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[Abstract] The global incidence of gestational diabetes mellitus (GDM) continues to rise in recent years. Research has shown that
GDM can increase the risk of adverse pregnancy outcomes in pregnant women and lead to malignant intergenerational circulation.
The etiology of GDM is complex and the pathogenesis has not been fully elucidated. Maternal dietary assessment and guidance is
the first-line method for managing GDM in clinical practice. Reasonable diet plays an important role in gut microbia and its
metabolites during pregnancy, and the dysfunction of gut microbia is closely related to the occurrence of metabolic diseases. It has
been shown that gut microbial metabolites such as short-chain fatty acids (SCFAs), trimethylamine oxide (TMAO) and bile acids are
strongly influenced by diet and play an important role in metabolic disorders related to insulin resistance (such as GDM). Progress
has been made in the prevention and treatment of metabolic diseases by improving gut microbia through medical nutrition therapy,
which provides a new direction for the control of GDM. The status quo of GDM, the characteristics and alteration of gut microbia in
pregnant women with GDM, the GDM-related gut microbial metabolites, and the feasible prevention and treatment of GDM by
targeting gut microbia and its metabolites are reviewed.
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UF O W] 4 JK 9% (gestational diabetes mellitus,
GDM) 5hREMgRE PIAHOC, IRIK I, GDM Al
UEURAN R 25 JRy i & A KU, 5% T B B2 S R FR A G AR
BRI . T Y R, R R R A
Gagse . PR AR L R g T 2 PN G A T A A
BHEREAEM, HIHARH™ Y] 765 5 R ARG 2R L
[ AE . 2 O JR %% (diabetes mellitus type 2,
T2DM) 4] h R sl Ml e . S 1dthe
ZEUAME L, GDM A B Wi o Z2FEPERIL. A
it AR R R, X SR a) e B
GDM 22 iA Ry AR A R 2L RIS, B i UA] 32
FIEYIsT . EIREMG AR, PFIGE e
7 Ji 38 B R B AR W T BB LA BT IR GDM A
RO ARSCH GDM 5 i 38 B SRS ™ i ¢
BRHFATERAR, I IRE . B3, st (|) SX)
GDM B G VR HIBE T 73 4T

1 GDM LR

GDM $5 7E 22 3 % A oz TR0 AT ] 2 3 110 4 26
AN 2Z , SRR WA S ELER =z —, R
ZPIAAN REIRES Jmg KUK, A 6 PR 3R A 5 v I A O
BRI Z L . AEJE . WA 7Y, GDM Y BN 4K
KA, BRTA CH R T 28 h FE R
BT . RS IS, WA WFSE AN GDM Y &
A ] B A7 2 R/ s 2 0 i T A VB (R i Y 2
A, 3K E GDM EERFAEET, A7 30 PR 2010—
2017 4F 3% [ GDM HF ¥ & 4 R 2400 14.8% . X
I, X GDM By 58 FBh G BA B R AL A X
ZEREETEE BN, FEERNAREERE . A
P ) A o 33 AT RIS A A R R R 2 TRy 1 RS
HAp, 2200 & vFAl firds 5 24 4 GDM I — 4k 7
Bio BHE AW RWIER A, UL YRR i 18 T
B AR = i e A G i 5 e )32 06, IR e As mT
fit 55 GDM & A fA7E — 22 1 G 1K

2 GDM 25 EE MK CIF1E
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AOTH T, Ak 5] & Rl TR A L KR
Sy ANBEF 5T KW, i s e AR AL &
AP T EE MG, RS Z IR E R & R
Bz,

WEge 1 B, R B 2, A
7 8 N A8 JE B ] (Proteobacteria) . Jit £k B []
(Actinobacteria) . i % [CH & (Roseburia intestinalis)
M RAR WS (Faecalibacterium prausnitzii) 25 i) =F
JEY R T AR s B R 2 AN [R] 42 J] i S A A 3
ToRE/INRIG B, FITE 2 R 4232 2SR R A 1Y) /)N BRUAH
P, 252 22 N ZE PR RS A0 /)N BRI I A 28 W it A o
TR, RAEMERERENA FA . RGeS,
RS AL AT 3G g R AHE CRIAZA2) T2DM 1Y & A2 K
R, EXHIGILATREA — & s kb, BIAIEm g i 4R
RE T G A7 I HE ] Sk Jie JLAE R BRI T 47 19 B N IR EG
HIE®A ML, GDM A0 7 18 W R o Z 3
fix, MEFF W& (Bifidobacterium) F1 AT B )&
(Eubacterium) 55 1) [ IRBAK T 50 9 B AT 147 )
(Shigella parashigae) W F R R " A TR
B, XA R IR (Eisenbergiella) . 78V 1 &
(Tyzzerella 4) F1E MR H NK4A136 (Lachnospiraceae
NK4A136) 7i% 530 GDM BE i h s 4, o
TRk E . FIEEE S S KT 2 EA
5 2 TR GDM s R, R Rk
WE (Collinsella) % M JE (Rothia) W)LY
e, HEFRHBESTHJGE, GDM M 17 iE wiff
AT R AT e 1 IR, SRR A TR L
GDM 2210 1) F A I 38 T o ZREPERUIR, JRREETR
Il (Firmicutes) . #¥FH# ] (Bacteroidetes) . ¥ [CFH
J& (Prevotella) MFLEAFTHE (Lactobacillus) 25 1¥)
FREIRBEAL . AR B, UGS RS R
PER R RS SO e i =Tl s LD
SR ROPE SR A KRS T I S R R R R
PR FREMRFENSLZ | pilEEEEEnSE, X
AR T EN LT

3 5 GDMHIXMIMGEES LT

3.1 REEENR IR

W 4ERE TR (short-chain fatty acids, SCFAs) J&
oA 6 MR LN FIAR R, GRS R . TN
AT MRS, FEMIEESYE. PitkiehamiE Rt
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Klerc R Y i, SCFAs 32 B0\ i il G E A
1H % Z 1K 41 (G-protein coupled receptor 41, GPR41) .
GPR43 1 {5 5 1 % ok 34 i bR & 1w B A IR -1
(glucagon-like peptide-1, GLP-1) FJ43ih, 5240l
B T B G S AT, DTS i F A S F 7 7
RIS . bR 5530 B S 22 B4 TE AL 2R 1
BERR AL N, ELACh SCFAs i o T s 18 L 41
N1 GPR41 32 1A [ BPUi7 25 5 Wi iR 32 74 3 (free fatty
acid receptor 3, FFAR3) | F1GPR43 {4k (H[l FFAR2),
| R A M B RO . BREEIR MR (cyclic
adenosine monophosphate, cAMP) 7K F[#; Ak,
Gprd3 Fl Gpra1 BB/ B4 SCFAs JUlG 5, il
GLP-1 40 Whii /> B A A Wt o 52 401 45 V%0 M|, A
O 3 2 1 g 1 TR A B ARG 7 ) SCFAs X 5 £
FIFACEE WA (B ST MR A BR . el B — 10 5 ) &
M, HEAIE R0 SCFAs (FrAE IR ) ]l
i GPR41 1 GPR43 & 47 I Jifs #et 22 4 0 L 17 18 40 g A0
JERRR 2R o, NI B T4 s A 5 AR e
s, Bk R AR SRR, B —miRtss > KB,
TENEREBE B AU AN e85 0y (— R Rer4E)
e /BN F AN A Y Xy s T O E Y23
HY5mERREML, H17 R E ek i U
FARZEME b SCFAs /K P-4 8y 5 1M v v A A B2 B8 BRL Y
TR T SCRAs b s, TR/ BB i 22 2 i 432 47
SAFEIGE, /MR ERRE B AT BB, NI
Bl AR AR 2 AL S B00 AT A A 5 TR
B, FIRGHER . PR AT I 32 el MO e BRUS AR A
HIBE T, R UE S5 2% 9 b 70 i £ 41 4E 5 SCFAs 34 7]
WesE i REARAE ety S i A4 T SR RE T 1 R R

32 AL W

A1k =H BZ (trimethylamine N-oxide, TMAO)
NG E AR P R Y B E B, &
. FHSRER . ZEhE AR YIRS, &
THALHE AT B R (E2OR AR B AR
W =W % (trimethylamine, TMA) ' 784 M1
TMA 1, ER53 AT B 7R E B4 AL TMAO, i
Gy 028 1T VKR B R NE P R R A
(flavin-containing monooxy genases, FMOs) %1k
TMAO 5, I ADURIEER . X8 . £0 A At
PR h I E R . FSRERR AR, A
AN TE 2 0 B 0 AT R £3i ok TMAO A R 19 22 57
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— 01 A ML %t BR 3R 36 (randomized controlled trial,
RCT) ™ LB, SEMHEL. FRSUKEML, &
FH 028 1 fgdt B B0AFE N I T TMAO VR 35 T T
45~611% . H—IRCT ' i 3 Rl FIBORIE (£11A .
FRSAERZE) WERERE (BAREEE25% 1
SRR G RRE BLAE AR N TMAO 35 4 52 Wi #E £ 7
F5E, BRI EREERI, KL e
Bl 0 238 % R R BT TMA Il TMAO 7K, fif 24
ZARHAF L LT IR I 678y R IR R R
Ho 3R i TMAO & A B & BRI, X — A8 fb iR
TMAO 7K V- 1) 0 A8 o R FE BT b h i 18 T AR Qg 2T
WA 28

EHRT, B FRRE X TMAO S I RF 5 48, A5
& TMAO 145 FAR i 52 905 9 AH G MR I ot H 25 38
%, Hr1 TMAO Fl GDM B 5 B B/ H 4518 v AN
— 5, — I AF G R SE Y Z B, A
243 4 GDM 22 i v, 42 B I i TMA 7K F-
GDM 1Y & B B TEAR DG, T TMAO. 7 JiE A B Fl
FITSE08 1 7K SF- 5 GDM 1 & A= 52 67 R 06 FLAT fa 2 114 159
RN ; kT HED , TMA/TMAO (1 %% 1k 5 7] 5% i)
GDM M & A o 1M 53 — T3 1l Xt BB 8 %) o, 2
A e A R30Il 2 P Y TMAO ¥R 5 GDM
(e R B IE A . AN, AT L,
GDM B B P 1) e 95 20 5 PT84 e A s b
PR 4 it e 487548 9 (neutrophil extracellular traps,
NETs), kB (1926 i S A B 85008 it F vh i 5 40 &
WFRIZME, AR THGEAE ; M TMAO AJ 38 i 1)
il NETs AHOCHE 19 35K 0l NETs BJE AL, AT (i
& YA N R R 2 A0 T O R R LA A
FTF B LR s RO iR 45 E s 38, A B TR LAY AR
KEH.

Hil, A% TMA K TMAO £ 5 GDM %k 4 i1k
FPLHI A, A ABRIUARLE LA . H
B R PER R HG . MR S R ES R R 5L T
ZAn P ST, AR TMA . TMAO
Hil GDM 2 [11] ()5 53 4% A1 43— 1 FAIL i 15 47 B i
AHRE

3.3 Mg

B BR AL SR MR T FR AR G B R , Al 2 5k
NIRRT AL, 240 M A7 8 T A A RE R I . I
RECHFR (4 A BUPE FFRE b AT, S 4 LR R R ik
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7, WHEBERYSYS, ikt , TERE S
Ak Tt 248 J £ 2% P450 S8 Ji% W Bt 7A1 (cytochrome P450
family 7 subfamily A member 1, CYP7A1). CYP 8Bl
FCYP 27ATBIMERIS , RE [ B ] e A Oy 7- 72 KL JEL ]
B, gD NIRRT RR . AR (cholic
acid, CA) Fl#g LA A2 (chenodeoxycholic acid,
CDCA). ZeisAerh, JIHE Y 2 5610 75 2 AR 36
ER W (Fusobacterium) F1ELFT 12 J& 1) 2 fb g o
Fr 28 MR TN SE R R T A S . R
THER AT A KT S S AR G R TR 45 A B H R
TS A AR, B R A I AR
RS G IIRIPNT RRHE ANala, RAUAT ] . AT
W B KA w )R (Escherichia coli) %518 b
W I 53 i O UE S R R IR T R, R AR R
UDCA) DL ke i A BH 1R
(deoxycholic acid, DCA). 7£5¢ 8 &Y g I 1G5
Je, WS BT R 2 i B R A MR B, 740 i
HE TS O A G RUIBTTIR , LA SE BRI i i
(7

JRFRRIF RS L, ME e, HARDESHIR
TR X GDM (R E M IR AFAE 28 5 o N AR DL 8 10 125
BB YF R 145 UDCA. DCA. CA %, B A 5
& B GDM 2 i ik N 1y H & e i A H R
(glycoursodeoxycholic acid, GUDCA). DCA /K i
FACFIEHR 441, MK ¥ 1 GUDCA #l DCA &
GDM % A= iy ph 7 fa B [ & . MG s e Y R,
GUDCA 5 GDM & A=A BT R (AT, BIBEE
GUDCA 7K ¥ 1) ' [ GDM Hy & A= KU 52 1 T a4
H.DCA Xt GDM % A= A8 BAT B {ELAE - 4 i 2 1D
GUDCA . DCA /K-F-# A% Al BE-5 GDM 4 & A= A7 75
S AT B KW, T AT R T Y
Fhi5 5 GDM 1y & A KB S IEAHOG, Hassm™ B K
JU. R AN RAEIRES Jay i A 2 XU, PRI e ik
FE SR R BN Ry & GDM Y FER  3R o

(ursodeoxycholic acid,

3.4 L) d R

B i 4 A F Al S — 28 T B i R T
WAESK, 4 X%F4E2E E B12 (vitamin B12, VBI2) fY
W58 935 it H 5 GDM Y & A4 % )M 96 B0, VBI2
2L el DU AT B S AN B A A i, AR T I 4
LS s 2 R, 6 (0 A I R R AR
(1 VBI12 7] 58 i1 GDM (4 & A= KU BT IR £ 4
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(lipopolysaccharide, LPS) &85 >4 []4: P 41 Jfd B 1) 8
B R r, RIE R — R RAREY, AT e
Y5 E A EAER B A P KB, GDM
ZEAAE P RN R (Sutterella) S8 TR W0 F
B, BRRRRE S5 NTE C RNV F W E T
LPS A& A FHOCE , 4878 55 22 B PR 20 1 Pl g
A2 AEME LPS NI 51 A AR 4 IRAS ik — RS i
T2DM WY FEAE o M b 3A B 38 B B S AR ™= 5
GDM Y & M8 3RAT A B, 0T g 30 TR A S A
PR AT IR T B AT S 2 0 K AR AR R, D
AR R REA RIS 05 1 XU o

4 REFERS RN A
GDM MF

i 3 TR R S LA™ % 2 e A Al R AR AR
SRFEERCHEENMEN . BT, EdrrEmme sy
B3 g A A g A O R B il A AR AR
BIRHIBFFRCA ) Z Ml . T GDM 3 5 1E ¥ 22
AR I iE AR AP AE 22 5%, 4% GDM A SC i 8 1 A L
FCAR ™ W) SO GDM 1Y 15 B7 FA 97 32 4 A 8
B ar, RATVKE 5iz5h . sER M AT E
FRWIT ), DA 18 s A Q™ 0 o I kA
PTG, A AENS S GDM R HE LT A7 250 A T
T

4.1 IRy 5isgh

AEFF RAF B9 A G 72 (A 46 £l BR IR £ FHiE 2 iz
3l1) J& GDM 2@ R s 2R N . Ml kB S
SRR BRBER B H (Clostridiales) FI4UAT 1] 1)
FRE, NI ERER T S RAT T3 (F: B)
FHE Y, X TR SR AR LR A
Ao TRy P R I E B 25 (every-
other-day fasting, EODF) 152 /NEl & B, EODF
A 2 9 /0 B R I L i S R AL
BRKF-, JEEEEH I 1 8 D5 20 2w oK g 105 %
Ak, DT it 2 5 /) B ) S JRE R 2 R AR 100

BRIKE T RSN, 12 oA Bt gl kS 3 i A2 40 i
B, TP GDM & AL A B2 — . shiscsg
Y& R SR kit N A A o AT RV G EWN R AN B
RETEREAY B . — I RIS Y B, b2 R
V] B )11 R 6 58 R R )11 5t R A A A1 I 42
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HIAENFEMBIETEF « B, BERINIEZEE G
#HH (LPS binding protein, LBP) /K, A5 R
AR, PR (32 Bl n] 46 e e Ak ] Y ki
S0 g 3 AR A AL

4.2 ti’kw

BRI W, RUSAT R . FLIRAT TR 8 55 42 4=
R7E 97 16 B PR v S T REEROR L sk
B B0 GDM A IE 7 S 60 A L . s e
KM, A 7 B2 B L AT B GG (Lactobacillus
rhamnosus GG) F1 3l ¥ X 8 #F & F W Fh Bb-12
(Bifidobacterium animalis subsp. lactis Bb-12) & & 7
AR5 GDM K R B B i 2 RebE, RS ok 4k
G R g B . IR, 45 A= R AT 3 5 52 e
B AR, BRIk GDM A, — T
W0 M RCT BF5E ) WoR, SxdM4iMitl, 1%
14~16 J& #b 75 7L & FT B HNOO1 [ ¥k  (Lactobacillus
rhamnosus HNOO1) [ GDM 34 114 1fiL 3% Fh 45 & %4 iH
THRR KA, FR M 32 DA P AT BB AR i AT iR 1
PRI R R EAE N . A meta 58T WoR, AMFE
g A TR AT AT 0 AT 2 I I W KT SR A AR i 7K
S, Ak #E I 25 4E T T GDM ZR I AR, RAE L 4
107 38 %5 35 A AR B B e B T A — T A T
542 44214 AP B RCTWFSE B w26 4
i I 10 Ji (A g BR FLAT 1R (Lactobacillus acidophilus)
S RUEAT R, A BRI R AT 80 s 45 R ok 240
] ) GDM & A= AT R 45 J Y JC 3 26 57 o T Xt
RO AIR B 2E 50T R R B, HOT R A AR AR
2. FIEATIERA G, B, &4 "X GDM &
PRI OB R T AT i — 2P e, 25 2E TR 1Y%
PRI . TR 18 N 8 A 0 OTE S N B AN A IR
FEn: I8

43 xRN

#R R OCIE BRI U E M B R A L X
AT 2R I, AL S RE e (R 2k L AT P I A BLIEL
FRERJE AR R RS . RN . 48 . BE3L3E
B4 2 HAT, MR Al 25 A os T L GDM A
BRI R kR, —TSHAWKAEEITAEET
(synbiotics) T i@ RCT ™ KB, i id 6 J& HYrg ik
FUFF B . OBUEFF 3 8 4543 T 915, GDM 2240 f 1fiL
TS F KA W T, S R UK A AT
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. shA S B R, AR IR A REYS W E RN
FEIRE GDM /NG F = B, 0/ S5 800 18 10 80
I B /I B T8 A A5 A AL AR o AR G B
5% R, AR TCRE AL 32 BRI A 25
B MR . 3 SCFAs Az iU T 1 48 4 [ 5 5E ]
1 2 18 o e 3 Jo B B AT S BU R AR o T 5 A o
5 PRI, ANFE T FLRRAT I R AR SRR (1 GDM
ZRIO SRR AR L, R FARG K A2 BB 7K
IR B W AR ML, (H AT RS R L i AR KT FA
WA A O . IR, A IE5 A T 7 RE RS TR
L3R 7 GDMAAFTE L, AR i 5 IR A BTS20
PIIESE

5 BREERE

i T8 R S AR 2 5 T R AR EAG
1 GDM S ALl v o] GE A 5 SCEAE T . AR AT,
GDM F A& L 1 R e o 4z BT, O T Mo 1 T e 4%
AR By % GDM 20 (14 73 1 L IR o 3R A B B
T, HLIUA i PR A 8 BA S 9 S 5 1k 45 T 007 R 1Y
28 SR BE 45 R (W TMAO 5 GDM |y 56
B, s A GDM AR Frresille itL, JRsk
W TR 2R | A B A0 TR I R AL X
i e QUL TEAR: LY QS VUE B IS SN T Y N e s
TR Uy 2OuH R 4 S e g 1 B L AR 1
Bijifs GDM YT AL, HEsh 22 B R B, (2 it 4T
AE AR RS (LA il A B3R5 ) S bRty
s o
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