

http://orcid.org/0000-0002-2742-700X
http://orcid.org/0000-0003-1417-416X
http://orcid.org/0000-0002-2742-700X
http://orcid.org/0000-0003-1417-416X
http://orcid.org/0000-0002-2742-700X
http://orcid.org/0000-0003-1417-416X
http://orcid.org/0000-0002-2742-700X
http://orcid.org/0000-0003-1417-416X
mailto:maojiewang@gzucm.edu.cn
mailto:maojiewang@gzucm.edu.cn

1548 PUN S22 (B2 )

Construction and Efficacy Evaluation of Gouty Arthritis With Dampness Syndrome, which has been registered in the
Chinese Clinical Trial Registry (ChiCTR) and assigned the registration number of ChiCTR2000038969. Healthy controls
(HC), patients with GA-DS, and those with GA with non-dampness syndrome (GA-NDS) were enrolled. Clinical
assessments of metabolic and inflammatory parameters were performed, and targeted metabolomic profiling of plasma
samples was conducted. Diagnostic and recurrence prediction models were constructed using random forest and logistic
regression, and the efficacy of the recurrence model was validated in an independent cohort. Results GA-DS patients
exhibited significant metabolic disturbances, with significantly elevated levels of body mass index (BMI), serum uric acid
(SUA), and lipid metabolism indicators. Metabolomic analysis revealed significantly elevated plasma acetovanillone and
cyclic adenosine monophosphate (cAMP) in the GA-DS group compared with those in the HC and GA-NDS groups (all
g < 0.05). These two metabolites were significantly correlated with SUA and the inflammatory marker C-reactive protein
levels (r = 0.50 and r = 0.48, respectively; both P < 0.05). A logistic regression model based on acetovanillone and cAMP
effectively distinguished GA-DS patients from HC and GA-NDS patients (out-of-bag error: 0.158 + 0.038; accuracy:
[84.2 £ 6.6]%; adjusted P < 0.001 for both indicators vs. those of the other models). Further analysis showed that cAMP
and ureidosuccinic acid levels increased in patients who later experienced GA recurrence (P < 0.05), with detectable
changes as early as 24 weeks before recurrence. A recurrence prediction model combining cAMP and creatine kinase-MB
(CK-MB) achieved the best performance and was validated in an independent cohort (accuracy: 67.39%, 95% CI: 52.0%-
80.5%; area under the curve [AUC] = 0.803, 95% CI: 0.676-0.930). Conclusion GA-DS patients display distinct
metabolic abnormalities. Acetovanillone and cAMP hold promise as diagnostic biomarkers, while cAMP in combination
with CK-MB can be used for the early prediction of the risk of GA-DS recurrence. These findings provide novel insights

into the metabolic basis of TCM dampness syndrome and offer potential biomarkers for early diagnosis and stratification
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of recurrence risk in GA.

[Key words] Gouty arthritis
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Table 1 Clinical characteristics

Index I—ES Erzo ;)p DS group NDS group
(n=30) (n=30)
Agelyr. 38.46 + 12.90 44.40 + 11.79 38.73 + 10.64
Sex (male/female) 24/0 30/0 30/0
BMI/(kg/m’) 22.34+225 25.59 +2.86 2428 +2.99"
SUA/(umol/L) 356.00 + 51.48 460.93 +125.43" 351.13 + 84.717
AST/(mmol/L) 19.28 (17.91, 23.00) 20.50 (17.5, 27.00) 21.50 (17.75, 24.25)
ALT/(mmol/L) 17.03 (12.14, 27.81) 27.00 (15.00, 35.25) 23.50 (17.00, 29.25)
Cr/(umol/L) 87.01 (74.00, 95.37) 90.50 (83.50, 109.75) 86.50 (78.50, 99.00)
Urea/(mmol/L) 4.54 (3.74, 6.34) 4.68 (4.36, 5.56) 4.61 (3.70, 5.42)
hCRP/(mg/L) NA 3.52 (1.36, 6.86) 1.89 (0.14, 3.92)
ESR/(mm/1 h) NA 24.50 (15.00, 41.75) 21.50 (14.75, 28.25)"
eGFR/(mL/[min-1.73 m’]) NA 85.01 + 19.94 100.45 + 21.24"
TC/(mmol/L) NA 510 +0.95 434+0.68"
TG/(mmol/L) NA 1.99 (1.49, 3.06) 1.23 (0.76, 1.60)""
HDL-C/(mmol/L) NA 1.10 (0.96, 1.29) 1.21 (1.01, 1.40)
LDL-C/(mmol/L) NA 3.33(2.55,4.01) 2.82(249,321)

HC: healthy control; GA: gouty arthritis; DS: dampness syndrome; NDS: non-dampness syndrome; BMI: body mass index; SUA: serum uric acid; AST:

aspartate aminotransferase; ALT: alanine aminotransferase; Cr: creatinine; hCRP: high-sensitivity c-reactive protein; ESR: erythrocyte sedimentation rate;

eGFR: glomerular filtration rate; TC: total cholesterol; TG: triglycerides; HDL-C: high density lipoprotein; LDL-C: low density lipoprotein; NA: not applicable.

Data are expressed as X+ §, case, or median (P,;, P,;). ~ Adjusted P < 0.05, " adjusted P < 0.01, ~" adjusted P < 0.001, three-group pairwise comparisons were

###

performed using one-way ANOVA;* P < 0.05,” P < 0.01,

2.4 GA-DSHISTHERIE I 32 K5

WE2ARTR, GA-DS(n=30)41 5HC(n=24) FIGA-
NDS(n=30) 2 2 ] A Fufp 2[R 4 22 7 AR, 43 51
JEacetovanillone , SR IR T (cyclic AMP, cAMP) | 7
FLR H TR (methyl-vanillate) | 5- 24 & PR -4- SR (5-
aminoimidazole-4-carboxamide ) 1 [H] 7 5.2 (m-coumaric
acid) . XY IEGA-DSAL M R IBAK P B w, 5
GA-NDSHFHCH AL, 22 5B A gt X (g<0.05)
(F2B). It4h, acetovanillone5SUA S IEAH 2 (7= 0.50,
P<0.05) (K2C), cAMPHIm-coumaric acid |34 5 eGFRE
A (r= —0.53Hr= —0.54, #JP< 0.05), 5hCRPE I A
J(r=0.48, P<0.05) ([512D . 2E), /R X 26fCIH Y vl g5
GA-DSit BRI DI RE S A REIRAS A G

AUCTHAREFT = AL L ) 73 5] /& acetovanillone
(£ T M (area under the curve, AUC)=0.915, 95%'&
{7 X /8] (confidence interval, CI): 0.855 ~ 0.975], methyl-vanillate
(AUC=0.826, 95%CI: 0.732 ~ 0.920) FlcAMP(AUC= 0.794,
95%CI: 0.698 ~ 0.891) ([¥12F) . BlJF , ABFTOR % =M
HAT AR A, B T BENLARARSTE 73 SR 2 T IS WY,
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acetovanillone+methyl-vanillate (A+M), acetovanillone+

cAMP (A+C)FllcAMP+methyl-vanillate (C+M). 17 : 3/

P <0.001, versus the DS group (independent samples ¢-test or Mann-Whitney U test).
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Fig 1 Analysis of 15 differential metabolites in GA

The abbreviations are exmplained in the note to Table 1. The data in the figure A represents the g values. g < 0.05 indicates a statistically significant difference. A,

Relative expression levels of the 15 differential metabolites that were consistently altered in both GA-DS (n = 30) vs. HC (n = 24) and GA-NDS (n = 30) vs. HC (n = 24)

comparisons across the three plasma sample groups. B, Scatter plots showing the correlations of ortho-hydroxyphenylacetic acid, phthalic acid, and S-5'-adenosyl-L-

homocysteine with eGFR. C, Scatter plot showing the correlation of S-5'-adenosyl-L-homocysteine with hCRP.
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Fig 2 Specific plasma metabolites and diagnostic model of GA-DS

Fig G: A, acetovanillone; M, methyl-vanillate; C, cyclic AMP; the other abbreviations are exmplained in the note to Table 1. Fig A, Overlapping differential
metabolites identified between each pair of groups (HC [n = 24], GA-DS [n = 30], and GA-NDS [n = 30]). Fig B, Bar plot of z-scores for 5 specific metabolites of GA-DS
(pink, n = 30) as compared to GA-NDS (green, n = 30) and HC (gray, n = 24). Fig C, Scatter plot showing the correlation between acetovanillone and SUA. Fig D, Scatter
plots showing the correlations of cyclic AMP with eGFR and hCRP. Fig E, Scatter plots showing the correlations of methyl-vanillate with eGFR and hCRP. Fig F, Receiver
operating characteristic (ROC) curve for the predictive performance of acetovanillone, methyl vanillate, and cyclic AMP in distinguishing GA-DS from non-GA-DS (HC
and GA-NDS). Fig G, Violin plot showing the out-of-bag (OOB) error rates of 10 000 runs in the training dataset for different combinations of metabolites and the

accuracy of 10000 runs in the test dataset for the same combinations of metabolites.

WRITGA-DSHPREEHLHI LML TR R, SRIMTHAEGA-  cAMP WL LR I A CK-MBEX & (A5 5, #4 2 A9
DSH I BAR AR A A Rtk — IR ABSE DR OG5 98 52 00 AR AU A 3 ik A3 Hh 1 AU C340.803,

o EH Y, AR A M cAMP S ) — Ui PEFHABL G o % AE R cCAMPHE N GA-DSE & Fil il
ureidosuccinic acidfEGA-DS®E & HI BV C. 7+, HBERa e M A P bR S BA — T T, AR BT o RAR
X 4342 K AFi ) A\Bf. Ureidosuccinic acid kMg IE & al 7] S kAR M GARFE R bR . B2, AR T
A, HAEACBENG b 0/ FH v A BT, A8 FRAF ST 3 7 T GA-DSHIFCH S Rl SRS JAE | S R BIAHSCHE, 0128
AES IR K LR A SRR FEARBFSE b, TR T RES ﬁﬁiTcAMPffﬁiﬁT%ﬂ?jﬂ(ﬁfi%ﬁu%mfhﬁﬁﬁ
5 GAMA 8 sl e s o AR, (AR — D5, # {Bo AR — AL RFEA K BTEVERIF ST h B0 R X 2 h R








https://doi.org/10.1016/S0140-6736(21)00569-9
https://doi.org/10.1016/S0140-6736(21)00569-9
https://doi.org/10.1016/S0140-6736(21)00569-9
https://doi.org/10.1016/S0140-6736(21)00569-9
https://doi.org/10.1016/S0140-6736(21)00569-9
https://doi.org/10.1016/S0140-6736(21)00569-9
https://doi.org/10.1093/rheumatology/kez476
https://doi.org/10.1093/rheumatology/kez476
https://doi.org/10.1093/rheumatology/kez476
https://doi.org/10.1007/s12020-020-02281-w
https://doi.org/10.1007/s12020-020-02281-w
https://doi.org/10.1007/s12020-020-02281-w
https://doi.org/10.1007/s12020-020-02281-w
https://doi.org/10.1007/s12020-020-02281-w
https://doi.org/10.1007/s12020-020-02281-w
https://doi.org/10.1007/s12020-020-02281-w
https://doi.org/10.1007/s12020-020-02281-w
https://doi.org/10.1002/art.42381
https://doi.org/10.1136/annrheumdis-2021-220439
https://doi.org/10.1136/annrheumdis-2021-220439
https://doi.org/10.1136/annrheumdis-2021-220439
https://doi.org/10.1136/annrheumdis-2021-220439
https://doi.org/10.1136/annrheumdis-2021-220439
https://doi.org/10.1136/annrheumdis-2021-220439
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.1038/s41584-020-0441-1
https://doi.org/10.7619/jcmp.20231061
https://doi.org/10.7619/jcmp.20231061
https://doi.org/10.7619/jcmp.20231061
https://doi.org/10.7619/jcmp.20231061
https://doi.org/10.7619/jcmp.20231061
https://doi.org/10.7619/jcmp.20231061
https://doi.org/10.13406/j.cnki.cyxb.003855
https://doi.org/10.13406/j.cnki.cyxb.003855
https://doi.org/10.13406/j.cnki.cyxb.003855
https://doi.org/10.13406/j.cnki.cyxb.003855
https://doi.org/10.13406/j.cnki.cyxb.003855
https://doi.org/10.13406/j.cnki.cyxb.003855
https://doi.org/10.13406/j.cnki.cyxb.003855
https://doi.org/10.1136/annrheumdis-2015-208237
https://doi.org/10.1136/annrheumdis-2015-208237
https://doi.org/10.1136/annrheumdis-2015-208237
https://doi.org/10.1136/annrheumdis-2015-208237
https://doi.org/10.1136/annrheumdis-2015-208237
https://doi.org/10.1136/annrheumdis-2015-208237
https://doi.org/10.11842/wst.20220513011
https://doi.org/10.11842/wst.20220513011
https://doi.org/10.11842/wst.20220513011
https://doi.org/10.7326/M16-0569
https://doi.org/10.7326/M16-0569
https://doi.org/10.7326/M16-0569
https://doi.org/10.7326/M16-0570
https://doi.org/10.7326/M16-0570
https://doi.org/10.7326/M16-0570
https://doi.org/10.7326/M16-0570
https://doi.org/10.7326/M16-0570
https://doi.org/10.1002/ptr.7355
https://doi.org/10.1002/ptr.7355
https://doi.org/10.1002/ptr.7153
https://doi.org/10.1002/ptr.7153
https://doi.org/10.1002/ptr.2803
https://doi.org/10.1002/ptr.2803
https://doi.org/10.1002/ptr.2803
https://doi.org/10.1007/s13346-023-01360-5
https://doi.org/10.1007/s13346-023-01360-5
https://doi.org/10.1007/s13346-023-01360-5
https://doi.org/10.1007/s13346-023-01360-5
https://doi.org/10.1007/s13346-023-01360-5
https://doi.org/10.1007/s13346-023-01360-5
https://doi.org/10.1007/s13346-023-01360-5
https://doi.org/10.1007/s13346-023-01360-5
https://doi.org/10.1007/s13346-023-01360-5
https://doi.org/10.1093/rheumatology/38.11.1088
https://doi.org/10.1093/rheumatology/38.11.1088
https://doi.org/10.1016/j.celrep.2019.03.053
https://doi.org/10.1038/cmi.2008.19
https://doi.org/10.1038/cmi.2008.19
https://doi.org/10.1038/cmi.2008.19
https://doi.org/10.3389/fphar.2023.1136317
https://doi.org/10.1007/s11306-023-02037-3
https://doi.org/10.1007/s11306-023-02037-3
https://doi.org/10.1007/s11306-023-02037-3
https://doi.org/10.1007/s11306-023-02037-3
https://doi.org/10.1007/s11306-023-02037-3
https://doi.org/10.1007/s11306-023-02037-3
https://doi.org/10.1007/s11306-023-02037-3
https://doi.org/10.1007/s11306-023-02037-3
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 资料与方法
	1.1 研究病例与对照人群的来源
	1.2 方案设计
	1.3 样本采集与处理
	1.4 代谢组的检测和数据分析
	1.4.1 血浆代谢物的提取
	1.4.2 超高效液相色谱-质谱联用技术分析（ultra-high performance liquid chromatography-mass spectrometry, UPLC-MS）
	1.4.3 代谢物离子峰的提取与鉴定
	1.4.4 代谢组数据分析

	1.5 统计学方法

	2 结果
	2.1 实验室指标显示GA-DS的代谢紊乱更明显和炎症水平更高
	2.2 靶向代谢组数据揭示GA-DS的血浆代谢图谱改变
	2.3 鉴定15种GA的血浆差异代谢物
	2.4 GA-DS的5种特征血浆代谢物
	2.5 构建GA-DS的复发预测模型

	3 讨论
	参考文献

