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Association between maternal gestational weight gain and gut
microbiota at late pregnancy

WANG Ying YU Yun LIUYan-Qun CHEN Xiao-Li~
Wuhan University, School of Health Sciences, Wuhan, Hubei 430071, China

Abstract: [Background] Excessive gestational weight gain among women has increased dramatically
worldwide, which is associated with maternal and infants’ health. Recent evidence supports that gut
microbiota may be an important regulation factor correlated with numerous human diseases. [Objective]
To explore maternal gut microbiota diversity and composition at late pregnancy and changes of maternal
gut microbiota with different gestational weight gain status, evaluating the effect of gestational weight gain
on maternal gut microbiota. [Methods] We collected 62 pregnant women’s fecal samples at late pregnancy
(36.82+2.19 gestation weeks), using high-throughput MiSeq sequencing technology for sequencing 16S
rRNA gene sequence in the V3-V4 region of samples. [Results] Maternal gut microbiota of excessive
gestational weight gain has a significantly lower diversity. The most important five genus of gestational
weight gain are Alistipes spp., Eubacterium-nodatum group spp., Oxalobacter spp., Raoultella spp. and
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Odoribacter spp. And the intensity of correlation of Alistipes spp. is the most strong and abundant. There
are no differences between adequate and excessive groups in gut microbiota structure. [Conclusion]
Gestational weight gain can affect maternal gut microbiota at late pregnancy and the balance of gut
microbiota will stimulate a healthy development of maternal and infants.

Keywords: Gestational weight gain, Gut microbiota, High-throughput sequencing, Maternal and infant health
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*1 ZPHAEEFEBKMEBRKIERARZAN—BESFER
Table 1 Demographic and birth characteristics of mothers by gestational weight gain group: Adequate and Excessive

Total (N=62) Adequate (N=27) Excessive (N=26)

Items N (%)/Median (IQR) N (%)/Median (IQR) N (%)/Median (IQR) P value
4E#% Maternal age 30.13 (27.01-33.25)  30.45 (26.56—34.34) 29.31 (26.6-32.02) 0.14
Z#IK Gestation
1 40 (64.5%) 17 (63%) 17 (65.4%)
2 15 (24.2%) 7 (25.9%) 6 (23.1%) 0.86
3 6 (9.7%) 2 (7.4%) 3 (11.5%)
4 1 (1.6%) 1 (3.7%) 0
FEIR Parity
0 44 (71%) 17 (63%) 20 (76.9%) 0.27
1 Prior child 18 (29%) 10 (37%) 6 (23.1%)
ZHE /K- Maternal education
<12a 4 (6.5%) 3 (11.1%) 0(0) 015
12a 42 (67.8%) 12 (44.4%) 22 (84.6%)
>12a 16 (25.8%) 12 (44.4%) 4 (15.4%)
257 BMI K-
Pre-pregnancy BMI category
& Underweight 11 (17.7%) 8 (29.6%) 2 (7.7%) 0.14
1E# Normal 47 (75.8%) 19 (70.4%) 21 (80.8%)
B Overweight 4 (6.5%) 0(0) 3 (11.5%)
ZORIA TG Bk
Pre-pregnancy physical activity status
/1A Sedentary 31 (50%) 16 (59.3%) 10 (38.5%) il
#ALZ 5l Regularly 31 (50%) 11 (40.7%) 16 (61.5%)
24 Gestational week 39.26 (37.8-40.72) 39.51 (38.53-40.49) 39.69 (38.78-40.6) 0.50
Alpha diversity
Shannon index 3.34 (3.84-2.84) 3.44 (4.0-2.88) 3.16 (3.59-2.73) 0.02
Simpson index 0.09 (0.03-0.15) 0.09 (0.17-0.01) 0.11 (0.17-0.05) 0.02

R2 ZBHZABERESHERTE —REMHRE

Table 2 Univariate analysis of general liner models of alpha diversity of maternal gut microbiota samples at late pregnancy

Items Shannon index (95%, Cl) P value Simpson index (95% CI) P value
AR Intercept 2.52 (0.48, 4.56) 0.02 0.250 (-0.31, 0.53) 0.08
ZEAERIE K GWG 0.30 (0.01, 0.589) 0.04 —0.280 (—0.07, 0.01) 0.16
2E i BMI Pre-BMI 0.03 (0.17, 0.01) 0.27 —0.003 (-0.01, 0.01) 0.46
ZEHAR 136 37K Pre-PA® 0.16 (0.17, 0.05) 0.29 0.030 (-0.01, 0.07) 0.19
ZEIK Gestation 0.26 (-0.11, 0.63) 0.16 —0.040 (—0.09, 0.01) 0.12
=R Parity —0.29 (-0.76, 0.19) 0.23 0.010 (-0.06, 0.07) 0.83
4E#% Maternal age 0.01 (-0.57, 0.06) 0.96 —0.002 (-0.01,0.01) 0.59

TE: % RIS SR

Note: * Pre-pregnancy physical activity.
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Figure 1 NMDS based on the relative abundance of OTUs
Note: A: Bray-curtis; B: Binary-jaccard.
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Figure 2 Community compositions on genus level
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A Cladogram

Bl Adequate
I Excessive

a: Fubacterium nodatum group k: Rikenellaceae
b: Ruminiclostridium spp. I: Alistipes spp.
¢: Ruminococcaceae UCG 003 sp. m: Porphyromonadaceae
d: Ruminococcaceae UCG 002 sp. n: Odoribacter spp.
e: Ruminiclostridium 9 sp. o: Butyricimonas spp.
f: Christensenellaceae p: Coriobacieriales
E: Raoultella spp. q: Cariobacteriaceae
h: Oxalobacteraceae r: Collinsella spp.
I ()XCJ_I'OIJCJCIEF spp. s: Fusobacterium spp.
it Sphingomonas spp.
B LEfSe Bar m Adequate

Alistipes spp. :

Ril'{ergﬁacgge ™ Excessive
Porphyromonadaceae
Ruminococcaceae UCG 002 sp.
Coriobacteriaceae
Coriobacteriales

] Sphin%)monas spp.
Ruminococcaceae UCG 005 sp.
Collinsella spp.

_ Raoultella spp.
Eubacterium nodatum group
Ruminiclostridium spp.
Ruminiclostridium 9 sp.
QOxalobacter spp.

Odoribacter spp.
Christensenellaceae
Oxalobacteraceae
Butyricimonas spp.

Fusobacterium spp.
X \ .

35 30 25 20 15 1.0 05 00 05 10 1.5 20 25 3.0 35
LDA score (logl0)

El 3 LEfSe ZRMMERFIRER

Figure 3 Results of LEfSe

T A AFEZEA SFORAEX N B w5, HXTHN2E R A W W N E YR i aT AR E IERIRA, a6
TR AFRME A, RGN SFOREPA P RIE R E R, s A RIS R, R BRI R
B, ARIRIBEARFAED KT, WNEEMRUGZTT. 49, B, . J&. B: LDA HIBIHTERS A P R ERNREY2ERE,
Wit LDA BT A3 LDA J3E, LDA SHEBOR, RN 22 SCREnaBior, 74 LDA BIEICEA 2.
Note: A: Taxonomic representation of statistically and biologically consistent differences between adequate and excessive groups. Differences are
represented by the color of the most abundant genus (red indicates excessive group; yellow, non-significant; and green, adequate group). The
diameter of each circle is proportional to taxon abundance. From inside to outside circle indicate the phylum to genus level in turns. B: Histogram
of the linear discriminant analysis (LDA) scores for differentially abundant genera. The threshold on the logarithmic LDA score for discriminative
features was set to 2.0, the larger the LDA score, the greater influence of species abundance on the difference between two groups.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRAE: 2020 TE T RS 2 A T K B AR DG

157

Oxalobacter spp. .Raoultella spp.#il Odoribacter spp.,
X 5 M@ M E VA ET 10 (A, HMZH R 2=
S, TR R E G R R v T R (R
3). Hh, Alistipes spp MYFERTH A Z S YFh
FREEfRGR, WIS R, i — AR A A
A B T AT, 2R BMIL, R T TE K
U T AERTIZHE AL, SRR
A Alistipes spp.F- 2 R HA G145 L (F=6.71,
P=0.01; B=157.2, 95% CI35.02, 279.39, P=0.01),
IAh, LEfSe ZZWfh 2 7 H 545 R B, L
Fusobacterium spp. 76 2% A& B 14 Ko B4 F R g
ERTABAERKIER A (HE LR B
&I, Fusobacterium spp. %t ¥ £H 22 5 44 5% Wi 4R /)N
(Variable importance, VI1=0.29),
3 WiE4%it

[ 18 B A NRIES AL, RFAN
AN ERE, 18 PR 2 A 5 B sAE T )
I B, VF2 8 MR S W E R P ARG
FRIF RGeS, | BUBHIRE B3 5 1 I R
FEAHLE , HoiE R 2 A e AAS E PR, AT
IR T T R, T R el = 1,
RIS PRAG R, kPt AR . R
IR R R TR, A EA SRS, O
AL TR I, SRR AR A AR D
WA B R RETE R YR . 2 R PEREALAE . 28X
MDY R L W i 5 o S B S 0 P AR RE R
R EE AR, BRI AR BRI AL I 2F

*3 BENARMFIFNGR

Table 3 Results of random forests

YE RN K AL A W0 5 Ak BT R 9 8 B R R, 9F
2 54k F A RS R,

4 BR¥9% 17146 (Global burden of disease, GBD)
DR RPN, BRI R AT B AL . 16
NEJE A A, L 3 R S5 W 18 R A 4 UM ELAR
H, PESERBEEIRIC, AR g P9 43 WA AR SR 3 )
o, HImiE R, SRR R, R
FERAE, il B FE 2R PERRA, 1207 9K 3 IR JRE 1)
K,

AW, SIER KA EMET, FikE
BER AT B 22 U 1 AR 2 M B 2 RIS . Koren
A I B, TR EE YR, 2 R
BRI B R Z FEE SRR, OB G LS
K SEPARAMEACEARR B, BHASAEE
MRGAEA IR bR 5 R A P 75 J8 A 3%
ARk, AP TR L IREE . JREM pH 4E,
DR M2 1 T TR R AN A A 2324 A i —
IEH AR 2 32 R 0 AR B AR BRI 04 5%
Stanislawski 2501 T 169 & 10477 )5 4 d BB T
#, RIAIAERK 5500005 4 d MBERFZ
FEPETEE, (A ATIERE s B E A 005 4 d
1) Ji 18 TR R 22 R M I 2 K 4 AR B OE R Y 42
A FRATODFFEIEIT, 2 20 i 1 TR 1
ZHEME SR IO IR R . AR . PR IR S
ook, Tk EER R AR SRR IR 2. =
FUF 5T 45 AR — 200 [ R T R 16 S5 2 1A R Y
W E KR AR AL, A BN SEOIR SR A B 1

Ykh A b ikl LDA { PMA A iEROESY; S
Species name Group* LDA value P value VI Relative abundance (%)
Alistipes Adequate 3.63 <0.001 5.85 0.932
Eubacterium_nodatum_group Adequate 2.83 0.010 2.77 0.002
Oxalobacter Adequate 2.67 0.010 2.67 0.006
Raoultella Adequate 2.88 0.040 211 0.001
Odoribacter Adequate 2.66 0.010 2.07 0.115

e o*: AP IR,
Note: *: More abundant in the group.
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AL, MRN8 M R R R A O
Eubacterium nodatum spp.=F i i 35 1 5, (AR EH
1A F %, Eubacterium nodatum spp. 5 ER H
(Waist-to-hip ratio, WHR)SIEAHGCH], LY 2
VL PR R T ) B A, 2 v M T e 1) o 2 4
bR, FEVEALC PR o [ 2 T Lo AR
ARUER ., BE NI LT RE, MRS
KR L Pk o eI 2, [ e R L s i T e A T
K5 Z ARG TR MY & i, X RN W B X G ) LA
ZRBRIEE, JEE AL Lot 5 AR AT
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#Et ) FEABISEH, Eubacterium nodatum spp.7E
Z IR ORI R A E e F R R, A
oA R TE R A L0 R L e 2 AR A K
R EAL, XS EIR DRSS A
AR Y J PR A R I AR K R B0 AR AL, T
H 8 RS 1 T R 22 5 8K, Eubacterium
nodatum spp.7EEIRIA L EIGE A Il e e —Fr A
% R, AHH ELARHIL R Bt J5 A 30 TR A 1 2 i A
T Bt — W9 . HEIXTF Raoultella spp.fAH
X B 9% % /b . Raoultella spp. U 4% Raoultella
Raoultella planticola sp. #il
Raoultella terrigena sp., 1t & & Raoultella
planticola sp., {HH—MRAFTETHIY) . 1 IEAIKSE
W, FEIRIRARA R . PRI . 1 E1 531
B R A B LI RS ], A
15 F 1510 K 5 s FLIBE VS 9 v fa 4 LU g
FErf, B, Raoultella 742 I (A H IF 4 1 < iy 22
a2 g E e g, LA Rk — PR .

REZHRERAT, BRI — 5
S, ZRUA 2R WG g T TR R 110 5 R R 2L A S 52 A
WA SRR R, JERE X RS L b 25 X
Collado %8341 T 16 AT 26 N IER R
P L)L 1-6 A MG E R AL, 22k
K S 6 A H 2L E &b 82 IR
Bifidobacterium spp.F1Ft =AY S. aureus spp.fi k.
M AE—I0 A A IS & B BULH RS 64
A# 12 4 HpiE R Bifidobacterium spp.
B 5 )L EBINE AR G . T AE A R T K
i, FEEFE A S B Alistipes spp. .
Eubacterium-nodatum group spp. .
spp.. Raoultella spp.Fl Odoribacter spp.7E T iniE
R RS AR, WFEZEIE—ET,

A G 3B 62 (L2 A I I E A
PRI IR TR G KX R B TR 2 A L 25 A g
S , %6 HY Alistipes spp. . Eubacterium-nodatum

ornithinolytica sp. .

Oxalobacter

group spp.. Oxalobacter spp.. Raoultella spp.#H

Odoribacter spp.3t 5 A4~55 2% i {4 8 18 K AH G o
AR, TR, SRR B, Ze AR E ot B Aol
2B R 2R R IR, AT Rt 7242
A 1 PR S ARSI K Z R C R, T4
H A R X A T i 2 DR T R A T
HER 2 W RS — 2D T . Rk, 22 A fAR R4S
TAEA B IS T)EE B 1 A BAS A5 S A I Ry
A B F IR TAE & I T i 2 (R 16 o
ZE A il TR R B4 ) L R A R R 3 e X 2
AL LA PE TR TR 45 5, Jr 340
I e, g2 R TR A BRI S 4 LAE kT iR L
BB
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