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Abstract

This study focuses on the metabolic disorder mechanisms in non-obese patients with polycystic ovary
syndrome complicated by recurrent spontaneous abortion (PCOS-RSA) using untargeted metabolom-
ics techniques. Quantitative analysis of small-molecule metabolites was performed, and data were sub-
jected to principal component analysis, orthogonal partial least squares analysis, cluster heatmap
analysis, volcano plot analysis, and metabolic pathway analysis to identify disease-related bi-
omarkers and metabolic pathways, thereby revealing the underlying molecular mechanisms. Meth-
ods: A total of 28 non-obese PCOS-RSA patients with BMI < 24 kg/m? were strictly selected (non-obese
PCOS-RSA patients treated at the Third Hospital of Baotou Steel from 2024 to 2025). Fifteen healthy
individuals served as the control group. Plasma samples were separated using an Agilent 1290 Infin-
ity LC ultra-high-performance liquid chromatography system, and detected by a Triple TOF 6600 mass
spectrometer (AB SCIEX). After data transformation, differential metabolites and associated genes
were screened. Results: A total of 1718 metabolites were identified, including 1500 metabolites with
secondary identification. Among them, 430 differential metabolites were screened out (274 upregu-
lated and 156 downregulated). Core differential metabolites included phlorizin, amygdalin, trypto-
phan-glutamate-histidine, 5-androstene-3-0l-17-one sulfate, delu, 11-dehydrothromboxane B3, suc-
cinic acid, and 16a-estriol-B-D-glucuronide. Conclusion: Neuroendocrine dysregulation dominates
the non-obese subtype (e.g., 5-androstenol sulfate decreased by 86%). The core pathological mecha-
nism of non-obese PCOS-RSA is a vicious cycle of metabolic disorders: lipid inflammation — insulin
resistance — elevated homocysteine (Hcy) — oxidative stress — decreased oocyte quality. Targeted
regulation of key plasma metabolites (e.g., using GABA receptor agonists to inhibit the tryptophan-
glutamate-histidine tripeptide, or suppressing the upregulation of 11-dehydrothromboxane B3) can
break this cycle and significantly improve abortion outcomes. In the future, it is expected to establish
ametabolic phenotype-based classification, diagnosis, and treatment system for non-obese PCOS-RSA
to achieve precise intervention.
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1. 51§

Z FEN HFLLEGAE(PCOS) [1] [2102 B W Lo 5 i DL N o0 AR B 2 —,  TETRIE & 0 3 2 v 28
FKLIN 5.6%~7.8%, AL T %M 10 K S I6 97 1 R 58 4 [ B [3]. &2 & M 3R 7= (recurrent spontaneous
abortion, RSA) & #RiZE4E 2 REk 2 UL B H 4R (R —FE18), e LA A2 10009, BEURAE 28 J
I 11T % AR (3 O R [4] . Bl A 6 08 10 L B8 2 2R P LR A AE(PCOS) H g I, 1X 36 73 H 38 AN 2 52 [
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M, 525 JE AR R BN ) R A IR a1 B B AE AR IR . RSA 1R AR 28 52 IE W E )% . PCOS-RSA
TEARFIIR— B R — AR, SRR, WREAEINE, sl e T EA—E . I
PRIZWT RSA == BLAKHE R FEXUTT 1) 4% Z i) [R5 . ARG STA0E B SR sh %, VEZN IR BEAE B ARV FE A
FHEM, AW, —HEARZHEEI, 2HFIMERIEATW,  H 6T i A S 1

AR, RIRHAE ARG AV EE S, i AT APk )RR N 4, iR
T T LRI THA . MR YIE R KRB R AT, AR RARIEIEALM: PCOS-RSA EHE K
PEARACUS . ZIEERACU . A LU 28 AR AS [S 1% B BESH i o7 & 1) 2 me o I AR A7) 35 L v] st of. -
IRV BERE . RRAE RIS A2 A8 AR 1 2 BEAR S i 52 56 O S A2 1 5 2 RSA [6]. (EfHEREHIZ,
FE G AIE 78 7 2 DORE HERR AT IO R B v . [RItk, @A 2R, A R AR AL PCOS-RSA fHI#L
HIE SO . AN AT T AR R A AR 4H 2% (UPLC-MS) BX S HE [ R R 0 U R, R A SRR
PCOS-RSA &% FIARHHHFEZ 7 S AR BN &%, B 7T mri2 W ge AR AR B4, I N IRIRIG ST #2
BERLID A -

2. #RERE
2.1. HAREIR

AW EE 2023 4 9 H % 2025 4F 3 HERANSE M1 = LEERBE A T I 35 il 22 KL 4R AL i PCOS-
RSA M (R ME s G 40N 28 il) Jz 15 [ TG 5 Jx PCOS SR/ =1 . BT B 2 B i 7
WG FRET. WIRIRKRI D AR A L S . NifehrnE: AEIERE PCOS-RSA #Jidl: AW NbniE:
® 44 28 2 wilG)LER > 2 IRIGEAEIERE PCOS #i38; @ 4% 20~40 % B BWIELR, BrFfikE
ZMAE: @ 56 N NEA T FERZWHIT: ® LHIFSH>2, BMI<24kgim?; © Jofi R
o L AU PR 5 AR AH s SRR A TE AL SR BRI A e I

HeBgbrdE: O 4EH >40 5i<20 %; @ CD38. CD138 [Ht; @ &g, MmEA M. &
FEHE PRI R S AU S A SR . @ B T EMRRISE M 8 IR . B MR
LR FERSIRE; © HBROHF. W W8, SOESEREER: © MBIl Sl
FILSE; @ BMI>24kg/m? (FFEAEREFR#E): ©® 3 AN H W2 R R IMEOGNHGIT . ra N
BEMERESR, WA CRREARESCHEZ RS HAUET, RS BGSYY-KY-2024-015-
01,

REREAS T2 0, 22/, E4(x10M/L) 3t 3 AR I B2 R, W TAERIE 1 R
HEEEZER, W% L.

Table 1. Comparison of baseline characteristics between PCOS-RSA group and control group pregnant women
3 1. PCOS-RSA A 53 FREB Z IR —ARIF LR

Group (A + IRHEZE)

X (n = 15) I (n = 28) t P
IR 2.40 £ 1.06 2.46 +0.84 -0.219 0.828
Y| 9.66 * 4.02 10.11 +3.48 -0.383 0.704
R 28.60 £2.75 33.18 £3.55 —4.340 0.000
40 2 (x1079/L) 8.99 + 2,58 8.74 £2.32 0.319 0.752

*p < 0.05 **p < 0.01 FELME PCOS-RSA 41 (BMI = 21.8 + 1.7 kg/m?).
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2.2. IEPRZTR AR

MR BT N R (0 AR E & ) 5 R 28 — RS I 2 /048 8 /NI g B Bl g Al I e
FH 5 2R 9 () e 0L A SRR I LE e L, b o I S A 2, R LA s ST B EIR, 7 or iR . 37°C
ErE 1 h BT 93 )2 —3000 rpm #2010 min—HX_E 3 12,000 rpm 4°C &0 10 min—HL 0.2 mL i
S35 3 1.5 mL— 343 M N REEE K 30 s —80°C 4 A7 HEATACHHH 2R o I REE IS S : k45 . 4F %
ZafE L CNV 4553, Zar=k, AL BEALSS . AP, PCOS 5. MR NI, HAELGE R Jr=m
J CD38. CD138 %%.

2.3. FENHBERT

FEAY . Thermo Scientific [ m R (151X . Eppendorf B0l UMK RRAL 2845 BR 2 & (1)1
<)@ A0, LABCONCO &0l 4if . B Ll ik A A A AT IR =] B A i e A . Eppendorf #3465 <
Beckman Coulter [ zft. T-fE3%. Thermo Scientific Jiii4% . Monad £ AL, HFFEIFER 2 H IR A
trz—HmTRF. FERF: FE(Merck). ZIE(EET). FERE (Aladdin). Z/K(Aladdin). F &
(Aladdin)%%.

2.4. RGHHIHHRE

BEARMRE —iRTE 10 s IR -BHUREA 50 pL B0 20 % HIIHHINE 300 wLgC I8 JiE 3 min—12,000
r/min 50> 10 min—H_E3E5 200 pL —20°C VKAF i & 30 min—4°C 12,000 r/min £ 250> 3 min—#£ L _LiE
T 180 pL FEHH A A 8 Hh — il e ROBUH Ea 33 A A A ksr I il BT i R A 2 A (a3 Waters
ACQUITY Premier HSS T3 Column (1.8 um, 2.1 mm x 100 mm), iz A /& 0.1%H ER/K. B J& 0.1% H iR
I, AR 40°C L K 0.4 mL/min, BERER 4 uL, B4 T3 SRR SIAIRE S 0ECR R TA) 55 AL
B AHELB): AR IEGR 8 5 i i 6 2R S0 % AR B P . RS A FLE . T DA AL metDNA J5 474X
e .

3. ZRKBHIRTHIE

AR B G b 5 R AR AR RS 56 (Hy pothesiss testing) Al % 57 4% % (Fold Change, FC) 70 # . 2488451t
o3 M7 A4 2 S 23 #r (Principal Component Analysis, PCA) « 1522 fii f5¢ /) —3feiZ: 4 il 73 #r (OPLS-DA) 4% .
5T OPLS-DA B (LW B > 3)159 2 )74 & B #2522 (Variable Importance in Projection, VIP), LA
B 7 14t A (] 2 2L 1) 2 e (R A 4D o [T 7] DA & AR & 49 M ) P-value/FDR (ZE¥)22 2 >2)83% FC
(B SRt — 2B ik H 22 AR, AU R %04 7R 1) MetaboAnalystR £ OPLSR.Anal pR3GHEAT M. AT H
2 AR TRIE R A 1. JEREL VIP > 1 AR . VIP (ER 7R AR A2 ) 4L 18] 22 S A AR AR oy % 2L
AP PRI R, — MO VIP > 1 BRIy 2 7 % . 2. 1EHX p-value < 0.05 (Student’s t
test) AR . REMVIEAR A BAAES T B ZERBEN, WChZEREE.

4. GitFE R

FATH SPSS 26.0 SRAEEMGETH AT G . X F4F & LA A RTHETURL, JATAAIIE £ bz
(X£s)RER. RICEPTAZ M HI 257, FFGRMOAEAR thad. v 7B R 2 AR REAS fE
ARMZ W, FATHE T ROC MIZRIFMENTINIZWIEE ). Wid ROC #iZk, HATEZF LA ER: Lk
NI TR (AUC) RIS R i giitortr, R p fE/T 0.05, JATHIONIXAZ RS
¥ EREER.
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5. &R
AR ALY T 1718 MU, =% e QU 1500 4, 5 430 NS 274, T
156).

5.1. H#EARIEER

JREEREA(QC) AF AR BN & il T, F T 0 WrAe AAEAR R AR BT i N B R k. ks
WA BRE 10 M I A HTFEA R — AN EEREA, DU Hrid R R . 45 R R, AFFEE QC
FEA TIC BRI B, ACMPIA I CREFIN ) Wi — Bk R A7, R WI BT R — e A R
R, ESiEtktE. s mia e SR M. PSS (b ORI, U0 WA A I AL B2 S A I A v
2, AR SRIBCNAS I 2 B (B R )b, B A (A 1)

ARACRE 22 2 U0 IR AL & HF RO ML 3 MRACHH R 7T
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Figure 1. Overlaid total ion chromatograms (TIC) of quality control (QC) samples in mass spectrometry analysis
1. QC HAFRIERN &5 FRE(TIC BE)HEME

5.2. RIEFHIBOER

5.2.1. PCA 434

X EAERE PCOS-RSA 41 NC (IEH 41) & QC (4 41) i 2% 4T PCA 4341, NC ZH(4¢ 155 48) 5 RSA
(P T SE)E PCA 1350 b UL B2 20 5, PCL (12.16%E M/ il R) 4k L 2R 8%, W M
AREAACBHAAEAE RG22 R —— T RE SR (B RSA NPRAR ) 5 IE RS T, QM4 (Ao fe &
U PO A R IR FRFAE A . NC 41 RSA ZH A REAS s AR S b, Ui B 41 AR — 80 R - (A
IR Eh/N); QC (Rt M) REL S, WIERIBHEARCIRFERE, IEH LI MR (REA AL
R E S A, HARTEE. AAFEARSE. QC Hfe, RPEIEREL(WIE 2).
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Figure 2. PCA score plot of mass spectrometry data for sample groups and quality control samples
2. EEMRERENRRIZHERN PCA BHE

5.2.2. OPLS-DA B#4@I818F

OPLS-DA 73 #1ie— g I B R I 2 e Ge it o M 7732:, Refis A Rt 5 bR -5 B 78 6 G (1 2R 7 AT
D 2 AR . 4 200 IR E H AT IR 25 R TR ARAEME PCOS-RSA 20 155 HE 4 1) 52 I S p 1S B 1)
= ERE(Q? = 0.923, R?Y = 0.991, R2X = 0.171)5¢ 4 tH #1154 Frge s 275 H, OPLS-DA #RAYIE
ER e T 82.9%MI4L N A LA R(RAX = 0.171), [FINHEE T 99.1%AI41 1A 2 7 (R2Y = B#Hfak
UE B B8 77 AEBE AL 75 B8 (p < 0.005), H Gkl & X (BHti Y Q% < 0), /KRR fEHfReEfH
R0 2 A b A I LR (LA 3) .

OPLS-DA S-Plot

@
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Figure 3. Validation plot for the OPLS-DA model
3. OPLS-DA UiE[E

6. ERNBHIBTFER DIER

ASEIG S T 1718 MR, g% Rt 1500 4, #E—25H p < 0.05. VIP > 1 il N2 %
AU, JEALRE PCOS-RSA 4 (n = 28)ii th 2= AR U4 430 4, (LA 274, RN 156: WA 4 KL E).
PN 2 A HAT 20 AR4E B LEE 2. log2FC Zaxi i K IIRT 10 MR EEAT T IE BRI 2 LA 4.
Xt 22 AR A T OB BB FISL BT T LA 40 BRI N I G BUETR - B
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SR - HERRT23.47 £, MR S-S ABR 251 86%, B ZELU(IEHARR1.9 £%) HE R AR 1L
UW(L1-WE AR K B313.2 fi5) . B 2R A 4 (160~ — 7] 27 H S R 17 12.8 1) S5 575 o

Table 2. Top 20 metabolites ranked by fold change

2. EREHH 20 Ky

R4 #x 251 VIP{f P(FDR&KIE)Y FCA{i log.FC BETEThRE
MR B TES 152  3.08x10° 3053.50 +11.58 [l EMEFIEZ, IR IRS-1[7]
PR YT W TR FERATED) 166 1.87x10° 86854 +9.76
S THIEGN AR AR TR R R HATAEY 129 4.03x10° 8223 +6.36
2 FE R T i 2 155 517x10°  57.04 +5.83
A FREES 153 129x10* 5403 +575  FIFEPE[B], FSMAAEILIRG
2-R L He B HOE A [DIREES 1.54 3x10° 4510 +5.5
BRIR - BER - HAR AR 152  216x10° 2347 +45  ASURIEN[OIKELE, BRI A2 AT
N- Z,F%-9-O- ALt & 2R R YR TR 152 588x10° 1881 +4.23
MR > L i ES 151 2x10™* 175 +4.13
s Bt 253 27x102 1144 +352
K 5 B SRS 251 07x107? 0.006 —7.30
- 84 -3- B 1 7- B A B2 8 . B, fg2% 219 03x10° 0.088 -35  HEBEEM, THABEZME[L0]
= R FARF TR 264  6.19%x10° 037 -5.42 WS, TR 24
FANBEIEA B IR AR e AR 1.52 2x1072 028 -1.43 R ENE R, ARG R 2
11-f AU ke ke B3 e 17 8 25 1.2x107 0017 -5.88 {RIMMIEM, KM o-3 1RHEHEL[11]
i Z 262  06x10° 0.023 -5.47 PUAALRE T N B, SRR s
REAER HHLER 2.7 1% 107 013 294  ZhifAD)RERERG, ROS RAA[11]
160t = - B-D-H 2 HERE TR PETF 25 1.4x107 0.32 -4.95 JR)LAREHREY, TERIARRI11]
3-Dimethylallyl-4-hydroxybenzoic acid
20 °
Phenylethyl primeveroside Polypodine b 15 i Statistics
B | o Up:27a
© * Down: 156
n_? Insignificant: 1070
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7 .1
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5
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Figure 4. (a) Radar chart of differential metabolites; (b) Volcano plot of differential metabolites; (c) Correlation heatmap of
differential metabolites; (d) Chord diagram of differential metabolites
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Z AUV & BRI : RS R R B IS PERC AR - A IR (DA B, #6E 1.0).
FELEDTIARR A L SR WE IR & RSB AR A Sl B 2 2% 5 4 (LI 5)
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Figure 5. Enriched pathways
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7. g
7.1. dEBBB¥ PCOS-RSA MIEEZ2EM PR HHILHER

AU 08 —Fh T o A A N o FAR I R Geiit 7 5%, 8IS mn@ A, AT AT A9
WA FPRAS R AR AR A . AR 2 12 B TR s Wy AR B R R I LR M AL B 2 o
[12]. AR 2ARAR N 2R T 5 LA RGO M 2RSSR Flhn, 7523 00 $HLs S 4EA
T B W SFALRE PRI T, AU 5 R I T 5 1R B R T  SE e I 55 9 B I P2 A DG PR A U B S [13]
AWFFRAF LC-MS/MS e &, A IFik it 430 N2 AL 274, Rl 156). #5704 A
YA BT IR RS W7 R I& R 43 R 5 SR Va7 8k S R AR R RE U UR 45 )

7.2. RigHEIR SIERERE PCOS-RSA FRERHEIAYREE LB

1. JEAEME PCOS-RSA AHZ MR B EIMIRUWIK A BB, Hrp o RK R R 22
WP USRI, B P P 2 TR VRO AA - S2 O AR DO R BTt g, RERE R I AR -
WA - HAR =K L1 % GABA HE 5 il 6 25 BL L7 40 PEAR 2838 i (GABA) I 5 X 33 i (T &
M - R - HEMR) TR, WTREEEIL N ik - 4R - 91 EAI(HPO) T4 GnRH Jikih 70k, (4 73
Wb, TS BRI REA A, e )n B2 405 WA R IR T e 24 25 R S YR AR i PR L T e i 8
B3 R GABA ZARKAN AT »

2. JRACHETRER AR 11- SR B3 B bR 2w AR AR AR YR R AR B, -3 AR 7L
et M he &, Bad COX-UTXAZ Hli, 5 PAI-11 3 FI{E AT S BUR SR e sl Ik i A, X9l R L
FOEYRA A (A PCOS HA A RAEEYR ) SR ftia ki BlinZipistia T 5 -3 W56 7B L
R AU I YRES R -

3. BEACH AL BB R BRIATR 1 L S BELIT — SRR, 5 SRR AL RIB(ROST). MR B
L 2 A MURE T v EL IR BR i 2R AT PR AT 2 N SGLT2 ikl 1) (RR B H A [141KR3A97

73. MRBRERE

AW FAIL 7R T ARNLRE PCOS-RSA HIRE TR B - HEAQH 2 ELAZE 3 70 W T AR, S5 A
T LR, AR TAAE— € SRR YE, FEACE D, SR UUIRTIAS, HAR2id i (GABA) R B H
RRFGT KPR N il B LR UE . BT ERE RV, DORE RN R R RAEAS, Sz
CEORLI R AT AN, TevE MR A R LI S RS . RRA IR iz Wi 2, e
A ARUTER B4 AR 2 RAAE (90 S MR BE 7045 %K) [15], M@ MLas 27 ST TRNAS 2 , Scal B 400 e £ A i A
A SCBUARNLRE PCOS 8 AH S K HERT 42 M ORIIR HORS HE I 24 .

SE 0k
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