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[ Abstract] Background Compared with traditional lipid parameters, remnant cholesterol (RC) also has the
biological possibility to influence emotional responses. However, limited research currently exists on the relationship between
RC and maternal depression as well as pregnancy siress. Objective To explore the relationship between factors such as RC and

maternal depression and pregnancy stress in the second trimester, providing a scientific foundation for clinical identification and
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intervention strategies. Methods Pregnant women in early pregnancy (6 to 13+6 weeks of gestation ) who attended regular

prenatal check—ups at the Obstetrics Department of the Second Affiliated Hospital of Xinjiang Medical University from June 2020
to April 2024 were recruited as study participants. A longitudinal study design was adopted to collect baseline data and blood lipid
indicators of pregnant women, followed up until the second trimester, and used the Edinburgh Postpartum Depression Scale( EPDS )
and Pregnancy Pressure Scale (PPS) to evaluate the depression and stress of pregnant women. Multi—factor Logistic regression
analysis was used to construct a prediction model for maternal depression and pregnancy stress. In order to further determine the
factors that have the greatest impact on the outcome, the random forest ( RF ) algorithm was used to build the model again,
and the SHAP tool was used to visually analyze the RF model results. Results This study followed 403 pregnant women from
the first trimester to the second trimester, with 323 valid responses collected, resulting in a follow—up loss rate of 19.9%. After
excluding inaccurate baseline data, 279 pregnant women were included in the final analysis. Results indicated that the incidence
of depression was 38.7% ( 108/279 ) , and the incidence of pregnancy stress was 20.8% ( 58/279 ) . RC levels were significantly
higher in pregnant women with depression and pregnancy stress than in those without ( P<0.05) . Multivariate Logistic regression
identified pregnancy planning ( OR=0.441, 95%CI=0.251-0.775) , breakfast frequency ( OR=5.086, 95%CI=2.105—
12.270) , and RC (OR=2.759, 95%CI=1.157-6.580 ) as significant factors influencing depression during the second trimester

(P<0.05) . Additionally, taking a midday rest ( OR=0.513, 95%CI=0.276-0.953 ) and RC ( OR=3.747, 95%CI=1.519—
9.246 ) were significant factors associated with pregnancy stress ( P<0.05) . The SHAP analysis indicated that RC was the most
influential factor affecting maternal depression and pregnancy stress in the second trimester. Conclusion Elevated RC levels may
increase the risk of depression and stress—related events in pregnant women during the second trimester. Future research involving
larger cohort studies or clinical trials is necessary to confirm these findings and elucidate causal relationships.
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1 #RETE

1.1 HARIR

PEFE 2020 4 6 H—2024 4F 4 A Tpis R R 225
BN B B rE R A I A RS X S A AR
HE: (1) 4F8 20~45 %5 (2) HRIEOR, fhiTHGIE R
6~13+6 Ji];  (3) WHRXSRIF G RV &, RERETEREAS
BT A B PR3 S 5 A2 B4, . HERRPRME: (1)
TARAE B & R A AR AE R s s (2) A 1 AEg 2
RO  (3) ARSI, (4) #HisERgH
PR, WA, (5) A HIRIRDIGEIT

PESRIR SRR s (6) MR BB B ik A% Bt
FithgErs;  (7) JEARSZHT;  (8) BRAMEIRFY MG

AAREE;  (9) MNP ZE s Tovk PR AR Y B L. AR
R C S B R AR5 MR BB e A A & S &
HeuE (HEHES . 20200531-13. KY2023112109) , Arfq
WX O A A A [ & .
1.2 #RiEIT

AN G R H ) h, A AR A R R (24
6~13+6 Jii] ) Wit 5 27 10 119 S 4 0 k) % 2 I VR A AR A
s, BEfS, XH2REEATRET, HERERT (22
24~27+6 J§ ), FFSE ARG R RIIAS . MR,



GP meznE® T

1 S AR R i e vl E W e a1 B i | I o L R S LI WA
JE AN S R BRI T, BB 44 B9 A X
JEsRA

1.3 #HRIAR

1.3.1  ANH2EekbfA R morsR mRPEms B A1
Wi, HAREE. Sl ZEEFR. 5
BMI, ARMIRT . EIRG R EFIR . R AR
B IR . AEORATAI PR AT M .

132 % T % 77 J5 M A & & (Edinburgh Postnatal
Depression Scale, EPDS) : EPDS ff LEE % '®) 7£ 1998
SERIPEIT I E P SO, H: Cronbach’s o %00 0.87,
FER T X 5 A ARAE HEAT i A, A n] X 2R H B AR
HEATIEAL . EPDS 4E 10 45 H, 45 7% H # B350
AAYERE . CAAR” HIRT CgewRT YRR, KR
11 0~34r. BRACH 1 M2 &R mitash, HakEE
KIETSY, B 0~30 43, EPDS BYTE 2 bR N
EPDS = 10 43 A 6B

133 W WR B o &= F (Pregnancy Pressure Scale,
PPS) : PPS i CHEN % °) F 1983 4E i, )iz 3d& M)
TR YRR 22 0 W) 3 W), H: Cronbach’'s o REUH
0.84, HARIFHMESE., BELITF304MN%H, R
Likert 4 HiT5035, M “ERBA” 8] “BEA" KK
11 0~3 41, 538 0~90 43, SRS = B3/ SR HEL,
TEATEM N PPS = 1 4 WA T IRE T,

1.3.4 IR 10 S AR 2 IE mAE . i v
Jg AL TC. =B H il (triglycerides, TG) . HDL-C
F LDL-C 7E lifa PR 52 55 %= ff H1% [G Cobas 8000 4 H 34=
A HHAIE . RC=TC— (HDL-C 4 LDL-C) "',

14 HitEA=%

% SPSS 26.0 #1 RGui 4.4.1 3470 Mr s, i e
IES AR HE AR R (2 25) PEATHRR, IS0
AT BERER T M (P, Prs) KR, 3278 5 I LIAH
XA . R 0 Logistic [FIHZEIT R E 0, I
fifi 158 P<0.05 BIFFAE 9 A £ R K Logistic [0l JA 78,
T — 2 P o 4 0 % R A R A RRAE R T R fe
Hoam R a5 2: > 7 ih——FEHLAR M (random forest,
RF) XA ZE i B G4 RS i (P<0.05)
AT B 4 M, IF £ SHAP (SHapley Additive
exPlanations, SHAP) T E.X} £ 45A4F B8 1 B k47 0] 40
fEREIR. P<0.05 (XU ) FR2ERAB G470,

2 #R

21 —fRiER

ST REDT 403 GlAE RPN R AR, 345G
AR 323 1y, RUIRN 19.9%. KU IR I AR
Ja, AN 279 BI2E4H . S5REoR, ZEOER & AR

hitps://www.chinagp.net  E—mail:zgqkyx@chinagp.net.cn . 3 .

h38.7%( 108/279 ) , WUk 1 &A= %R 20.8%( 58/279 ) o
AR A TIAR RGNS & AR R AT U 7 =X | W2 AR % |
TG.TC FIRCIKI-LbAL, 2 RIA GiT2#E L (P<0.05),
W 1 KAGEIRE 3 MG R 1 & W5 R4
k. TG. HDL-C #l RC /K FLhE:, ZRASEIFE
X (P<0.05) , W2,

R AEYRPIIARRE L TR — ROk LA
Table 1 Comparison of general data of pregnant women in the mid-

trimester between the depression and non—depression

FHAE JAWER (n=171) A (n=108) Z (x*)f P{H
AVt [ (%) ] 7.928' 0.005
BIM2E 100 (58.5) 81 (75.0)
TR 71 (415) 27 (250)
Wz EARHR (] (%) ] 12523 0.002
BE 116 (67.8) 62 (574)
At 46 (269) 26 (24.1)
IR 9(53) 20 (18.5)
WE U (3 125(093,1.68) 141(105,191) -2245  0.025
mmol/L, |
;&)E/ﬁl:(‘p w0 Prs) s 397(345,445) 424(361,474) 2298 0022
515.01[/34](}) 0 Prs) 016 (0.02, 03) 027 (0, 055) 2062  0.039

R x A E; TG= =HEH M, TC= MHREEE, RC= R4 0 [,
KRR 2R HA G- R,

R2ARIRPE I E FICIEIR 1 — IRORHE AR
Table 2 Comparison of general data of pregnant women in the second

trimester between the pregnancy stress and the non—pregnancy stress

= = 2
WRRRETRH (%) ] 534" 0022
& 71 (321) 28 (483)
P 150 (67.9) 30 (51.7)

TGLM(Pss, Prg), mmol/L,] 127 (0.99, 169) 151 (1.03, 1.99) -2.385  0.017
HDL-C [ M ( Py, Pss)

mmol/L |
RCLM( Py, Pss), mmol/L ] 0.16 (0, 032) 041 (0.11, 073) -4272 <0.001
e R xCE; R IURRER A G R

1.63 (143, 1.95) 151 (138, 1.78) -2.294  0.022

2.2 WFIRFHZENEAEIRE D EEZ S
DURE IR 1 2 34 JC I AR (WRAE: JCAs =0, A
AR =1) FEEyRE S (IR JCUEiRE S =0, A 4ER
JE71=1) ARAER, R0 Logistic [H1H507, XF 14
A HAE RN RSN, SR BN, ARERT .
W FUE AT % TG, TC H1 RC 7K %t 22 I AR 77 45 5 1
(P<0.05) ; M2 52 & IR, TG. HDL-C Fl RC 7K
SEXTUE YR AR (P<0.05) , ULEK 3.
23 MERIKFHZANBMAEREANSESR
Logistic [E])31=3Y
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A =1) | iR (R &K =1, Al =2,
JUFA=3) | TG (JR{E: SHIMEL) | TC (K{E: SEIIME) |
RC (WA Sl ) , AL Logistic [,
SURER, AUWIEIRDT A 2 FAERRA RC KR AT
PRI AR R I 3R (P<0.05) o DASESR )22
YA TRAENR IR (WRAE: JCAERIE ) =0, AUEIRIE ST =1)
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H: SCIME) . HDL-C (WRE: SEOU{E ) . RC (MR{H:
SEINME ) . WAL K Logistic [MIIHRIHT, £E 5 IR,
PG PR RC K2 A U P A A G 4 Ui e 7 152
2 (P<0.05) , WHK4,
24 MEERPHAZEAMEFEIRE 18 RF 23
PUGEUR A 22 0TIl (RAE . JCHAl =0, A
TIAR =1) FAEURE T (WRIE: TCAEURRJ) =0, ATk
JEJ1=1) NEAS &, 5 5B P<0.05 B FRIE
fE R A AR R4 AN RF AR (Il Zhde . MiA4E =7.
3) o B EIR, WA RF AR AUCHI R TZHER
Logistic [A1JF#R ) AUC {H (0.765>0.684, 0.859>0.727,

HERRFS

R 3 UERP IR IR FIEE IR )20 R 2R 1 T Logistic [MI5347

Table 3 Binary Logistic regression analysis of influencing factors of maternal depression and pregnancy stress in the second trimester

FHAEB (EPDS = 10, n=108)

FUERES (PPS = 1, n=58)

FHIE
B OR (95%CI) PAH B OR (95%CI ) P1E

AR 0.027 1.027 (0.966~1.093 ) 0.391 -0.029 0.971 (0.901~1.047 ) 0.447
ZHEFR 0.004 1.004 (0.933~1.082) 0.908 -0.049 0.952 (0.872~1.040) 0.276
IR AL URATA 0.002 1.002 (0.937~1.072) 0.948 -0.003 0.997 (0.920~1.082) 0.951
BMI (kg/m*)

<185 1.000 1.000

18.5~<24.0 -0.119 0.888 (0.390~2.025) 0.778 -0.113 0.893 (0.336~2.371) 0.820

24.0~<28.0 0.261 1.299 (0.508~3.319) 0.585 0.129 1.137 (0.378~3.425) 0.819

=28 -1.166 0.312 (0.072~1.348 ) 0.119 -0.762 0.467 (0.083~2.638 ) 0.388
ARRAER T2

FOMA 1.000 1.000

TR -0.756 0.469 (0.276~0.799 ) 0.005 0.545 0.580 (0.303~1.108 ) 0.099
MR FAR

w

= -0.176 0.839 (0.508~1.385) 0.492 —0.679 0.507 (0.282~0.912) 0.023

(TSN 1.000 1.000

At 0.056 1.058 (0.597~1.872) 0.848 —0.049 0.952 (0.478~1.896 ) 0.889

JIIRIZN 1.425 4.158 (1.786~9.679 ) 0.001 0.407 1.503 (0.615~3.669 ) 0.371
R T WRAT )

THIR 1.000 1.000

(o) 0.176 1.193 (0.528~2.692) 0.672 -0.585 0.557 (0.157~1.975) 0.365

gk -0.151 0.860 (0.457~1.616) 0.638 0.594 1.812 (0.893~3.676 ) 0.100

TRIE R 0.127 1.136 (0.544~2.371) 0.734 0.714 2.043 (0.901~4.630) 0.087
PR EAT R

2 1.000 1.000

B/R -0.031 0.969 (0.482~1.948 ) 0.930 0.050 1.052 (0.465~2.376 ) 0.904

AR -0.203 0.816 (0.398~1.674 ) 0.580 -0.386 0.680 (0.285~1.620) 0.384
TG 0.506 1.658 (1.136~2.420) 0.009 0.556 1.743 (1.178~2.581) 0.006
TC 0.375 1.455 (1.053~2.009 ) 0.023 0.305 1357 (0.932~1.975) 0.111
HDL-C 0.209 1.233 (0.682~2.227 ) 0.489 -0.975 0.377 (0.160~0.887 ) 0.025
LDL-C 0.130 1.139 (0.763~1.700 ) 0.525 0.077 1.080 (0.669~1.742 ) 0.754
RC 1.044 2.841 (1.406~5.740 ) 0.004 1513 4.540 (2.121~9.715) <0.001

7. HDL-C= @2 FENR AR I B, LDL-C= {IR%8 BE AR 85 11 I [ B
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Table 4 Multifactor Logistic regression analysis of influencing factors of maternal depression and pregnancy stress in the second trimester

s ELIEH YRR T
B SE  Wald x> {8 OR (95%CI ) P B SE  Wald x {4 OR (95%CI ) P

HAMAZ 1.000
TR -0.819 0.288 8.100  0.441(0.251~0.775) 0.004
MR FR
i 1.000
= -0.165 0316 4461  0.513 (0.276~0.953) 0.035
Itz LA A
(ESN 1.000
A I 0.159 0310 0263  1.172(0.638~2.155) 0.608
JIPEAR 1.626 0450  13.062  5.086(2.105~12.270) 0.001
TG 0.189 0262 0520  1208(0.723~2.018) 0471 0.110 0.251 0.191  1.116 (0.682~1.825)  0.662
TC 0.191 0204 0878  1211(0.812~1.805) 0.349
HDL-C -0.475 0.456 1.082  0.622 (0.255~1.521) 0.622
RC 1.015  0.443 5240 2759 (1.157~6.580) 0.022 1321 0461 8219  3.747 (1.519~9.246) 0.004
Cox—Snell R* {& 0.119  0.083
Nagelkerke R* {& 0.162 0.129

ROC-AUC 1 (95%CI ) 0.684 (0.619~0.749 )

0.727 (0.659~0.795 )

H: ROC= ZiRk#H TAEREMZE, AUC=ROC 12 T,

P<0.05) , Ui RF AR AGPERE RIS AR B 4y, W5,

R5IRIRAPIZA AR RIUE IR ) R BEH LR ML F bR
Table 5 Random forest model evaluation index for maternal depression and

pregnancy stress in the second trimester

W ERR (V2R ) RFAEED (IPAR)  RE A (LEURIE D))
HiRTES 0.711 0.737
kS 0.609 0.437
PERCIE S 0.707 0.950

F1 {& 0.654 0.598

ROC-AUCfE( 95%CI) 0.765 (0.699~0.832) 0.859 (0.807~0.911)
TE: B o AR e i A A T AL B, S R A
RE=FEHLARAR F1 ARG [ 3R R A2 5

2.5 RF REUFEEEMHEF AT

i SHAP T H /R BEAHRAE X G g s A2 i AR
UL URE ) RE SR B ZE0E (s 2R ) LAy
o 1A SR, RCXFAEGRHHAZ AR A2 ik
W Z R IEADG. Beah, A i oids Kz g f TR i
I X A gy A7 1) Bk . RCORRAE X AEUR 7K 7 RF #5570
AT A 7= A i KR 2R, LI 1B,

3 it

YRR o HA 2 AR AN SRR I W IR 53 1

TEL B T A2 SN AR IR A ) o SR 4iRIY) A
AR AT BE IR RIT T, ARSI T AT e AR
TR S, WIE AR F ST A0 AR IR R, HPFPROCR

31

MELLHIAE o M diaE, TR A O b AR R A R S
H10.26% ", TUEHRIE J1 009 % LR R ik 30.79% P
H52Z M, ARWFIE A2 EImAEs K % (108/279,
38.7% ) = TURURIE IR H R (58/279, 20.8% ) . FE
JRR AT REALAE . iy T S 2 JE AR ek ] X 2 40
PRI IR S R AR 225 X BRIR LR ALY
SRR SR, AMFRESR BN, AEMARAIGT R
(ARG HH A R, PR R A IR AT IR 1 758K 2 5 )
ZPE A BRI R fE R R, TEE 2R E.
3.2 RC XHEix A EAZ 3 HNERAT =20

TSP GE T, ARG IMNEHE iS5 TARI E R 2Z 1]
BIA—BIEESR, X 2 PRIAR T AE Pbr & I R
Mo BT XPHBLLIE Sl — 2 moesh, V2R R
B AR 20k BUNAARRER , FR e fe 2 AR
AL RFLW, AR P IR 220 RC KSF 5
B, Jf H7E SHAP B, RC BAE 520 2 i AR %
RORIEHE, XS, m/KER RC AT REZMALHY &
BRI, HATET RC 52 MR i S BA 7 o £
IR (BRB ) AifF 5 R s Heps e L], (E A2 I
FRAER: RC AR PEARE RE 2 M AR AR R 2l
i TR BENLAL T VR IESE 1 TR 2 W S8 5 AT
UM, ARG I I RAEN AT A 6 AR IR
e T o BOREIRT, SFECHZ TR FIRE 2838 T K S ol
AR TR 2555 T ST e B, RC AT fE
Sl S M JORE SRR & A R AT . AL, BRTEIE
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Figure 1 SHAP feature importance ranking chart

S RC K-35 3 N B R DI RE AN 2 B, 3 i
EERENEAE, R AR I A R R Y X
Tl IR S e A S BRI D RERRERT:, R ol ik A I 9
TEANE, R A AR 2208 SR AR U R i T RE S

R
3.3 RC 5S@IRHPEZAEIRE B X RS
AWFFEA RN, SXIRAAL, A ERIE T 822

P RC KB, P Z ) R IEAHSG . BT A5
UEGEAS 2 LU R RC SRR S A B AL, (X ]
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