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Abstract

In this paper, a model averaging estimation method based on the LsoCV criterion is proposed for
longitudinal data with dropouts under the assumption of missing at random. This method adopts
the weighted generalized estimating equations (WGEE) to estimate the parameters of each candi-
date model, and determines the weights of each model through the leave-subject-out cross-validation
(LsoCV) criterion. Simulation studies reveal that the proposed model averaging method exhibits
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much better performance compared with other competing methods, and its superiority is further
verified by its application to the PBC data.

Keywords

Longitudinal Data, Dropout, Weighted Generalized Estimating Equations (WGEE), Model
Averaging, LsoCV Criterion

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

O\ TRV B T I AR B0 BOW S PR 0 R 1208 L, "B 4B R) — 2 AN AT 25 52 0 BT 15 1) 22 4 55080
BAAMENMS . BS54 . Liang F1 Zeger [1]32 H ) A5 72 (GEE) J5 1 7T LA 20
AL FEAA P AE G T, BN ) B 3 b R S ) A PR R 2 —

TEN VAR AT FE v, B G M R S AN o 1 o) R D R AR TR R R, AL
P BT PRI AT I kAR . b, BRI FEIAZ O H AR 2 AR ZARE R AL, i Hh
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n n

U (ﬂ)=ZUi (/"):;Xi'\/i_l\/\/i (Yi _Xiﬂ)zo’

=
Horb W, =diag (/7 o by J70 )+ Vi W TAE R ZHEE . &Y =(Y,Y)) 0 X =(X[ X))
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BB R, uffit N

ee™ i1,

ﬁ(m) = xm (X(m)’v I (m)) X(m)'V(;n)

1 A B(m)
) Wim) WY =P,

(m)

X FW“)=x<m>(x<m>’v(;l)w(m)x<m>) XV W x<m>=(x}m>’,~-,x£m>’)%Tkamﬁfﬂﬁ,
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Figure 1. Boxplots of MSE under different methods (for R(p) EXstructure, p=0.3)
L RREI75ET MSE HIFEEEI(R(p) A EX &4, p=03)
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Figure 2. Boxplots of MSE under different methods (for R(p) EX Structure, p=0.5)
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Figure 3. Boxplots of MSE under different methods (for R() AR (1) Structure, p=0.3)
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Figure 4. Boxplots of MSE under different methods (for R() AR (1) Structure, p=0.5)
B 4. REIF AT MSE MIRE4E(R(p) 59 AR ()&H, p=05)

AR HE H ) DM-LsoMA J7iE S 5 ARATI . BT 58 2404 (complete data) ) LsoMA
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B
wﬁo%ﬁﬁﬁﬁ%mw:é%zﬁ@—wﬁ?ﬁﬁ%ﬁ@,ﬁ¢sammmﬁi%$§&ﬁ,w%bﬁ

b=1

seig, A R p iR, b=1---,B.

NS AT AR T IE RS, AL H THIRE) MSE 628, 4R 1~4 FoR. HERSE En]
W, YECSZAHSCHE RN EX G505 AR (L)Z5HIE, BORISE 2 7 VA 2 R HY BB RS 16 33 7 VE B ALY
PEfE. FrifH ) DM-LsoMA JTEAHECT EW JiE R &R, H 57858838 N1 LsoMA 25 R 22 R4
AN, JCHAEGRR RN oM. BeAh, 1E p MIBRRBELRFFAL &1, BEEANEE n 3m,
JiEH) MSE BRI, JF HRIME IS E, JONMERRIERZ, DM-LsoMA 5 LsoMA &)
MSE ZEFffifi 2 B 846/, X7 %K DM-LsoMA LA MAROY K@ R EE. & 0and, %8s
FAAEIR M ALERR T, DM-LsoMA 572 R BLH A R A BRFEACPERE,  RI AAH S TRl e 2 it 2 T A .

FAN, MBEARE n BRI, ASSCHTE 1) LsoCV HEI W] B 2 7= AR R TSR AS . Ak, JE 4kl i
% Zhang A Liu [13]1¢ LB 51N K-H738 SCIRUFHEN], AT A 204 vk vl 5 B 12 i de 0%
4. SCHEST R

AT FA T AR 732 8 S PR PR TR AL (PBC) B 48 , %3E 45 vl il it R 15 &5 2 joineRML”
REL. ZEEEY M 312 (s, WERVICSE 1 age (BHCHT4E#4). gender (ME5, 54t 5 &), drug
(BiERY, A E D-HHEIK)SHRA L &, JFEZINE T 2 AV EEEE, W serbili (MIE5HLLE).
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EeS IS HIIRTCT o7 S 0111 B ERA N G o o =Tl SRR (e b w = b2 S P 1 s 101 | S EA N ) e O R LT Y A
R B R E L. AT log (serbili) Ay N AF &, 28 Bo Al Zhang [14] #5875, L age.
gender. drug. log (prothrombin) /% log (alkaline) 3t 5 ™ HipAr S MY IS . R EX Z5H1E A TR
FiRE, @t B 5 MR BHMTAS, S 2° 1= 31 Mk

G4k, HREIR AL T

log (1 ilti J = 6, +age,0, + gender,d, + drug, 8, + log ( prothrombin, )6,

it

+log(alkaline, )6, + Yiens + Vi 20 + Vi a0

Hi=1-,89,t=2,T, %540 =(-01091.21305-05-0.1,0.20.1) {HFHE H 5K KL H0.3.
B EHRBENL 7 RIS, PRI ZREEAT S, R )5 3 TR AL AN [R5 325 i)
REJT . RBNZREERE ny = 0.6n,0.7n G HO%dE, ISR EFAR n—n, BEE I HE, EELK B=
100 %, ST EMSPE): MSPE =13 LS S (a0 (@) -y, )L St = 3T A
b=1 N1 i=ng+1t=1 i=ng+1
iy AT
R T T RITEN N MSPE FIBME. W& LATELE 1, fE&KEET, Ak DM-LsoMA
TTERTNRS B0 T HoAdons 7 i, AUIRAR T2 T 58 & 8dla 1) LsoMA J7i%, X —40R 54 it
— 3 VLHIE AR H B SRR I, DM-LsoMA REWS A RCH ISk R H 15 J2., vk ge 2 2510 T EW.
MLIC. MLICC. QICWr & QICWp 4 Ji k.

Table 1. Mean of MSPE under different methods
%= 1. AR MSPE B9t41E

LsoMA DM-LsoMA EW MLIC MLICC QICWr QICWp
n, =0.6n 0.8460 0.8738 0.9075 0.8989 0.9057 0.9122 0.8818
n,=0.7n 0.8719 0.8886 0.9166 0.9268 0.9285 0.9271 0.8919

5. B4

ASCHEGE T T LsoCV #E N YR H BB e A m) B A5 A~ 35 ki, A0 06 15 S 4 BT 3 uE 1
PEOTIEAE TR FE 53E M B BRI, RUIZI5E0T DA ORI SR BARE 2, IR AR TR ) 25t
PRUEA M TR . ARk nT i —25 2% 8w Y\ 17 B4 (115 T (Zhao 1 Zuo [4]), i ik 1 BrAH G SE B b A i
S SRR, DOUCPRICTE ESA . thoh, ARSOOTEIR IR 2 R, (H5 Yu Z5[8]H)
%, DL KL B s, JRld i B ARSI UE(SEAL)HE I FAE, MM He mih H %,
DALl W VS B B L )
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