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Abstract

Polycystic ovary syndrome (PCOS) is a reproductive endocrine disorder and metabolic disorder,
and its pathogenesis still remains elusive. The occurrence of PCOS may be attributed to the inter-
playing among the genetic and/or metabolic matters of females, as well as the inner and outside
environmental factors. Recently, evidence indicates that PCOS occurrence is positively related to a
homeostasis abnormity in the gut microbiota, by which metabolites of the gut microbiota, includ-
ing bile acids and short-chain fatty acids, are involved in the pathogenesis of PCOS. In addition, gut
microbiota can affect the occurrence and development of PCOS in female patients with various
complications, accompanied by hyperandrogenism (HA), insulin resistance (IR), chronic inflam-
mation, and obesity. In addition, in this review, we also summarize the research progress on re-
balancing the gut microbiota of PCOS patients with gut microbiota, such as fecal microbiota trans-
plantation, supplementation of probiotics, prebiotic strategies, and traditional Chinese medicine.
Taken together, our summarized information here on PCOS advances would provide a helpful ref-
erence for PCOS research and clinical applications.
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1. 518

2 F O B2 A 1F (polycystic ovary syndrome, PCOS) & —Fh B % 22 M 1 7 iR 1 P9 40 30, 72 B s
VAN RN, Gl BR FE N 6%~20%, BE T2 W bR v AT I 52 i) AN BEAS R T2 I AN E] 1] [2] -
o N T H XU O 55 2 FERE AL . [RIERIEHFON B HEON . A &R . M EOKFIaE. 28, R
ERHIE. PCOS KRNI 2%, HETA AR Z IR R &I ReRG 38, FESEER R KIAER R
YRR, B R RPN PCOS K HEE R F[2]. ML= A KA, #5 PCOS H#HKIL
W EREN, FELIF R BT T HERTMAREZIE K PCOS MEERIER, Hob, I
PR 15 PCOS )5 51 WU a1 5] B AN — 5 B

MAEBEZ AR RER UL, B R KT AR I8 8 2 R AR MR N R A, 2 2 5 T e e R
IR IRETEZN Y, BRAE a2 e AR T P D RE RS AN 2 FEOP LA AT . IbAh, 25 BRI N AFAE TR B A8
St By B E, P PCOS M KBS G I o HH T 198 15 35 52 A ik DAL Sl B 5 2 S JH & g P 4 s S
PR 5 28 S AR D DR IG IE J7  JT Jik 5 ZR U E TR R, AT S BURR B =BT (IR) 55 v JBR &5 3% ML
o R KT A LA et B R, DAL HE PCOS Ik fE. bk, ARk ARES K PCOS,
RIIE L2 B E B R S5 AR /KT, S8R AR 5 R AT DUR AR B B R 3T, 5172 PCOS 1)
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KAE[3]. RBLAEREHIA A PCOS KR — Mo i R . BRI 5, PCOS 1]t 5 % 3[R 3 ks &
IR R RADG, AR, RESEHEESR. HEMEMER, B2 ES 0% IR
Fo REGRK EEER i R AP TS PCOS RAE R R TH I FE it g, N PCOS IR IR 5T
FG ARG TT SRBE SR AL T B S H A 4.

HATKEM SR, PCOS & W HEMERM MR, BB AR RN PCOS it
kR E VIR [4]. NFEMiE WARTEDE R W I TE AR IRE,  JU s N AR 40 52 (R R SR B AR, Rt
PERR R NARE) “SE R« “ES KN BT o TEAMRIEREARET, M w516 £ 4t
WA E T —BENDNSESRE, ZRGMNIEFIEEARE T HIEAE N S5 frd st . FHik, B
T8 T A ) B AR 7 D A A R N AR AR AR S U7 Th S 2L VE F o A5 E IR U7 R (short-chain free fatty acid,
SCFA). X401z (bile acid, BA). 4% % 3L (branched chain amino acid, BCAA)Z: 7 i Lt 7= H ik 44
T it Bt b e BE VRIS A A SR FRAR S, NS5 T AR SV E AR [5]. REl & SCFA TE
Z 5RUHIFESL, AR SORER T e s EEAEH .. 52MR, HHEMAEYH B
il T8 B B Dy ae U AT BE MG AR, AT A A T TE SRR 1) IR 2 B8 (lipopolysaccharide, LPS) itk #& F1 P4 £ 2 I,
HiFESFEGMRE R, BT BRI Thfe[6], R thRFE B h =4 LPS & 140
BN, A 5B M SCRA PR At B kb, AT T4t PCOS B[ 7]

2. BEEES PCOS

WIRGHTIR, PCOS J&—Fh S A1 A 7 AR 2 BLIN e A e . i W ARl =25 17 A
WA AR R, H b R 2 oma A PRI P 43 R GE RN BB Ay - R 2 FEAIE B, il T
BEA WA B A B, IR IR I o IR 4 B & A RES), BB R#S PCOS kA4 K e % YAl
K[5]. Insenser 55k BLLE FBHESL 23 = (HA) ) PCOS B W TE B BEH o 22 FF M (RN g i A 2 b i 200 1
RYVKRA, B ZREPE(EN LA PR VE 2 R) B Ag RN IR ZH K [8] . {2 Torres & &1 K IIEAEH HA [t PCOS
BB ERE o ZRAEER TR IRAL[0]. DA LI 70 X BITE L 75 L HA N ifdebrdE, [RARYE
P A RN, i R A 2 R S R RIS HE B R KO T R A . NMAGIE K E R R
BETR T JANGDURF B8 177, G P 40U 1 8 A T VR IR B SR AE T B 11 v 5 2 S thhr,  H #0518 vk SOEAH ¢
[10]. LAFERRFFT4E 540 H, PCOS B3 1Ak 4 )i 18 B Jes 1) 32 B o AR 3 R0 - 3= FE AR A 4+ . Zeng
L[ FE N AR RS PCOS AAEAXTHE, RIL PCOS & AT 14 & 5 W 2 71 = (5 06 5 = 4K
P VEBE AN ST S SN FAAR F]), T B R QR R T W PR, FL TR IR IR R s 5 S R A A %6
YRR F 1B I 2 OEA DG, £RG LA L PCOS il g B I AR X 32 5 = 2R 1) R B84k, AT S B LA 7= A= B
S G RN o {H 55— ANF 73R B, PCOS HR 235 H TK b I8 = B 384 0 42 s WA 1 98 i /82 [12] - 41, PCOS
BE M ATE AR TTRELL SCFA F1 BA [P~ AR WA MR,  $27m 17 T8 B R E 0P 1 42 28 B AR .
A, R Fe D BRI TE R RS REIRTT PCOS /NRUG AR %, PCOS ZH/NBRME I /K- AR S ) R i
I IEH, RFIEFETES PCOS & E R % VIFIE[13]. Olaniyi %5k IS ER &b (17 18 U8 1) 56 55 g I R
T LI A5 T TR T ORI PCOS BF SLINREFfG IR T IR K, RIA e A B fT AR AR
WD SE RN B IR ThRe B A B EE U [14].

JE A B @ B — WA R E A2 . A N A IR i 4 S e BT RS . H AT L RITE 50
Tl B BB R ATAE 20 PR IR - Bl 5C[15]. BRFFCR I, PCOS &4 X6 M E = FEAK 1(GLP-1)
AP BAR, B kA #h R S B i AR AR S R G, T B I8 B SR A ER 2 A 25 L [16] . Sun S
R GLP-1 AH T HE Lz B HEA . FEAREAR. (Lt B A sGE A s & 3R il o Bb4h, i - b e
HoXt PCOS H# OISR ™ H R0, 2 B F AR IIAL . ALAS RV IEURE . AR R B R S A AR [ 17]
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L5 LPTIR, IR H i IE R A E ARSI PCOS A AR R O, X EEHTFIH NG ST PCOS S fitif
FERE Ao

3. BEEESS PCOS W{ERINE
3.1 BEEHSSHBENLE

EHER R KT RIERIf1Z PCOS B FEhnifE. WFICR, SrdEias Mok 2 52 ma ORI i) 155 K & A
A, TS ECHEIN ThREFRAT R A & B WIZEL. 54, HiEm i R AL SR GIE bk, SRR 2 M
YU T REREAT, M 51K PCOS. W5t RANGIE W #E 2 5 Wi M AR, R SRR (14 Jiz 8 6 20 W 1 1R
1k 22 (glucuronated testosterone, T-G)FI XU 52 il (dihydrotestosterone, DHT)AZ izt B A 52 Wi 2 7 2 Hl T TR
1, A3 S B T U S S A DHT /KSF T ei[18]. BB /KO 5 it B B 10 25 0 2 KR R 2 B AR AL 35 D) A
%, AT SR ThAEE, INE PCOS FER AL, 1F PCOS BT, WBEWEAY o 2R R ZE/KT
FIZK[9]. HAA—TWF LRI, PCOS 5 BT IAALL, MEMENEE o 2R T, HS5HEME
KRGS, M5 K PCOS [19]. Zhou %F[20]7EFR ST PCOS (¥ B4 J& F B Gk b, R IS /K ~F
EXEAT 8 R IEARDG, SRS w)E. BN 8 £ 0 5c. teah, 1E PCOS /N FASE R A 3 rh 2 i |
HRAE R E KT ST SUBRAT I 2 EMSe[21]. TR AR, Bl R T bk iimis S PCOS
/NEUJG, PCOS /N B it b B 35 6L HL S 35 PR AIC 1 Iy B2 /K S [22] . A i, i o B 35 L & e i
PCOS HIMEB AU, (AL ik — Pt 7

32. HEE#SRRRTN

PCOS H# KA ZHAFU LR & 25%~70% [23]. KEWF L, PCOS i dfi i £IRPLM &
A5 E R AL BANSE . 1F 2 BUPE PR g (T2DM) i s 2 A R ki, beln TR~ 2B R
A, Ut T R AR AL S R S R IR VA O [24). TRALER M, AHELM@ R Lot AR SRR
PCOS B3 Ml i pa i R S 9B s, Forh 3 B IR B o2l , 1 3R v AN ADURT 1 S 34 0, FLAE DG 7
B RIR B AT MR AN SORE ST B I S T B R B 2 OEAE G [25]. PEiRIE, AR A ArgE.
TG 5 22 OB MR I S AR MR S5, T IR B 3 KL A8 (1 A ) Jik % X Uk P [26] » 7E PCOS 3%
e R B8 AU o, 0RO e LA 2 W I E M I B8 A s £ . —TUE AL R, WIZE TR 2 IR
(CDCAE Nz el X %244 (Farnesate X receptor, FXR) N7, W IAT 5 78 PCOS H Az K Bl s
RIPE AR, 20 PCOS RAUAIRE FASTL[27]. Li SR FUHUER BT B R e 75 3 ) PCOS /)
BB E B ZFEE, BRI PR W E . AT B 8 = FE G 1 PCOS /N BUH &7 W BIURE I [22] . Xu S5
TR B T i s B 15 S 00 2 OB PR /N BB AY, T i SCFA P2 ARG N, 22 IRFA 1 B
FNEOR R 1) F B2 RRAG, AT st ol B S o7 B D e se B %, 98> LPS “UMbER 7, GRARA 5 SR IR N5 R
By Akai[28]. ok — W iR, B A IR ET T SR MR (DHEA) 5 21 PCOS /N EUSEAL, mldid ik
2 T T U DB IR 2 Sk FRAR T 1 R U 1 G 22 BB (LPS) /K F, [N T3 i TLR4A 48 1R Sk i/ 4 B 0
BRI 3 fi 5 AT, 2R fi PCOS [29]. 2012 4, Tremellen #2117 DOGMA Hig, & izis it vkt
ZAL S PCOS KA KRR YL, R I AN FREIR £ I 48 51k 1) 1 B A 2R L 2 3 S d s 1 1
N3G 0 i 22 0 25 Ik i B 0 N ARG R [30] 0 FR G 51 R 4 B8 Ve S hE 5 B0 5 2 32 AR Th e S Pe, AT AL A
PR S R YU AL IE # U R B bR, Pedersen ZE[31]HF 7t % B PCOS A B R 74 figg il ik 26 W ke b
W ER R o BRI, D0 R B AR PUEL A AT A . A TE BEREAE 2 BUHE R (T2DM) IR A A e o
PHEE M E . SERARAEL, T2DM B W78 EERIUE 2 5, 18 b e I8 1w & pE R
Wk S8 RIE RN, F20H T2DM HIRAE R B[32]. Srii st &0, WLT (W id v 2 7T i AR )
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YE 9 b R v YR MRS JE B X SZ AR (FXR)BBN 7, 38 Ik $00 i b e s A 0/ ol oy TLWE 2= AR K 1 190 46,

75 PCOS FEHRAR, AR U S 1)y R e fig AN g & 2 K4 [33] o (RARYE H B i SCik4RE, 18 FXR 7£ PCOS
A PR P P E ARG, BRE— e HEY) SCRA mT4iFe B i EFfae, SesmiER
W PR AP BEFURIL, PCOS H 1 i1 S A W v it/ o AT A R PR i A 4 38 J A 18 R XL
AP, AT BRI SCRA 72 A= S B00E AR AR 7 0 A AR J I KL, (23 PCOS M A [34]. WRFLREL, i
T B O VO AN S A R A B AR L SR A S ERE A A R, NI S B R K,
BLIEH BN B INE PCOS R A2 I R [35] . JiR 5 Z HRPT -5 B8 2 17 >R 14 i Je 5 3% LR AN AN R (i 2 B S AT
IR 2 R, IR RE BRI R 45 A B R 1 (sex hormone binding globulin, SHBG) & i K 215
T RS SE A IR o SRR KT Re 8 R a3k Y IR 7 2 e, 184030 B IR DT R K S, e — 2 o JR B R AL

33. EEHSEMRE

&P JRE /& PCOS AR E R R —, IR E &RE. CABFFIIES PCOS &2 5 55
LA A PR SRR SRR 6 KT T v LR SRZE 3 rb bk B 4T . BRI S TNF-a A1 1L-6 25 98 RE K1 1)
IR I AN[36] o L A1, A BT 98 &% TR e Mg B AR A 1) PCOS R 21 % 22 T SR 3R B 72 28 S 30 Ak P A0 S
FIHESR = A, TR IR B SH AR, B PCOS KK RE[37]. IRZME(LPS)S & H =K
AP B ARG 2 By, AR AT S R JORE . F PCOS H % v i3 B e Ok R 1 R BN LPS 7
AWML, SPERIER T ACEEIN. S8 b R TR i B EIE M, LPS 3 ARTEIS S R
I g5 A ARRR S S e 4 LR T 1Y) CD14/Toll FEAZ 4, G NF-xB {55388, (234 5 R0 B, (R @
Tk 5 I 2 B2 R [ (45 5 T R R 0 2 B SRR - 1 W BRI I R 5 AP, D O 2R )
P, S8 PCOS [30]. —TARAMIEFLREH, I LPS HI¥ N 5P SLI50RL 41 i 2 3807 NF-xB Al NLRP3 4 JiE
A, ZIFEH TLR4 FA R E I IN[38]. J3—FiALHIE, M i A ) 4 ik v Do i B il H 1 3 e
P . Lang %3, PCOS FHICAZUE 38 Ah A R H B T 4iH(Thl/Th2) i bl s X iR 4H, Thl
1 Th2 g ~F- 5 8 5 B0 00 R0 M o7 2 22 AHESR Dh RERRAG, F30 PCOS M IE R FAAK, I KU 3
[39]. 82 FH 73 A e B2 V4 ¥ i 2 26 M MR A5 10 /) B PCOS 26 BB it e i id il itk LPS-TLR4 3B ik ey /b 4 & %
i S5 R ESE i ) AR PUOR 2 i PCOS [29]. 25 LATIR, A1 B v I 2 Pl 42175 R MLAR ERE N, 32817
Z 5V RS, i PCOS I 2.

3.4. IHEER S

Ve A A R 2 i R R I RE R AN, SEUIEREI R . IR T A AE R 5 i 1
KIAESE, HAEREE S IEFIRE & i, SRR ] (Firmicutes) 5 LA i |1 (Bacteroidetes) i 1 i AL & HLAE
RETHE SR UAC R R S, 3 0 LB R BT (R AR [40]. TENARIAIE B, A AR
B v 2 B (Akkermansia muciniphila, Akk)5 i 5 FACHPIRAS #HOC[41] . Liu & & BLAEA LR PCOS &
AR ERE PCOS 5825 (1) 3 R S AR FE At iy, o AKK 9300 F 22 Pt 22 IR PE4E B 1S N [42] . i
SeT B S EUIR Z HE(LPS) I 2 B IE NNHURTEIN, 5 IS4 B V20 OB, INRIAERE. BFFLR, b
AKK AT [EARIRE A JH- il 3% 1 R SOAE S SEAH OGO LG R 5, BB MU, Hoslsb LPS, B3 i iE b b
hfE[43]. IERWFFR, S{@FE LML, PCOS M35 12T i A /R 8 QB 1= B PR, IR 2K
5 = R R [ P S S SR G, LA A (A% T e e A 1 S 5 LA B 2 —), DAY
BF AR AW, LR A TE B R S PCOS B3 IR MM 3 BLAE G [44]. 4, SCFA Rl /N R
REJFE BEAS AR ZCAL, 10 70 B A 25 L 2 52 SCRA 17 AR Bk A AR R 1 I [45]. MR R tBiEsE, &
JEWT R R B R A ), S EUY bR 40 A 1 R 25 &2 Occludin APABIEH 8 -1 (zonula
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occludens-1, ZO-1)JRIEE N, MIMBIA7IE BB ThAe i) 52 B8, {2 LPS BG4 B35, JnE
PCOS 1l R I K AE[46]

4. §t%F PCOS BEFEREFRIIETT R
4.1. BERIT

TEWGIR I, PCOS @& M HIEHEINZGY). 22k MR BEZAZG . FEPUMEBER 2R 25 n Lk 3] —
SEMIIT R, ARREARIT BOT ARG B, 555 AR T BB IR T s 2. TRE ¥ o kI, 5
FRENS R Im) KL A 2 1 g LONPL SRAR i3 LONPL 5 HRHEVE W & i IR B CYPL1AL 45 & s %
B A, 4] O SRR3R & ROR X0 3 N B 2 TR AR [47].

WRGATA, ARG REER R PCOS W KA & &4 BB UIN G, [RIG, T oot A i iE
WA VAT RITRET PCOS M—ANAMATiRE. A 2 AR, EEA AR AR, mA o s iE
TEYI R, FLR B 2818 #% 1 77325 (fecal microbiota transplantation, FMT) 1] 2 8 5 3% iz i (1) i A4 A 3038,
M 26T PCOS IR PR AE[30] [48].

4.1.1. IREEMITET

AR R AN R A O B T LA . A AR B MR AR IR TR BT b . H R ) AR AR T
A RUEAT R AT B, HL AR B F00E B I P P R Ak 2 T R RO B 31 (5 Sl i, T LR I R IR AR
AN R BE R S A A MR AR, R BB P BRI [49] . i — TR SR, KIGIRA5TE Nissle1917
(Escherichia coli Nissle 1917)[FI#f H A5 2tz PCOS KA IVER, A PCOS /iR il B B S s i b, K
R 5 1) R 0, T dok e e S A% R MR AR U B B U 15 PCOS /I BRI AR MR 2 iR 5L [50] « BF T2 3K
B, fh7oai 2R A B T ok B PCOS 5 ARSI AR 3880 NEAT 22 B0 A8 93 1R IR [51], [ B I 7 24
BB EAMRAIEI[52]. “aidsn” REANAEFHECIHAK YR [53]. F LI AE oA K
RRWE. 500 LFUBEANZLARE, 1FF R T R S A M i 2E OR S R AR A BE[54] . mi A TGRENS B
P g MBS = REIE 1 AR YY K, W28 B HEAS, (OB B 8 AN FUAT i 8 AR K, 390 SCRA 1)
i, FMEGE PCOS AEAR. B i i AR BRI A5 AL JC I AR E — R I R BR T, RIUNTEA R 7L A Af
R AEENFRER R, oz —wmEbsE. KRk, 5 F0E 5 2 I ARG DU A3 1 26 4 1
Tt 58 590 2 LAIA B B 4 (97 3K

412 #EEBE

i T TR TR AR (FMIT) 2 H RF (B i N S A 2R ) AL 7% B SR 3 2 AR i, DA R B Tl T il A
VTR IJTVE55]. WERURM, SRIAITHIXTIRAIALL, FMT 697 PCOS K BB L ) e ik 22 7K - [
i M EEORIMERR 2N, DA ORI RE IR IE R [13]. B AR IE W T FMT B 5 R E
Z PP A a5 bR R 2 A, NI A R R PCOS [20] [56]. FMT &K ARG TT PCOS 7%
EJ72—, (HER RIESI B Fdk 4T FMT ¥697 PCOS MIBEFE, 1675 5 2 I AR RIS EHE K (R FMT
(7 RO HARHL ] .
4.2. PERTT

HEEIAA PCOS HIR 5 M EDhRE R R O¢ . W H R S — 2 M B2 e 2 5 07 M 25 M 45
T HUVAARRRES TN SORE RS, T T8 AR S R AT /NBEBRLR — R AEmR, BB 5 = WU
YRYT AR, OB R S AT DAIE I 3 55 7 36 b7 B 4 FH SR e il 5 RALHL[S7]. 9 —WF AR R, /NBEG AT @
T A A PR 1S R B 1 AR R R A P e A ke B I LW /K P [58] o B 32— Fh 2 Wy, RIS i AT 2 TR ) o
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SEBCER N, JEEER T ST TR RS B A PR, IMSGE PCOS B HAEFH S AR 7 i 45
f50L[59]. Zhang SE[60]0T F A BLIE . WEHRALM, ULSEARMY. BRSEGEFHHRTT, o
A Bk T P AN, 9 SR AR, DA Sl S A (K 2 RS N, DR ESSE i R MR B T R e

P, IR SRR RO RN, BEAh, P2 RS AT O R AT, W TTRYT, e AN AL S AT iE
S il T REACAY SCRA K-, M SORE A T 70 il AR R IR R 32 AR ik, T FRARAEE Y PCOS A
HERIBR S ZARPT61]. Li SRR T MU TURAEM, e i w00
R R AT P BE RN o RO I 1) 2 PEERRARG DT 0 M 2 R AR e D ST 45 #, i PCOS I fR
TE[62]. HEl, VF2 P 2ifeiasr PCOS Wl W2 WAL, A T RIEZGWE AT 2 4tk B LRI 1 75 7T

5. BE51R

KBRS R, Wil WA P rl s L 2 A AR MR RN LR 9 Py i AR, 25 PCOS (1
KAKRE. WO i 70 L% S MM RENS 08 il B T, (HHIR T AL AL AR R ia T
THREETEZHITORTE R . AR SCREE 15 i Y55t PCOS BRI /1, (Hah T izid
HEI R R 2 FEPELL K PCOS ARHLAEI A AN SE T, B 2 AR AR A PR AS 75 2 SR B i T
S BARR A5 PCOS KA Z M RARAET AR BEAh, ACLR T3 T i w Rk
W, LU IE R S S PCOS S AR PR SR AL T8 1Bl 6 L .
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