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Background

GDM Affects Both Mothers and Offspring

Risk Factor Insulin Resistance Short-Term Long-Term
Exposure Dysglycemia Outcomes Outcomes

Pregnancy Birth Postpartum
Mother Preeclampsia Difficult Delivery Diabetes ) ~10-fold
Child  Fetal Growth Restriction Adverse Birth Outcomes Growth Impairment, CVD, T2DM

‘ Early-pregnancy changes may precede GDM diagnosis



» First-trimester microbiome and lipidome profiles revealed early molecular signatures

preceding GDM diagnosis.

» Integrated analyses linked Ruminococcus bicirculans to GDM-related metabolic

dysregulation through glycosphingolipid metabolism.

» Animal and cell experiments showed that Ruminococcus bicirculans and LacCer 24:1

improved insulin tolerance and modulated hepatic AKT signaling.

» Combined microbial and lipid risk scores identified women at high GDM risk in early

pregnancy.



Study Design

Study Design

- | A
Tongji-Huaxi-Shuangliu Birth Cohort | Sample and data collection
I
™ Fecal samples ®  Fasting blood
> GDM | (Baseline) (Baseline)
n=22 | & J
I [l
| Questionnaire (F] Anthropometrics
@ each trimester <= (each trimester
. Control | =@ | ) A )
g n=562 T~~~ - - - - - - - - ===
| GDM classification
. . I
1st Trlmgster 2nd Trimester | __ Oral glucose tolerance test
(Baseline) | (2nd trimester)
. : J
Measurements
~ N\ N [ ™
Gut microbiome Lipid-related metabolites Clinical measurements
n=784 n=738 .- n=784
Taxonomic profile Circulating lipidome » Basic information
« Microbial species « Lipid species - * Glycemic traits

478\ clpidspees | | = -Gcemotats
% ! Functional profile Fatty acids
A~ +Pathways x ‘g}ﬁ « SFAs (’ CWAS
« Enzymes « MUFAs J n =689
* PUFAs « Genetic risk score
. /L VAN

Figure 1. Study design, multi-omics measurements, and analytical framework.



Gut Microbiome Alterations Precede GDM Diagnosis
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Figure 2A-B. Early-pregnancy gut microbial diversity and composition in relation to later GDM.



enty-six Microbial Species Are Associated with GDM Risk
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Figure 2D-E. Microbial species associated with later GDM and concordance across populations.




Microbial Functions Shift toward Lipid Biosynthesis
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Figure 3A-E. Microbial functional features linked to the risk of later GDM.



Plasma Lipidome Is Remodeled Before GDM Diagnosis
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Figure 4A-B. Early-pregnancy plasma lipidomic alterations associated with later GDM.



Cross-Omics

Network

17
8
_§ 2]
S 3
" o §s & $
Association s5 0 § 8
§ S ¢ Q8 &
- & 288 & & ¢ . 5
B9 2 3 < o ) N N Q NS
1232 3 238§ F e
4 %43 3 235 5 o § 8§y o0
2 333 % §ig § § &S TS
\ © > ™ A < O Gy )
Y G T e Mg Y 3¢ & SLSE P
) " Sy Q¢ £ a}e’é’b@% N o WP q:\b'
% % ST Ny CHEESE
6 A @ (O o .
SN Sy - Q}Q,@('@de\" & o A WP
%, o v, T O N 209 )
75, o ® 0\;(\0 P SR D
p% 7 * R W 00!
A, 6, ¢ < e s 5
Wy, O35 & WU o ?® o
B 62, 0 o € 0 s gt
W, %o, 4 % 5 000% 0.0
le/y 6‘2? & * eao i um% (}P\G.' (asonis
Ay ¥ %3 O Taes s
~5059 RO pad! fun
o % T o
Wr-165 = Bifdoba®e o crGAT
| § e
P461-PWY '
LACTOSECAT-PWY l
= ] Fatty acid
HISDEG-PWY
w-PW
\((:,OGENS\(NT - I
P % Ce
N,E\—ONGGE,?‘I“ -
erSIT 7 e oY
g
o\,‘o‘ﬂ“ ‘\\.‘\—\ﬁs
cﬂECH ‘\\,5\05\(
A\
2© O
)
I’o
\ %
577 ,‘1’% G,
= o %
Lo T 1 L Ll o ©
& ~ 913l &
Lz ame ©
ug5 =
a =

Num of
associations

Species
Pathway
Lipids

o

N B O
o O o
o O o
|

*—o

1000 500 O
Number of features

Lipids
PLS-DA Component1

B=-0.8 FDR=0.04

Species
PCoA1
Lipids
PLS-DA Component1

=-0.43 FDR = 0.004

Ruminococcus
bicirculans

DHC 24:1

Lipidomic
Mediation

GDM

=-0.43 FDR = 0.004

Ruminococcus
bicirculans

GDM

Figure 4C, G-1. Cross-omics microbiome-lipid associations and lipidomic mediation effects.



R. bicirculans Produces LacCer 24:1 Anaerobically
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Figure SA-B. Anaerobic production of LacCer 24:1 by R. bicirculans.



. bicirculans and LacCer 24:1 Improve Insulin Tolerance
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Figure SC-E. R. bicirculans colonization or LacCer 24:1 administration improves insulin tolerance in mice.



LacCer 24:1 Modulates Hepatic AKT Signaling
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Figure 5F-G. LacCer 24:1 modulates AKT phosphorylation in primary hepatocytes and the proposed model.



Multi-Omics Integration Improves GDM Discrimination
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Figure 6A-C. Integrating microbiome and lipidomic features improves early-pregnancy discrimination of later GDM.




Microbial, Lipid,
and Genetic Scores
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Figure 6D-E. Microbial, lipid, and genetic risk scores and their joint associations with later GDM.
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Microbiome and lipidome data may improve early GDM risk stratification, pending external validation.
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