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Abstract

The linear mixed-effects model is widely used for analyzing clustered or repeated measurements
data. This paper proposes a pseudo-likelihood method combined with the elastic net to estimate
unknown parameters in high-dimensional linear mixed models, including the variance compo-
nents of both fixed and random effects. Furthermore, relevant statistical inferences are also pre-
sented. The proposed method is applicable to general settings where the dimension and clusters
of random effects can be substantial. Regarding fixed effects, our approach does not rely on struc-
tural information about the variance components. Instead, it simplifies the complex unknown pa-
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rameters involved in the variance components using surrogate matrices. The performance of the
proposed method is evaluated for fixed effects errors, hypothesis testing, and variance component
estimation errors in various simulation settings, all of which demonstrate superior results.
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SRR MRV 2008, WA SR MA T YRGS AR T — ARG
TERA X AR R R, F R BRI B, A EE A 2 R S [1] [2] BRPETR A RN AR
A5 B 8 ABENLRLN. . FEVF 2 BRI B b, YRS M 4EE T DUR K, AT ARz KT REAR IR/
V2B T SM BN GERFITTE, RO i s 4e 88 . SR, REHOTEH RN T 403
MO R HAE , ANZRVERE BRI SRR . 0] i 4 LR MR A SR B AR AT G W SR R — N R
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(2012)7%5 & 7 [ 5 4k 25 1 VR A5 205D ARE R () A T [5] o A AT DTS Al ) T ] 52 44 182 B - Ahmin, Zhang AT Lu (2012)
P T MR AR T IA[6], %7 VA TR g B A T R BB LSS T . SN
BER/NHEIIS, BT ARIEH .

xof T Y v B b 7 2y B HENT, AT DR BUREE . 1520 A Wald #3645 [7] [8] [9] [10] (Stram &
Lee, 1994; Lin 1997; Verbeke & Molenberghs, 2003; Demidenko, 2004). {H J&ix £ 7 v 415 T B KAk SR At it
AR BRI AR R ALSRAR T, WA TE BRI o
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Claeskens F11 Gueuning (2020) [12]7% & 7E B A 8] & BRI [l e Hoa: 1 BE AL RGOS AT ey B i 1 1) v 4
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WX A1 Z Z I AR 0 i j>q  UARSGPEN 0. BEHLME RIS R 4 T & ~ N(0,0.251,, ) -
HAIEE qe{2,814), Wy oA Q)ER, Hds=5H f,=(105,0.2,0.1,0.05) FIAHZEFIFE K,
Bm=m,=--=m =m. &MEEHHMH 300 KIMILH Monte Carlo B AT H L .

4.1. [E R R G

AT E SRR ZE TR A T R . PRSI O Py AR, — M RIEER W, 3R
fiidA “pd¥” . H, ¥, =056 1< jk<q, UKARHO Y, L) “singular®” , FHh W R
WiRE, HWw, =0561<j<q/2, AW, =0. X THHEME §eBE XRiFket a, HiERk
B4 2 it 6,2log p/N 52, JEoH, 6, i scaled-Lasso AL (X, ) | .(X,) ATt 5L

M LATLLE HE, FRATHAR T B BUNO TR, BB m A q R, 1R Bk,
VAUAFRAT Rt 7 LA I RS M (R, BRS B) FO(RIR, VR S LR R

Table 1. Standard error for p.d.¥ and singular¥ when f; € {1,0.5,0.2,0}
F1 B {1,05020} REEE ¥ URAFF ¥ THIRER

p.d.¥ singular'¥

q m SD (1) SD (0.5) SD (0.2) SD (0) SD (1) SD (0.5) SD(0.2) SD (0)
0.057 0.056 0.054 0.052 0.048 0.046 0.045 0.042

2 8 0.054 0.050 0.048 0.045 0.047 0.045 0.042 0.039
12 0.054 0.048 0.045 0.041 0.049 0.044 0.041 0.037

4 0.162 0.158 0.154 0.149 0.104 0.098 0.096 0.091

8 8 0.119 0.113 0.104 0.100 0.082 0.075 0.072 0.067
12 0.086 0.081 0.076 0.069 0.066 0.062 0.057 0.051

4 0.231 0.225 0.220 0.221 0.138 0.135 0.129 0.128

14 8 0.201 0.194 0.183 0.182 0.126 0.122 0.111 0.108
12 0.165 0.157 0.144 0.136 0.114 0.103 0.095 0.089

BETOR, BAMGERET A (B 1 power PEAE. % REFTNBENLN B J7 25565, A2
“pd¥” , H—N “singular?” , HASEEBEMZATHIE.

2, BAVER T ASCH 5 380 Li 45 A\ (2023) 42 i 19711 | 28R 221 power . FRATHIIE4T
IFIERD Li S NI (Rl AE ZE AN K. fEERARE DL T, SRR Ho R IR 4823 Mz e 5%, FF HXx${1, 0.5, 0.2}
IR L R B% AT 5%, M LB BIFRA T 790 Li S8 N 7 e i o | 2R 25 07 TR AR 2 2%
SR, TELRUESE | RENRIVIGOLT, FATH T EAEXT T Li % A1) power YEREEILT

4.2. FERERNG T HERT

FLSRIA [ E N AV B AL SOP RS 4.0 AR AT SR RAS 1 ol Fln' . 4 072 =0.25, &
IR d =2 X AR RE W, FEAE A BCE 4 T s

o _[lee g [0 O
Lo 0) L0 )

T IEEHE W, 7" =(056,056) . M FHM ¥, ' =(056,0) . %3 &K1 of (mae.ol).
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ny(mae. ) Rl 7, (ae. i, ) B P B9 4XH 025 . JRATAT LB, (A 77 25 40 5 M- 940 25 (7 e
HKF, AR W R IER ML T, (i T4 BER 20 T2 R0 R 1.

Table 2. The rejection rate for testing Hp: ] =0 at 95% level for f; €{1,0.5,0.2,0} with positive definite (p.d.) and

singular when p=0
2. MR Ho: p] =07 95%7KF LAY power, 5] {105,020}, H ¥ BREEREMK(p.AUK p=0rH7F1EMH

(singular) FFHZ
proposed compare
¥ q m 1 05 0.2 0 1 05 0.2 0
1 1 0817  0.047 1 1 0793  0.043
2 8 1 1 0917  0.04 1 1 0887  0.033
12 1 1 095  0.04 1 1 094 0033
4 1 074 023 007 0997 071 016  0.047
p.d.® 8 8 1 0947 0277 0083 1 093 026 0027
12 1 1 0553 0.057 1 0993 044 0017
4 0927 044 0133 004 0917 0403 013 004
14 8 098 0527 0157 0057 0977 05 0143 0047
12 1 073 017 0047 0993 0623 0147  0.05
4 1 1 092  0.057 1 1 0877 005
2 8 1 1 094  0.063 1 1 092 004
12 1 1 097 007 1 1 0947 004
4 1 0986 0367  0.057 1 0983 033 0037
singulart¥ 8 8 1 1 0527  0.057 1 0997 0477 0053
12 1 1 072 005 1 1 0623  0.047
4 1 087 029 0057 1 085 0217 004
14 8 1 094 03 0073 1 092 0247 0057
12 1 0973 0367 0053 1 096 028 0033

Table 3. Estimation of the variance components with the proposed method for positive definite and singular when p=0

=3 Y p=08, FIRAMRHNGENGESEHRITT EEMARMGEIT

p.d.¥ singular?
m q mae. mae. 7, mae. 17, mae. o’ mae. 7, mae. 17,
4 2 0.094 0.094 0.078 0.266 0.266 0.087
2 0.122 0.122 0.065 0.279 0.279 0.075
° 4 0.117 0.125 0.072 0.119 0.518 0.090
2 0.143 0.143 0.065 0.281 0.281 0.074
2 6 0.144 0.098 0.076 0.145 0.403 0.087
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AL T i e VB IR SR SE, B8 1T RIS HU Al T AT R AL IR HL, $2 7 —Fho
I S AU BLER AN FRE R (535, 1257355 FE AR AR 25 R A S B, I Halid #8047 22 5
WEPF K e . A IR A B, 5 SRR/ R B M I, B A ke i A
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