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[HZE] BTE ERIFEIRN (GDM) ZUMLIRH Wi &AE, BREMRRM, GDM Z2iH A 4 1 B 1 50 1)
R R, (EARSEBABNI ST A0, BB T GDM 220 R 242 J&] BB R AR AL, X GDM 2218 54 GDM
ZIAIE R 2R, WERIE PR R BT IRES R A R g, 3R ARUPRCR S, %I 2022 4F 3 —
2023 4F: 3 A TEEHREERIR 2 KA BE B R 2RO R 22 10, FEAT R 24~28 JAAT 75 ¢ F bl i 23056 ( OGTT )
iy, BWHES N GDM. RN A543 PEEL: (PSM ) #47 GDM Z154E GDM 20 1: 1 VCEL, F4FiR 24~28 )8 (A BBt
WY 32~35 Jil (B BB ) FAEHR 37~40 J& (C BB ) 43 BilRAEGIE WY, AT 3 IRBIE A SR, JfrdE—2L00h
GDM FREFERFIEH 2. GDM BB R H 4L, JE GDM BRI R IE 5 4L % 3E GDM FRIE RIS #4, R £ 1%/5 7 d
VISR D . R AUISERIMA 426 5 5%, 141 %4 GDM, %3t PSM VT, GDM 44 A13E GDM 2H /8.3
PERC 122 %F, YERIFGEAS . AW A 9 6 GDM Z24d 0 5 B3k GDM i A= s (IR <37 ), MR 113
B GDM 22480 117 #i1dE GDM 22Tk A C B, A B BB IE RS  ZUFF BT 5 Le il s F C BB, B8 pH {A.
MBS0 LA EPERER (BV) RIMNABERZEELER (VVC) BARIET C BB (P<0.05) o A B
Bz GDM ARG Ry AT IR o5 L T GDM 4, BLE R 5 R VVC &AL THE GDM 4 (P<0.05) o C By
Bz GDM AL LA TAZLAF 1 LIS T4 GDMZH , BB R R % & A2 %605 T4 GDM ZH( P<0.05 ). GDM FITIA P 5 5 2H( n=65 )
RNRIEIRSS Ry kAR5 T GDM BLEREAFIEH 4 (n=57) (P<0.05) ; GDM BHIE FERES B 41R AT IRSS = 09 & A KUK
S GDM BH I8 B/ IE #4110 1.830 1% ( RR=1.830, 95%CI=1.293~2.590, P<0.001) . Z&it GDM Z{H7EEIR 37~40 JHI,
9330 T A AR R TR 24~28 JAl. AL TAE GDM 2241, GDM Z2Y7E bR R 24~28 JEI At BIAE PR S 3 & A 3R AR,
MAELTYR 37 Je, BB RS & A WS T AR URIA I TR 3 2 R B AR RATIRES R el 2, @ BUnaR it
R B SR A A 5 A R
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[ Abstract] Background Gestational diabetes mellitus ( GDM ) is a common complication of pregnancy, and
previous studies have shown that pregnant women with GDM have a higher risk of developing infectious diseases of the reproductive

tract than healthy pregnant women, but relevant cohort studies are rare. Objective To investigate the variation characteristics
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of vaginal microbiota in pregnant women with GDM at different gestational weeks, to compare the differences of vaginal
microbiota between GDM and non—-GDM women, and to observe the effects of vaginal microbiota changes on pregnancy outcomes.
Methods
regulated health care at Daxing Teaching Hospital of Capital Medical University from March 2022 to March 2023. They underwent

In this study, we used a consecutive sampling method to recruit pregnant women who established their records and

75 g oral glucose tolerance test (OGTT ) at 24-28 weeks of gestation to diagnose GDM. The GDM group was matched 1 : 1
with the non-GDM group using propensity score matching method ( PSM ) . Sample of vaginal secretions were collected at 24—
28 weeks (stage A ) , 32-35 weeks (stage B) and 37-40 weeks ( stage C) for three vaginal microecological examination,
respectively. Based on the results, participants were further divided into the GDM normal vaginal flora subgroup, GDM abnormal
vaginal flora subgroup, non—-GDM normal vaginal flora subgroup and non—-GDM abnormal vaginal flora subgroup, and were
followed up until 7 d after delivery to assess pregnancy outcome. Results A total of 426 participants were initially enrolled in this
study, and GDM occurred in 141 cases. After PSM mathing, the GDM and non—GDM groups were successfully matched in 122
pairs. In this study, because 9 women with GDM and 5 women without GDM had preterm birth (<37 weeks of gestation ), 113
women with GDM and 117 women without GDM ended up in stage C. The proportion of the dominant vaginal flora of Lactobacillus
was higher in stage A than in stage C. Moreover, the vaginal pH, the incidence of vaginal flora abnormalities, and the incidence
of BV and VVC were lower than those in stage C ( P<0.05) . The proportion of dominant bacteria as Lactobacillus in the GDM
group was higher than that in the non—GDM group, and the incidence of abnormal vaginal flora and VVC was lower than that in
the non-GDM group in stage A ( P<0.05) . In contrast, the proportion of the dominant bacterium Lactobacillus was lower in the
GDM group than in the non—-GDM group, and the incidence of abnormal vaginal flora was higher than in the non—-GDM in stage
C (P<0.05) . The incidence of adverse pregnancy outcomes was higher in the GDM abnormal vaginal flora subgroup ( n=65)
than in the GDM normal vaginal flora subgroup (n=57) (P<0.05) . In more details, the risk of adverse pregnancy outcomes
in the GDM abnormal vaginal flora group was 1.830 times higher than that in the GDM normal vaginal flora group ( RR=1.830,
95%CI=1.293-2.590, P<0.001) . Conclusion Compared with non-GDM pregnant women, GDM pregnant women had a lower
incidence of vaginal flora abnormalities at 24—28 weeks of gestation and an increased risk of vaginal flora abnormalities after 37
weeks of gestation. GDM pregnant women with abnormal flora have higher risk of adverse pregnancy outcomes, so we recommend
enhanced testing and management of vaginal microecology during pregnancy.

[Key words ]  Gestational diabetes mellitus; Pregnancy trimester, second; Pregnancy trimester, third; Vaginal

microbiota; Pregnancy outcome; Cohort study
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1.3.1 GDM i2Wiksifi: BEA:ARZWIREIRGH 2440, 18
TR 24~28 JE4T OGTT ki, =M. DREEES 1.
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Brmgiie s (1) IERwRE; (2) HEER,
IR T B (3) WHEMA;  (4) W RE N 5

(5) AMNHBAIA B 22 2R % (valvovaginal candidiasis,
VVC) 5 (6) 4 & ¥ B i 5 (bacterial vaginosis,
BV) ; (7) i 4 £ B 38 % (trichomonal vaginitis,
TV); (8)FENMEHIE R (aerobic vaginitis, AV); (9)
RSB AEFLRF RS G AT AR, 5458 (1)
A (2) HE BB EREE R, Aval R Ia2 R B
S
142 GEHRES R FENEBYIEIRES A B R R
% BRBRERSR . 7 a . fRILEE . R0
15 SitFEA*

K SPSS 25.0 B At AT BE gt or A, AR IESS
AR BERER I M (Pys, Prs) 3278, 41 HEACK
JH Mann-Whitney £ % (U #5 % ) 5 Kruskal-Wallis £
5 (HES ) o HHECRRER O (%) #os, HH
MR x 2 KB BY Fisher's B IME AR e 22 20 1] 5
FeaE R x40 E), PAEZ Bonferroni M IE, %
JE BRI KAE o '=2a /k (k-1)  (k RKKAHE) .
ZA TS FEA K S v, #5745 Jm 28 1 O i SR AR
WK FH Friedman #5565 #5245 8 6 g —or 2648 &, W
¥ M Cochran's Q 5%, 35 )5 W W L 4R ] Dunn's £
¥ (2% Bonferroni = & 1E ) o % Spearman Fk FH ¥
T AT AR IE S B R AR M S . RIE A, RR=
pilpo (py MERBEALEIGR, po AXTHRALAIR ) |, T15E
H XTI RR K 95%C1, L P<0.05 Fm 2253458
-3

2 H#R

21 —AER

ARG EATANA 426 BI12E1T, A% 20~44 %, Hifi
AR 30 %5 ZERiT BMI FRAECH 22.0 kg/m®; #1771 301
B, 2e7=1E 125 il WO AR B3R 325 2# 05 LIASRL R 3
LW GDM 141 14]; B GDM UGN, TEAe HAbBLRb g 2
79 5], ELARBRR A K & B BRI 1. Lot PSM
VLHZ, GDM ZHAIHE GDM 4L ALhICHD 122 %F, 1EMAF5T
BAS
2.2 GDM ZEARREZEREMESHFR
2.2.1  GDM 2104 [) 2 o B f AR 2SR D 48 A bl
TESZAKMFEFR 71, GDM 4 Nugent ¥F43 . IE3EE K
FLFF IR AT o LBIAE 3 2R R B a2 A gt
B (P<0.05) ; 18 Bonferroni 3 i — 25 W M L 54,
PG R B K HE o '=0.05/3=0.016 7, 45w, AN
A JE Bt Nugent PE43 b3, 2S5BS 2#E L (P>
0.016 7) 5 A BB BIE B REOL SR LA T o il
T CHrE, ZRAa%5itEE X (P=0.013) . GDM 4B
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WHBFRER | SRR 3 MR B IR, 2R
GiitaEE L (P>0.05) .

e ARG AR T T, GDM 2H FH3E 204 pH {H7E
3R BILES, ERAgE X (P<0.001) , H
S B R IEARE (P<0.05) , S0 FLFFE I
L i 52 SR 5% (P<0.001) o GDM 41 H,0, FHMER | LE
FHVEZE . SNA FAPESR . NAG FAPER LA, 2= RHWHS
TR X (P<0.05) 5 Hp B A C BB 0,0, YRR 5
T A BrBt (P=0.003, P<0.001) , C HrE LE [HYERE
T A FI B BB (4 P=0.012) , C FirB SNA Fl NAG FH
PEZET A B (P=0.010, P=0.012) , ZS¥Aa5:1T
222 GDM Z2IH A [a] 2 J] BH 38 o A 25 22 55 1
GDM 2H B8 P #F 2 % K AERAE AL B C3 2B
By 5l b 17.2% (21/122) | 25.4% (31/122) | 32.7%

R 426 BIZEEFRAIEH

Table 1 Basic information of 426 pregnant women

TiH B BiH s
SR (M (P, Pys), %1 30(27, 33) |25 [ (%) ]
Pi) Y i PP e | BT @ e
2R L (%) ] K& 116 (27.2)
0 207 (48.6) ARt 211 (495)
=11 219 (514) WA 37 (8.7)
P L (%) ] HABFERIEERS (B GDM AL ) [ 4l (% ) ]
0 301 (70.7) % 347 (815)
= 1K 125 (29.3) HUREROIERGE 26 (6.1)
[ (%) ] R R AE T 2(05)
B 325(763) FARRRSS 17 4(09)
pRIN! 40 (94) PRAHUARER 2 2(05)
TABARNG 35 (82) FENE 25 (59)
H 11 (26) 5B A 9(21)
TA 8(19) HeiHT 13 (3.1)
FRA% R 5(12) 2 3540 9(21)
KR 2(05) IWE i o 6(14)
GDM [l (%) ] 141 (33.1) BIRHEGA L 7(16)

TE: GDM= {EgRIWIHR IR .
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(37/113) , AN[F)ZE J5 B B A0 g R S5 & AR LA
SIS E X (P=0.006 ) ;5 P AL B s,

C B MLERRE R ERE T A B, ZRA%T
B (P=0.002) . GDM HZ#AAE# J5 BrE: BV Hfa] 7y |
BV+VVC AR, ZRT5IT#E L (P>0.05) .
GDM HZA AR 22 B BV K VVC R AR ILE, 2%
SHAHE G FE L (P<0.05) ; HAo C BBV £i%R
=T A BB B, ZRIA SRR (P=0.001,
P=0.009) , CHYEIVVC BWFET A ME, ZRA%
HefE X (P=0.008) , WL 4.
2.3 GDM 53F GDM ZEMRERMESERMEST

A B Bt GDM 20 AL 357 S FLFT A L 491 T GDM
2, BHIE 4y W9 LE A1 SNA FHE 2K T-39E GDM 4,
VVC & R FAEGCOM A, ZREALGITHE X

(P<0.05) o GDM 21 BH 3l B #5019 & A= AU IR T3
GDM 4 ( RR=0.583, 95%CI=0.362~0.939, P=0.023) .

B BBt GDM 41 54F GDM 41 BHIE W B S 1 &4 R
B, ZRIEGIEEL (P>0.05) .

C B Bt GDM 2 A 34087 S ZLAT 1A L 6K T3l GDM
2, H,0, I NAG MR E FIECDM 4, 25 A 4%
T X (P<0.05) o GDM 2 BHE #5510 & A2 K
& w5 F AF GDM 41 (RR=2.016, 95%CI=1.236~3.288,
P=0.004) , WLF% 5,

24 WHIRER

GDM BHIE w S w A A R IRES R R A% e T
GDM MlEHEIE R4, 2R A% E X (P<0.05) ;
GDM B 38 o i 5 % A R IR 45 R 19 & A KU
J& GDM B 38 i #F 1E % 41 19 1.830 £5 ( RR=1.830,
95%C1=1.293~2.590, P<0.001) .

MR RAEURES 528 A, GDM BHIE B 4
K7 R & A Fe 3 S T GDM B E R E R AL
EZRHGHHE X (P<0.05) , WE6, IE GDM BiE
RS AR MR . SUBIEIE R . 2R
KR ETAE GDM BHIE R R IE W 4], ZR A5
B (P<0.05) , Wk,
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Table 2 Comparison of vaginal microecological detection indexes at different gestational weeks in GDM group

g wm h e o Taie. HBE B B e A

P . B P . B P.). 4] (%) ] P %)) [#l(%)] [#HI(%)] [#(%)]
A BB 122 3(3, 3) 2(2,2) 2(2,2) 107 (87.7) 4.6(44,46) 95(779) 41(336) 10(82) 8 (6.6)

B B 122 3(3,3) 2(2,2) 2(2,2) 100(820) 4.6(46,48) 111(91.0) 42 (344) 15(123) 16 (13.1)

C Wi 113 3(3, 3) 2(2,2) 2(2,2) 88(779) 4.8(4.6,50) 107(94.7) 54 (47.8) 20 (17.7) 17 (15.0)
H(x*) H 5.597 0.500 10.713 6.171" 50.955 17.862" 8.500" 7.185" 6.333"
P 0.061 0.779 0.005 0.046 <0.001 <0.001 0.014 0.028 0.042
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3.1 GDM ZHMEEHEARZEMEEBRERFR

ABRZSTS, BB AR Z R E Y 3 A R
T, BRI B Sh P4 Lo A IR I X
PRAMEREMY . R MR . IR B ST
RS, SAEIRIIAL, BIEEAAE—E 2
5, HEEE IR 2 MK A A2, BB R
TEAFIEYRB BRI AR RS . AFTERW], fEdE
R 3 GDM AR EIZJABIIE pH 8- 500 A R FUAT B L 1 A AR DGk
(r,fE)

Table 3 Correlation between vaginal pH and the proportion of Lactobacillus

dominant bacteria in GDM group at different gestational weeks

sohi pH{E AT R FUAT T L A5
ARB: BBE:  CRik A BBt B Bz

pH{H

BME  0.322°

CHE:  0262° 0.267"
A AT

ABEE -0395" -0.246"  -0.121

BHE:  -0206" -0484"  -0.171 0.279"

CHE  -0179  -0.328"  -0.414" 0.142 0.387"
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Uz 24~28 J& . GLUR 32~35 JE S ATk 37~40 JH 3 A28 JE By
B, BfZEJRUERE, GDM 2 BHE B RE S N FLAT
RILLEI R R, B8 NIAEE H0, WeBE N RE, pH(E# T
L, BHIE Y NAG PHEZE . SNA FHYE R & LE BHME
FREI ETHER, DIReEAEbn AR b A S AR .
o 22 P B TR B A SO T E A e B3 Py s e, B
LA, RN, BRI, R 37~40 JEE
U R 24~28 JE RN AR IR 32~35 J&, GDM 24 [ 18 i #E 5+
WRAEFRTE, BRYEERILL VVC N B, BV IRZ.
FUFF AR B AR S R B RS AR, LR
7= 1,0, WUFLAFER L ORI B 1 R 200 B P 1 DA G

R4 GDM HAIA[R] 22 A BIIE A S AR e [0 (%) ]
Table 4 Comparison of vaginal microecological detection results at

different gestational weeks in GDM group

A% % BVHREE BV VVC  BV4VVC I‘H%:‘?ﬁ
ABMBE 122 4(33)  1(08) 3(25) 5(41) 21(172)
BBE: 122 9(74) 3(25) 13(10.7) 3(25) 31(254)
CHE: 113 5(44) 11(97) 13(11.5) 4(35) 37(32.7)
x Ml 1.000 12.000 7.238 1.143 10.157
P 0.607 0.002 0.027 0.565 0.006

. R P<0.05,

T BV=4NEVERER, VVC= SN 138 5 22 e B T

#z 5 GDM AAEE GDM AR RIZEE BRIE UL SR ZE R [ 6] (%) ]

Table 5 Comparison of vaginal microecological detection results at different gestational weeks between GDM and non-GDM group

A BBt B BrEt C HrBt

GAlIEEEE GDM 4l dEGDM4l GDMZ4  AEcDM4 GDM 4l dEGDMA
(n2122)  (netz2) X M POl Gl X OPE Clh5y (L) x i PR
PESAFE FLFFA 107(87.7) 95(77.9) 4141  0.042  100(82.0) 103(84.4) 0264 0.607 88(77.9) 103(91.1) 4212  0.040
H,0, BHYE 95(77.9) 106(86.9) 3.416 0.065 111(91.0) 113(92.6) 0218 0.641 107(94.7) 101(89.4) 4.650  0.031
LE FHPE 41(33.6) 59(484) 5490 0.019 42(344) 46(37.7) 0284 0594 54(47.8) 48(425) 1.065 0.302
SNA FHE 10 (82) 21(172) 4471 0.034 15(123) 15(12.3) 0 1.000  20(17.7) 14(124) 1500 0.221
NAG PHPE 8(6.6) 17(13.9) 3.610 0057 16(13.1) 15(123) 0.037 0.848 17(150) 8 (7.1)  3.99  0.046
BV 1(08) 3(25) — 0622 3(25) 5(41) = 0722 11 (9.7) 6(53) 1.782  0.182
VVC 3(25) 13(107) 6.689 0010 13(10.7) 10(82) 0432 0511 13(11.5) 6(53)  3.084 0.079
BV+VVC 5(41) 4(33) = 1.000  3(25) 5(41) = 0722 4(35) 2(1.8) — 0.440
B ERERR  21(17.2) 36(29.5) 5151  0.023 31(254) 28(23.0) 0201 0.654 37(327) 19(16.8) 8500  0.004

H: —H Fisher's H DI

FR 6 GDM PLETRFE R AA GDM BB TR 3 4N RAEYRES )7 L
IO (%) ]
Table 6 Comparison of adverse pregnancy outcomes between normal and

abnormal vaginal flora subgroup in GDM women

R7 A GDM FLEFEFFIE R AUAIAE GDM PIIE B4 A RATYRSS
St [ (%) ]
Table 7 Comparison of adverse pregnancy outcomes hetween normal and

abnormal vaginal flora subgroup in non—-GDM women

Al ] e FelE HEE PR OBIL TR ARE 19 ] e MlE HEE R ORL PR OARE
- # B FER Mmoo FE Rl RER - i BRE FlRx i FE L RER
GDM Pt 6 8 ) 7 8 4 23 48 3k GDM FiE " 5 18 11 6 4 27 37
FES Al (123) (338) (108) (123) (62) (354) (738) WHERH A (83) (300) (183) (100) (67) (450) (61.7)
GDM Pt 57 1 8 2 7 2 14 23 3k GDM PiE Q0 9 3 2 1 17 28
FEIE AL (18) (140) (35) (123) (35) (246) (404) HRERA (145) (48) (32) (16) (274) (452)
XM — 6428  — <0001 — 1684  14.005 X — 4242 5466 @ — — 4087 3337
P{H 0036 0011 0172 0996 0684 0194 <0.001 P{H 0.02 0039 0019 0160 0203 0043  0.068

12— Fisher's IR

1. —N Fisher's B PIMER
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gy Y L 05T, IR e X R Rk
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BN, BRI REN S K B e £ ZE AR Ak
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GG I A R R B XU . BRAEAFoE R, AR Lot
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e Mg E X —FEHE, AHEE TR GDM 220, GDM 2
TR FLH S M 22K o SRk F 9 ELME — sk B A7
Theg st 224 ST R S5 F iR GDM 22 H1E T
PSR R I — P EE N E .

T A 20 5 B A B BRSSO AS OB ST, BRAERFST
X R R TEEEZE A, 78 GDM H i i . AR B
R TESSARE, ABFFEXT GDM 2210 B8 i
TR, B IR, TEAEIR 24~28 JH] | Uik 32~35 )4
ULl 37~40 J& 3 2SR B, BB BRI LAFLAT R R fE 35
PRAE, AR IR S e R AN R 2 AP A
FHES TH LR 34 0 WY Lot B 2 A A R A
W B, AHEE T ARZA, 2 R Ry 5 10 64 B3
BRES R B R, DIUREE MR E, HEE
ZREPE ETF LIZE R0 12 2 (BRI 2T SRR
GG A0 R = R ) L B A I AT, B S 2
PRIIBAIE DA S PR AR PR A8, T A ORI TR 22
PEFNZEF9 TG B 2048, [R] WALTHER-ANTONIO %5 115
e aie—a.
32 GDM 53EGDM Z{AFERBEFEER

AWFFEXT GDM 5 4E GDM 22 5 A [6] 4 J& B B 1 1
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B ASKNZE R AT AL, 45NN, TEUER 24~28
JE, GDM Z I B 38 b A A e kA 3 o R AT BT, BRI
RARESCI AL, RNBOR I AL T 855K, BlE
PRS- 8 R AR VVC K BV BINRHME. TR 32~35
JAE, GDM Z#ABE N BT T2 AL, LRI
T LU T R, BT R S0 A R W TR . AR
UL 37~40 JH, AHLLIEIYAE GDM 2213, GDM 224 iE
WELAT AR B 0, 77 H0, TIRE TR, BURTHEL
ARG, F1E RS R AR W

T GDM 22 s a A TR S, S8
BEWEIRHES: , o RV A T EON AR s Hk, K
TR 25 Bk B 3R S AR BB T B LA A S 5
SR L CD,T . CD,/CDg" J2 NK 40 K S B A, B )=
PR PEDIREIN A A S, T A AR R AT, A B T S XU
gy (12 25270

S A EF R SRR, GDM 2B E i
JEBETE 1] ( Firmicutes) M7 B[] ( Proteobacteria )
B R AT (Loacidophilus ) FE S FLFF B
(Ljensenii ) F & " F, BMFAFTE (Lerispatus ) Fl
P VEFLIBR AT T (Liiners ) FREEAHXS TR, 2 NFATH
(Llisteri) . "= I AHE ( L.amylovorus ) g
RMEFLFF R ( Lofructivorans ) JEAFAET GDM 22 BHIE H
AR TRE ' . DI PAOLA %5 ) & R A BB EBE 10
AT YR 28~32 J& GDM 21 B 18 240 T 7 25 b 2R A 1 2R 26
grHr, K5 EE GDM 2 AH L, GDM 22 R B T
F TR 2, HX A P, WA BRI & B
K R 22 S AR B 0, T Xt 54
] GDM 4 1 BB s AT 20T, R IR AU o 321
P TE RAEZEARL (CST V) i b, wlfgddss BV
R BT, H R &S AE GDM 22 i 1] Y TR R 22
o NRMIEESFKF FORE, AR, ML THE
GDM 211, GDM ZEIAMiE e e i 1 ek IVee, £
FEVE T eIV kA0, B8 pH 8w, 5 kA4
BRI A5 S, AR R R R T R AR
FEAR TR 2 JE B B 34 oK & B GDM. 54k GDM Z2 1 B3 74
PR M D 25 7

TS Z 35T (insulin resistance, TR ) FNEE4E A M2~
WMEZ5T GDM LR R Y R IR AR
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JEIEHTI R P L IR AR SR, 80 GDM 2 Ak
BRI T REE GDM 2208, FLAF & 445 B 18 R 1
WH, 774 W0, PP B, MslEoREE K, st
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TEFR B AAAE AT e GDM 2P IATE AT IR 24~28 JE B il 2k
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