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[ Abstract] Gestational diabetes mellitus (GDM) is a common metabolic disorder during pregnancy, and its occurrence is closely asso-

ciated with gut microbiota dysbiosis. Studies have shown that the abnormally increased ratio of Firmicutes/Bacteroidetes in the gut mi-

crobiota and the reduced short—chain fatty acid (SCFA ) —producing flora may lead to energy metabolism imbalance and insulin resis-

tance in pregnant women with GDM. Probiotics and dietary interventions may improve metabolic disorders, but the causal relationship

between the flora and GDM as well as the mechanism of regional differences still need to be further studied. Based on a systematic re-

trieval of databases such as PubMed and CNKI, this article reviews how the gut microbiota affect glucose and lipid metabolism through

pathways such as SCFA metabolism, bile acid metabolism, and inflammatory regulation. Thus, it provides a theoretical basis for the

early screening and individualized intervention of GDM.

[ Key words ] gestational diabetes mellitus ; gut microbiota ; metabolomics

T BRI DR E, 5 0 DR s 6 O 4T B0 5 e W 0 i R
(gestational diabetes mellitus, GDM) , & 4R 3B B B 2 LNy
R UR I Lo M U R A AR i S IR A S AT R DL A 4
WRIRAEZ — , HRIR R B ARG ka3 FR[E GDM &
N 8.6% , T WTUR-G I R 1 75%~90%" . fEA GDM
1 2 1 75 B A R O & 9 A6 Se JE R R
FRMZEGE . AL, GDM AL 238 LRI i A LA 1

YEE A48 : 02 7%, Email :2713961680@qq.com,
B 75 6 AR B KR SR IR 5 W 8 T AR AR K AR T
EEEE: S 41,423611361@qq.com,
HEWB: B R E AL R TR B (%5 :2018YFC1004304) ;¥
e SR IR IR AR 3R B (45 :2023SFYMO005) .

AR ILAE 2557 2 LI R AE 0 KU , A2 A 9 4
A HEJRE AR 255 AR O TR U™ AT AP B 420
FE T GDM BYHER > FE b PR 2R, B2 i i R o3k J AL |
g WRTE GDM 2 A 2 R B 2 15 s 450, A 2 i R
TR AR BT 1 ] oz 8l T BUR B B 3G 7 o A BT
B AH.24 309 FE 5475 s WA 42 S AN AR A PR 5, LI 5 3R 80
FHRTRES | S AR MUE 5 A Tk B M S R A T R, 3R
GDM FRy8 7 i AL B TR 1 18 L™ B 2 U 1 3

UTARR , W IE AR M AR 88 IR N AL i A B RE 72
Wreltbas . WEFEHR i T R 15 1 PR > AR A T ik
FUAAR R IRAS , LI RER Mo LA A R s f 2 A
R PRI OF 5 MR A K R R e
Rk Kt R RE B D RE B VA T ORI 2 1T ST R



— 2 — ERERXFFR

Journal of Chongging Medical University

B, W B A M R A A AR A AR 2SR rh il 3 0GR
AR, G iz A AR P e o 22 R BIL ] A 5 2 BOBE DR J8 3 R
AT AR 52 A LR 8 ZRARHT™, S 0T A4 i Bl A 0 A
A RESE MU S 367 R, I DO PRI 25 036 )7 1 5%
SRR AN, S [ B 1 T AT AT R A B B R 2™
AR AR, T A Bl A - 1 R T B KB GDM
PR, R BT B OGN ARZRIR B e RGBT
T BB S AR I E GDM KA e R 4 FHLD , s
TS Ao i R R O 6 GDM 2 B AT R B AR R T
B, e R A SR

1 BAEE R KR 5 iR HAE PR B X BX

L1 AR M8 Fos % & W il 1 BF 4 AL

T 0 PR R85 M T TR () 2 R T R R A 1
FHEARZER. ZWHREW,CODMEHENHERF a2
FEE (YRl =F B 53457 ) Bl I T e 4 . filhn, 1 st
of H AR G ST % TR, GDM 4117 38 14 7% £ Shannon 45 B0
Chaol 485053 B BEAK 2 15% A1 209", X Fp Z FEPE T BEAT
RE 55 TR AR R 8 o, 30 - E W B R R

5 M IE 5 B ZR IO AH L, GDM H 25 2T 1 R R S8 AT 4
HRE T i, M2 DRI 5 2R [ BR TRV B2 AR (AR R 2
GDM 1E Ry — BT WA & A= 7™ Ja 2 AT 1) — M R
B, FLRTE S AR SO0 PROvs G O AT R A A AR o 28 S
W5 PRI I 10 Wk ) 22 A0 A6 28005 A A 197 5 A R 3L B3
Sy (4 2R Gk S8 , T GDM (49 22 4 T A R R LA AT R v
WIZREPE R I BT BRER A S RRAE Ak, 5 2 BB R R
AHEG, GCDM B3 1 B AR AL B 5 2 BUBE i A T & (40 F/B
oA T+ L SCFAs Bl 20 ) | {F I 30 25 M R n] 336 1k S o8 | $2om
GDM 4 T 1 25 L 1T A6 T 22 37 31 4 IR 334 35 R 25 P9 -7 A 3
RO (SR 3 E v TR VA0S A

TETTAKSE |, GDM B & % 2 IUEEEF ] (Firmicutes) 5
FUFF I T (Bacteroidetes) FUAE (F/B LU AE) nf 2 3E ETHE T
Ry, AN, GDM 240 (4l il B R b, A8 T A R
VIR BRI IR TG BB A P LG ARATF 1A AT 57
FEIC P L AT IR R E o 2 AT O e, TOBUBSFT U
FUFFTA R U4 TR 8 B TS /N TR B 5 2 [ P
J& A AT TR TR AN A TR TR AR X e
12 ZHmiE AN S E/R

Z A B BEO B T REAR LU E A R 2 . B
T B TR KO B2 BT JRRER 1A B
PIRG R, A U BT e S by, AR S R T
I I 24T T AR SR KO L JERE R T T i B IR R T
BT 8 IS ARA A T S 2 VR G TR S 4 T B IR AR NK4A 136
AR et 2 A Sk g T IR L R A, Z R GDM 2 i
of AT BT T R0 T CC TR AR TR 1T A4 20k D R HDUAT 1T T R
BE DA T 10 B Bk 1 4 B W S R A1 s e, VD T IR A 2K

R RIPUAT B K- 5 25 IR IR (FBG) £ ARG . k4, GDM
2RI i TR A P S R R A QR R AU AR S A T M
B IE 5 A, S REACH 20 7 A BE GDM 41 i3l 1 i s e iz
ARt AR AR R, M 2 R AR AR AR o i AR
WFFE R B, 28 v ) GDM 22 401 14 i 3 T R A 1 /K 1 32 2y J
BEGH ] AUFFRR T TRV B T A A 15 OB IE W 2 AR 1
GDM 2 ]38 2 B T4 BT g ) JREBE T 1] A2 88 T 5 U A4
FRETTF BB R AR SR 08 e el AR A 55 — Z0UAF
FENFE Y, 28 3 GDM 2R fR FOURT T 1) = BE Ay i JEE B T
VRS T 1] 2 BE RS B 5 AT 58— R AT R L/
FFER K AT B RO e 9 GDM AR AR S, X
B 2% SR I T T A R, 5O R R A A S e A — E IR
B JEBE BT S AU TR T AL 0 R A M 1 A 25 2K TR )
KHEN R Z— , BEM TR IR S RE . SRS
AR RE SEAEAR DG ALV T T TR TR 145 , HAR XS = BE R 22 1,
SR 8 3, T S A R R AN DI AT i R S B B —
E YR R R 2 0 0T A Ta) AR 4R 22 57 (B 2
M) W E TR

FHT ST GDM I T A7 7 W 0 10 Ml 2 55, v [
R s Zp P U TR BE T e, P4 D7 W 24 G R R
WS, RTIRE R ER AN R R R E M. 1ot
2 Y GRURRE WL A AR Y B 8, AL i) 50l B =, e D X 70 A
PEIE N5 9 BRI SR T LA RE R A 55 GDM Z [ 7 1E— €
AR AL

2 PEEE RS R E R

Jo S TR e e AR 7 AR T R R R E R AN TR R
e SCFAs S5 TR LY 5T, 98755 1 30 oA T A1 A, 400 o) 800 T
A B, TR A 0 AR I AR e B AT,
2.1 424k 5 I BR (short—chain fatty acids SCFAs)

SCFAs VE R 45 i A0 TE 1 2R 7 1), RES IR G
EIRAZ A, e 2 TR A 0, B AR K, 18 e 2 2R UK
P, R G R A O LR 22—, T R R R BN
JT IR (SCFAs) A% Lo 43, %o 4 i T8 A e S AR R A B A
OCSEVERT o T R AR 1k W5 T R A ) B 4
SR BRI RE , I 4 A ) T RE ORI . AN 7R AU
PR b, L 8 M R 52 R TR AR F) B 17y, AT T
U7 JUL PR RUEF I 2L 2, AR 0 5 2 0 SR I A T U 21, A
AT B TR MK T R R BAT iR R AT 24 i
AL A 2 S P, R R A R AT (0 TNF-a,
1L~6) BB, DR 18 PR SR , 1T S AE 2L 5 BB B ZR AR
10 SRR R

SR, 247 T BRER TR F B2 B, Mgy 1 o P i 2 1%
e XA F A AT T BT R 2T
I rb B0 B A I TR ) B LA 7 1 ({8 G fig 22 B, LPS ) K ik
Sy ERE A MLRARRS o LPS BB 5 S 40 CUn Az i



EXRERKXFFR

Journal of Chongging Medical University

IH 240 i ) 3% 181 (1 Toll £ 37 & 4 (TLR4) 25 5127, #01E F i NF-
KB A RAE 5 538 i T A N B, X S S AE N
F (U0 TNF-a, TL- 1) ] 32 1 15 2215 5 38 1% A S Ak 1 akd
Chndm il 9 & 28 2 (R M -1 IS R R L) , 30 E i &
RO | Fc 2475 2 MU 4 B PR 5 BT FRAT IR/ B
BRI rf 078 TR S AT ARG I /K T I A B A S SE R 1
T iy A P BA S IS, 4E GDM Z2 3 v SCRAs 72 25 41 1 (f 4%
BT 5 2 LG B RS AFBRT ) (9 2 B FRARE, b, IR IR B &%
WK i B R O AL AT/ SCFAs K-, 1155 T SCFAs A+ 5
{14 2 2 FRIGRORPTR A, LA EW I LA B B 126 i i 3 A I
TARIR o BCJE , I T HR i 2 A I T R 9 = TR 9 K7 T s
77 BEL AR 2 12 28 43 WA 28 B A AR T B SCF As /> —
T B A R —> SR/ PN B 2R ILAE— I 5 R T — 1 U 14
PEAE PR , X 1EJ2&: SCFAs it = 5 GDM &5 B %% IR A% Lo [
T, SCFAs 55 GDM Hr {14 5 245 WA 35 R B 5 ZHCHT 9 K &
BONE R, T2 — L B R 2 SCFAs XF GDM H g i
A LURAE AT
22 Rt B A

H AT 5E 2R B0 Iy vk BE 5 22 (A i A A A it =z 1)
TFAEVEAE S 2R, X g L 5 2 1 A BA S ) 1 3R 28 [l st 4 e
BR3P AR DR R 114 L (G SRy s I L 3 AR
iR 7K F-=> 10 pmol/L) , £ AT B 3UTHE PRI 10 JRURG: B o 16 T R 300
JHF P9 IR D REURE (1 2 2 ey 3 35, I A S 2 BA A7
RS 5 B, EE R AT A 33 PR LY DB 3 7 4 e v 40
W2 W7, F AT 0 e B0 %) LT T 7K STl 12t 25 3850 GDM (193
B AT A 5 AR R A 2538, PEBE ST 1 I S P
FE A R BT R OB R XU 5 4 4R 301 P9 BB A BURE =2
] A7 AR SRR, A | I R A4 (14 7K 57 Fn 2E B ALL-T-
Bt A G i 1 g R T AR AR X v AR A 1 S =
511 % BECBIF 2 4 5 301 R eh 0 04 1S R It T AR R R
K, ZBNLE B2 A8 25 R <0.07 nmol/mL A1 2 4 AR TR
<0.28 nmol/mL 2% {1 H GDM KUK 38 hnts . SR 1, BE H AR AR
KA S ST AR T AR A AR T SC TR 1 iR A2 1 — 3 4y
KA, M RRAE AR 40T, nl e s A% T JE B X 32
& (farnesoid X receptor, FXR) M &5 & ik H G 2 A BB %
& 5 (takeda G—protein coupled receptor 5, TGR 5) /5 F 4l (5
S %, DN 22 R T (I T A i AR R 2R R
A1 I K R R A SR S ) R R A B R R e S R
SURPER S IR R S S R (AN ACPE N BR Lk 5 ) 3K
FXR {5 5 22 5, B 5 A BRI £ s 2, 3 ) 30
A G AN S AP AE AR b, TGRS G AT
P NF-wB {5 530 B, 4 & 7 (N TNF-o, IL-18) 11
FEAL DR R PR AR SORE | DA ITT RIS B I AR A UR )
R R AR i 5 CUn B B IR T 8 e AT 18 L 3] 2 i
5 T T RE AT ) 2 R X R A0 B Y R R AR
ST R0 B 5 2R 40 s SZ A5URI S R i 5 R HRHT N
MBI GDM (1) %2978 XU

2.3 HARE S

7 4% 54 L 2 (branched—chain amino acids, BCAAs) 42 i
FLh Y DT IR, bR T A HEAR (A B Ah , I TE T A AR
A7 T 7 2 B R A B AN RIS Rl RO AF S
W], BCAAs 5 Z B0 LR AR B DA OC , anf Qi 29 o0
M PBERT  BCAAs 1E A E PRI 1 25 4 22 40 i 2 28 H BT
FUHE R IR A IR SE R E LRI T T2 1 K™,
GDM B I FE ARG IR BCAAs /K FH2 7 & LR AR LA fE e S
W, AHFFEFRM, GDM A1k GDM B BTG BCAAs W0
B 22 ) A BFSE W, GDM SR 3 Y I 7K BCA As Ik %
W AR T R R AT UR AR, i 2 B AN R B/ S e 2
FERPLAI S, A 38 GDM B H FUHEER BCAAs K F-5 FIE
BRI A SR

AL = R et A P T DR A Y — R B AR,
FE A I A5 I P IR 5 28155 3 I T = M otk 32 40447,
FRWAE GDM B T, MIE /N RNA (microRNA )-26b 3Rk
ReEAIS i A = R SRR, 5 P IR R AR e R
e,

o T T A R AR E A 5 I, T HE I 9 Do A
NP L HLR Y BB AR e, i T8 D il o A
(SCFAs JHYTT2 \BCAAs &%) 4 GDM Ay 4% AL 8 B
OhT L P T3 0 45 4 B2 i P R AR B S S, R AT A —
BOP JEVESEIS , W BCAAs 75 GDM # # H k B A8 4k 7 i) A —
o AORIRET 2B E, 45A ik & =S i s
BE—18 AR A M2, S e T

3 HIRHERSIERE R

3.1 SRR

U YR30 AT BE 5 GDM A &SR ML A GDM
Jei 2 TR PRI 1 AU A G, 37 M 1 TR 2 2 TR0 PR 119 T
WA bR 7 T 1 32 A0 A e mT B A AH ELVE I PT fg
4338 3k I T 25 AR BRI i T AR W B A R, X A T B
GDM 1) 2 RUSE RIR SR AL AP 1 i oy . s B Al oy %
WA, A 25 A B AU R RN LT B e PR ) 3 o 3 5 i
[Lapi g R IE B EN 3 -3 e S EReplil g Bk dw i
ARG CDM A AR R AL 76 @ N8I & (HFD) 52 1AL
JE/INBRAE AR T BG40 70 25 2 TR RSB ZLAF B B R S LAT P
ASUSEAT TR ) 5 TR G , T8 P B0 FF B ) A = 3 B T s, i 3
o PERR TR s/ AT BIFST SRR, 25 25 T ARG B AR 4
FEA SCFAs(UNT R ) , B HW0E 38 L 40 M 43 006 g8 5 10 BE 3R
FERR-1(GLP-1) , Bl R & 2 U Pk . i an, —Fh45 4 VSL#
3 a5 AR TR (A S Rl B Ik ) W S 38 I AC /N BRSPS A P T AR K
S I BE GLP=1 BT, DA e 25 T 1, 25 2F T 0 e
T 43 MM A K 8 B0 DA L R AR 0D S % A BB B A
LIRS o 2 B, BRZ W LT DA RIS R LA 1A I 8 A1
FF U 4 DA 8 R 5 R A 8 A A B s Al s AR



— 4 — ERERXFFR

Journal of Chongging Medical University

W1I¢ &4 S8 P BHLAZ Bl ] R i<k 388 0 i T8 T A 5 1 A 4R
e S PN 2 Sl 2 iR R ) 11 & SN AR A TN
T 3 2 FROBE PRI /DN SR Bz 4L 4 B A Sh BES. {H 24 i GDM
5118 RO 2 5L T sl At | i AR 52 500
B Z SO BT B I AR A U ) PR, R R AR
WFIE R T T
32 W RAFR-RMmF

PG A g — o 38 = A AT B, R 4 I AT GDM
BRI AR, R RIS R EAL B ST H
f o AE GDM AR ZH 2= 5% o, 55 P AR A6 5 1MV PR L 2%
fE FLH BR EK R AL BT R G2 R, I b i v
N A )2 H S G R AR R A 56 A 35 2 2
TR A SR A0 5 AE Ab T 5 2 R PR rp 2 3 B A g 7
Yy BRIy RS AR A SR AR R A TR 2
Wi GDM H i 7 R AT AT 00, IF 55 GDM 93 [ 2% A 56
HATRFSE O R 2 2 AE R bRk, ¥ B s R ok Ak
AU R B . AR IR ARy T, SR LR (40
AR N AR ) T H ORGSR KT 1
GDM HI2 | RO T L 5 BH I A = SR R G 2R 57 1 AH G s A bt
T RAE 2K e B4 T T B8 S e ST R ORI I e A AT
BEAR €0 g A Qg R PR 2 1 3 B 0 7 1 iR S 2
$27R GDM A RRIR T2 A AR 5 1 IR AS 09 B PR R A, ok
AR T, 1, 500K G 4 b s A 2R R T R S e
Fio 1, 5= 7 A 2 A e DR 5 80 2 0 s 4 M IRl , G Ol 0
IKP-RRA T Foz e A it A A AR, B AR B o AR e
W AHAT B B RIS W s 2- 38 T IR T i3 5 R AR T e b
AT 3 4L AR G, AT 1 S I 5 4R i RS 57 i
T AR 55 A GDM Hh 3R 80k 5 M Pk JIEL o, 325 i g ot L ik
KPRt HIM R R T = o BN IR ELAR R I i o AR A 5
MR AL ZEEL A O, i rp R H I R 1 AR b 5 B TR 2
YIH G, B2 7 B J0T 45 04 I 22 400 3F T 1) 30 265 48 £k v e 5% i)
GDM RS, eAb, 7= J5 1 JR Sy 2 U BRI 119 XRS5 i i
IS T I RS i T b A AH DG, i T i 7R e T 4 B
YT RE , T 7 e Qg S AR AL 2 E I R R
LA AN 25 5 I R 2 80 (AR T FR 2 AR %) nT 2 15 GDM
FHMALAE . B, 3T 135 RIS RN PR 0I5 A 1 R 5
i ROC 43 B W] 0 48 T2 Wi af 0 SR T, S i BIF 0 T I
FEACS Tt R DL AR AR LA R S PR AR, T — 25 3@ 3T K
FEAS RGN 22 21 24 G B0 UE BR300 (I R A 8, 4 sl A G &l
2 I R A% A o
3.3 FHEReIRE

NEGEH AR E NSRS RS2 L ER KM
BLMASE KB S8 i R B GRLT ST RIS
o MARSK, AR T EEAE G n IR B B, 42 T AR AL
e

R £ S5 RG] B T AR B B A R R R . —
D7 T, B v ) ) 0 R B A 2 s ) R A i

A B s o) — 7 R BT NG ARG T i R
T F RN i AR B S R G, S MiVE ] T, R,
AR R) o 2 Y TR 25 S E R TRE AR A | IR B AR
RN R, AT RN A AR SIS . BT
YRS DRI 22 1A AT 98 R I, BRI E T HUS I 2 AR
KA U A R A T AR SRR T
TbARTE 11540 1) 5 B AR, [R) I S0 T (0
SRR A AR AR A 2 2 W E B TR 2 R
SEE SRR IR EREANS S B o R R i
FHW )2, [FIEE R b B 7% 86 1 (zonulin) (R IK ik 26454k,
LIS T M 1 I T i 14 S8 B - — 5 TR T i i
PE IR T T IR AR AR 2 8% 5 O — D7 AR BET
(NG 2205 JRAE R 5 S A RESF /N 43 ) 5 1) 1 WRAG B 1
BL, ARG ERLY . M TR mig ke, ik e
BT o LT g T O A R AR AP SR AR, DU IR B IR
S I JE T T, ST 1R B (Bacteroidaceae ) 58 P TR RL B
W TG I T2 B T R 9 T A i K IR £ X B 17 3
£ o 5 [R) I, SRR AR R X T 8 ) i Y 5 I T R
E R AT AR 7 A SRR TR (SCFAs) IR R HEAR TR Y
HARPT BB AR 1 B e (ANl B T R . 2 T PR B 55 ) 1T 28
JEEERT R T M AR TS R T T A5 i B 2 AR A 1 =
J¥& (trimethylamine , TMA) o i J5 , TMA 7 T B4 4 T 9%
/fk’pﬁy‘?/fh’ﬂﬁzq]Hff(trimethylamine N-oxide, TMAQ) . i
AHFIEEIESE , TMAO 2 2 RO PRI 50 1045 2995 1 0 57 AL
547N e

B ARSI E ARG AR W A T A AT =
K&, Forr, g5 4 R RARR A S ST 8 A FLERAT 147,
YE R BB AN STV 5 £ A2 TCA R — AT AL Y i B 2F
Yk A AR TT I £ AR TR A AR e Ry S 07 IR 3 i Y
T3 [ 28 07 915 B SE AR D R B AT T g A T X T T
TEAHOCHE AT 7T b /N LB OY & 2480, 2890,
#5A4E E  ZAh R AR JH I GDM &R - HiAe i 18 e M Se 4
PEIMEIE U A RS 7 A S BRI R A R S5
WY RAEYIR BUEAGENT, BOE I T OA E S AR
JEVRT 38 S, SRR B AR ', 25 AE JU RN 5 A= WO i
RUAE (9 9849 1 F B A B T3R8 ALE 9T GDM, AR R AL
) FL 455 935 17 T R R S AR e e TR R AR A, E T
PR HEE SR R AP I B AR 25 4R T T TR AE B
R A 25, AELIG PR A5 R 3 R (TR AR P i TR R A R
25 ) AT SR BT AR R SCHE Oy 1 T R -1 9 -
T RS PR s O 3 B T IRHL A 1 L IET 1) o

4 B %
g LTk, W38 B R K AR ™= ) (4 SCFAs . TMAO)

3 AR R AT RAE SO A RE U 25 GDM &
o A AN TERE AT A 4 2R B AE LLBTR GDM, HARALE]



EXERAZER

Journal of Chongging Medical University

JiE RS

@ -
1
PR

A

AR A A

>

St
BEiv)

& 1

PR RATGE o

H i 30 T R 2 A R (I 16S rRNA I L 2% 5L A 21
2 11 R A BESEANTR] , W] AR S e TR A 43 2 00 R
IF] s LA A 5 22 4 v T 2 e T sl e B ) 8 U 1 -, 2 DA
2R RT3 i A I S B A L XE LB R I 1 R S S ARk
5 GDM L RMIBT 2 F o BRIL, % T 40 R S0 PR A B
Jo 38 R AR DG S A B A B LR, iy Rt A S 2
FEVE A Z s ZIEREAG, S5 A\ S S — R AR
e R A AR AL 518 AL B AT, HE R R -
T FHAE PGS ) B 0 g A TR ) B A AR AN RE TR
B AEHAE GDM & A= J J v 9 V6 FH B9 2 B 2k, tho 5 Bl
THNT A IR 2R S GDM FE58 AT U -5 3 TR A G I 1Y
25 Rk TRE GDM 0] B A AR AL T 19, e i)
w3 AR T B BRI (AN m 2R ek ) S AR iR . 456
WK 22 5 51 BAUMRAE , TR AR D %2 A R
EW 5 IR RSB, ARSI GDM SR 5 A RS T, ks
RESLLE)S

2 % X W

[ Bh 5, RA 5k A48 il B A 1 5 I R
FEVRIAIE R TEERELT]. Fefble 70 2024 ,13(3) :495-498.
Zhong J, Wu HM, Zhang H, et al. Research on the relationship between
intestinal flora and its metabolites and gestational diabetes mellitus[J].
Trans| Med J,2024,13(3) :495-498.

[2]
nancy and risk of gestational diabetes mellitus: Results from a prospec-

tive cohort study[J]. Diabetes Obes Metab,2023,25(8) :2255-2267.

Wu YW, Wang Z,Zhao Z, et al. Bile acid metabolites in early preg-

[N e 7k

QEEZiD)

LPS

51 RARDT

i
—> ElfER
> 7 fE
® i

@ i

P T B - I P 4 SR AR A A PR s oK B R UL

[3] RS  ARTUL . 3l AR5 SR IR IR PR 5 R BT BE JR )],
h IR A, 2024,32(6) : 468-470 .

Hao ZJ, Xu JX. Research progress on the relationship between intestinal
flora and gestational diabetes mellitus[J]. Chin J Diabetes,2024,32(6) :
468-470.

[4]
fants have individualized breast milk microbiota that changes temporally
based on maternal characteristics[J]. Cell Host Microbe, 2020, 28(5) :
669-682. e4.

(5]
disease[]J]. Nat Rev Microbiol ,2021,19(1):55-71.
[6]
and gestational diabetes mellitus(GDM)[J]. Nutrients,2019,11(2) :330.
[71 Martin—Gallausiaux C, Marinelli L, Blottiere HM, et al. SCFA:
mechanisms and functional importance in the gut[J]. Proc Nutr Soc,
2021,80(1):37-49.

(8]
lites in obesity, NAFLD and T2DM[J]. Nat Rev Endocrinol, 2019, 15
(5):261-273.

[9] Sun H,Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: Global,
regional and country-level diabetes prevalence estimates for 2021 and
projections for 2045[]J]. Diabetes Res Clin Pract,2022,183:109119.
[10]
human adaption to high—plateau diet[J]. Imeta,2022,1(1) : e6.

[11] Crusell MKW, Hansen TH, Nielsen T, et al. Gestational diabetes

is associated with change in the gut microbiota composition in third tri-

Asbury MR, Butcher J, Copeland JK, et al. Mothers of preterm in-

Fan Y, Pedersen O. Gut microbiota in human metabolic health and

Ponzo V, Fedele D, Goitre 1, et al. Diet—gut microbiota interactions

Canfora EE, Meex RCR, Venema K, et al. Gut microbial metabo-

Huang YN, Liu JX, Tun HM, et al. Gut microbiota insights into

mester of pregnancy and postpartum[J]. Microbiome ,2018,6(1):89.
[12]
nal insulin resistance during pregnancy: an updated overview[J]. J Dia-

betes Res,2019,2019:5320156.

Kampmann U, Knorr S, Fuglsang J, et al. Determinants of mater-



— 6 — ERERXFFR

Journal of Chongging Medical University

[13] Garcia-Gutierrez E, 0’ Mahony AK, Dos Santos RS, et al. Gut mi-
crobial metabolic signatures in diabetes mellitus and potential preven-
tive and therapeutic applications[J]. Gut Microbes, 2024, 16 (1) :
2401654.

[14] Wang YT, Shu X, Zhou Q, et al. Selenite reduction and the bio-
genesis of selenium nanoparticles by alcaligenesfaecalis Se03 isolated
from the gut of Monochamus alternatus (Coleoptera: Cerambycidae)[J].
Int J Mol Sci,2018,19(9):2799.

[15] Hasain Z, Mokhtar NM, Kamaruddin NA, et al. Gut microbiota
and gestational diabetes mellitus: a review of host—gut microbiota inter-
actions and their therapeutic potential[J]. Front Cell Infect Microbiol,
2020,10:188.

[16] Lu XW, Shi Z, Jiang LL, et al. Maternal gut microbiota in the
health of mothers and offspring: from the perspective of immunology[J].
Front Immunol,2024,15:1362784.

[17] Cortez AJ, Tudrej P, Kujawa KA, et al. Advances in ovarian can-
cer therapy[J]. Cancer Chemother Pharmacol ,2018,81(1):17-38.

[18] Ye GY,Zhang L., Wang M, et al. The gut microbiota in women suf-
fering from gestational diabetes mellitus with the failure of glycemic con-
trol by lifestyle modification[J]. J Diabetes Res,2019,2019:6081248.
[19] Wang JF,Zheng JY,Shi WY , et al. Dysbiosis of maternal and neo-
natal microbiota associated with gestational diabetes mellitus[J]. Gut,
2018,67(9):1614-1625.

[20] Huang LL, Thonusin C, Chattipakorn N, et al. Impacts of gut mi-
crobiota on gestational diabetes mellitus: a comprehensive review[J].
Eur J Nutr,2021,60(5) :2343-2360.

[21]  Pervjakova N, Moen GH, Borges MC, et al. Multi-ancestry
genome—wide association study of gestational diabetes mellitus high-
lights genetic links with type 2 diabetes[J]. Hum Mol Genet, 2022, 31
(19):3377-3391.

[22] Wang XL, Huang J,Zheng YX, et al. Study on the relationship be-
tween DNA methylation of target CpG sites in peripheral blood and ges-
tational diabetes during early pregnancy[J]. Sci Rep, 2021, 11 (1) :
20455.

[23] Ecklu-Mensah G, Choo—Kang C, Maseng MG, et al. Gut micro-
biota and fecal short chain fatty acids differ with adiposity and country
of origin: the METS—microbiome study[J]. Nat Commun, 2023, 14(1) :
5160.

4] F AR He EIE . I B RN AR DGR K
A JEEVE L. BRBERER 77412, 2023, 48(2) : 226-234.
Wang S,Ni Y, Fu JF. Role of intestinal barrier in the occurrence and de-
velopment of obesity related metabolic diseases[J]. J Chongqing Med
Univ,2023,48(2) :226-234.

[25] Li HL, Liu SQ, Chen H, et al. Gut dysbiosis contributes to SCFAs
reduction—associated adipose tissue macrophage polarization in gesta-
tional diabetes mellitus[J]. Life Sci,2024,350:122744.

[26] Modzelewski R, Stefanowicz—Rutkowska MM, Matuszewski W, et
al. Gestational diabetes mellitus-recent literature review([J]. J Clin Med,
2022,11(19):5736.

[27] Liu Y, Qin ST, Feng Y, et al. Perturbations of gut microbiota in

gestational diabetes mellitus patients induce hyperglycemia in germ—
free mice[J]. ] Dev Orig Health Dis,2020,11(6):580-588.

[28] Choudhury AA, Devi Rajeswari V. Gestational diabetes mellitus—
A metabolic and reproductive disorder[J]. Biomed Pharmacother, 2021,
143:112183.

[29] Chen H, Wang SH, Li HL, et al. The attenuation of gut
microbiota—derived short—chain fatty acids elevates lipid transportation
through suppression of the intestinal HDAC3-H3K27ac-PPAR-"y axis
in gestational diabetes mellitus[J]. J Nutr Biochem,2024,133:109708.
[30] Wikstrom Shemer E, Marschall HU, Ludvigsson JF, et al. Intrahe-
patic cholestasis of pregnancy and associated adverse pregnancy and fe-
tal outcomes: a 12-year population—based cohort study[J]. BJOG,2013,
120(6):717-723.

[31] Kong M, Lu Z,Zhong C, et al. A higher level of total bile acid in
early mid—pregnancy is associated with an increased risk of gestational
diabetes mellitus: a prospective cohort study in Wuhan, ChinalJ]. J En-
docrinol Invest,2020,43(8):1097-1103.

[32] Nayak SS, Kuriyakose D, Polisetty LD, et al. Diagnostic and prog-
nostic value of triglyceride glucose index: a comprehensive evaluation
of meta—analysis[J]. Cardiovasc Diabetol ,2024,23(1):310.

[33] Hou WL, Meng XY, Zhao W], et al. Elevated first—trimester total
bile acid is associated with the risk of subsequent gestational diabetes
[J]. Sci Rep,2016,6:34070.

[34] Garcia=Flores J, Cafiamares M, Cruceyra M, et al. Clinical value
of maternal bile Acid quantification in intrahepatic cholestasis of preg-
nancy as an adverse perinatal outcome predictor[J]. Gynecol Obstet In-
vest,2015,79(4):222-228.

[35] Gurung M, Li ZP, You H, et al. Role of gut microbiota in type 2
diabetes pathophysiology[J]. EBioMedicine,2020,51:102590.

[36] Gomez Ribot D, Diaz E,Fazio MV, et al. An extra virgin olive oil—
enriched diet improves maternal, placental, and cord blood parameters
in GDM pregnancies|J]. Diabetes Metab Res Rev,2020,36(8):e3349.
[37] Zhu B,Yin PY,Ma ZX, et al. Characteristics of bile acids metabo-
lism profile in the second and third trimesters of normal pregnancyl[J].
Metabolism,2019,95:77-83.

[38] LiJ,Huo XX, Cao YF, et al. Bile acid metabolites in early preg-
nancy and risk of gestational diabetes in Chinese women: A nested
case—control study[J]. EBioMedicine,2018,35:317-324.

[39] Fan HM, Mitchell AL, Williamson C. ENDOCRINOLOGY IN
PREGNANCY : Metabolic impact of bile acids in gestation[J]. Eur J En-
docrinol ,2021,184(3) : R69-R83.

[40] Lu CX,Li CY, Lei XP. Bile acids and gestational diabetes melli-
tus: exploring the link and implications — a review[J]. Front Endocrinol,
2025,16:1574228.

[41] Neinast M, Murashige D, Arany Z. Branched chain amino acids
[J]. Annu Rev Physiol ,2019,81:139-164.

[42] Mangogna A, Di Girolamo FG, Fiotti N, et al. High—protein diet
with excess leucine prevents inactivity—induced insulin resistance in
women[J]. Clin Nutr,2023,42(12):2578-2587.

[43] De Bandt JP, Coumoul X, Barouki R. Branched—chain amino ac-



EXRERKXFFR

Journal of Chongging Medical University — 7 —

ids and insulin resistance, from protein supply to diet—induced obesity
[J]. Nutrients,2022,15(1) : 68.

[44] Ramzan I, Ardavani A, Vanweert F, et al. The association be-
tween circulating branched chain amino acids and the temporal risk of
developing type 2 diabetes mellitus: a systematic review & meta—
analysis[J]. Nutrients, 2022, 14(20) :4411.

[45] Allman BR, Diaz EC, Andres A, et al. Divergent changes in se-
rum branched—chain amino acid concentrations and estimates of insulin
resistance throughout gestation in healthy womenl[J]. J Nutr, 2020, 150
(7):1757-1764.

[46] Hou WL, Meng XY, Zhao AH, et al. Development of multimarker
diagnostic models from metabolomics analysis for gestational diabetes
mellitus (GDM)[J]. Mol Cell Proteomics,2018,17(3):431-441.

[47]  BEHIFD, o] 0. Al = TP A RO T AT ST R e D], S
ZAREE,2022,36(1) :2-5.

Yuan LL, He Z. Research progress of trimethylamine oxide in diabetes
mellitus[J]. Pract Geriatr,2022,36(1):2-5.

[48] D], BRADT R ML, AF L WRITHE PR AR A L T miR-
26b  TMAO % i85 S 457 5 B 57 5 AR SE P ()], o Pk
%%,2024,33(6):106-110.

Han HM, Chen MP, Cheng H, et al. Changes of serum microRNA-26b
and trimethylamine oxide expression in patients with gestational diabe-
tes mellitus and their correlation with postpartum glucose metabolic ab-
normalities[J]. Chin J] Hum Sex,2024,33(6):106-110.

[49]  ZT7uN, FhHER , E AR, S5 Il b R R A BOR RO BT
JED. FERPERIR 241, 2025,50(1) :23-29

Luo FL,Sun LQ, Wang SQ, et al. Research progress on assessment tech-
niques for intestinal barrier function[J]. J Chongqing Med Univ,2025,50
(1):23-29.

[50] Bagarolli RA, Tobar N, Oliveira AG, et al. Probiotics modulate
gut microbiota and improve insulin sensitivity in DIO mice[J]. J Nutr
Biochem,2017,50:16-25.

[51] Collado MC, Meriluoto J, Salminen S. Role of commercial probi-
otic strains against human pathogen adhesion to intestinal mucus|J]. Lett
Appl Microbiol ,2007,45(4) :454-460.

[52] B, 3 B, oKk, 5 SR T I IR s stk 2
DR /N B 80 P 1 261 40 0 200 18 1) 5 e BAF 5 (], T ER R R R 427
1,2024,49(3) : 254-263.

Chen HY, Dai X, Zhang ML, et al. To investigate the effect of exercise
on the function of bone marrow endothelial cells in type 2 diabetic mice
based on intestinal flora[J]. ] Chongqing Med Univ,2024,49(3) :254—
263.

[53] VL&, MMz WP, A5 L AR 2 AR AT R IR PRI (4 F
FEHEREL. BRI AR T AR, 2023,15(6) :21-25.

Jiang ZF, Ye XY, Cao DD, et al. Research progress of metabolomics in
gestational diabetes mellitus[J]. Chin J Fam Plan Gynecotokology, 2023,
15(6):21-25.

[54] YuJ,RenJ,Ren YL,et al. Using metabolomics and proteomics to
identify the potential urine biomarkers for prediction and diagnosis of

gestational diabetes|J]. EBioMedicine,2024,101:105008.

[55] Adachi Y, De Sousa—Coelho AL, Harata I, et al. L—Alanine acti-
vates hepatic AMP-activated protein kinase and modulates systemic glu-
cose metabolism[]J]. Mol Metab,2018,17:61-70.
[56] Alesi S, Ghelani D, Rassie K, et al. Metabolomic biomarkers in
gestational diabetes mellitus: a review of the evidence[J]. Int J Mol Sci,
2021,22(11):5512.
[57]1 Ye DW, Huang JT, Wu JM, et al. Integrative metagenomic and
metabolomic analyses reveal gut microbiota—derived multiple hits con-
nected to development of gestational diabetes mellitus in humans|J]. Gut
Microbes,2023,15(1):2154552.
[58] Chen T, Qin YF, Chen MJ, et al. Gestational diabetes mellitus is
associated with the neonatal gut microbiota and metabolome[J]. BMC
Med,2021,19(1):120.
[59] Xie JW,Li L,Xing HY. Metabolomics in gestational diabetes mel-
litus: A review[J]. Clin Chim Acta,2023,539:134-143.
[60] Zhang MQ, Yang HX. Perspectives from metabolomics in the
early diagnosis and prognosis of gestational diabetes mellitus[J]. Front
Endocrinol ,2022,13:967191.
[61] Christensen L, Roager HM, Astrup A, et al. Microbial enterotypes
in personalized nutrition and obesity management[J]. Am J Clin Nutr,
2018,108(4):645-651.
[62] Tanaka K, Harata G, Miyazawa K, et al. The gut microbiota of
non—obese Japanese pregnant women with gestational diabetes mellitus
[J]. Biosci Microbiota Food Health,2022,41(1) :4~11.
[63] J5 S8,k FI, ARSI . HEE 0 Y O TR S A AR R
TR AR B =R, 2021,30(12) : 881-886.
Su Y, Chen L, Xu XM. The relationship between Gut microbiota of over-
weight pregnant women and gestational diabetes mellitus[J]. Prog Obstet
Gynecol ,2021,30(12) :881-886.
[64] Mokkala K, Paulin N, Houttu N, et al. Metagenomics analysis of
gut microbiota in response to diet intervention and gestational diabetes
in overweight and obese women: a randomised, double=blind, placebo—
controlled clinical trial[J]. Gut,2021,70(2):309-318.
[65] Chen T, Zhang YQ, Zhang YY, et al. Relationships between gut
microbiota, plasma glucose and gestational diabetes mellitus[J]. J Diabe-
tes Investig,2021,12(4) :641-650.
[66] TEHEIE, SHNN I, 2RI, 45 . AN ()5t i A RX A DR PR s 8
HWERE I R AL, I R 1R 12115 ,2025,38(10) : 73-80.
Hua LM, Hu LY, Li LJ, et al. Effect of different doses of probiotics on
glucose and lipid metabolism indicators in gestational diabetes mellitus
[J]. Clin Misdiagnosis Mistherapy ,2025,38(10) : 73-80.
[67] Yang X,Zhang MZ,Zhang YQ, et al. Ecological change of the gut
microbiota during pregnancy and progression to dyslipidemialJ]. NPJ
Biofilms Microbiomes,2023,9(1) : 14.

(W75 :2025-07-09; &[] : 2025-09-08 ; 3% A : 2025-10-27)

(AL 4 FH )

AT A
FuR, BT, B E i BRI T AR HE SRR
BFR R[] R EA K F 54, DO0L:10.13406/j.cnki.cyxb..



