Statistics and Application 41225 Mf, 2025, 14(5), 97-109 Hans i
Published Online May 2025 in Hans. https://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2025.145129

BEH BRI EE TET S ERH Y
Logistic[E]Y3 53

A, #TH, B @&
HRH TR H Y be, EIR

Wk H . 20254F4H21H; FHER: 20254F5 130 & A H: 20254F5H23H

HE

FEMPAET S, SXERAEREEN SASHAETRE, SaTERFRR AR ENH SN ASE
Yo BA Tk R EEE D TRERRKGR T HSH AT REGA TR E IR, THE
BHRIEE TRSTHEN T ERRB D . S CEDRERFEHRRIGIREIRREL T, HEH
£ BERFANERIAT AN B B RIE I B L Logistic B AE R, NZEFHIMET B SR ERESHE
5 DA R 2 EHEAMI B T Z TG 2 ERANERR R, JREEMSERX T ARRRE T L EE
MEHERI. REXNIERFERISKHERFEERERETT L ERNEEBEIREEMM, R
T PR BN KR

XK ia

BENLEBRS, ZEHFN, LogisticiR!

Logistic Regression Analysis Based on
Multiple Imputation under Random
Missing Covariates

Yue Yang, Xueqin Yu, Xun Yang
School of Science, Chongging University of Technology, Chongqing

Received: Apr. 21%, 2025; accepted: May 13", 2025; published: May 23, 2025

Abstract

In sampling survey research, there is a significant imbalance in the current academic focus on the es-
timation of population parameters with missing datasets. Existing methods mainly focus on situations
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where the dependent variable data is missing (such as regression analysis in response variable miss-
ing scenarios), while relatively little research has been conducted on scenarios involving missing co-
variates. Under the condition of missing covariate missing data mechanism, this paper considered the
multiple interpolation method to get the complete data and establish the Logistic regression model,
evaluated the accuracy of the variance estimate obtained from the difference between the parameters
and the multiple interpolation, and compared the performance of the multiple interpolation estima-
tor under different missing rates through simulation experiments. Finally, multiple imputation lo-
gistic regression modeling analysis was conducted on German credit data with random missing co-
variates, and the effects of the two multiple imputation methods were compared.
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TESEbr B AT s, AN ERIERIR . W& R R ZE B SRR A i 255 %2 F R &R 52, B
REAEE AT IR A . GBI T E AR R T HEIEE S B E, Yepta
FIERG SR, 53T 58 I EE 1) AT 5 v Can gt RN IO = A4 B B m 22, A &
HERFR m B R LI KB 25 N o X i 25 AE B S ML ] 5 28 & BUE A AE N AE R AR ——
BlanEEyT i@ B A A, ERE R A RERLO BEHR A BRI T B, ST R BRI AR, B S EURR ME
PR N RiR. Bk, MBS EE M ENZHEIRAE R EE I NEE., 556 AL,
PLA W 7T 3 BR B AN BOR (038 TR T A [0 )34 b . 36T ARLRE A AR 3 40 AN LR e #01& 1E J5 vk
(B & AR B A5 SEVRHLED) [1]. AAMESERERE, XEJvkit £ 8 3 78 b A & 58 4 00 i) 2 AR B
Wz b, TSR SR R RS, Fla M RERN. BEREESHEE RN, ZhE
A BEE R PERRIE S A R R, BN KT BR ) Ty AEA B 5 M i . KT 7T R AT RS e
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2. FHXIEP
2.1. FFE2H8

A N AL, A SRR Ry M p AR X, X, = (x,00x, ) SUHRRIASR Y B
B, AREVERM s i =1 N o BVER S BRI T, 05 SRR AR T UL
N X pyr BREN X0 X = (X X, ) o 38 Nx p SEWR BRI R RAE 7 = (1,01 ) 2558
P SR kAR RHARRE K =0, B =1,

2.2. BEHBRSE
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p(rik :1|yi’Xobs,i»Xmis,i»c):p(ri/c :1|yi’Xobs,i’C) 1

BEALSR I AE DL ELALH L, R L R S R I 7l SR TR AR B TE S BITT o L o S et ) — L5
B, W THHEE LGRS ZA S, SR FEREAIC, IERGZIRE R R . K
DA 58 B e L B TGRS T 45 R B DI REARALL, XTI — SRR A A A B, I IR
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(i) % M AMEAMIEEATERE, A B R B ST HERT
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Z BEAHAMEEE T WU, O DI ik b K S SR R R BN R) . DI iR ) R E R S
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P(6|data) = TP(10)P(X,|0)d0 « P(y,10)P(X,]0) )

SN AR E R — AN R, % T RN A B R B AL, e O T LA 3 O 3
HEAT WA . BBk, Kim, J KA Shao J. [5]46 UL 357 77 v 7 i T 000 K b 38 4 75 1) A 75
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() A g A (A [ Koo 00n ) ARG IRTY), A5 b DT, 24
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BRI, ARG MIXAE I M X)) FREREL, it AT T DA E X0 L x)
A ARE 7R 5K 2 A 7 (it

R S
n=r jZ:,n
I3 i AN 0 5E B8R B B S5 T 24 v = %i VU g MASTT AR, FR

LRI, S SCRIT I B=— LS (30 3)(3 -A) . % WA 2l

>

1
:WJF(HHJB (11)

DOI: 10.12677/sa.2025.145129 100 gt FE 5N


https://doi.org/10.12677/sa.2025.145129

L

2.4. Logistic EJ3{E5Y

Logistic [FIAAY, BARTHLTZE “BIH” , (HEPRE—FadRS ]k, WY 2R EAE,
X5 p SRR MR, p, = P(Y =1|X) JR0E X WAL YHUEHN | OB,

1

1+e

P(y=1X)=

P
Hiz=8+>8%X,.
i=1

1-p, :P(Y:0|X) FORTE X BIZAF R Y BUEN 0 MR, D
1
1+e™*

1-p, =P(Y=0[X)=1-
W% 2 ELHOS BT A3 “ X B L%
1%%;=%+§@*&
(] YA 0 e 5 DAy B ) A 7 i doe /s R v, B TR THE A T AR i T RO AR

it Sih Rl AR THERE,  HARCKRURMGTHRT A FARAPERE R, [T Logistic A7 — B AR
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1(B,.5)= ln[Hp, *(1-p,)" j ZYln[ pJ*l—h’l( -p;)

i

1(B-) = Z[Y*[ﬁﬁZﬁ*Xj 1n[1+eﬂ°+,§”"”‘f]]

SEBHE BRI IS TN 0, RIS RN AR S K (10 £ 118 .
3. BRI

ZIKFT"%*EMWJLXTTEEHHﬁﬁ%ﬁﬁ/ﬁﬁﬁ%ﬁ RBFEA R N=500, 27 i FBARHIARR y, 08 0~1 42
AR X, =(X,,X,,X,;), yB8EUF logistic BRI AR

logit(p(y, =1))=—1-X, + X, - X,;, i=1,--,500 (12)

i

WSRO SAE N (By, B . B ) =(—1,-1,1,—1)
K U~ 77 A AR A
X, ~N(0,0.5), X,~N(315"), x,~N(21)

ik X, X, AR, X, BIBENLERRALE G0N (SR 255108 0.044. 0.124. 0.42):
logit(p(ry =11 X, X,p,3,)) =1-2X, —4X,, +3y,, i=1,--,500
logit(p(r; =11 X, X 5., ):1 2X,-2X,+3y,, i=1,-,500 (13)

logit(p(ry =11 X, X,,,%,)) =1-2X, = X,, +3y,, i =1,--+,500

il

RO AR R X BSRARHLEY MAR . SR BT A8 A2 vk, 13 BIREACEDY 500 MR A . 1
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K H B AR BRI SRS, B3 A X, SRS, Sz BEEEAT 5 Ik EIAME R X, A
Rl IR 14 SEAGTE, WETHE S E B R 22 5 T RHUEEE S 8Uh T bs e = 3 T iR %2
BTSSR S AR WS IR (12) 2 A FFA R EE . Horh bRt 22 2 2 U(1 D) 2 S i A MS 2 8 77 Z A5 TP
SR, WJTRZE R TG AN S B THE S B S E R 2 E T A .

IOgit(P(yl' = 1)) =B+ B Xy + Xy + B X5, i=1,---,500 (14)

PTG as R an T (R E N 4 47):

Table 1. Results of multiple imputation with X, -missing rate of 0.044

F 1. X, BRKENR 0.044 THEERBIER

ZH FLIH fhTHE Wz Pk % Bk %E
B, -1 -0.7712 0.2288 0.3874 0.0542
B -1 -0.8330 0.1670 0.2331 0.0279
B 1 1.0705 0.0705 0.1122 0.0052
B -1 —1.2140 0.2140 0.1498 0.0459

Table 2. Results of multiple imputation with X, -missing rate of 0.124

2. ¥ BEEN 0124 TEEFHER

ZH HEME ftiTHE i 22 bRAfEZE BTz
By -1 ~0.6387 0.3613 0.4202 0.1494
B, -1 ~0.8187 0.1813 0.2520 0.0389
B, 1 1.0878 0.0878 0.1173 0.0085
B, -1 ~1.3097 0.3097 0.1652 0.0979

Table 3. Results of multiple imputation with X, -missing rate of 0.42

23, X, BEER 042 TEEBMNER

ZH HEME ftiTHE i 2 bRz TR E
By -1 ~1.2652 0.2652 0.5455 0.1674
B, -1 ~0.8474 0.1526 0.2317 0.0278
B, 1 0.9310 0.0690 0.1013 0.0050
By -1 ~0.7056 0.2944 0.2302 0.1125

HIBL 3% 13 TR, AR X, AFSRR TS ZHA KR, HAESER b J7 R % R
AW, U REALERR TS O, 2 BAAANSCR AN

4. SEHIRIE
S Kt 2 A PR 5 VAL et ORIRT UCT itk S FEAEDN 1000, PRAZEAEREDY 11. Sl
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K A AEFR I BAR R . A ORI A2 8 SRR RS A A7 AL BEHLERR IS DL, R 2 B4
J& Logistic [B1A75 2 (il v 2 %5 5¢ BB KL Logistic [B1IH15 2 1) 2 Ko A7 5 LE M7 -

4.1. HIFEFIE
4.1.1. TEA

AT B [ A VRS B b 12 MR, o RNEA EK FORA . H Bl SRHiEE. A
S ARSI W AERS . HoAh O AAT R, B . RS AMEMH RS, R RN R EBEL. &
AR LA 4,

Table 4. Variable description
4. TEHR

0: AL/ ATE LR % 1A
l: .<OfEEILW, 2: 0<..<200 & B 1 XFARIT TR S B %
TE RS ESE: 3 <200 EELT; 4. WA fE it BHA2IE; 20 I H BT~ LE O IHIE
K FIELA (558, 3: @R,
4: HABHAEFEOREARLT)
LR BUETE[19, 751218 oA 4> HAAF R 1: 4RAT: 2: MG 3: KA
. i [ ] L . .

. 1.506'4;025{%?-3@5’002; 1031506; Kk 2 LFEILE 315
X 3 i ;3 <. ST \ T xm )
HEMK P /M55 EE T, 40 > 1000 4 E D H sk & i T%ME,;. 4>57‘g£J7¢,

5: RAE/TF T
i 1: %; 2: B, BILEBEL T R INE 1: ZH; 2. AR

SRR FORESEUE R 1~4. TP BT 0 MESwHUES 15 £E[0, 200)Z FEUE N 2; KT5T
200 fE[E 55w HUE A 35 A SCEEIK L EUE 4.

B BUE A 0~4. 0 BIRE AELEE L SKREUITA SHC# g I8 1 BWE Z 8T 4
OIS 1 RoRX AT 10 BT A GE5CE T8 2 FoR 2 H §7 1k C AL 13I8 1 ILA 15 5
3R EEIRMF 4 RRHMAEARTHIAEIE.

B K P SRR IUE N 1~5. 1 FoRIKP %4/ T 100 fEE D5, 2 RoRKF %4 100~500 fEE
Ty 3 FRRIK B4 500~1000 FEE T r: 4 FoRIK S B KT AT 1000 FEE T 5 KRR AR AU i
Bk

Hargb W ASSLEUE N 1~5. 1 £onklls 2 FoRghl AT 14 3 FoRgilk 1~4 45 4 FoRiill 4~7
s SERRHWKRTEHET 74,

DN S AL T B S R, SR EUE 15 2otk T B S E sy R B CLUSHT, S 4 A
WEN 25 R 5 BV S RISy 3; QUSSR B S M AERIEUE S 4; 55 LW G0 Fitk
HIEE RN S,

WPF=HUE A 1~4. 1 38BN 57 2 Fe4EAS™, (Hn b 5 Btk 2 A2k th e BN FF RS 3 3%
IR FT P ANE DU RV R B, AEME K B 4 o R mEe)E M.

KA RS A FRLEI (R A AE R, P E AR A 1
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Figure 1. Box-and-Line Diagram

B 1. fEZkE

S B B s S s TP Y R, BRA5(903, 12)AE M - SR )5, v T LBREA, X BT AR HELL .

4.1.2. TEFFE
XHFAR R, 1o AT IR B S R AR & DL R AR & 2 (] pearson AHICPERG SR, &5 W47 WL 5
FE 2,

Table 5. Pearson correlation test between covariates and dependent variables

= 5. thZEES5EETER pearson XML

A& SCER PR A FRE[E (BTSN & W/ HATL S B A

pfH 244 %1030 649 %1072 2.42x1071 1.21x 10 0.00023679  0.0052613
oA W= iy HoAth o At it LI R INEE
pfH 597 %107 0.0039253 0.000501853 0.2492787  0.00941192

AN, Bk 1S 5 R AR B A DG T AE 56 p B, AR P A8 8 5 DR AR B A DG A 56 p B4/ T 0.05,
fEL R, RIS R SRR 2 (B ARSI, 25 RS AR F AR

ME 2 R BRATATLUE B, &N B IR AS I SE ALK, AT TR PR AR 56 2 55000 4 X K /NTE
[0.001907967, 0.350847483].2 [B](FRTTAZ & H B AHHE)

HFASCE PR R SR RN Logistic [FIVABARL, H7EFRHEAR IR 20 BT R SRR &
[FIEL IR 2% Logistic AR 5 35 P AG B0 AP AR B 5 IR AR 1) Logistic ME2Y BB AT LG AT 045 U4 6.4 7.

A 5 AR B 1) B IA 3R Logistic B8 REUR EVEAIGH, MR p H5 0.249, KT 0.05, Z AT
MR TG B B, Wb X — 5. KR ERESRABER p M/ T 0.05, EIERK.
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Figure 2. Heatmap of correlation of variables
E 2. ST EZEEXMERE
Table 6. Signiﬁcance test of univariate logistic model for covariates and dependent variables
F 6. MEESETEREBEREZRE Logistic IRE B Z MR
Bl ZHl FrifEiR z A Pr(>[z])
A I —0.84859 0.06909 —12.283 <De—16***
1% -0.08019 0.06957 -1.153 0.249
E: **RIR p<0.001, FHERLE 99.9%M EEKTFFEARBRAISGITEENE.
Table 7. Logistic model significance test of covariates and dependent variables
#z 7. hWEESETER Logistic BRI B E MK
Bl ZHl FrifEiR z {8 Pr(>z])
A I —1.13034 0.08777 —12.878 <2e—16***
H R [A] 0.39605 0.08061 4913 8.97e—07***
(ELERGE -0.34714 0.08346 -4.159 3.19e—05%**
BB /i —0.34144 0.08952 -3.814 0.000137%**
ER AR -0.16461 0.08215 —2.004 0.045094*
=gt -0.17073 0.07810 -2.186 0.028818*
i 77 0.19460 0.08476 2.296 0.021678*
R -0.12717 0.08449 -1.505 0.132273
HoAth 43 JA AR -0.20514 0.07514 —-2.730 0.006333%*
REINE -0.23383 0.11427 —2.046 0.040728*

¢ FRRRIR p < 0.001, RUIEERIE 99.9% I BEAF FRAWMBIGTHREME: **38R p<0.01, RUILERLE 99%
E’JE@?J(—TFT W REZ SR EE: #3808 p<0.05, RUIGERAE 95%MEF AT FAA G R,
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R, REFR p EKXT 0.05, HEMER.
4.2. BESHT

4.2.1. SEEHIREM Logistic [EARER
2 EMIBRAS AR WS, L e BRI AE 1Y Logistic [RIHEBLUN T 5 8:

Table 8. Logistic regression modeling results of the complete dataset

52 8. STEEHUREM Logistic ElERLER

A ZHAGT PRt iR z 8 Pr(>|z))
il -1.21997 0.09314 -13.098 <De—16%**
IR FURAS —0.74681 0.09127 -8.183 2.78e—16%**
H R [E] 0.30267 0.08655 3.497 0.000470%**
5% —0.34274 0.08841 -3.877 0.000106%**
HE WK P /7 —0.23958 0.09276 —2.583 0.009799%*
H k5 ol -0.27569 0.08588 -3.210 0.001326**
5t A ) —0.16453 0.08279 -1.987 0.046895*
A 7= 0.18505 0.08851 2.091 0.036553*
FoAth A BAAT R -0.18261 0.07927 —-2.304 0.021249*
REBHNE -0.23383 0.11427 —2.046 0.040728*

TE: RIR p < 0.001, RHIEERIE 99.9%H BEAK FEAWMRIGTHREME: **38R p<0.01, RUILEERLE 99%
MEEAKE FEGSESTEEN: *RR p<0.05, RMULREE 05% M EEKE NEAGSITREE.

ML H, 03 5 44N B 5 RS BT Logistic [ VAR rh SR 80H0 2 B 3510, "B p {4
#BEA /N T 0.056

B A EBRRESHIRSEIR N X, v X« Xy Xyv Xov X X, o X MXy, SRBELANY. e
BRI Logistic [H AR AR (PR B /NEUSUS AL

logit(P(Y =1))=-1.22—-0.75X, +0.3X, —0.34X, - 0.24 X,
~0.28X,—0.16.X, +0.19.X, —0.18X, —0.27 X,

MRS TR AT ARt RPERIN ()0 77 55 20 M2 JE IEAHOG I, AR (AR, W75t
BRI, FFESbRE oL, BREEEAL, SCEEK RS RBANER K, 2R B RONEE,
WA IZAR R, AR LR R 075, XEEME IBAMBL, BRFE LS.
4.2.2. ZEHH#F Logistic [EYFEE

MR < Al A SR SE PR B0, B IR /57 W7 A A 3 AT v Rl = A0 B e e 2 IR
AR, ZHGRMEEEHORNT 20%. SPEA SRR B /6507 7 RLH A 23 AT 30 Rl ix = AN
BAAEGR, B Xy X M X AFAEBRR (R AEGR RG2S H] mXas mXq Rl mXs 7R) o

il & K /B BE AL SR AL A0 T

logit( p (14 = 0], X €)= 1-2, = 2X, 03X, —0.4X, X, - X, ~03Y

Vo 7= BEATL SR AL A 2
logit( (1, = 0]y X, €)) = 1-2X, =2, =0.5X, = 0.2, = X, + X, 0.1
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FeAth 7 AL RIBEHL SR AL 2
logit(p(rl.s = O[3, X, ) ) =1-2X, =2, —0.3X, — 04X, — X~ X, ~0.2Y

ML 903 MEARS, 315 MEARNFIEALMTERD, 2 MERGE XX —NMER, 30 MEAREEK X7
KA, —AFEARFR R X A X X AR &, 30 MEARFIR 6K Xo Fl X XA &, 525 MR
A[F R Xay X7 A X 1X = ANAE B B X RIGE &K P /27 B 30 555/903=0.615, A28 X7 B4
BRI Y 556/903 = 0.616, ALH: Xg B H A 73 BAAT T RIBR % 9 558/903 = 0.618.

iZF mice B mice BEGHAT 5 RAAAS, X T IELEIAR &4 RT3 T ISR A (norm) A T
MG VCEC (pmm) 4l kb R & 3. 4 4.
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Figure 3. Missing variable interpolation trace map of norm

[ 3. norm 77 B0 BB AMEITE
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Figure 4. Missing variable interpolation trace map of pmm
4. pmm F5SERYER KT B HHANKITEE
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HIEIRTCLE 1, &K 05 W7 A 3 A 3 ot Jal A P DA R b 22 AN R 78 1 TR
BB, RPUEZRRS R

iZ 1 With B REAMI I 5 A <5 BBR” WO R 4%, FH] Pool B3, 132| Logistic
BTSSR RE SR, LR 9. £ 10:

Table 9. Multiple interpolation modeling results for the norm method

= 9. norm AN S ERINERRER

ZH SEREH A % EHANE % i 2.5%EE PR 97.5%E 5 IR
By -1.220 —1.484 0.264 0.18 —1.89 —1.0735
B —0.747 —0.715 0.032 0.11 —0.95 —0.4839
B 0.303 0.405 0.102 0.09 0.23 0.5818
B —0.343 —0.245 0.098 0.12 —0.48 —0.0065
B —0.240 —0.078 0.162 0.2 —0.58 0.4239
Bs -0.276 —0.329 0.053 0.1 —0.54 —0.1199
B —0.165 —0.022 0.143 0.12 —-0.29 0.2437
5 0.185 0.265 0.08 0.16 —-0.1 0.6302
B -0.183 —0.565 0.382 0.23 -1.13 —0.0012
B —0.265 —-0.293 0.028 0.13 —0.55 —0.0344

Table 10. Multiple interpolation modeling results for the pmm approach
= 10. pmm FER S EIRHMNERER

e e e % HifANE i 22 PRtz 2.5%EE TR 97.5%E M LR
Po -1.220 -1.381 0.161 0.114 -1.609 -1.153
b —0.747 —0.728 0.018 0.112 —0.958 —0.499
B 0.303 0.364 0.061 0.092 0.181 0.547
B —0.343 -0.292 0.051 0.093 —0.475 —0.108
By —0.240 —0.088 0.151 0.161 —0.442 0.266
Bs —0.276 —0.312 0.036 0.094 —0.498 -0.126
Ps —0.165 —0.086 0.078 0.095 -0.277 0.104
B 0.185 0.282 0.097 0.135 —0.021 0.584
By -0.183 —0.414 0.232 0.107 —0.653 —0.176
Py —0.265 -0.283 0.018 0.134 —0.548 —0.019

HIR AR, A2 1 2 HAm AN E AU, & FOR IR T 308 R AR, I2 FI Al 2 I ANERR 224
[ 58 BHRAF B S BUE TR, i 722 DR HEZE A K. 777 pmm 84K BT norm J7%.

& H
HPRBEE TR S A BB I H 9% B (gz1cx20233310).
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