B% presented
with statistical differences between acute and remission gout, among which levels of PLT, WBC and N% elevated while
L%, E% and B% reduced in acute gout. It has been reported that inflammation can cause endothelial activation
characterized by intense interactions between leukocytes, endothelial cells and platelets.? Large amounts of evidences
revealed that platelets can be considered as an extension of the cellular immune system, which coordinate both innate and
adaptive immune responses.”'** According to a recent study, neutrophil-lymphocyte ratio (NLR) and platelet-lympho-
cyte ratio (PLR) were higher in acute gout patients than those in remission gout patients.”® Another study detected that
platelet activation was exacerbated in gout especially during gout flares.”* Herein, the increase of PLT, WBC and N% and
decrease of L% conforms with these former findings, and the reduction of E% and B% may result from the notable
increase in proportion of neutrophils.

In comparison of inflammatory cytokines between acute gout and remission gout, our study revealed significantly
increased serum levels of CRP, IL-1f, IL-6 and TNF-a in acute gout. CRP is an acute inflammatory factor produced by
liver in response to immune cytokines.>> IL-1 is a pro-inflammatory cytokine mainly secreted by stimulated monocytes
and macrophages, which directly or indirectly participates in both local and systemic responses including recruitment of
immune cells, production of inflammatory enzymes and occurrence of inflammatory symptoms.?*° IL-6 is a pleiotropic
cytokine with multiple biologic activities, such as acute-phase immune reaction induction, inflammation regulation and
hematopoiesis promotion.>® TNF-a takes crucial parts in vasodilatation, edema, fever, leukocyte adhesion during the
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process of inflammation.®' Consistent with previous findings on peripheral inflammatory cytokines in gout flares, e
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Figure 4 ROC curve analysis of multiple inflammatory cytokines in diagnosis of acute gout. (A) ROC curve of CRP+ IL-18; (B) ROC curve of CRP+ IL-6; (C) ROC curve of
CRP+TNF-¢; (D) ROC curve of CRP+IL-1f+IL-6+TNF-a.
Abbreviations: ROC, receiver operating characteristic; CRP, C-reactive protein; IL-1, interleukin-1; IL-6, interleukin-6; TNF-0, tumor necrosis factor-a.

discovered significant elevation of CRP, IL-1p, IL-6 and TNF-a concentration in peripheral blood, indicating that these
cytokines can be important biomarkers in diagnosis of acute gout.

For blood biochemistry, the serum level of TBIL was lower in acute gout, and there existed no statistical differences
in other indexes of renal function, liver function, renal function, glucose and lipid metabolism between acute gout and
remission gout. Serum bilirubin levels have been reported to be closely related to antioxidant and inflammatory inhibition
in various diseases, such as atherosclerosis, psoriasis and diabetes. 338 Herein, the decreased level of TBIL in acute gout
indicates that bilirubin may participate in inflammatory processes in gout flares, which needs to be further clarified in
future mechanism researches.

The diagnosis of acute gout has experienced a long-term development. Before 2010s, the most widely used
classification criteria or diagnostic rules for gout was the 1977 ACR preliminary criteria for the classification of the
acute gouty arthritis,*® later gradually improved and supplemented.*>*' By the year 2015, the ACR Board of Directors
and the EULAR Executive Committee together worked out 2015 Gout classification criteria using scores for diagnosis,
which has been adopted for gout identification worldwide.'” However, these diagnostic standards mainly apply to
discriminating acute gout patients from healthy population, and some of the diagnostic bases depend on subjective
symptoms of patients. Clinically, lots of gout patients cannot always follow the medical order for urate-lowering or anti-
inflammatory therapies, since there is no discomfort of typical clinical episodes most of the time. As a result, the
irrational drug uses increase the risk of recurrent attack of gout flares or even lead to the occurrences of complications. If
there were more precise diagnostic criteria to decide whether gout patients are at the acute stage of gout, doctors could
instruct the medication with objective evidences to enhance the compliance of patients and improve their life quality.
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Since combination of different indexes may contribute to elevation of sensitivity and specificity in diagnostic
process,*>** we respectively compared the diagnostic efficacy in acute gout for single index and multiple indexes of
peripheral blood cells and inflammatory cytokines. By ROC curve analysis, we discovered that the AUCs for joint
application of multiple peripheral blood cells exceeded the AUCs for each single peripheral blood cell in the diagnosis of
acute gout. Similarly, the AUCs for joint application of multiple inflammatory cytokines exceeded the AUCs for each
single inflammatory cytokine in the diagnosis of acute gout. Thus, the combination of multiple indexes of peripheral
blood cells and inflammatory cytokines can both improve the accuracy of acute gout. Furthermore, by comparison, we
found that the AUCs for joint application of multiple inflammatory cytokines also exceeded the AUCs for joint
application of multiple peripheral blood cells, suggesting the combination of multiple inflammatory cytokines more
effective than peripheral blood cells in diagnosis of acute gout. The above findings reveal the highest diagnostic
efficiency in gout flare for joint application of multiple inflammatory cytokines in comparison with other three methods,
including single peripheral blood cell, joint application of multiple peripheral blood cells, and single inflammatory
cytokine. Accordingly, the measurement of multiple inflammatory cytokines and their joint analysis can largely
contribute to differentiation between acute and remission gout.

In clinical work, the peripheral blood cell examination belongs to blood routine, one of the most common laboratory
indicators, while inflammatory cytokine detection is less commonly used. Our results demonstrate that it is necessary for
gout patients to routinely measure the serum levels of multiple inflammatory cytokines such as CRP, IL-1pB, IL-6 and
TNF-0, which may provide objective and precise bases for distinguishment between acute and remission gout.
Additionally, the joint application of multiple inflammatory cytokines can evaluate the level of inflammation and instruct
the anti-inflammatory therapies in acute gout.

There are some limitations in this study. Firstly, it is a retrospective study, whose findings should be validated in later
prospective cohorts. Secondly, we only selected male gout patients here due to much higher prevalence of gout in men, and
whether the results are applicable to female gout patients need to be clarified in an independent study. Last but not least, the
kinds of inflammatory cytokines in this study are limited, and more inflammatory cytokines ought to be detected and
analyzed in the future so that their sensitivity and specificity in diagnosis of acute gout can be further improved.

Conclusion

In summary, joint application of multiple inflammatory cytokines can notably increase the diagnostic accuracy of gout
flare compared with peripheral blood cells, and inflammatory cytokine detection is necessary to be incorporated into
routine examination of gout patients clinically.
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