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[FHE] B AR B ESERFE RS RIIUE(gouty arthritis with dampness syndrome, GA-DS ) £ # AU+
ik, T LEVEAE RS W A & O A= WAn s B, T 0025420 b B RRIE X XA S g ALl . ik MPRRET et
I R M 52 i XU OG5 2R IR 4 165 PR BA S A A KT B P 7 (TE M5 ChiC TR 2000038969 ) i i)
BAFN I ERFFE o AN A B8R XTI (healthy control, HC) . GA-DS JJi WU 3¢ 47 & JE I UE (gouty arthritis with non-dampness
syndrome, GA-NDS) f &, PPAL LI PRACIE B AR AEHEAR, IR FIAT I A2~ X i 2R AR A T g AT o WA B ATLAR AR
0] 548 IS AN AT R OSSR, ek 57 BB TP IS TE A R AR IR BE . R GA-DSHEH RIH I B A=
L, PR BT HE AL MUPRTR B e A G Rt W] i o AR 25530 B7 7, GA-DS AR I3 P i) . Tt 7 % (acetovanillone)
FIFRWERR IR (cyclic adenosine monophosphate, cAMP) K- THCHIGA-NDSZH, ¢141<0.05, 2= 3594 4iit2 72 s X4
AR5 505 1R BR B S REAR a3 49 C ISt 25 1 2 AH 51 ( 7=0.50F117=0.48, 4 P<0.05) o F£TF3X B A A0 2 132 45 [l
BRIAT A3 X 52 GA-DS 5HC B GA-NDS (445 MR 22 40.158+0.038, 124 (84.246.6) %, S HAMMIY LR, BIFEAREIE IR PHI<
0.001, ZRABAFITHE L) . HE—E0H kK, cAMPE IR BEFARR (ureidosuccinic acid) 7EGAKE & AP T+ (P<0.05), H.
TEE KB4 TR, 245G cAMPS IURR AR [H) T.iEMB (creatine kinase-myocardial band, CK-MB ) # 37 (1 & & Tl 4 754
SR IR RE, IR L I BA ) b 2 5 R (R 1 67.39%, 95% B {7 X [A] (confidence interval, CT): 52.0% ~ 80.5%;
AUC=0.803, 95%CI: 0.676 ~ 0.930), #5i GA-DSHEEATEMEFAIF LT H AR, acetovanilloneAlc AMPEAT LR T
{8, cAMPHEL 5 CK-MBH] I T GA-DSE & XU 09 FIATI . ABF9 A i Bk i B A SR B AL T HriEd, 102k
GAR RIS WIRI B R BB AL T I TE R A= bR
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[Abstract] Objective To investigate the metabolic characteristics of gouty arthritis (GA) with dampness syndrome
(GA-DS), to identify potential diagnostic and recurrence-predictive biomarkers, and to preliminarily elucidate the
underlying mechanisms of the effect of traditional Chinese medicine (TCM) dampness syndrome on metabolic

abnormalities in patients with gout. Methods The study was conducted as part of a clinical trial—Clinical Cohort
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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.
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I WU S5 % (gouty arthritis, GA ) J&—Fl i T 1ML IR
Ji% (serum uric acid, SUA) T} S E U AN R IT2ER (monosodium
urate, MSU) FA{ARTE G FIERZH ZLIURR N 51 A 1Y) 8 WL 58
SEPEPE" . KA R S R, 20174E GARY AR
WA v AL B R R B3 1:790.90/100 000, 2 4253.49/
100 000, F& [€] G A 5 %58 AE 1T KOF LAE R 4 1,
JUE R IRBR AT (urate-lowering treatments, ULTs) EL#
T MEREH TR GAR 2 kAR 518 vk, HAE
SRR R HI P A RCRATIE R, 55 AE GA G ISR
GRS IE T, Gt BORH R, 32 BE IR RIS bR
1R (RISUAZESRF <6.0 mg/dL) I GA R #H 5 & %2£0.333/
NAE, THRSY AR ISR B B R FN 5 1%0.491/ N4 11
A, I PREE 7R, UE 291/3 81/ 2009 GA IR #1252 T %
PRIZISARIGST, H A= g R HI 2538 A 3] — 2
AT D, BIAE SUAZKF-IA AR, GASE K XU AR AR
St B G R 7 B AE R R T AR /R . GARY
2 R RAOINER S5 i, ot RS PR PR AR,
I, iR AR SR TN R, SRR AR R & T
TF-Be, WA A H] T 30000 52 4 i A= W2 b e ), DA el
HE S R AU TNASL RS, ST B RS v A AR A B

TEHEIIE T, GAJE T B UEL s, Ho R AL 32
BN, P R R B YIMOC, EFRIERIR R4
TR, MEGTEGAMIRIRIRYTT th )z, B 1 eE
RAE | AR KR 2 R S5 E T, R B,

Dampness syndrome

Recurrence Cyclic AMP Ureidosuccinic acid

R R L A 2 e A B R R, 22 R A B
L REAT | RIS Bs 1 & — RS RE
BB R IBAIE (dampness syndrome, DS) o ¥ 828 47 4%
IR FEGARE ZAER KR HL, (HiX —Hig s = 3
AW S . S TR R AR v v] R S LA
AL DI, ABToE itz A 207 2%, BTEfas
GAIRIERY AR YA B6A, T PR R A L —Fh L TS RHE Y
GAR & AR TSRS 33 35 TAEA 2204 vh B iR 3G
PEHEEOAR Y, T B8 W GAE & 1B T 5 AL B
TRTRALH AR 5 R

1 FAREFE

1.1 HARFEG SR ABNSKIE

AHEFEAAT T AE T I R0 1 v B 10 Y 5
H, BIV XU D45 2R WRAIE F4 I IR BA B 449 2 B 97 25 0T A
5% (M5 ChiCTR2000038969) FFJEMFIE . 4N AFRHE: (1)
54 20154F ACR/EULARE KU 515 RIZWiknifE; (2)4F
WBAE18 ~ 704 ; (3) I AZIAH A8 (M ) M S
o BB E A ST, 25 A R o HERRARIE: Q2R ik
JE LU AR — TP HEBR: (1) G 7™ F0 0 L Fis
Jili o JF B RGN | S IR ORGSR
)T URBHE LI IE 25 (3) K HINSAIDs T30 1) 1%
SV E T AR B U E KR () AR TER N Ll
FHZ59 Cane] = CAR . BRF6 2R | R PRI A5 ) 3 1 i) 4 2 1k
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SRR . BIBRPRIE: (D) AFFE N ASRETT PRI AR
R (2) MM PERR 22, R4 I TR B L R AT
SRR ZabbsiE: (1) BRI (2) BB T
5.

W R C ) AR R BRI 2 51 st it
5 BF2020-193-01 F1BF2021-235-01, fIlTf 5 5% 28
TEFEA . GARYPE B2 EibRiES: 201545 36 & KR
222 R X I 1 (ACR/EULAR ) & A B9 KU 56
RIZWIHRIE" . B IR UEIZ Wb v WK 4 20204F 48 R4t
At BRI [ K 0 = R S A 1 QRRIE 2 WA
WO AT H (0 KDL GA M B A I bR,
R4 2w b T Bk, A2 2% b S = 245 A REAR (TG 18
B APRIGIT): (1) PR IRIERT [E] < 24 h; (2)FERZE
fi# <14 d; (3) KAERIIHAEIR 7E 2% . GAWBIRIE T
IR BB KRR TI2 S 1 B, (R R4l 28
PR B TS MBI I AR DE B AR . BABI 1 GARR
FALFRAE IS EBC A GATRIE (GA-DS), GATEIZIIE (GA-NDS)
N T B (HC) AHE; 107 BAF 2200 37 i MRS,
IV ANGA-DSHY B, RAETERE D248 NI A B 53
JAE R R A (GA-R, & SUN24JH N E D RE—R) 5
T8 KA (GA-NR, & XCh24 AN T EAE), T 5E
GA-DSI & & AL i R
1.2 AREt

R TR T #GA-DSHACHTRI R AR, 1 58X BA
H 1B 3LNTE 8 — B AE b AN S 50 A A P AR A T 4347 o
BES , SRS ) A2 32— 253 T GA - DS 1L 2% Ay
i o 38 A 281 [0) P T L AN A2 B 43T 43 S0 O e 56 g i
FESEI MY o 9 T PRS2 B ] T X 4
GA-DS5AEGA-DSHEA, i o 22 45 [0 V4 55325 3 Hr 4%
AUCIHHFERT =AY . b TIRRIIERF 2 A
Bk, TAREREVIBIE ST T S 1 GA-DSZH A
GA-NDSH ABEFEREACR AN S S5 128 N F124f N 52
RGN WSS, MR 24 A TR EE K, ¥ AF 1Y
GA-DS#1/3 NGA-RE GA-NR, & 5x} Ho W4 18] il S2 5628
KA FE b AN AC Y I RIE 2 57 . ARG THRZ X
28 ARG R b2 A5 2 TN GA-DS B & K (1)
W1, LABAIN B BAE I R8s SE 04T 51 & T A 7Y
ARG, LASNR 470 57 BAE (BAF 2) 1 A 56 UE £50 40 4 %o 2
RTINS TR 5
1.3 HARESHE

i HEDTA-K2H 05 B WM 90T G 0 MR AR, 76
3000 r/minf¥) £ T B0 10 min, SRJ5 4385 1138 432 04k
FET-80 °Co FEARFLARERANEM AR ORAEAE) AR T B B

WG
1.4 RigHERKENFEHES 7
1.4.1 R ARB a9 IRIX

H420 pLIHEFEA S AR N PRARIE S (20 uL) TR
A IA120 pLBE S BEBOR S, S T 8 11200 r/mindik
i PIRAIIEE 30 min. BlJS, fE4 °C. 18000xgx{F T
B30 min, BCETER30 uLEEH E96fLA . FJE INA
20 pLATAE AR (3- A EE 2R i) #1120 pL 1- £ 56-3-(3- 1
L LN AL ) Bk — W M TR R TAEM (1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride, EDC.
HCl), % £ /5% T1 200 r/min. 40 CH 5 b
60 min. fTAELTERLE, 764 C. 4 000xg & 4F T B0
5 min, FRRE30 uL iR 2 Br96 LR, FFLINA 90 uLAE
SRR, R TR 21 (600 r/min, 10 min), Jf#£4 °C. 4000xg
B5.0:30 mini, SEME SR HTALBE, £ IR
1.4.2 A ZHHRA E - SER A F RS (ultra-high
performance liquid chromatography-mass spectrometry,
UPLC-MS)

fii FHWaters ACQUITY UPLC I-Class Plus 52 4% (32 [H
Waters/A 7] ) 2545 QTRAP 6 500 Plusiri R i (X (5[]
SCIEXZA 1)) HEATARII M) 73 B AE 5 . (438 454 7EBEH
C18#%(2.1 mmx10 cm, 1.7 pm, Waters) I i#F47 (355
i B AH 1 0.1% H R ZK I W (T A A) F30% 5 N BE Y &
JEA IR (RIB) LA, BB BEEMFRIT: 0.00 ~ 1.00 min: 5% B;
1.00 ~ 5.00 min: 5% ~ 30% B; 5.00 ~ 9.00 min: 30% ~ 50% B;
9.00 ~ 11.00 min: 50% ~ 78% B; 11.00 ~ 13.50 min: 78% ~
95% B; 13.50 ~ 14.00 min: 95% ~ 100% B(Ji#: 0.400 mL/min);
14.00 ~ 16.00 min: 100% B(Jii#: 0.600 mL/min); 16.00 ~
18.00 min: 5% B(Jiiii#: 0.400 mL/min) .

JFi% 4 F: QTRAP 6500 Plus/Fiit ¥ it £ ESI Turbo
TR, ZHBCE R : B IR : 400 °C; BT M55 HL &
IEB TR R +4500 V, 1B TR —4 500 VB
ST AR T A5 K43 0260 psi 60 psifI35 psio K
FHZ2 SO W A A T B ) 4514, 1 B AR WA
YrEsxt, REERE . JoE i B S DR B I )45
143 Rt B Te)RI G 5w

FI FH Skylineh2F (BA21.1.0.146 ) XiF i Ji7 4 B
TR TR IS O S e o BOE S EE 5 LA R
BT HE T LAY 250.6 Da SR B 5§ 150~1 500 Das
Az SRR AR A7) 5 R B, 5 R 7 4 P 5 R L, it
SRR SR T . Skyline K TR 7] S
2% H B 5 Wk https://skyline.ms/project/home/software/
Skyline/begin.view,
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1.4.4 ARHHELEIE ST

S AR B e A T RR AL A B, ST ZAH
JE SRS M B FERIE 5 5% (R Studio) 98 L. R
opls Tl AT 1F 22 fhi fe /> — 3 #5153 BT (OPLS-DA) , 435
PEATEH S A R RRAE RS MIRHE T e . 22 S A ) i 1t
B VIPTEr> 181 —1g(FDR) > 2., 7ERRIIE (2 i 1)
P b, FRATTR A FL 4 B ) T 5 AN TEGA-
DS 5 FIR I PIFEIX - GA-DS 54EGA-DSHH A (£
FEHCHIGA-NDS) FYROCHIZE 315 TAUCIHH. TER %
BN |, o TIRRIBIERE B EAS E L, TR
RS T B 1+ GA-DSH FIGA-NDSZH ARELE
FEACR AR 5 2 5 128 N 248 &R & I 1, SR 5
B AT 119 GA-DSHL 43 A 2 R AW 20 (GA-R, & LN
248N B BAE—IK) 5 R KM 4 (GA-NR, & L H
24N TCRAE); BAFI2 030 57 i SMBBA S, [ READ & GA-
RAIGA-NR#A . [FIFERAIEZ B 015 75 1%, 52 TBAST 194K
PAL T B2 R TS, SR J5 ) FH BB 2 ) B 2R 7
E, TR A AUCTE IR . B nT Ak i, 3222
i ggplot24 58 1 ; A A 1] 5 k1l & )3 i GraphPad
Prism# 44, LA BN P it 1 5 45 R R
15 SitERA*®

A IES AT R LY+ s TR, AFEIES
AYAT T OB LR (P, Poy) IR, {# I GraphPad
Prism vOs{RGE TR HEATAE T o0 o WA ] ) B AR
FOAE, A6 IE2S 23 A AR SR S, REAS e 3, ANAF S
TEZS 53 A B B R AR 2802 - e 4 UK % (Mann-
Whitney UK 45 ), P< 0.05 M2 R A G245 L. R
Kl 2 z-score ARUEALAL BRI HEAT /00T, 22 2] AR B 1Y)
PO LR FH SRR 3R 2243 BT (one-way ANOVA) Al
TurkeyZ B 40, Ll Adjusted P< 0.05 82 R A I 2EE
S W T 24 W) 275 B U, R T One-way ANOVAZHT
FFDR(Benjamini-Hochberg) #17 £ & L8 1 ¥,
g< 0.050 2 B it 2E 7 X M43 HT R HISpearman
FHCAESM T

2 #R

2.1 EWEIERETRGA-DSHIREIZEELE R BRI A fEK
TEH

G5 MF 1R, TEAK BT 24540 (body mass index,
BMI) Ji i, GA-DS4L i THC4 (adjusted P<0.001)
SUAZK IR S, GA-DSALIISUAZK - THCAL
(adjusted P< 0.01) MIGA-NDS4 (adjusted P< 0.01), fIgf
R 75 T, GA-DSAL B H [ B (total cholesterol, TC) , H

i =R (triglycerides, TG) AL % B g &5 11 IH S BE (low-
density lipoprotein cholesterol, LDL-C) /K-35 T GA-
NDSZH (¥1P<0.05, 227 A it 75 ) . X451 4R
7R GAMEIE Y £ 75 BRI AV A i B A

8P AE 16 AR 5 T (AL 45 L UM B8 C- R B 1)
GA-DSHH ML 1T (erythrocyte sedimentation rate,
ESR) 5 F'GA-NDSZ1(P<0.01) . GA-DSALAYEHC- [
#E H (high-sensitivity c-reactive protein, hCRP) [F]F 5T
GA-NDSH, {HLH [F] 25 ¢ R Ge i 78 So X L IRER
GA-DSTEBE S ™ H 1) RGN RAE N . 25 EPINA, GA-
DS H AL S SR WO Iy 1 B S S X, SR
P E ] G 3 1o 52 e A - S AE S EE G AR, AHSC AL
i e — AR
2.2 FBERIHEHIEERGA-DSH) I IR K5 Bl & 2

AR LA 7R, BT 3R AR S 2R i i A A
BUAT LY A 3 X 7> GA-DSAH MHCA (R°Y=0.934, QY=
0.801) o HH XA Y BT Mk 5 R i — b A QI 0 o1l IR
1 -5"- L5 R (uridine-5'-monophosphate) . Z Bt H i
(acetovanillone) F1S-5'- i - L- [A] 24 2 i & iR (S-5'-
adenosyl-L-homocysteine) . It4h, LAVIP1E 43> 1l
—1g(FDR) > 21 FE, M0 2k 21 7 41 [ i) 27 2 S A Rt
Yy, Forh16FEGA-DSAL P B3, 11FP R (K 1B) . 2%
UL, ABIFFE WA T GA-NDS4L 5 HCA [{) OPLS-DA#K
R (BFEILC, R°Y=0.923, Q'Y= 0.808) J-fifi 1 51722 4L
(B E1D) . R4 GA-DSH HIGA-NDSH N GA R
#, AH P AR I A R 9 1A R (RHAT1E, R°Y =
0.876, Q°Y=0.652), Wi £ [ ) 22 AR i ik 505 .
. 33FMCIYIFEGA-DSALTH G, 17F R (PRI LE) o i
622 5 R W GA-DSH LA ACEHRHE AL 5 HCAFLE X i,
1M H-5 GA-NDSUAT I 22 57 0 BFIAT UL R0 28 55 I R F:
2.3 EFISMGAR MR ERK G

5HC(n=24) ., GA-DS(n=30) HIGA-NDS(n=
30) Z 18147 15R0 3L [R] (4 2 S A QYD (4% 7R L34 A A8
TR (EA, BIHREdE N qlE, g< 0.05 W 2E R A5
PR o SRR A AT bR AT T E 204
B, X 1550 G AR 5 1Y LAY b, X R IR 2R
(ortho-hydroxyphenylacetic acid) ., 4B —H iR (phthalic
acid) fl1S-5'-adenosyl-L-homocysteine 5 B /NER € i 2R
(estimated glomerular filtration rate, eGFR) £ {5,
Spermanti & RE /MK —0.49, —0.53H1—0.59
(ENB), fem BRI B85 F /R IE S D e IR A
Ko IEAb, S-5'-adenosyl-L-homocysteineif 5hCRPA 1EAH
K(r=0.48, K1C), #7miZ P AT RES: 5 SE S o
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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
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P <0.001, versus the DS group (independent samples ¢-test or Mann-Whitney U test).
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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 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.
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Fig 3 Differential metabolites and predictive modeling for GA-DS recurrence

GA-R: gouty arthritis with recurrence; GA-NR: gouty arthritis with no recurrence; CK: creatine kinase; CK-MB: creatine kinase-myocardial band; VIP: variable

importance in the projection; Acc: accuracy; the other abbreviations are explained in the note to Table 1. A, Bar charts showing the recurrence rates of GA-DS and GA-

NDS at the 12-week and 24-week follow-ups. B, Scatter plots illustrating the differences in clinical indicators between GA-NR (n = 24) and GA-R (n = 22). C, Scatter plots

displaying the differential metabolites between GA-NR and GA-R in Cohort 1 and Cohort 2. D, Venn diagram showing the overlap of differential metabolites between GA-

NR and GA-R across the two cohorts, with box plots depicting the expression levels of the two overlapping metabolites. E, Bar charts depicting the accuracy (blue) and

AUC values (yellow) in Cohort 2 for recurrence-prediction models constructed in Cohort 1 using randomly combined metabolites and clinical indicators as variables. F,

Confusion matrix and ROC curve of the best-performing model (cyclic AMP + CK-MB) for predicting GA recurrence.
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