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Abstract

Objective: To explore the risk factors of postpartum pelvic floor dysfunction (PFD) in primiparous
women, construct risk prediction models based on LASSO regression, support vector machine (SVM)
and random forest, and compare the predictive efficacy of each model. Methods: A total of 315 pri-
miparous women with vaginal delivery from January 2025 to April 2026 were enrolled, divided into
PFD group (215 cases) and non-PFD group (100 cases). All samples were randomly split into train-
ing set (236 cases) and validation set (79 cases) at a ratio of 7:3. Maternal demographic, pregnancy
and delivery data were collected. Univariate analysis was used to compare baseline differences,
LASSO regression was applied to screen independent risk factors, then Logistic regression, SVM and
random forest models were established. AUC, accuracy, precision, recall and F1-score were used to
evaluate model performance. Results: The overall incidence of PFD was 68.3%. Six independent risk
factors were screened out by LASSO regression: maternal age, gestational weight gain, neonatal
birth weight, full-term delivery, gestational hypertension and family history of PFD. Logistic regres-
sion model achieved the best performance in training set (AUC = 0.885, accuracy = 86.6%, precision
=95.1%, recall = 88.7%, F1 = 0.918), while its AUC decreased to 0.649 in validation set with obvious
overfitting. The predictive performance of SVM and random forest was inferior to Logistic regres-
sion both in training and validation sets. Conclusion: Advanced age, excessive gestational weight
gain, macrosomia, full-term delivery, gestational hypertension and family history of PFD are critical
risk factors for postpartum PFD. The Logistic regression model based on six routine clinical indica-
tors shows favorable discrimination in training data, which can support stratified prevention of post-
partum PFD in clinic. Further multi-center external validation with larger sample size is required to
improve its generalization ability.
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2.1. —HRFER

EH 2025 45 1 ~2026 4F 4 H e K= @R E B =R =5 6~8 IR A1) 315 91 55 918 531
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23. GitFAE

KA R 431 BAFATEAE 30T DR DUREORT E 73 H(%) &, I ELECR A 2 K38 88 Fisher
HYIMER L. TR TRIE Shapiro-Wilk FEIGIAFF & IEA /046, LAY/ A £k Al BE M (Q1, Q3) ik, Wiz
[B] LK A Mann-Whitney U #5565 BAXUI P < 0.05 N7 FA Gt 2 Lo K LASSO [FH 3T HREAE 57
o A 22 MR LASSO [HIEREAY, 3@ 10 $758 HIEE R /NI IR ZEXT R L fH (A = 2.8),
i 1 5 72 5 A IR D B BEAG (PFD) KR AE R R HUL . BT LASSO Fi4s R, ¥Rk 7:3 LlpE
LI NG = 236) 530 TE4E( = 79). TEVIZREEH 4 BRI EE =PI AE R . 2248 [RS8 . SRR
EHUERL, BRI . R A IRUE XA R PE B AT AR AAIE . BEBSVPAN P B0 dE: HERRR . AR 2R
BREZE, Fl 28, ZiA#H TIERE L T IAAUC), H4&HITRERFES ROC HiZk.

3. &R
3.1. R ABEEREE
AHFFRILGIN 315 Fl7=1E, Hrd PFDI 20 215 #1(68.3%), 3F PEDI 20 100 #1(31.7%). oHZESHT &
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N, PRAIEFRS . SCIRRRE. FKEEHWON. 2210 BMIL, ZHARE G RE . ). B2, Bk
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Table 1. Comparison of general information between postpartum pelvic floor dysfunction group and non-pelvic floor dysfunction

group of mothers

1. FEARINEEREE SRR GERSFSAE~ A — R BRI LR

ZE i MBI n=315 JE PFD 4 n=100 PFD 4 n=215 %i& P1E

S <35 % 248 (79%) 90 (90%) 158 (73%) 7A=10.148  <0.001
>35 & 67 (21%) 10 (10%) 57 (27%)

JEAEHD WA 196 (62%) 66 (66%) 130 (60%) 22 =10.670 0.413
i) 119 (38%) 34 (34%) 85 (40%)

SCAUTR [HR 4N 144 (46%) 35 (35%) 109 (51%) 2 =6.160 0.013
[SL 171 (54%) 65 (65%) 106 (49%)

FHEH AN <6000 JG 129 (41%) 32 (32%) 97 (45%) 22 =18.993 0.011
6000~15,000 7T 131 (42%) 42 (42%) 89 (41%)
>15000 7T 55 (17%) 26 (26%) 29 (13%)

Ziii BMI <28 240 (76%) 86 (86%) 154 (72%) £=7.000  0.008
>28 75 (24%) 14 (14%) 61 (28%)

Z A4 A <20 kg 210 (67%) 78 (78%) 132 (61%) =1.738 0.005
>20 kg 105 (33%) 22 (22%) 83 (39%)

2B 2 166 (53%) 44 (44%) 122 (57%) 2 =3.951 0.047
i 149 (47%) 56 (56%) 93 (43%)

=B 2 89 (28%) 18 (18%) 71 (33%) 1 =6.876 0.009
% 226 (72%) 82 (82%) 144 (67%)

Btk )Lk E <3.5kg 159 (50%) 61 (61%) 98 (46%) 72 =6.852 0.033
3.5~4 kg 118 (37%) 31 (31%) 87 (40%)
>4 kg 38 (12%) 8 (8%) 30 (14%)

&R 5 = 283 (90%) 83 (83%) 200 (93%) 2 =6.455 0.011

= 32 (10%) 17 (17%) 15 (7%)

LR A i & 48 (15%) 9 (9%) 39 (18%) 2 =335 0.053
% 267 (85%) 91 (91%) 176 (82%)

PFD K5 = 30 (10%) 4 (4%) 26 (12%) 72=4.291 0.038
% 285 (90%) 96 (96%) 189 (88%)

3.2. IGESEIERPNE LT

IR =236) 58 IFEMm = 79) 7 BT A tb . JIZhdEr, JE PFDI 415 PFDI ZHAESE#E . STtk
FEE. Z207 BMI. ZAfREE RN, &0 B ) UK. 6L B 5 TH 278 48t %2 (P < 0.05).
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BiEgEF, (NEKEHBRAERG G FEL(P=0.027), HREEHHARBZ TS F2 7P >0.05). fEn
IAESRFL R AT H, WS TRRIGIE. Wk 2.

Table 2. Simple comparison of baselines for the training set and validation set

2. WIEE . WIESEELI LR

YR m = 236) IHYFSE(n = 79)
=82 4k PFD (n = 75) PFD (n = 161) 4k PFD (n = 25) PFD (n = 54)
iy >35% 8 (11%) 42 (26%) 2 (8%) 15 (28%)
Za i BMI > 28 8 (11%) 45 (28%) 6 (24%) 16 (30%)
ZAE > 20 kg 17 (23%) 64 (40%) 5 (20%) 19 (35%)
RS 11 (15%) 61 (38%) 7 (28%) 10 (19%)
JEH i 59 (79%) 146 (91%) 24 (96%) 54 (100%)
PFD Zjif 5t 3 (4%) 20 (12%) 1 (4%) 6 (11%)
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Figure 1. LASSO regression 10-fold cross-validation plot
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Figure 2. LASSO regression variable coefficient shrinkage path
[ 2. LASSO EVA% & A ¥ bak 2 E

3.4. FRRARBYpOHIRR K 3 E

3.4.1. FIFAZKAIES HRARKIDEFERAZE R Logistic BT 4R

WZREEH, Logistic A4 AUC 4 0.885, 1HEfIZE N 86.6%, FEHIZEA 95.1%, HHIZEN 88.7%,
F1 73400 0918, $oniBBIrEIZhEE W B BUTFIIIX 068 ST, %o BHAEAE A IR R AL o B F e, A
A AUC 1 0.649, #EWIZEN 60.8%, FEMHZEN 40.6%, HIHIZE A 52.0%, F1 580N 0.456, WE 3. 44,
PR SR (T M RE G BT T B, V2 ALREJIAEXS AR, X BHPEREA I RE 1 — M. YIZREESR
PR, AUC ik 0.8846, A% L 95.1%, Ui BHRIAYIE EEAS IR Hh Ae 0% % e MR PFD e ™
I BTN 6 AN 35 A R R AT AR, 0T AAME A A, S i . S0 UF SR 1 AE 3 F PR (AUC
TFEZ) 0.24), REPEFICE 52%, RUBBGEAELHIAEIR, WMz HaE AR, TRelEE: Ff
AEANE N RS . BERER—.

3.4.2. XFEEV(SVMER

WktErd, SVM iR AUC N 0.677, HERIR N 66.5%, MEHHIFN 47.7%, AN 56.0%, F1 5%
N 0.515, $RRHERENIGE L RE —ENX 26D, XIEAFEAR RS K IRAIBER . BT,
PR AUC M 0.627, HEHIZR AN 64.6%, K&K 44.0%, HIEIFEN 44.0%, F1 5H0N 0.440, WIA 5.
6, PRI R LERS UE AR Hh R AR T M R — e, V2 AL BE JTE R, X BEAAEARE AR BRI B 010 A i ik — B4 Tt .

3.4.3. BEHLFRRIER
IS, BRI AUC N 0.688, HERfZR N 64.8%, FEifiE N 46.8%, A% N 77.3%, Fl
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Figure 3. LR model confusion matrix (left: training set; right: validation set)
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Figure 4. Comparison of the area under the curve of the ROC for the training set and validation set subjects
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Figure 5. SVM model confusion matrix (left: training set; right: validation set)
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Figure 6. Comparison of the area under the ROC curve for SVM training and validation sets
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Figure 7. Random Forest model confusion matrix (left: training set; right: validation set)
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Figure 8. Comparison of the area under the ROC curve for the random forest model’s training and validation sets

8. BENARMAR B R RIESR it F TR E L T EARREL

DOI: 10.12677/acm.2026.1682993 2052 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1682993

3.5. RBEZEERTEE

RS 2 S BoR(WLFR 3): YIZREE A, AR [IABIAY 1) AUC (0.885)~ HEHIZE(86.6%) FEHiZE(95.1%)
PIRZEmET SVM M RF; WilFgErd, = AMERMERE AT T, LR FAIH AUC (0.649)150& =T SVM
(0.627)F1 RF (0.577). %i& ROC HIZR(ILIE 9)7R 7R LR MEAILE I SR8 o X 4 FE fpe A, (HAESRIESE TR AL 34
ST SRS, B4 WAL Y BT AR R, Rz A Re S R — A .

Table 3. Performance metrics of training and validation sets for three models

3. ZMRENNIZ R SHIESRRE T REFEIR

P! A TR RS FE e F1 5% AUC
W REIHLR) 0.866 0.951 0.887 0.918 0.885
WZRE TR EHL(SVM) 0.665 0.477 0.56 0.515 0.677
FENLARMKR(RF) 0.648 0.468 0.773 0.583 0.688
WH#REIHLR) 0.608 0.406 0.52 0.456 0.649
IR HFFHEEN(SVM) 0.646 0.44 0.44 0.44 0.627
FEHLARA(RF) 0.608 0.421 0.64 0.508 0.577
> model
; 050 — logistic
% —
1-specificty

Figure 9. Comparison of AUC for the three models
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PRI R IR AE S RN R P SR X A R, I PR M AR B = T SRR S A E . R
SR URZAEAY H AT IR R YRR, BE B PR B G R R S .

5. g

PERT VRS 7 F5 06 T e B A v U BRI AT AT X M R -1, T A% PFD R AR R A 77 i 4=
TR R EEIEIKE L AL 315 BIVIF= 0L IG5 i, PFD KAEZRN 68.3%. F55
SERE U R[9], 354 BIWIF= I b R DI RE SR 226 ], A EEN 63.84%, £ [1HE 1 1) 7 i PFD LL A
IS 71.88%, HARFAL RIEAR . FREEMESEHRIE 200 41710755 6 i PFD K422 A 35.50%, W&
FABF[10]; IRAEHFRREL =0 PFD RAEFR N 37.9% [11]. EERAG L5 BoR77 G PFD & K4
BN 23%~67% [12]. 7] WAIF=IELRATE 5> M) PFD KA m AGAE— €25, TS RARE. FEA
B SWIhRHE ISR RGO, IR R S A S BRI R R A S R

ARWFFTIEIS LASSO [V M 22 Mk R w it 6 N 577 )5 PFD {715 KL S & . AR 7 rh
PFDI 4468 > 35 & LB 53 m T3k PFDI 4. MBSEZERTEH, RIRIhaemGrakREExE BE
B, FRSRH AP REENERE R —[13]. BEFEREK, ZRURIPRERRRE EIEE %, SihE
TR T Re AR 23 B A F 2245, MEBER KT B 5 B R SCRF A SR AR IR AT ME U, TR AR 188K PFD
KA = RS FUIMIESE[10], P AR Fa 0802 ™ 5 PFD KA fER KR . 2 E
PR AR IS AR B T 8GR RS JR, W48 2R Dh s[RI B B2 L. W90 PFDI 4184 LIk
H >4kg & 14%, =T HE PFDI A1) 8%. WEFE R, #HiA: ) LH AR E 3500~4000 g 7] & 35 34 4 7= 10
FEJE R PFD MR AE K[ 14]. B RJLIEZ Y1E 7 W id B o R A 22 ) 2y . IR T N 23,
A S EE RS A AT 15, B fE PFD & 4. Chen S8 7078 & DU R IA & 0 K 2 PFD R A1)
ST ARG R 22— [15], I PR R I g ) S 40 3 v 100 B £ 3 7 I R T RE I B U5 507 Al . St fa F A
PFDI 414 PFD F k34 4 12%, 2 i T 3F PEDI 411 4% . 7 e Th A Frs HA 1 2 1 5 SR e M i )
WAL EE TR [16], Jetafk 9921 Xk PFD (776 B35 B0, {35 3 DRl I 52 1 725 Jes 45 43 21 43 b R iR 2R
FIL sk A S R AR iR I RIE, SR RRSCRF A AR e . th4t, FIGME PFD 4141 R B0
NIRARM, RIFE—BE A FER I A e . 5P IR R EE AN el B i B 5 % Fh ki, HE—
WHRRI AL R ZEATE PFD R EE(EH[17]. T Bk 6 AN KREARE, ESGE T T2 ER
H SRR RN HLARAR =R AL . 25 R BoR, LR BB YIZREE R R, (BIERAIESE It GE
R, SRR AR NS G, AR R R T . AR TR TR AL LA LASSO [H] JH i i%
HH 6 NGRS 3R IU A B oA, AP ERSREE . RAREE, & B2 RH 2R 5 B e v
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