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[FE] B89 - W UEWRIVTHE IR (gestational diabetes mellitus, GDM) %240 5 fift ffe 22 10 22 1] o il A RE A 25 5, D5k - 855 2017 4R
8 H—2019 4F 1 HF k- ifg 58 3 K % 15 2 B i 9 AR DR e 7= B 7= K 2 10 74 9, b GDM 2100 (GDM 41) 51 f, fdt B2 0 (ft e
41) 23 1, 8 BUICA Z A B W AR R . R Tllumina MiSeq - & % 2 LR A 40 B 9 B8 PR 1) 6 47 vl 8 D, 7R el
M43 #r (linear discriminant analysis, LDA) . ¢H [i] B 7% 2 570 #7 (LDA EffectSize, LEfSe) 43 Bl *%F 2 2H 3¢ 18 £ A 1Y 16 B 2817 1% 8 3
BoZRErREEEEZREYS, SR SEEHML, GDM HZ AW s @R EEE (P=0.027), FERH M 1 2% i E R
FEERE AL (Alcaligenaceae) FJEH i, TEIBHH LIWATER (Bacteroides) FJE W (3 P<0.05), fi5 GDM
YLMILL, fEERAIZE MR R, EH %N LA IRHE B (Burkholderiales) . FLAFH H (Lactobacillales) . ZFfa4FH H (Bacillales)
FREER, £ LB HEF (Lachnospirace) EREWE, fEBHH EABRIE (Neisseria) . $EERE B (Streptococcus). 7= T BREH
(Butyricicoccus) . MEEUNHE)E (Gardnerella) . %% 58 (Atopobium) FJPEER (¥ P<0.05), 45i - GDM % i iy [l i W B S5 e 2
AR AFIER AN B ZE R,
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[Abstract] Objective - To investigate the differences of intestinal flora between gestational diabetes mellitus (GDM) pregnant women and healthy
pregnant women. Methods - In this study, 74 pregnant women from the Department of Obstetrics in Xinhua Hospital, Shanghai Jiao Tong University
School of Medicine from Aug. 2017 to Jan. 2019 were recruited, including 51 GDM pregnant women (GDM group) and 23 healthy pregnant women (healthy
group). High-throughput sequencing was performed on bacterial gene sequences from the fresh feces of all pregnant women by using Illumina MiSeq
platform. Linear discriminant analysis (LDA) and LDA EffectSize (LEfSe) were used to detect the a diversity and expression abundance of intestinal flora
of the two groups. Results - Compared with the healthy group, the intestinal flora richness of pregnant women in the GDM group was significantly higher
(P=0.027). Porphyromonadaceae and Alcaligenaceae in Family, and Bacteroides in Genus of microbiota in the GDM group were significantly higher (all
P<0.05). Compared with the GDM group, Burkholderiales, Lactobacillales and Bacillales in Order, Lachnospirace in Family, and Neisseria, Streptococcus,
Butyricicoccusm, Gardnerella and Atopobium in Genus of microbiota in the healthy group were significantly higher (all P<0.05). Conclusion - There are

significant differences of intestinal flora between GDM pregnant women and healthy pregnant women.
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BRIL 251, ImiEwRRE SHLARIRE, 558 TR R gt
BUAASE, ANRMEE, RS SRS T WA R
HW, A WAERA K TIEATEEL, ik, HiHEn
B AT RE(E GDM s R fta, JE Tk, AR
RS 0 I BT, 3T+ GDM 2240 5 i e id 2
Al i 8 AR 225, DAICA R4k GDM 2378 W EERY T
TR k2%

1 HBREHE

L1 WFSEX 4R e sr 4l

2017 428 H—2019 4F 1 H T Rl il KF k%
B B I T e B e 7 B A O (g e 2240 (fdHed) 23 filLA
L #iizWr 4 GDM 124241 (GDM 41) 51 fl,

GDM 0 A Hbrif: OFF & AR & JF 05 IR Wi TR
fEr (2014)) X} GDM (i Wi brifE, @ Ik H 4F- % 4
20 ~ 45 %, ORpIER, ®@ARZE, ©4224 ~ 28 4,
HeBRARifE . © 22 mi A B o s s L s . @ A ALK
Flihe Z I S A IR N IR, RIS . @8
A7 E R A A B, An 3SR S A N R
PR aE, ME. JCEME WE A, RS E D RekE
5. @IaJLA Cmrde Rk TSGR ZiiE, ©BATHD
PERFR . S50, Mgy, OWaRimn., OuH=z
E T T

fil L A H bt : ODURH AR 20 ~ 45 %, @O
faitk, @ ARZZ, @424 ~ 28 JH, HEBRArdE: [
GDM 21 7 i HEBRpr it

ASTIEFE Ay W22 P ot R F 9T, il it ki Ac il ok
FRAEGH B R E RS E A (FitS 4
XHEC-C-2016-097), F{E https://clinicaltrials.gov/ | {3 i
({524 NCT03569501) , Fir A7 ffF 8t ¥ 25 38 1 iy
A &A

1.2 WFsediik

ARVATREA I T AR Z2 ARG DL, HEBRIR 4R 3
xSRI EE RN, ASBFFER A TR B AT T A
A4, WAE MO, IRE I, ARG I, 2GS
O, FEEIEE, EAEAOAA)SE, PR G AR
VAR A AR, FHEE kAR RS,

121 —BBERIRE —BERAEN NEE, iR,
Bk, &% A, B &% (body mass index, BMI),

PARARURNE UL, anZe 8. 22 BMIL, 2224 ~ 28 J& BMI,
ZEfan 3 A AR BRI SE, Hodr, BMI= (R / B s
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1.2.2 REABIAE  RESIB, AR AR,
Britb 2 4h, P N ESRER 3 d VIR 0L, B4
B AR R, FFEN ORI 2 i i e B R Al
RHBURE, IR AnkE et aeitt 5obr, Sk
BEARE, BEAREASLL, BokLAEwEA L, 1R
A L FE A &,

1.2.3 AEHEABIRA ARG AR oA B 22 v A
S ORI, BOHSIMERR RS (angs, wnME. TORHE) .
1.2.4 2GS E O IRA ok A A ) b iy 2 0 B
& & 3 [n] % (pregnancy physical activity questionnaire,
PPAQ) "™ sy ik Z OAE 2 is s I R S (] L SR
BB . i R 5 R B YE S, BOlkiEsD. Eshfn
BT, ik 32 A5 H s ARYERE R IR 4
4 2%, QWARFARIG . IR EEIG Al Hh A9 T Bl B R R
&L,

1.2.5 FEMEFOCIHA  FEEE OU LG J kIR B HEAE 5
H, HpEEHERAEET GRAKRME) KH (15,
Mg, T4). AdJE, PrA2aFHE 1 ENT R B
B RAE, RERMEAERMEAIRE 4 ~ 5 e A KM
B, BkE—IFETRERET IR SRR, B
RN ATWLF BG4 B, FRAIPRZ % A SRR
= 80 CukAEfEAE, JRLFE A llumina MiSeq *F- &l
2P EANIDE R TGO, BT . OFEH DNA, FIH
1% B N 4% U6 Ml rid e I 4t 2 O 46 [K1 20 DNA, @ PCR 4~
4, M DNA 1375 16S rRNA JE K F B, 7/ DNA %,
@tk R Be b AT I, el S0 A R A 3 T U
FAEBUT IR TR & BRI, Stk
FWISIEIE S, SRAEA DNA B,

1.2.6 WE RSO EhE R o ZREMRFRE "
H, R Mothur (- THF AR A (richness, S), £
1 M #8 % (Shonnon-Winner, H). ¥ %) B (evenness,
E) Y, Mo, S BBRIREREAIFE, FonARRPRE
H, HrBobk R MR FF R R s H AR PG RER Y 2
Bk, FORANR IR S, RO IR % 2+
PEBk s E HR PG BF R S8, Ron& PRt A% H
SYBCRIE SIRERE , FaBOBR MR A Ry &) bk

1.3 SEil#or b

K JH SPSS 25.0 k3t s B dm itk AT g it o pr . E R
TORHA x5 For, HREECR A 5 FRFRHSEL
(Em#) FoR, AR Wilcoxon FRAMEL: . R
2 M) % 4> #7 (linear discriminant analysis, LDA) . £H [A]
FEv% 22 5 4> 7 (LDA EffectSize, LEfSe). Kruskal-Wallis
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Ao et 21 1) Iy 1 BT PR B8 R 22 Sl AT 0 B, P<<0.05 o
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2.1 AW E ST

AW RIOE A R 73 6y (R 98.6% ),
W22 iy AR, 5143 oh GDM 4, 3 dik & rid
FeAILTHRINL 61 By (IS 82.4%) , Horr i e 12 {33
GDM 4 49 3,

AT 1 X i HEZH F1 GDM 20 2 40t — e oL ik
B ARG, 2NEE RO, S 3 d k&
THULBEATELE T, S5 RN O—Rt§il. S Hedim
tb, GDM 4172 41#y % 24 ~ 28 J& BMI F122 i BMI %%
@& (P=0.012, P=0.015), @Qfk& M. 2 4 EMEKE
MR ZE G AR L. ORI, 2 472 A/E 721
BRI, WA, @ ZES UL, 2 420 (E 2]
H8) (RRERE. #heleifizh, (ROREETGE). WoRpEiGzh, &
sRETED . JER. Bk, Bah i) mfZERY TS
B, OFMEIL. 2 472 7E S MR R HE A3 25 i) 22
SWTgERL R, K2),

1 2 2P AR IR W 7 2253 B

Tab 1 Analysis of variance of Healthy and diabetes factors between the two groups

Tt H fhdl (N=22) GDM 4l (N=51) P

ER 30.18+4.61 31.42+4.89 0.698
Bk /n (%) 0.252

LX) 16 (72.73) 43 (84.31)

Lo 6 (27.27) 8 (15.69)
LFFWIN /n (%) 0.376

<505 /4 3 (13.64) 5(9.80)

=505 /40 <10 J5 /4 1 (4.55) 6 (11.76)

=105 /4R H. <15 J3 / 4 4 (18.18) 12 (23.53)

> 155 /4EH. <30 J5 /4 10 (45.45) 21 (41.18)

> 3075 /4EH. <100 J5 /4 4 (18.18) 7 (13.73)

=100 J5 / 4 0 (0) 0 (0)
2R/ 25.18+1.53 24.53+2.94 0.433
Z1 24 ~ 28 & BMI/ (kg/m’) 23.87+2.52 26.43+4.44 0.012
Z5H7 BMU/ (kg/m’) 20.60+2.69 23.77+4.14 0.015
ZHART 8 N AKREEK /g 1414251 1.26+3.31 0.867
ZHATBIRIBNSAE /n (%) 0.665

ZHE 7(31.82) 11 (21.57)

AIFIZ 10 (45.45) 30 (58.82)
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(B:A 1)
i H f@Bedl (N=22) GDM 4l (N=51) P

AR 5(22.73) 10 (19.61)
ZEALR A WnRE /n (%) 0.372

ES 11 (50.00) 29 (56.86)

H/R 7 (31.82) 19 (37.25)

2% 4 (18.18) 3(5.88)
ZEARAR /n (%) 1.000

S 22 (100.00) 51 (100.00)

B/R 0 (0) 0(0)

2 0(0) 0(0)
ZEIRIE /n (%) 1.000

E 22 (100.00) 51 (100.00)

TR 0(0) 0(0)

24 0(0) 0(0)
ZEASEERE (MET - b/ J&)  21521+129.67  197.64+£97.18  0.422
ZERERALTEE L /% 47.74+24.20 49.67+20.74  0.936
ZHMRIBEE R &L /% 31.42+17.94 293141377  0.501
ZHAchI EEE R LE /% 23.66+ 17.94 210141511 0215
BHEBEEN S % 0.11+0.41 0.09+0.28 0.980
ZHRSER &L /% 30.76+23.58 278742029  0.824
ZERERE B b /% 24.71+23.54 2531+22.18 0938
DEIEF ALL % 1.34+1.69 1.59+1.59 0381
ZHRHHMEINE /n (%) 0.273

<2/ 2 (9.09) 0(0)

3~ 5%/ 4(18.18) 14 (27.45)

6~ 7% /A 8 (36.36) 31 (60.78)

> 8k / 8 (36.36) 6 (11.76)
ZHEAZEABME /n (%) 0.674

I 19 (86.36) 42 (82.35)

S 3 (13.64) 9 (17.65)

#:MET (metabolic equivalent of energy) HJ7& A% T i A i MR 1 min {G3)
56 3.5 mL (U4, %G ZNAYREH 1 MET, BJl 1 MET=3.5mL O,/ (kg - min),
MET {8 KB WTIZI0 F 138 258 KL s 1 MET FT6 2l 38 R 20424 T B4R A
HEREA KT

42 2 P IR I LR

Tab 2 Comparison of dietary structure between the two groups

T H fdedl (N=12) GDM#l (N=49) P1i
REIEASGE (x10°)/d) 6.48 +4.75 4.97+3.60 0.872
HAFHEA L /% 17.78 +2.51 19.03+2.50 0.946
kL A A EE /% 47.61+7.08 44.76 +6.44 0.236
MG & b /% 35.88+6.15 36.13+6.28 0.219
B AR/ (g/d) 181.91+82.69 352.26+183.51  0.570
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2.2 MR o Z RV BT
EARDE I A, 2640 R A 3L i | U5 64 £y ([l i =R
86.5%), Hrpf{dtfed] 23 iy, GDM 41 41y, BE)5, %%t

FEARTINDE ERE o AR B, SRR 5
f@t BEZHAHEL, GDM 20 2240/ S & (P=0.027), 1fi H#n
E 7£ 2 2RI E R S B L (£ 3),

463 2PN I o 2 RENES BT

Tab 3 « Diversity analysis of intestinal flora in pregnant women of the two groups

o ZREMEAREC fRERE4l (N=23)  GDM 4l (N=41) P A
S 338.34+£82.27 390.1+93.41 0.027
H 3.33+0.69 3.52+0.57 0.271
E 0.57+0.10 0.60+0.08 0.481

2.3 Il REE S5 b

AW} 38 % B LDA . LEfSe. Kruskal-Wallis £ 5% (19 75

e 4 2 J20 A T IR B 200 1 92 S A R 4 BT

Tab 4 Analysis of different intestinal flora in Order between the two groups

e SR D 93 24 1 5 A W 28 0 A v AT 2 5 | 1303

PokF 2 W AN hE W B 22 it T o b, Hodr, R
FH LDA | LEfSe 4> #7 B Ff 22 5, LDA B & K 8 3% 0 Fh
= X 25 RSO R A R A, DA SR 0 BT 2 S A ) R
P51 J5 I Kruskal-Wallis #5958 3K H P {8, DA EL&R 4 ]
ZES, SR EoR: FEHER L, 5 GDM 4HLL, YL
T B RS TR AT TR 1A B R SRR T 2 4
HEE&wE (3 P<0.05), £ 1, 5 GDM 414
bk, (i HEdH 22 401738 DR REJZ BE BT TR Ay 1 AN B F A
(P=0.038) ; ifi SfEHeAAHLL, GDM 20 2/ % il HE REALIAT
W TRATERET TR &H AR ER S (8 P<0.05), {E
JB B L, 5 GDM 4 AHEL, fd B4 2210 h i RS TR A
Ty LAY R, JRRER I OB E T T &/ 2 A B+
fem (¥ P<0.05); 1fi S HEH AL, GDM 4 2 ialipiE
RFUAT BT T A L AR R (P=0.001) (%4 ~
#*6),

I 4 LDA fi LEfSe 531 EEXF L P AH
IEEEI] LIS TN AR H 43597 0.015
(Proteobacteria) (Betaproteobacteria) (Burkholderiales) ’ :
JEBETR]] AT A A HE ©
(Firmicutes ) (Bacilli) (Lactobacillales) 4.182 0.005
JERETR] AT A AR H
(Firmicutes) (Bacilli) (Bacillales) 3019 0.022
T VORI 2 A R
5 2 N2p AN W REAE RN B 2E S b o e
Tab 5 Analysis of different intestinal flora in Family between the two groups
. ” LEfSe 53 #1F JiE
Il 4 H # LDA A R P
JERET]] LAE] B H EP R 4334° 0.038
(Firmicutes ) (Clostridia) (Clostridiales) (Lachnospiraceae) ’ ’
FUFFER] T H20 AT B H e NP 34877 0.007
(Bacteroidetes ) (Bacteroidia) (Bacteroidales) (Porphyromonadaceae) ’ '
TG LRV T RN A H R 3121° 0.002
(Proteobacteria) (Betaproteobacteria) (Burkholderiales) (Alcaligenaceae) ’ ’
TE: "FORMEHE A R s, "R GDM 4L i =F ks
6 2 A7 1finE WAL RN b2 S H RSBt
Tab 6 Analysis of different intestinal flora in Genus between the two groups
) 4 H ﬂ & LDAfA  LEfSe s34 XTI P 1H
BTG ] LR TE N HERH B REWE 32967 0.005
(Proteobacteria ) (Betaproteobacteria) (Neisseriales) (Neisseriaceae) (Neisseria) ’ ’
JEBELR] LaRE e FLAFRHE BEER AR BEER b R 42399 0.002
(Firmicutes ) (Bacilli) (Lactobacillales) (Streptococcaceae) (Streptococcus) ’ ’
)
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) 4 H ﬂ & LDAfd  LEfSe /347 XTI P 1H
JERERR] [AGED] [ANE| JoH HR 7T ER 3.068° 0.045
(Firmicutes) (Clostridia) (Clostridiales) (Ruminococcaceae) (Butyricicoccus) ’ ’
TR TET] Tk AN WA H H BB AT B BN B R 35077 0.003
(Actinobacteria) (Actinobacteria) (Bifidobacteriales) (Bifidobacteriaceae) (Gardnerella) ' '
T Lk AN LIHE R H AR A 5B 3.466° 0.002
(Actinobacteria) (Actinobacteria) (Coriobacteriales) (Coriobacteriaceae) (Atopobium) ’ ’
HUFFEAI] R aRESE A H HUFF B AR 4.608° 0,001

(Bacteroidetes) (Bacteroidia) (Bacteroidales. )

I "FORE R PRI RER, T#on GDM A A

3 ifig

PR AT 24 iz 2 wT 8 B O RO, b AR A O [
L HEINRE R HITIRE . PRARHL A BB SRA0HEHT, Mt m]
DAFE b Ry SR B, A PRI B R P AR
B A2 ()6 Hp B F Y PPAQ 5y 1h 36 [l 543 gl CU1E
RRFIEAE IS IR Tk, HAS HEAT, ZAEH0IE
WA AT RS AR, & AR SO 1 5t TRy 2248
iz,

AWFFERT 2 2B W R o ZHPERETS RSy
Br& L, GDM H 22 lin 18 it =F B T el DUE
(o SCik " B R, I RRERY o 2 AR S AR AR
5%, BIFEEAMLIE, M8 SRPT. d g IAE & & I RAEFR
TR B RN Al R B B W RE o ZAEPE T e, muk el
WL, bl S S AT R o 2R EBARDE,

EZE " KRB, AEIEH NG SR BER ). AU B ]

BT [T A PSS R , H o T B T ] A B e 2 AU BRI 1D

T8, AUAT BT 1A NN ey 7L sh P i O L 5 e, 7
ZHECTT T, ZTAAUAT B A R AR BE ) ] A A
HOMRHE 10% ~ 15% MURER, 7E/NRBFRE S R, £
TEADAT BIIR mT 5 RS /NUIEIE, S50 o & AR B — 2 1)
HiFtE, Bickhed % ™' F ZTEHIAF AR BRUS R B, K
LAY RGN T 23% HAH3L 1198 34800, 2kif 6 W]
IR T IE AR B, S R AT RE S L RERS 40 R HE A
% BEUATEHER 3 O RBCFI AT RE RAHDS, Pedersen %5 ™ ]
etk BERHUAT A e e DR L, /DR vh S i AR R 1)
TEIRACTA B It B AR 52 AN RODNEE, Ak 2 W11 2
Fofv R AT 8 ) S Bk R AR R 55 R B SR ARP L Z A Y IEAH G
Collado % ™ JR & B, LIAF B K S AF (6118 T s MR I (o A
HRAE RN, i IR GDM ARG R 35, H kit —
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(Bacteroidaceae)

(Bacteroides)

PERUHUAT B TR 5 GDM fE7E— & HIAHIEE

7T PR B 5 5 BE IR W5 BR (short-chain fatty acids,
SCFA) ZUIRHR, i Wi it — R 51 A il % 15
RUMEEAAE CAnBERE, B8 P Mk R ™, [
SCFA it n] 3l ot 58 it 2 e o i i Aok 198 FE A A
Ro BbAb, SCEA rh iyl R B BB AT 1 i AR I =4 ™7,
AT BIETE ™ S BB AT B 7 M TR £ = JE e RIS
AHFIE % B, ST B AE GDM 41 22 i v (1) = B F b 4
%, AT HIEA T RE S 2 412249/ BMI[R] 22 A0 5% i
BT KB, TEAE AR TIY 1 Z 4 E FUAT B AT A
GDM HYA IR, AR FLAT i ] BE A 223047 2 iRl

AW S B 4 ) 23 R B A PR A A — i 22
HAE a2 ik, RIS TR T RE S5 08 R S8 8 s Wl
GDM Jritfrik ezl LWk aidk 52
RITEAERZE) . ARIFZE ™ 2601, IR BRE ST . TR
B IG5 2 R SR, HL A 0T e o S A 4 T
[l 42 T+ GDM Y EH B . ABFFEER X 2 20 22 (iR 2
REMR LI, A E#EZEFI4 24 ~ 28 J§ BMIF12#Hi
BMI W] BE S0 PO vé UG AT 35

SO, AWEFORAFE—E R R RPE: FEA R H
2 HAARIFEAR B AN ZZROR, FRIR T SEIRRY AT (B RE . B
SRS LA AL IR GDM il e 2240, 127+
2 BRI ik, WML I EE, 25 LAk, ABFICE
X o 2R BT R EL, SRR AL, GDM
AR T8 BB L s FE BRSSO AL, 2
2H 2 IR B RF LA ERROR 22 . AT, FRATHEMI M
B 55 i R A G A S R A OG . Rk, Wl Frak
BRER 5 2 Il W R, SRR TR A LI WS
BERIDE R Z R AR, LR A LA A R
J s B LR 5 1 8 R A ) R AR G5
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