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[ Abstract] Objective To construct and verify the logistic regression model and BP neural network model of assisted
reproduction technology (ART) patients, to evaluate and compare the two models, and to provide a new strategy for
improving clinical pregnancy rate. Methods From January 2010 to May 2017, the clinical data of 13207 patients who had
received ART treatments and transplanted embryos in the Reproduction Center of Medicine of a large grade A hospital in
Hunan Province were retrospective analyzed. The influencing factors of clinical pregnancy were analyzed by univariate
analysis and multivariate analysis. Logistic regression model and BP neural network model were constructed and verified.
The receiver operating characteristic (ROC) curve was used to evaluate the model equation. Results In this study, a total
of 12 predictive variables were entered into the final model, female age, the female's level of education, No. of ART
treatments, duration of infertility, endometrial thickness at the day of administration of hCG, therapeutic protocol, No. of

embryos transplanted, quality of embryo transplanted, AFC, No. of oocytes retrieved, total dosage of Gn used and total
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duration of Gn used respectively. Compared with the two prediction models, BP neural network model had higher AUC
(0.887), sensitivity (90.8%) and accuracy (83.5%), but it had lower specificity (49.6%). Logistic regression model had
higher specificity (74.7%), but it had lower sensitivity (66.1%). Conclusion BP neural network model has high application

value in predicting clinical pregnancy. It can be used in combination with logistic regression model to complement each

other, contribute to achieve early prediction of clinical pregnancy, and provide basis and reference for further formulating

individualized treatment plans, so as to improve the clinical pregnancy rate of ART patients.

[ Keywords] BP neural network; Logistic regression; Assisted reproductive technology; Prediction model; Clinical

pregnancy
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() 2.5%~3%ZE T+ B ILAE 1] 12%~18%, Hs AFciEd
4000 Ji. XEWE, NERNEZFENOEE TR

ANFEAE, BT ARG T 771 % B A JE Bk
(Assisted Reproduction Technology, ART) .

ART 7 BARG AR AT 1K T4,
BT 52 8% B 5% BRARARIE N R EAR K

HARAXER B VERERIBR A, Holm RAEIRFAIARIAE 40%

AP XINE TABAT BEE P OEMZGRE, W
HImIRER AR R T BRI IEE). 124 K1k, BAIGR
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A TROM A e i« S PR P v ) TN A 2R LA i L o
i . logistic [F1VAEEAY I i LI A% G TR ASE 2,
It 90% MM A logistic [F1IHE],

KEF TR, LT M@ AR O RN
ART S — /N &2 S MB f s, Horp N TP 4%
TR FH B N iz H T8 RE =68, Pergialiotis &5
OV F H S 4% 8% (Back Propagation, BP) #1245 /X 45 £
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1 BREHE
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BAFIBIE T o BT B 00 G 00 50 B 3503 435 Tl AL e X
80% NN ZRFEA TR TR, R 20% A5HIE
FEA T 560 AIE UM R
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HHHTYID B (ZUGH1T ART RIT IR E AR
Ja —KIGIT EHR) - FFEIESDARTFRERILL x+
s B, AMFEIES ST EEEERH M(P25, P75)
HATHA, BRI AERERH N (%) For. BH
SPSS 26.0 HAFHAT G50 M1, KA 2 Kr B0 B[R 35 4y
MRS ART B IGRIRAEIRMC R, 70 IEa
— R £ 70 logistic [BIJA - TR, K22 logistic
=] A 7R i 3 5 A i AR B AR 2 2 B3R 1
BP MRS, T RE AR AT TR IRAIE
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FeEUFHAE logistic [FIHAR [ FHUE . P<0.05 NZEFA
S 2

2 R

2.1 AR RAGERFR

AHFIE IR N ART 1697 BRI G 1)
ANFAE B 13207 4], HAp S IERIEIRZE N 62.1%.
LI FER N 31754510 %, B EHER A
34414587 %y @I PR TIRSL 21.78+2.90 kg/m?,
BT R R AR 23.76+3.24 kg/m?. S HEE TR R )
ZHERREE, LIRS 5 R LA A SCARR BE AT 5 B A5
B, AN 46.74% (5993/13207) A1 41.75% (5341/
13207) . BFFE0E 5 F34) ART VAI7 k¥ 2 (1, 2) X,
SPIIANZERN 4 (2, T 5, ANZW R A LR IR
BRI W, 5 69.98% (9197/13207) , ANZ2[KZEA

PLAERAZCN T, 4 56.51% (7458/13207)

2.2 W JRAEHR R0 B & 09 % B & o

SRR, N RO ZEE AN
Zid BMIL S MG IR IR % 2 R A Gt 5 5 X
(P<0.05) ; ANZEFECH BMI &L PRI gR % 2
SIS R (P>0.05) , W& 1.

23 IB-EHET ART A I7 X H LAY B & 547

SREIR, ART WGIT B AR, HERlisE oy
JBE. Gn B HE. FINEE. hCG HFENIEESE.
BHEMIGFRE. BT %, Gn BalRKE. BHEER
Bom . AR ZLAt FSH. JEhtE B,y 3461 LH.
FEAl T AR ANZ R R % 2H I R I R 26 22 S 45
BEH2EE L (P<0.05) , FEAl PRL %21 H I PR UE IR
RESTRITFE L (P>0.05) , WK 2.

*1 —RAOFESITARENEERSN

TiH PUE=S1IEA IRARIEIRE (%) 7 PiE fas: 2 PiE
LIER ()
<25 680 74.6
25~ 4220 71.7
660.406 <0.001 579.477 <0.001
30~ 4625 64.9
>35 3682 45.4
BER ()
<30 2864 71.7
30~ 4314 67.2
446.103 <0.001 418.653 <0.001
35~ 3487 59.6
>40 2533 46.1
LI TRE (kg/m?)
<18.50 1414 66.6
18.50~ 8399 62.9
19.008 <0.001 18.553 <0.001
24.00~ 2271 60.5
>28.00 392 57.4
Bk aE (kg/m?)
<18.50 409 64.8
18.50~ 6319 63.3
3.725 0.293 3.709 0.054
24.00~ 4413 62.2
>28.00 1216 61.1
LI E R
INEJULTR 1050 52.0
?L’J 5993 6l.4 66.217 <0.001 49.196 <0.001
s 1682 63.5
K& J Ul k- 4097 65.3
B ERRE
INFE R LR 639 532
Y 5341 60.6
N 40.531 <0.001 33.903 <0.001
= 2237 63.3
K& KLl k- 4578 64.6
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T2 ALEEET ART RITHXERNRERZS
BITgE| PUE=2iTE g AR IRR (%) 2 P R 2 Pl
ART 7R3

1 6101 69.9
4262 58.2 329.830 <0.001 323.092 <0.001
>3 2844 51.2
AR (F)
<3 3522 68.2
3~ 3615 65.3
205.838 <0.001 187.620 <0.001
5~ 2379 62.7
>7 3609 52.8
AR A
BN E 1754 65.7°
HeGp RS 233 65.2°
5P S hRE IR 138 40.6 45771
Lol IR dFS ey 9197 61.9°
N <0.001 / /
TERE 137 55.5
Pt S5 14 35.7
SR R 2R 34 58.8
BumHFAFEE 1635 61.0°
LA
AT 5739 65.6
) 51.627 <0.001 / /
JkRAZ 7458 59.5
Hul FSH (IU/L)
<5.45 2716 67.9
545~ 2715 66.3
174.02 <0.001 143.23 <0.001
6.47 ~ 2726 63.5
>7.78 2725 522
Al B, (pg/mD
<25.06 2725 61.4
25.06 ~ 2721 65.3
17.356 0.001 / /
35.00 ~ 2726 62.8
>47.00 2731 60.1
FEfk PRL (ng/ml)
<11.92 2647 61.8
11.92 ~ 2649 63.7
4.076 0.253 / /
16.29 ~ 2648 64.0
>22.48 2650 64.2
HAELH (TU/L)
<3.45 2712 58.8
345~ 2729 62.3
30.08 <0.001 28.10 <0.001
471 ~ 2731 62.8
>6.33 2729 66.0
HAth T (ng/dD
<0.14 2247 55.2
0.14 ~ 2241 62.4 101.76 <0.001 97.53 <0.001
021 ~ 2648 65.3
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>0.32 2383 69.0
e ETIN Ok
<5 638 37.9
> 812 266 406.61 <0.001 372.06 <0.001
10~ 3068 68.1
>15 3099 73.0
Rt R HE
1 1440 32.5
2 11255 66.6° 677.488 <0.001 / /
3 511 47.6° ¢
et e
I Zha 11132 66.1
VN 1065 0.7 450.23 <0.001 44534 <0.001
VTN 410 27.8
hCG HFEWIEEE (mm)
<8 1493 46.5
8- 1889 87 297.02 <0.001 273.85 <0.001
10 ~ 4016 67.3
>12 2433 70.4
2ty Rt
B IR 7187 66.5
B RIA 6009 56.9 129232 =0.001 ! !
WITH %R
BRI T & 5467 72.1
VIWIES 1589 49.5¢ 308.546 <0.001 / /
SRR ARNIDARE 3 62 37.1°
Gn A& (U
<1800.00 2687 74.1
1800.00 ~ 2671 66.0 158.42 <0.001 158.06 <0.001
>2500.00 2039 56.6
Gn B3R (D
<10 1982 59.1
10~ 2734 69.4° 64.868 <0.001 / /
>12 2681 68.7°
IRIPHL
<3 2256 50.5
8~ 2697 70.7 424.435 <0.001 397.192 <0.001
>13 2103 78.8

VE: I RRRGR AL, P<<0.0017; °5< 25.06 20F1>47.00 4LAHEL, P<<0.007; ©5 1 4lAHEL, P<<0.0125; 45 2 4UAHEL, P<<0.0125;
CHRKITRMAMLEL, P<0.0125; T5<10 (d) ML, P<0.0125; FSH /R{EIRIEINER; B nE —fF; PRLREAER; LHRBFAERSE; TR
HERE; hCG R AR BRI Gn R IRMEIREE .

2.4 KR logistic = )2 ) A% A 5 B iE B EARES, #RIERIEIRZE R S S R,
KRR R AR L (P<0.05) FAREFATET HFH 12 AR EHFANGEMBEY TR, R
M ESA LI Z [ 2B logistic [F1JH (o 2=0.05, aw  x*=882.082, P<0.001, $&/RiZ logistic [FlJ3# 7 H A 4t
=0.10, DREABEB T 3 , FIERAMAL T S NIEBR FUN AR &S L7 s L5 %
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HERE. ART JHIT IR AZ4ERR. hCG HFEW
BRI 097 7 & BAERRR R . B RRRG
Tt 52 O3 % . 3R U0 R Gn ST E A Gn 3B K5,
W 4. ART S35 I PRUE YR OISR L 7 F2 ) Rk A

logit Py =— 1.867+0.199*X, — 0.094*X,4 + 0.374*X +
0.074*X; — 0.126*X14 + 1.629%X;5.,+0.325%X;5.
3+0.932*X1s  —  0.229*%X;74+0.442*X19.,+0.511*X 93+

0.320%X30—0.187*X5 —0.288%X,

T AR L& ROC i 2% R (1 TH A Carea under
curve, AUC)HN 0.766, 95%[1 B 5 [X 6]}y 0.750-0.782,
BHHE L (P<0.00D) , WL 1. ZBA PR AE cut-
off >4 0.299, ZIHE NI RBUEN 66.1%, FeF R
TAT%IE, ZIEHRBCN 0.408. AF FHEGIFAE AR 36 AE T
R, LA ROC HIZE AUC 4 0.772, 95%M B A5 X
[ 4 0.739-0.804, A&ttt X (P<0.001) . it i
Mg AR ST S 45 AR LU B, YIZRRE AR Hh T E
WM 76.9%, FEREAS I IEA N 77.0%.

2.5 XA BP A¥ % W A AR A IR E

BTN BN Z 2 B2 BP A48 ) 4 45
B, EHORMNZ B ILENLT 41 AN AL, BRRER

1, BEIEUZE 1 R RERALEC 10, S SREH XU IE
Ul S 2T 2 DN AIEG B Softmax 35 BR%L .
FAVNGRAEA ST AR, F00 IE R %A 78.3%. THIAR
A ROC HiZk AUC 7 0.810, 95%MEASIX[HA
0.796-0.824, H Fiil4# 5= 3L (P<0.001) , WK 2. f#H
WAEFEARREFE AL, HaE ROC HIZ AUC M
0.887, 95%IMEGIXIEN 0.865-0.909, 4T X
(P<0.001) o FEERUEFE A HIZ F 1 A Y 25 R B
TEISEAEAS - TR0 1 2 9 83.5% o FHIAL 2 (14 e PR U 4
TIINA TR XS Y ZRFE A AT G PR A R 2 i T, 9 5 i
BR B SR AR AT LA, T AR R R R R, 45
RER: REUE N 90.8%, FFFE N 49.6%.

2.6 FAPIE R Ak T AL A 69 1 Ao pb AR

AW TR FH PR 70 T ART B e R AL 4R
PR TSI A, 3 S VI R R T A R ) 2 AT A
RIPPANAIELAL, nl R I: FERAY B P &k re 7T,  BP
P BT LL logistic [AIHBERY B A A BP #i4
P28 1R AUC SR, REUEEFIIEMZRH m, (HRF A
AFRAE; logistic [FIVARIRNRE 5 B B sy, (H TIOR3
FERAE, VIR S,

%3 logistic EYISNHTH ART B IE PR IT RS0 E E A A
i H BE 4 it A 136
LR () X1 1=<25, 2=25~, 3=30~, 4=>35
BITERE (%) X2 1=<30, 2=30~, 3=35~, 4=>40
LITRITAEE (kg/m®) X3 1=<18.50, 2=18.50~, 3=24.00~, 4=>28.00
LI AT X4 I=/NER UL, 2=H1, 3=, 4=KpE KL L
BT SACKREE X5 I=/NER UL, 2=H1, 3=Fr, 4=kt KLk
ART VYT IRHL X6 1=1, 2=2, 3=>3
AFER ) X7 1=<3, 2=3~, 3=5~, 4=>7
1=BVEH R, 2=HEO0REAT, 3=DRLIEERIR, 4=HNERE, S=TERK, =4k,
ARFJRIN (MRS 5D X8 ]
T=AWHAKE R, 8=H ML LRMKEZE, L1 ASH
ZiErit X9 0= R, 1=k RAZ
&4l FSH (IU/L) X10 1=<5.45, 2=5.45~, 3=6.47~, 4=>7.78
HAik E2 (pg/mD (WA &) X11 1=<25.06, 2=25.06~, 3=35.00~, 4=>47.00, L2 NZ[H
Haf LH (Qu/L) X12 1=<3.45, 2=3.45~, 3=4.71~, 4=>6.33
R T (ng/dD X13 1=<0.14, 2=0.14~, 3=0.21~, 4=>0.32
E S HIETIN 0k X14 1=<5, 2=5~, 3=10~, 4=>15
MR E (AR X15 1=1, 2=2, 3=3, Lh2 AZIR
ARG & X16 I=I G, 2=TIZRRG, 3=TNZ%MAR
hCG HFE AR (mm) X17 1=<8, 2=8~, 3=10~, 4=>12
AN R X18 0=t iR, 1=V IENA
WIT AR (AR X19 1=K AR, 2=lAR, 3=RERAFE, U1 ASR
Gn BHE (U X20 1=<1800.00, 2=1800.00~, 3=>2500.00
Gn JAIERE (D X21 1=<10, 2=10~, 3=>12
EINIRSE X22 1=<8, 2=8~, 3=>13
115 R S i Y 0=HTYR, 1=ARULYR
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R4 ART BEIGKIFIRS M EZHY logistic BYI 4R

95% CI
AR EEE¥ Wald y* {8 Pia OR
R LBR
LITER () 0.199 14.484 0.000 1.220 1.101 1.352
LTI ERRE -0.094 6.005 0.014 0.910 0.844 0.981
ART 897 IREL 0.374 35.688 0.000 1.453 1.285 1.642
NPAERR 0.074 4.425 0.035 1.076 1.005 1.153
Al SE VgL AFC -0.126 6.930 0.008 0.882 0.803 0.968
HAEIR RS 127.721 0.000
1 1.629 126.733 0.000 5.099 3.840 6.772
2 (R4
3 0.325 1.876 0.171 1.384 0.869 2.204
T VR S o = 0.932 133.920 0.000 2.539 2.168 2.973
hCG HFEWEERE (mm) -0.229 30.390 0.000 0.796 0.734 0.863
WITH % 21.757 0.000
WK TE (ZR4D
[ EES 0.442 21.147 0.000 1.555 1.288 1.878
EE AR IIWIE S 0.511 1.256 0.262 1.667 0.682 4.077
Gn HAE (U 0.320 23.273 0.000 1.377 1.209 1.569
Gn 388 K (D) -0.187 8.711 0.003 0.829 0.732 0.939
FRON L -0.288 31.043 0.000 0.750 0.677 0.830
o -1.867 31.000 0.000 0.155
a ——
d
'.,,«"" ,_/
0.8 - i ' 4
F /
> F
~ = 0.6 /
Ja{ =
% & ,//
= 2 /£
ﬁ 4
044 f o
3’ e
{ //
f /
024 o
i > 4
F
/
0.0 T L L]
0.0 0.2 0.4 0.6 0.8 1.0

ROC £ T 1HIFH 0.766

1- H 5k

Area under the ROC curve 0.766
ART B EIEKRITYR logistic EATURMAREIZFE AR ROC BhLk

1- Specificity
1
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1.0 ——
0.8
i =
1‘3 :E 0.6 1 Fy
B 2 S
@ /
044 ¢
f
i
024}
£
0.0 ' } . i
0.0 0.2 0.4 0.6 0.8 1.0
ROC £ F1iF 0.810 1- 4 etk

Area under the ROC curve 0.810

1- Specificity

2 ART BEIGKRITIR BP 2 MEFTNEREI)IZHE AR ROC Btk
FR5 ART BEIGKITIRAMHFTUER X SHCE

TR AUC RESE (%) FAE (%) WERFEAR T IERZE (%) BAEREA T IER . (%)
logistic A9 0.772 66.1 74.7 76.9 77.0
BP i /] 4% 0.887 90.8 49.6 78.3 83.5

3 itig T ik 12 DMEER T T H T AR I R R

3.1 A4 ART &F W KAk Hoa B & 57
ARG RN, 352 ART 1897 B (AR R ARk,
W R U R R A o A AT L R R AT B A B A L PR R 1Y)

BGOSR DI RE T B, O RRAR I I KR AT T R

YU RESH M SRR AR R 23, A R 40 R A R4t
PP (0 R AR FEA AR N3G, AT 5L IR R IR (1
[0, Takahashi. von ZF 1248 H ART 697 IREUZ |

AR A, AN R R AE IR 5 MR A B )
FIRERRZ | AETHBE SRR R 2, X 5 AT T 5 R —
o AWPFUUESS T2 BB R AR R
24 FROPEHEGERZ . FERISIIE SR E . HCG HT
PN RS R R VR T R AT, R R PR AR Uk
R, 5 IR UEGR 0 5200 R 3R AL b R A —
U351, R COS V697 77 SR I T ERT I R IEUR2
B, X EEREE NI R — 80, FEARB T
BT ET, % Gn B FE>2500.001U, Gn Ba1EK
< 10 REF, IGARIEIRZEAK. Dunne 5507 AR 5T
R, MK R Gn ARG RIS, IHRIERE S

MZA T, BAAREEAEmE, BHPREHRER
A LA TAIE S, o BRI A — € iR FAME.

3.2 A4 ART % M AF s AR 4EAk TN AL AL 69 44 12
B I IE

H A7 ART 25 I PRUE 4R 1 B B BUAFAEBEK
AN NTRANH R R, ASHIEF A A i T AR T R A
MY, 5 Jiang. Van S5US PIRFFAHLL, ANBFFH
(1) logistic [BJARAL) ROC HIZR R mAE K,
WHTAMES T —E R T. HRHBAE T HEE
TIRIRIF RS # A B AH EOC R, HABRIE R, 55 1
FE200, AR, R I 28 I DR S R T ASE 2R ) A A
HOR A R B E B AE o Tran S521RH T RTGHA
JEE A 23 DX 248 SR AL R I PR S AR TN ASE AR, FL ot A & Ay
WRRAAE I B2 RAR, AT LAZE IR IG A% 48 IS Tt 82 1 i
PRIEORE . AR AUC N 0.930, T ASHE 7E IR
BP #1Z: W 24457 AUC N 0.887, $~ H Tl R aete
AT o BATTIE— 25 AT R I, AR Y () ) A5 e 75 2
RSB0 A A BRI, LI PR R A2 7E — 52 PR . 48
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ST BP 14 R 45 1 logistic [8 V-1 49 fk PR 4E 4k TS 7 f) g 2 % 360 iE

T ASHIE 70 H N e AR R Tt A & 2 3252 ART VR YT
BENFEIREIE, AFER . ik,
AHEFCH LSS I REAAS B0 1 A ) R, 1AL 2
FaE ATEER), HTRIH THTE N ART &5 .

3.3 ART & 3 Ik JRIEAR T 69 BP 49 22 A 4545 A fo
logistic =242 A &9 b AL

FATRIRE TR B, AEA AL I T 25 6e J7 18, A4 2 )
BP #IZ: [ LE AT LY logistic [A] AT HAT %, H BP
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