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(HWE] BE FETHLEE 5070 B A PIIE 5315 8145 J5 B T5 (posttraumatic stress disorder, PTSD) 1 f& B [H & Jf:
oy R TR AR RO O A B (G BO A . Fo3E SRAERAIRE L LI 2023 4F 12 7 & 2024 48 8 7 22 #048 B (¥ 7 4 400 4]
TR G MR R A5 &k PTSD 43 ok & E PTSD 41 (n =346) F & & PTSD 4l (n=54) . 3 T HiHLZ K (random forest,
RE) 32 #5112 #L (support vector machine, SVM) | K-1 i 4B (K-nearest neighbor, KNN) | i # [7] I ( Logistic regression, LR)
A ASHLAS 2 ST BB (e 7= 1A A3 W S PTSD T AR RS . R P A B RS M 8 | 3 52 3 R V8 14 11T 4K (receiver operating character-
istic curve, ROO £k F A (area under the curve, AUC) S5 3P BT 1) (e 700 Jo e RS2 FH M . 0 AT A 280 ) — T I
BEry 200 Bl A #EAT AN ERBGIE . R 77 IHJF PTSD IR LA 13.50% . 4RI W55 07 20 31 R PR A R 28 R TR 46 kL 22
PR IR PR A5 ¥ S R A R R HE PTSD M2l S7 2 i R 3R (38 P<<0.05), RF BB ™ 15 PTSD 9 & A 2 14 10 280 5 de 4
(AUC=0.882) Li G TN AR fe AL . 2 AM BB AR IE T, RF.SVM,KNN Fl LR 8 Ay AUC {H 434 0.842.,0.734,0.725,0.767 .,
510 JLT RE S0 A A T A A R e A0 0 O T A A L T LA PR A O IR 7 R PTSD.
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A Prediction Model for Post-traumatic Stress Disorder After Vaginal Delivery in Parturients
Based on Machine Learning:Construction and Evaluation
LI Xianan', LIU Ling*, LIU Dongmei*, WANG Mei* (1. Obstetrics and Gynecology Department, Linquan County
People’s Hospital, Linquan 236400, Anhui Province,China;2.Nursing Department, Linquan County People’s Hospital)
Corresponding author: LIU Dongmei, Tel:0558-6403676
[ Abstract] Objective To analyze the risk factors of posttraumatic stress disorder (PTSD) after natural vaginal
delivery in parturients and develop a predictive model based on machine learning,and to explore its predictive value.
Methods A total of 400 parturients from a hospital in Anhui Province from December 2023 to August 2024 were
selected by the convenience sampling method, and were divided into the group without PTSD (n =2346) and the
group with PTSD (n =54) according to the occurrence of PTSD.Based on 4 machine learning models, namely
random forest (RF) , support vector machine (SVM) , K-nearest neighbor (KNN), and Logistic regression(LLR),
a post-delivery PTSD prediction model was developed. The robustness and clinical practicability of the model were
evaluated by using accuracy, precision, area under the curve (AUC) of the receiver operating characteristic curve
(ROC), etc. Another 200 parturients from another hospital during the same period were included for external
validation.Results The incidence of PTSD in parturients was 13.50%. Age, feeding method, planned pregnancy,
skin-to-skin contact between mother and baby,acute labor, gestational diabetes,etc.were all independent influencing
factors for the occurrence of PTSD after delivery (all P<C0.05).The RF model has the best predictive effect on the
incidence of PTSD in parturients (AUC = 0.882) and the best comprehensive predictive efficacy. In external
validation, the AUC values of the RF,SVM,KNN and LR models were 0.842,0.734,0.725 and 0.767,respectively.
Conclusions The prediction model developed based on the RF algorithm has superior prediction performance and
can identify postpartum PTSD more simply,quickly and effectively.
[ Key words] postpartum;posttraumatic stress disorder; machine learning;predictive model
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Il 3k 5 43 06 K DG B4 SRR 5 0 86 R G 1Y) 7T DA N L1
gMmIEe B E" . AR B, il s PTSD
R B AL REAR A B 1Y B0 £l B AKCF i
H 252w B A A2 E R, H AR 2R 4 LY
NN G AR ke AR R, o i
Jr 5 PTSD A &, i PR B2 55 A 51 5 AR Ak B SR B
5 PTSD KUK Y BE & . 2B B BN X 7™ 5
PTSD My #IF5Y 32 %2 48 v e £ I PR 3R 1% A6 b T )
IR 5% 0 D3R A T A R IE AL AR R (R 25 R A
FE 22 5 308 100 52 MR RS TR P A 5  DR) A 3o 3 e A A 7Y
YRS ERIW =i PTSD A BRAETE X, Pliss
M Z N TS W KRE | UG S5 A AR
R A5 RORE Y AR 4 7 J5 PTSD %
HEARRI R A AT B8, AS 5T 43 00l 3 T BE AL 2 AR (random
forest, RF), 32 ¥F Ia] & #l (support vector machine,
SVM) K- 45 (K-nearest neighbor, KNN) .32 % [7] 5
(Logistic regression, LR)4 A~ HL 4% 2% > BRI MG T 7=
THAFAIE 2 W J5 PTSD & A 11 ARG ASE Y, O Il PR 0 36
R AEAEARY | St I PR T 2 (1 2 5 4K i

1 X&575%

L1 #rRst & DMERFE LRI 2023 4512 A &
2024 4F 8 H 2B I R B B A Be 43 16 ™ 15 400 B4
TG . AARRHE: (D AEIE =18 %5 (2) A
A3 (3) A B e R AR T s (O BG4
BN R A HEBRARME (DN RS s (2) /™
i I A8 A R BB 5 (3) 77 i AR TR R 4 W 4
JR# . (OBEAE A HAb PTSD 45K #f B 6% 5 (5) 9%
Dig BEAR e 2 AR S ) R 2R 2 A rh R A A R
W AR [ AR R 5~ 10 15, AR W & A
A EE 17 A B 10 fE AT IS, B R 20960 1 K Ui
ROFTHR R RN 204 B, ASHIF ST B 20 2 N R
SEORLAREA TR 400 ), AP BE E LA AR 52 200 1]
BRI 2 R A S R T 20 B I SR L R B L A 5 TE A
FEA 5T [ b X 55— P Bs B . A BF 5% 46 B2 B 42 B8

B4tk (2023005)

1.2 Fik
1.2.1 HRIA
1.2.1.1 —&ELAE LR BITEI, GHER

PR SCACTR B TR 28 (R 22 W05 2 I8 — BOF
28 SN IG (PRI BE 2R R 2 i G JS 30 min Y
A i HL B B K =60 min) MRy 20 (REFL (4
BFLHIREG) /N T S P 2 OR #2840 20 7
AEAE R I 7 R 4R 25 B Bl 4 S R L 2™ L Bl
Wit 2 iR LM H S 24 h BAGE H L& =500 mL) |
GEURBE DRI S, BT A A5 B BE B 1 I R G4 .
1.2.1.2 B = e 4 & & % & £ # & (perinatal

post-traumatic stress disorder questionnaire, PPQ)
AT R T 2019 4FE DAL R SCRRAS , 49
AR A HD B (S AR ED TN
(6 N ED3 ANYERE . FRHA Likert 5 HIF5. M
SRR B R ARG 0~4 780 Bar0~
56 73, =19 73 NAFTE RN 5 B RS . R R
Cronbach’s o 2% K 0.84, AR5 LI PPQ=19 41 H.
FREEAEAR =1 A A HBr N PTSD FfE .
1.2.2 FAKER R4 NIRRERFR R —
AN 2 A A R LGB AR E
Wt L ¥ I 2R 48 1) fel ) b e A R A IS Oy il i
B 5 H 190 13 A% 40 AR MUBERE s Hh 28 5 15 01 A o A B
FEP AW BE 1A 5 R f 3 B U7 0998 2074 7= 10
S KA PTSD. WedE i BB 28 SRR & A
DU PR ESCHE 0 WA P o 0 T e % A2 O e Y928
M IME S AR IR AR I R b 5T, A R SE T
M AR IR 15 % WA ST B A% . A0 508 o
HL TG BE DT & ) & 623 1, A R Wl 600 £y CHrp
200 13 A AR EAELD) | [0 £ A R TRy 96,3104,
1.2.3 %itFam R SPSS 26.0 fil R 4.2.0 %k
PEHAT BT B A R R DL 7 s KRR LR
FH ¢ K s T BCTERE LB RCRT | o> LR s L SR X
o B ol Bk RS 3 . SR ] Lasso ]9 RRAIF A8 4 0 3
V4 0 BE A5 2 A FEAE AR A0 A Logistic 715 #8472
M. L P<C0.05 8 P<C0.01 N7 A G4 .
f& B R 155 rms.glmnet,randomForest,ggplot2 5§
FJ¥ 43 ik RF.SVM  KNN LR % 4 L85 2% 2
TR AR, R FH ME B BE ORG B RE L 3 lR FL (A L
% H P AF B PE R 2R (receiver operating characteristic
curve, ROO) [ifiZk F X (area under the curve, AUC) %
R DT A5 1Y 1) £ 7Y Rl PR 92 F
2 R
2.1 A ERABET A F 0 — KA 400 1
i 20~46 % P34 (27.864.11) % s W17 10 180 Bl
287799 220 15 G1P1 168 5] \G2P2 93 {4 .G3P3 8 {4l |
G2P1 49 il HAb 82 55 /N2 B LLR 9 {9, 40 o
66 % g 79 LR 135 B AR K& LL 111 i
TR 28 366 il SUKRLAG 21 9] 5 5300 73 6k 330 Bl s B
BB R A 371 s BE LR IR 370 55 23 B
272 ) 7= AR AEAE T UL 28 5] 5 PRk A 22 45 5 £ B
PEIR 379 1 LA ECR 21 s 2 20 5 B A O
it 2 21 B I AR E R AR 64 3],
2.2 % A PTSD #9 £ B o4 M0k
&4z PTSD 43 8 & & PTSD 24 (n = 346) Fl &
A4 PTSD H (n=>54), PI4L™ IH7EAFR % SCAL R BE
MR35 07 LA A5 T R 2 RUMI I | #5301 | RE 22
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2.3 Fdak A PTSD % B & Lasso & )2 5 #7
Lasso [1H7E — & 14 10l )3 59 BE il b AL T D 3ot
AR AN 255 A A B AR R R AT el A R 4R A TR
PRAE S A 4005 15 22 (9 [ ] L (5 22 8507 S AT R 17 o, DA
A BN A WA By, BRI, S 5l B0 5 8
RRR A BB A Lasso 819 #E— 45
i 3 o X AR ZR A Bl A R A R A AN s /L, DA
10 15528 UBGIE 15 22 4 A+ SE B Ay fe 4 5 L 45 SR 3t
0 8 AU TR PR A BRI R ER A fih R R 7 502
2 A TCIEIRME PR 5 6 A SEm PR

K1 ZEPISD FHMEBAEZESH(N=400)
Kk %4 PTSD A

i H P
PTSD(n=346) (n="54) X2
(Rt 27.5844.01 29.61+4.32 3.419  0.003
AR E 0 (%) ] 14.852  0.005
INEE LI 9(2.60) 00.00)
wh 65(18.79) 1(1.85)
= 62(17.92) 17(31.48)
LR 113(32.66) 22(40.74)
ENEY I 97(28.03) 14(25.93)
PRI Z [ n (%] 35.836 <0.001
5 18(5.20) 16(29.63)
7= 328(94.80) 38(70.37)
UM [ (%) ] 4.311  0.038
5 331(95.66) 48(88.89)
P 15(4.34) 6(11.11)
E=3 I INIGZDN| 10.840 <<0.001
5 52(15.03) 18(33.33)
P 294(84.97) 36(66.67)
B3R A A [ ( %6) ] 46.498 <<0.001
5 13(3.76) 16(29.63)
2= 333(96.24) 38(70.37)
3T (%)] 10.925 <<0.001
BEFL SR 326(94.22) 44(81.48)
NN 2 20(5.78) 10(18.52)
arln (Y] 12.660 <<0.001
5 334(96.53) 46(85.19)
P 12(3.47) 8(14.81)
R R [n (Y0) ] 20.556 <0.001
5 302(87.28) 34(62.96)
= 44(12.72) 20(37.04)

2.4 Fdak 4 PTSD # % B % Logistic ® )2 4 47

VIJE R &4 PTSD R4S &, UL Lasso Bl HA 4
IR SRRy B R, AR W o 2 BER R 2R
PTSD, i3RI P28 B % e JBR 4% fk (W33 07 20 20> L4
URWEPRIG Y — oy e M =0 =1, &
PEORHE I R S A L ZE AT Logistic 1811923 Br . 28 4
e R B AL 1 (BT 40 A K e 0,05, 5l Bk 7K o Sy
0.10) . Z55FB UK LR J7 K 36 $2 0 A1 U5 A AL Ay
Giit 3 X (P <C0.05), H-L 204 1 B 46 16 45 78 A
T ELAT 80 O MEFEE (X° =4.787, P =0.781) , 4E & |

TR | B R F2 i IR 2L 207 AR IR WE PR 1Y
JE PR TS KA PTSD Ryl ST R R &, WLk 2.,
25 ROC W& 54 4 AR ZR =42 X 4t
PTSD &7 2 g [F] B8 A5 % 1 F Sl P12 RE B2 Bz
JoR 2 fi MR R O S 20 AR IR RS 6 S A AR i
A BLER 2 S BERL rh 23 B A 45 455 70 0000 2 2R
£ RF.SVM.KNN Hl LR 4 % b ROC il £ 43
Brét R Won , RE BRI 7 1 PTSD 1 & A= 58 1 i
BRI (AUC = 0.882) , L RF B £ i ) 7 4
PTSD 1 k& 4 2 (1 6 1 5 i AL

*£2 X4 PTSD M1 % EE Logistic El 3447 (n =400)

BITEE| B Sb Wold X2 P OR 95%CI

(g —2.962 1.464  4.097  0.043  0.052 -

AR 0.095 0.041  5.335  0.021  1.100  1.014~1.192
T R 2 —2.254  0.459 24.152 <C0.001  0.105  0.042~0.258
BRIl —2.155  0.484  19.819 <C0.001  0.116  0.045~0.299
M35 gy 1.532  0.516  8.808  0.003  4.627  1.682~12.726
o 1.451 0.518  7.852  0.005  4.266  1.547~11.770
T R W5 R 1.325 0.396 11.192  0.001  3.763  1.731~8.179

2.6 4 AIBFIT MR EAGLE  RF,
SVM,KNN, LR 4 4 F37EL @ 7 (1) PTSD i i 45 74
o RE RS I 255 T 280 R fie A L RS T T L A [l R
KERGE F1 A5 0 8 . RE B 10 (% 4 1A 191 00 g
P FIoAth 3 FEEAL, I3 3,

R34 TR FSIRBII IR £ PISD BFUNIE L 4 AE L 3%

BB ERGE AR ORE FLE4  AUC 95%CI

RF 0.973  0.971  0.971  0.968  0.882 0.819~0.945
SVM 0.915 0.915 0.909 0.905 0.807 0.718~0.896
KNN  0.861  0.861  0.862  0.835  0.821 0.773~0.909
LR 0.918  0.918  0.913  0.908  0.857 0.778~0.936

2.7 AFPHBF TR GBI KT
RF 2 Wi B A 1) AUC 1A % 5 (0.842) , SVM, KNN
LR BRI AUC {4528 0.734.,0.725.,0.767,
2.8 RF B A ey 4Ffe & 2k 7E RF B
o HEAET 10 7 AYRFAE 43 51 Ry A1 1% L BE SR B R 4 fl
SCACRR BE R VR 2 R U AT RO R L 2 T
N =T Sy W= Wi N I O

W R 2

Bl 1 RF#EBPUFEEEMLER
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3.1 FlaBRMiEsHE A A PTSD 9Lk K
WEoE = 10 A SR BT IE 4y Wk J5 PTSD 1Y & A4 %
13.5% . SR 45 R A —5, BB, H
P 7 5 PTSD fé 6 PR3 A A 7 1 3 5 45 8 22 [
b, T s PTSD ) 150 0 A5 88 BF 5 AN PR T 5] £k (5] 33
DN S 55 48 Jy REASE AR S0 T 3 o B T 00 A Y 1 4R
R L LA ) FE 77 e PTSD s ¥4 77 1 /Y iz
D E R D I O W N B T NS 8 /NS A IR R 7
2 TR H A fih MRS D 2L 20T U R PR )
PR JE A KA PTSD By S 52 R 2 (3 P<<0.05)
G R 43 B AT RE A AR /v % 7 10 B 0 3 N A L R
TER PR 280 B A AN T B2 B TR 422 ket K 52 i) £ €4
N REFLME SR R 51 & H 3RS L 20" R I ik
I A WA PR B N B0 TR AR L U R 2 1
OIS 5 80E 0 H AR I R TR SRR 2 AT R
W PRI 45 i A5 7 1, 48 T FC W 0T B8 T R4 ek R
BB 7 R o R L A4 A RE LR R SRR IR R DU
JERIBE 25 55 2% R T 5 IO FH A A T AR AR A AT 7 R
TR0 B A Ay O 2 PH P R i RURS: 7 0 4R 15 A A
AR 0 BR300, AN AT Ry 7 vk L HR Bl B S Ak 3R
A IR R O BERNME 1) L HRA R

3.2 Flaf RME WG X A PTSD ¢ £k B & 54
3.2.1 SF# AW EBIR, KA PTSD 4109 7= 13
BIEWE S (29.6144.32) % .38 TR &4 PTSD 4 5 4
4 J& = J5 PTSD & A By e sZm R &, H7E RF
R HEA S5 1 7, {H Suttora 25N BFSE 45 1 WoR 4R
i 5 = 1 PTSD JC i 3 3¢ &, 43 M HL st B4 n /g >
AP RGO SR BOR AR T T R R,
TV AR A BT BN, 22 w8 i 7= JE 8 B A2 B R
TAEER R, 77 5 il BB R &) & 4 PTSD,

3.2.2 HEEBkEBA PRI EN, R
WL kA [ OR =0.20,95 % CI(0.16,0.25) T2 5
PTSD R B 2, 3X 5 A 0F 58 (0 0F 58 45 2R e A —
., AWEIESE A R, RF B b i R AF 3 2 5
Fbo b, 2 5 R B R R S 2 07 X R 5 iR L
JoR 2 fioh oF 7= U I 2 0 LR L 1L 7 0040 A Ay e vh
A B B LA KOG 25 02 5 77 J5 PTSD /Y & 2

3.2.3 #HXHREFE AMRERTRHTEETE

PTSD %A B S22 Wi [N 2, BLAE RE A8 R fiF 22
PEHEA 2 4 A2, 3 AT JELA AT RE O AR TR P 2 1 7 4
A RE B Z T A9 0 B A RIAE 22 SRR T 5 AR T
AR 4 i 7= A 2 L IROKF (90 B — BUR L KA &
HER R 5 PTSD fyEZEH RN,

3.2.4 RFF X BAOLHFETHIEERY], BEFLR S

HIBFFE 25 A — 5, RF BB & MR N £
HESE 9 A7, X R TCIE [ AR o0 e 3 2 )8 7 e 11 B
FLWR IR 5 B AIK™ 10 PTSD KA,
3.2.5 &7 AWMRVIEH.AZFRESOELE
PTSD Wy faf & . A5 BoR, 27725 PTSD
KRS B R R R 22—, HoAE RF B R AF 8 2
PEPHESS 10 7. A3AT IR P AT RE O . — 7 T S I
TE PR M 7 3R] BB 7 AR B PR g SO IR L H
5 —J5 1, Grekin ZENIRFIT FE BT L PR AR O L A DR
Bt 277 5 PTSD I H B AR N X,
3.2.6  EIR¥ERR AT WoR U ORME R R
J&i PTSD %Az il 37 5% i) P2 4 0 B IR s 7= 1 7™
J& PTSD KB 3 i 3.763 fi5, H7E RF A5 8 22 4y
TE T HESE 6 17, 3% 52 me e 550 AF 9% s 45 AL,
D R M A o T L 2 RS o L DA A0 U B N 5 Wi AL
P IE AR B IR RATUR A ™ 5 PTSD & A4 KUK .
3.2.7 HA AR K, IKAE )G PTSD M f&
xR 28 v B RO 2 A ST 5 e R 3L fH R FE RF LAY
FetE P HES 5 . REHFVIIFR E M, o ik
WHUE PTSD KA s2m K2, A #F 58 R,
U i (] B Bof (] <<2 4R J2& 77 J5 PTSD /9 fa B 5 %, Uit
W R o A mTRE I I 7= 5 PTSD & A 19 5 B 1 5
B FRE 2 DA 7 A T FORS 1 B riH
FEL N PTSD ik kA%,
3.3 MR EAELE E A RSN AU LR K
F gAY RE.SVM KNN FI LR %1 76038 4 b gk 47
Bk, AR AUC {8 439028 0.882.,0.807.,0.821,
0.857, ££ AN 0 ik v b R BE AL AUC {8 5 5
0.842.,0.734,0.725,0.767, M KI5 5% iz FH D B
K F - RE B A] [ 243 b B ) 32 B4R FH AR 2R
PEVEFT ATl kA B A€ Bt R 15 A X RoE
BORARY . IEIREE SN B RT LLCR FH RF BEA, 5
i B P AT R IR = S PTSD,
4 I

ARBFFE 4 95 T RFLSVM,KNN I LR ## T
A B TE 5306 5 A 40 J IO U8 A A A DR AR AR A AR
PR AA) R 3k T B — R AR PE A AL R A PR Y Bk, A B T
B N 5L R e e AR IR L S T B, BRI A A
SRIFE 53 W J5 PTSD W9 & 2. AAHE ST b B ZLIR 3%
LFG AR FL SR A MR SR A X ZLE 5 7 2R AT W 41
GYHT A R T I R ETREM: BB I 58 AT IR AFR T . 5
Ab s BT ABESE A B O IS, HL A2 RE AR 5 R L
H—E R BR M, ROk I T BT R 2 b R A BIE 5T
DA 56 UE A AFF 5 ) AR AR 1) W 4 R 1 R A s
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