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[ Abstract)
depression (PPD). Methods General information and fecal samples of 159 pregnant women admitted to our hospital were collected.

Objective To investigate the effect of different characteristics of fecal metabolomics on the incidence of postpartum

Edinburgh Postpartum Depression Scale was used to assess the depressive status of the subjects after 42 days of delivery. A cohort of
postpartum depression (PPD group) and healthy control (HC group) was established and matched 1:1. The differences in fecal
metabolomics between the two groups were detected using non-targeted metabolomics technology. The correlation analysis was per-
formed. Results Twenty-one patients were diagnosed as PPD in the 159 women. The incidence of PPD was 13.2% . Those with a
high school education or below (P=0.021), a higher body mass index (BMI, P=0.013) and gestational weight gain (GWG, P=
0.009) had a higher incidence of PPD (P<0.05). A total of 249 metabolites were identified in 21 pairs of fecal samples. The types
and quantities of metabolites were short-chain fatty acids (56.49% ), amino acids (22.63% ) and carbohydrates (7.15% ). A total
of 18 different metabolites were obtained by univariate statistics. Compared with the HC group, the increased metabolite change times
in the PPD group were glutamic acid, quinic acid, N-acetylneuramic acid, etc. The decreased metabolite change times from high to
low were y-aminobutyric acid (GABA) , adipic acid, heptanoic acid, etc. The metabolic pathways from high to low levels of differenti-
ally enriched metabolites were oxidation of very long chain fatty acids, B-alanine metabolism, aspartate metabolism, etc. Conclusions

There is a correlation between fecal metabolomics changes during pregnancy and the onset of the disease in patients with DDP. Chan-
ges in metabolic markers based on fecal metabolomics may be helpful for studying the pathogenesis of PPD.

[ Key words] Postpartum depression; Metabolomics; Microbe-gut-brain axis
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JFREZS [n(% ) ] 6(28.57) 49(35.51) X’ =1.279 0.780
BIERGLH [n(%) ] 6(28.57) 42(30.43) X*=0.613 0.401
IVE[n(%) ] 7(33.33) 56(40.58) x*=0.912 0.521
EPDS $F45(43) 15.44+2.49 9.87+1.39 t=13.769 0.001
RS RMEHAEILIE [n(% ) ] 1(4.76) 5(3.62) x> =0.654 0.506
%2 PPDAM HC BERZIRE—RBBILER
— BB PPD 4 (n=21) HC 4 (n=21) etk P
R ( %) 35.12+2.01 33.70+ 1.43 1=0.175 0.998
TZHERE n(%)] PP 8(38.10) 6(28.57) X*=1.872 0. 402
wh 10(47.61) 11(52.38)
REFUL 3(14.29) 4(19.05)
KT (kg) 71.33+5.37 69.79+3.98 1=1.679 0.081
BMI(kg/m?) 28.31+3.06 26. 88+5.21 1=1.337 0. 130
GWG(kg) 15.29+3.02 13.69+2.79 1=0.239 0.774
R (IK) 2.43 +1.22 2.01 +1.98 ¢t=0.105 0.862
FER(R) 0.77 +0.48 0.70 = 0.59 1=1.883 0.332
8 (J&) 38. 84+0.76 38.30+1.02 1=0.133 0.881
LG n(%) ] 5(23.81) 4(19.05) X*=1.775 0.301
AR [ n(%) ] 3(14.29) 2(9.52) xX*=1.254 0.121
TEURIHREIRIG [ n(% ) ] 8(38.10) 7(33.33) X =1.178 0.102
WEEAE (% ) ] 4(19.05) 6(28.57) X>=0.343 0.751
O (% ) ] 1(4.76) 2(9.52) X$=0.229 0. 866
JEMESERR [ n( % ) ] 6(28.57) 7(33.33) x> =3.765 0.098
RIERGIRI [ n(% ) ] 6(28.57) 5(23.81) x*=0.561 0.443
IVE[n(%) ] 7(33.33) 5(23.81) x*=1.005 0.249
EPDS #43 (43) 15.44£2.49 8.09+ 4.33 1=5.332 0.029
e R AE LR [ n(% ) ] 1(4.76) 2(9.52) X' =1.424 0.335




138

2.3 REIHSEDBIET HK 210 WREA, IS 2
249 FpARE Y, Ho, 56 R REA K H AR 3G 4 Bl 25
o o HARIR 0 R S B BRI R 56. 49% | 2 3L TR
22.63% BRKAAEY 7.15% WEWES 5.65% ENi

S E BRI R 2R 2025 4F 7 A4 22 554 1)

f22.73% MAITHR 2. 18% HAWAR Y 3.17% . Wi
ZHREAAR I 40 2 AR X6 2 B o LGSR A A SR R
SHRENRINIR B IE IR KA &9 s e R IR |
AR R DA A A . L1

100
KA W 7.15%

i S

BIEMR 22.63%

V.

W soas
Amino Acids
. Carbohydrates

Pyridines

S WEIRES.65%

75

HAbRE3.17%
HEHIFR2.73%

B Fauy Acias

B site Acias

- Organic Acids
. Phenylpropanoids

JBTH22.18%

AR

25

. Phenols #*

Phenylpropanoic Acids

|
} . Peprides
| B . Benzoie Acids

. Carnitines
. Indoles

SR ISR S6.49% @)

B 1 REtwoHRRE
Relative Abundance ; #% = &

2.4 ERREWSHT  HLESVIEHE 18 N R
R, 5 HC AL, PPD 40 T 5 A AR i ik 2
FEEH e B 500y - 43 SR | MEBRR | N- £ T i 28
AR A-FRFRF R FENUK 4- R E R | o-2 B
2 \B-TNZIR 4-FRFERHERR | A0 P LB R \38-
FR I SR R | F) A T A RN T 1R ( P<0. 05) 5 %

Benzenoids

ﬁ Nucleotides @

- Imidazoles
e PED

a: AR A 912 32 AL LRI 5 b A RS A A QA 09 o (L B AR X 2 BE ST S B AR 1

IR AR i A £ 85 w2 B0 « y- B TR
C R BERR A 3-H1 2L E R (P<0. 05) . fRistE
SUARIE R 5 R A R 4 A E (KEGG ) H 1) 4
S UL B AR NS T B 5 (HMDB ) H 4 25
S, W3,

®3 ERFREMERR

i) LHES log2 FC {H Uni_P HMDB {tf KEGG il %
BHER AR 5.943 0.007 HMDB0000112 00334
T DR R AL 4.057 0.031 HMDB0000691 00383
N-Z B4 28 2 1R KA 3.602 0.031 HMDB0000230 00270
4-FRER PR HR 3.538 0.031 HMDB0000500 €00156
FE WLk Z Mk 2.04 0.031 HMDB0000194 01262
4-FREE IR RAER 1.943 0.015 HMDB0000725 01157
o-Z MR JIH A2 1.859 0.015 HMDB0000364 C17727
B-NAEMR AEER 1.816 0.015 HMDB0000056 €00099
4-F2IE IR Bl 1.639 0.031 HMDB0041592 (05838
RERL P 1.51 0.021 HMDB0000062 00318
IR KA 1.396 0.049 HMDB0000565 00880
3B-FRIL M AR JIERa 1.197 0.045 HMDB0002536 C17661
JIRE IO A B 1.157 0.031 HMDB0002250 NA
[zt 7 FHLIR 1.089 0.007 HMDB0003072 €00296
3-HEC TR NI R -0.863 0.031 HMDB0000555 NA
B Hg R -1.488 0.031 HMDBO0000666 C17714
[ Ne g -1.784 0.010 HMDB0000448 06104
y-EIET R IR -2.205 0.031 HMDB0000947 C17715

log2FC:fold change BUZRFEELLL 2 R IE AT ELLE 5 s Uni_P BRZERG S P H ; KEGG . 356 K 5 B PR 4l E R 4 A5 800 1 s HMDB . A ARG 4 Bidi

JE o NAZHSTERS DR e R N %



S EREIG AR ZRE 2025 457 A% 2 B4 4

2.5 =RRKREHEESW  (HHIEE W Pathway-as-
sociated metabolite sets( SMPDB) JZE Xt 22 54X i 4y ik
Ayl g 4R o3 Hr e AR AR I e v B A A i
SR IR i T R 1 A Ak L B-TI 2R AR L R A&
FRAR G Q AR5 L, A BRA A, = AR A3
SCHERR IR i A | B B D7 R R R AR AL K

139

RN TR 1) AR A S A I 07 TR A 5 i TR TR R
AR R ITRR A A &R A A e it o,
KA AT B-TN AR AT 4 2 Qi e i i
TR Y 2L A SR AL | 1 B IR 7 R ) Ze b MR S Al LI
PRERACE R TR A A 45 Z R AU b T A0 B A T
A, WL 2,

Metabolite Sets Enrichment Overview l'bn;uumu.u,\ nthesis
Fatty Acid@osynthesis
p—— P
—
Beta Oxidation of \'c.mg Chain Fatty Acids
—
8e-02
o [
e sres [ Oniduionof Brand@) Chin Fay Acids
301 wistidind@ffabotism
st [
wosrorsisesOxamantton.. [ ] Glutamadleabolism pyrimidin@letbolism
.\\,.;.n....m.m.n
6e-01
Propenoato Motabollsm I:l Bch—\];n'lcluhn]nm
wasoen [ ] Propansangetabolism
Ghtamate Mt woisn [ |
Piakrine Meddbotins \:’ Mitochondrial Beta-Oxidation(@) Fatty@id Metabolism
Short Chain Saturated Fatty Acids
I e
0 1 2 3 4

Fold Enrichment

Mitochondrial Beta-Oxidation (png Chain Sarated Fauy Acids @

B2 Pathway-associated metabolite sets( SMPDB) FEZE R UHEREE DT 2. SMPDB JE 2 RCGHE I & £ o0 FBE, 9k
by 22 S A B, B A AR A I BE AR B AEAS AL . 6 H B A B 20 (R i TRV AR AR ER P (BG4, Bt R IR AR e 2 A e
I B PR R PR/ b SMPDB J 22 S A5 8% & A2 0 AT I 45 . G\ A b oAy 25 S AT B | A8 Al oAy 22 S AR o 122 30 B
SR Y LA A B R X R — S AR E %, B AR B R BB . Fold Enrichment : & 82541 P Value . P fH

3 Tt

PPD J&—Ff ™ 5 1) 2 R AE geds , LR AL
il I AN 58 4V 2 5 SR ME TR0 2 B 95 1 kA
SR BT U B3R T A8 0T Bk A - - il ) L
[0 805 76K 1 9 1 B AR B o vp & 5 T R AR
FH b il A 4 3 ek 5 i A 42 % A R 22 R
Gir= A e EE A RE Y L AR R B PPD R H 4
HAZSAE A S A B R A T R AR AL T
0B AR 2 2= A AR B ek 2 W g4 B T PPD
(1) KR HLHI RIS

PPD WAl BN 10% ~ 15% , 76 TCHAR
At R 2 TP B RO R AN TN 12% , 1 — S8R IRIlR
AEZ B FML 20% ", AR I A 159 4,
Hor ™= J5 DAL R IARIR A 21 1], 7= IS IR & A R
H13.2% , BEAERIBEGEARTT T PPD R HOM R 2, 5
DRI R 2R A 456 L7 S0 5 0 A P A T R 4
WA ISR IE BESE SIS 5 RS 1 85 108 ¢ 3R DL
Bk LRSS 2 55 PPD By &A1 ABFSTIE
S BER A2 2UE TR R AR IR S Y 5 ) (R 2
Z—,PPD [ & B UL b2 Ty R N R
o RE R 2 AR f v AU R 22, JEATL e Y 14

A FINE e 2 6] (4 £E W 2 i 45 B Al st A% 2 IR R DA L
S 5RaAEHT R R MHE"

g 1 R A A A - -k P 5 R G =2 TR AT
L, SRS 92 Db 0 R B 1
W6z DXL 2R N LSRG 12 TR T B e
AT RG-S E) 18 A2 AR Y, i s
LT R 14 AR R A . Z TSI S
TAAIARE S8 A M B J2 RN S XA 48 R A y-
FHET MR (y-aminobutyric acid, GABA) #4233 5t &
GIAFTEBE ") A R 2 (0 %A P i 2388 TR
3 b A R R Bl T AR AR T, KT g B AR
ERG N NN = (T AL AT i
ST GABA SR F T A e 25 TR
FEGE A BOE GABA T4 S8 3 i R HEAE
FHPO BT TR AT R A Y P GABA
TKPBEARE | i SR8 o Hi 4 T SIS AE 2R
iR B J5t X GABA 7K F- 1) B AT LA B 22 i 3 GABA 7K
SR IEF AR I ki e K R R
BAMZRENE, PR T & n] s 2T 24 8 A
HREMZHILE A AR a4 22 ik, PPD ER 35 242
WA 2 S A 00 i 8 T R 5 0 A LR e B



140

HPIBLHIASS, seoh, BEAERIF ST A LA PPD (14
THRNAVFZ A FR RIS 2, b U iE6E
QA BRIl S5 B Qi RN i 3h
AR M 22 BRI s -2 AR RARE T £
FACEHRAR A UL, HLIXSE U 2 [A]AH 5520 A
YRRt —2 e T LA G O 2R

£ L PPD B S I B TEAE 22 A 2 A
Hopds v, AWETE 4 1 22 S AL AT fE R
PPD %5 & 6 PR 28 ) J00 A= M a6, Lo 4 kA
A Bl Tt — B BRI BB AR A LR, T BE D R
KABEFE PP B LR, AW 5T R R AE T4
T 2705 PPD i A SCHK Y 22 52 Rk AU B A
FRHRAR | 5 S 2k — A0 1) sl 1) 5 56 46 ik 737
PLRIFUESEWEFE 45 R B w1, LA ST i A7
TEFR 3 RN IE FIIE S Y 22 AR FAC & 12
X SEACI Y AN AR 5 T R i AT 2 07 Aok
M PPD YA AR AT — BT FIIESE

[ &% k]

[1] Stewart DE, Vigod S. Postpartum depression[J]. N Engl J Med,
2016, 375:2177-2186.

[2] Netsi E, Pearson RM, Murray L, et al. Association of persistent and
severe postnatal depression with child outcomes[ J]. JAMA Psychiat ,
2018,75:247-253.

[3] Gaillard A, Le Strat Y, Mandelbrot L, et al. Predictors of postpar-
tum depression: prospective study of 264 women followed during
pregnancy and postpartum[ J ]. Psychiatry Res,2014,215:341-346.

[4] Jiang H, Ling Z, Zhang Y, et al. Altered fecal microbiota composi-
tion in patients with major depressive disorder[ J]. Brain Behav Im-
mun, 2015, 48.186-194.

[5] Zhang S, Lu BL, Wang G, et al. The role of gut microbiota in the
pathogenesis and treatment of postpartum depression[ J]. Ann Gen
Psychiatry, 2023, 27 22-36.

[6] Rackers HS, Thomas S, Williamson K, et al. Emerging literature in
the microbiota-brain axis and perinatal mood and anxiety disor-
ders[ J]. Psychoneuroendocrinology, 2018, 95:86-96.

[7] Konjevod M, Nedic EG, Nikolac P, et al. Metabolomics in postt-
raumatic stress disorder: untargeted metabolomic analysis of plasma
samples from Croatian war veterans[J]. Free Radic Biol Med,
2021, 162: 636-641.

[8

[

Howard LM, Molyneaux E, Dennis CL, et al. Non psychotic mental
disorders in the perinatal period[ J]. Lancet,2014 ,384 : 1775-1788.
[9] Committee on Obstetric Practice. The American College of Obstetri-
cians and Gynecologists committee opinion no. 630: screening for
perinatal depression[ J]. Obstet Gynecol, 2015,125 :1268-1271.
[10] Shorey S, Chee CYI, Ng ED, et al. Prevalence and incidence of
postpartum depression among healthy mothers; a systematic review
and meta-analysis[ J]. J Psychiatr Res, 2018, 104, :235-248.
[11]Ewelina M, Joanna G, Julita T, et al. The Role of the Microbiome-
Brain-Gut Axis in the Pathogenesis of Depressive Disorder[ J]. Nu-
trients, 2022 ,14:1921.

S EBEIG AR ZRE 2025 457 A% 22 B4 4

[12]Beger RD, Dunn W, Schmidt MA, et al. Metabolomics enables
precision medicine; “a white paper, community perspective” [J].
Metabolomics, 2016, 12 149.

[13]0h Y, Joung YS, Baek JH, et al. Maternal depression trajectories
and child executive function over 9 years[J]. J Affect Disord,
2020, 276 :646-652.

[ 14 ] Milaneschi Y, Simmons WK, Van Rossum EFC, et al. Depression
and obesity: evidence of shared biological mechanisms[J]. Mol
Psychiatry, 2019, 24.18-33.

[15]Simpson CA, Diaz AC, Eliby D, et al. The gut microbiota in anxi-
ety and depression-a systematic review[J]. Clin Psychol Rev,
2021,83: 101943.

[16]Li SM, Yang ZQ, Yao MX, et al. Exploration for biomarkers of
postpartum depression based on metabolomics: A systematic re-
view[ J]. J Affect Disord, 2022, 317 :298-306.

[ 17 ] Exchinger VJ, Ersland L, Aukland SM, et al. Magnetic resonance
spectroscopy in depressed subjects treated with electroconvulsive
therapy-A systematic review of literature[ J]. Front Psychiatry,
2021, 12 608857.

[ 18] Andersen JV, Schousboe A. Milestone review: Metabolic dynamics
of glutamate and GABA mediated neurotransmission-The essential
roles of astrocytes[ J]. Neurochem, 2023, 166:109-137.

[19] Sarawagi A, Soni ND, Patel AB. Glutamate and GABA homeostasis
and neurometabolism in major depressive disorder[ J |. Front Psychi-
atry, 2021, 12 637863.

[20 ] Erchinger VJ, Miller J, Jones T, et al. Anterior cingulate gamma-
aminobutyric acid concentrations and electroconvulsive therapy[ J].
Brain Behav, 2020, 10. e01833.

[21]Luscher B, Maguire JL, Rudolph U, et al. Gaba: a receptors as
targets for treating affective and cognitive symptoms of
depression[ J|. Trends in pharmacological sciences, 2023,44(9) .
586-600.

[22] Knudsen MK, Near J, Blicher Ab, et al. Magnetic resonance
(MR) spectroscopic measurement of y-aminobutyric acid ( GABA)
in major depression before and after electroconvulsive therapy[ J].
Acta Neuropsychiatr, 2019, 31: 17-26.

[23]Badawy AA. Tryptophan metabolism, disposition and utilization in
pregnancy[ J]. Biosci Rep, 2015, 35 e00261.

[24]Geng S, Cheng S, Li Y, et al. Faecal microbiota transplantation re-
duces susceptibility to epithelial injury and modulates tryptophan me-
tabolism of the microbial community in a piglet model[ J]. J Crohns
Colitis, 2018 ,12:1359-1374.

[25]Lin L, Chen XM, Liu RH. Novel urinary metabolite signature for
diagnosing postpartum depression[ J]. Neuropsychiatr Dis Treat,
2017,13; 1263-1270.

[26]Zhang L, Zou W, Huang Y, et al. A preliminary study of uric
metabolomic alteration for postpartum depression based on liquid
chromatography coupled to quadrupole time-of-flight mass spectrome-
try[ J]. Dis Markers, 201924 :4264803.

[27]Greco PS, Hesson AM, Mozurkewich E, et al. Urinary metabolites
as a predictive marker for perinatal depression: a secondary analysis
of the mothers, Omega-3 & mental health study[ J]. Psychiatry Res
Commun, 2022, 2. 100046.

(W H #H1.2025-01-20 ; #& 7] H #1.2025-03-18)
(A2 M)



