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Abstract

For longitudinal data in varying coefficient linear models characterized by within-group correlation
and between-group independence, as well as the low estimation efficiency of within-group covari-
ance matrices, this paper proposes a more efficient estimation method for the within-group covar-
iance matrix based on modified Cholesky decomposition and B-spline functions to handle the non-
parametric components, thereby improving the estimation efficiency for unbalanced longitudinal
data. Additionally, the study incorporates two non-convex penalty functions, SCAD and MCP, to
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achieve robust variable selection. Simulation studies and empirical analyses demonstrate that the
proposed method yields more efficient estimates. Under the same parameter criteria, the MCP pen-
alty exhibits stronger significance for highly correlated sample data.
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Figure 1. Bootstrap resampling-based correlation heatmap
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Figure 2. Boxplot of estimation results from 200 bootstrap resampling trials
2.200 X Bootstrap FE#LIMAF(E T4 REIFHLE E
DOI: 10.12677/5a.2025.147209 343 St 5N


https://doi.org/10.12677/sa.2025.147209

FRAELE

4) 2] FIR TR TR S G T RO N AR IR, 551 2 MdE R, MCP 541 R B RO
Lo PR S, B THA R IR E PR A — EOME S SR, 0 SCAD AR 3 F IR YE, XAy SCAD 1k
T A RME R BB AREE, 2 BRSO Ry A —. B2, WRIEHLE A,
X YEFEAR TR FORE A A, MCP 45311 pRBOW AR B £ TR IWT, B RBRARAG T 2%

6. &g

AR XH 1 B rH A AR RN AR RN 5 e R S A, SR T A AR R AR MR B AR AR AL T
o AZITELARA A B B FE W K /N o] DL N ()28 4K, EEUnfEmT S 25097 2800, 25 %xiss N OAE T RCR AT
RESBEAE VR T I AV A HE RS SR 1 DR B89 . AHELZ T, AR G075 R BB 25 M RURAE B MG 7 T fE v
REFARL, REEART G LI FR, PRI RCER, A3 72 T2 1E Cholesky 7 fiF
Wb 7 Z A T T, B T R S BE R RIR I, 8 I SRR A BRI T S E S R R
AT RS BARIEN] SEUERUNI R, PR S MU S . RCRYE K AR A T T
M IA T . B TSR, AR I A7 308 AT i 28 AR T ARt 18] 7y 510 7 B 5 I 2 B 4] X A 7R 45
W, NERIBRGHG I EERME @A LA,

SE 3k

[1] Diggle, P., Heagerty, P. and Liang, K.Y. (2002) Analysis of Longitudinal Data. Oxford University Press.

2] Hsiao, C. (2003) Analysis of Panel Data. Cambridge University Press. https://doi.org/10.1017/cbo9780511754203

[3] Song, X.K. (2007) Correlated Data Analysis: Modeling, Analytics, and Applications. Springer.
]
]

—

4] Shumway, R.H. (1988) Applied Statistical Time Series Analysis. Prentice Hall.

5] Cleveland, W.S., Grosse, E. and Shyu, W.M. (2017) Local Regression Models. In: Statistical Models in S, Routledge,
309-376. https://doi.org/10.1201/9780203738535-8
[6] Hastie, T. and Tibshirani, R. (1993) Varying-Coefficient Models. Journal of the Royal Statistical Society Series B: Sta-
tistical Methodology, 55, 757-779. https://doi.org/10.1111/].2517-6161.1993.tb01939.x
[7] Fan, J. and Zhang, W. (1999) Statistical Estimation in Varying Coefficient Models. The Annals of Statistics, 27, 1491-
1518. https://doi.org/10.1214/a0s/1017939139
[8] Chiang, C., Rice, J.A. and Wu, C.O. (2001) Smoothing Spline Estimation for Varying Coefficient Models with Repeat-
edly Measured Dependent Variables. Journal of the American Statistical Association, 96, 605-619.
https://doi.org/10.1198/016214501753168280
[91 Jung, S.H. and Ying, Z.L. (2003) Rank-Based Regression with Repeated Measurements Data. Biometrika, 90, 732-740.
https://doi.org/10.1093/biomet/90.3.732
[10] Wang, Y. and Zhu, M. (2006) Rank-Based Regression for Analysis of Repeated Measures. Biometrika, 93, 459-464.
https://doi.org/10.1093/biomet/93.2.459
[11] Wang, Y. and Zhao, Y. (2008) Weighted Rank Regression for Clustered Data Analysis. Biometrics, 64, 39-45.
https://doi.org/10.1111/§.1541-0420.2007.00842.x
[12] Fu,L.and Wang, Y. (2016) Variable Selection in Rank Regression for Analyzing Longitudinal Data. Statistical Methods
in Medical Research, 27, 2447-2458. https://doi.org/10.1177/0962280216681347
[13] Fu, L. Yang, Z., Cai, F. and Wang, Y. (2020) Efficient and Doubly-Robust Methods for Variable Selection and Param-
eter Estimation in Longitudinal Data Analysis. Computational Statistics, 36, 781-804.
https://doi.org/10.1007/s00180-020-01038-3
[14] Fu, L. and Wang, Y. (2012) Efficient Estimation for Rank-Based Regression with Clustered Data. Biometrics, 68, 1074-
1082. https://doi.org/10.1111/].1541-0420.2012.01760.x
[15] B, Sale, %%, 55 s A R HE B & T IER Cholesky #Mfif[J]. H&Z R (HFOLAR), 2018, 61(4):
549-568.
[16] Wang, L., Li, H. and Huang, J.Z. (2008) Variable Selection in Nonparametric Varying-Coefficient Models for Analysis

of Repeated Measurements. Journal of the American Statistical Association, 103, 1556-1569.
https://doi.org/10.1198/016214508000000788

[
[

DOI: 10.12677/5a.2025.147209 344 Gt 5 R


https://doi.org/10.12677/sa.2025.147209
https://doi.org/10.1017/cbo9780511754203
https://doi.org/10.1201/9780203738535-8
https://doi.org/10.1111/j.2517-6161.1993.tb01939.x
https://doi.org/10.1214/aos/1017939139
https://doi.org/10.1198/016214501753168280
https://doi.org/10.1093/biomet/90.3.732
https://doi.org/10.1093/biomet/93.2.459
https://doi.org/10.1111/j.1541-0420.2007.00842.x
https://doi.org/10.1177/0962280216681347
https://doi.org/10.1007/s00180-020-01038-3
https://doi.org/10.1111/j.1541-0420.2012.01760.x
https://doi.org/10.1198/016214508000000788

KA

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Zhang, C. (2010) Nearly Unbiased Variable Selection under Minimax Concave Penalty. The Annals of Statistics, 38,
894-942. https://doi.org/10.1214/09-a0s729

Brown, B.M. and Wang, Y. (2005) Standard Errors and Covariance Matrices for Smoothed Rank Estimators. Biometrika,
92, 149-158. https://doi.org/10.1093/biomet/92.1.149

Yao, W. and Li, R. (2012) New Local Estimation Procedure for a Non-Parametric Regression Function for Longitudinal
Data. Journal of the Royal Statistical Society Series B: Statistical Methodology, 75, 123-138.
https://doi.org/10.1111/j.1467-9868.2012.01038.x

Liu, S. and Li, G. (2015) Varying-Coefficient Mean-Covariance Regression Analysis for Longitudinal Data. Journal of
Statistical Planning and Inference, 160, 89-106. https://doi.org/10.1016/1.jspi.2014.11.008

Fan, J. and Yao, Q. (1998) Efficient Estimation of Conditional Variance Functions in Stochastic Regression. Biometrika,
85, 645-660. https://doi.org/10.1093/biomet/85.3.645

Fan, J. and Li, R. (2001) Variable Selection via Nonconcave Penalized Likelihood and Its Oracle Properties. Journal of
the American Statistical Association, 96, 1348-1360. https://doi.org/10.1198/016214501753382273

Zhang, D., Lin, X., Raz, J. and Sowers, M. (1998) Semiparametric Stochastic Mixed Models for Longitudinal Data.
Journal of the American Statistical Association, 93, 710-719. https://doi.org/10.1080/01621459.1998.10473723

Fan, Y., Qin, G. and Zhu, Z. (2012) Variable Selection in Robust Regression Models for Longitudinal Data. Journal of
Multivariate Analysis, 109, 156-167. https://doi.org/10.1016/j.jmva.2012.03.007

DOI: 10.12677/sa.2025.147209 345 gt FE 5N


https://doi.org/10.12677/sa.2025.147209
https://doi.org/10.1214/09-aos729
https://doi.org/10.1093/biomet/92.1.149
https://doi.org/10.1111/j.1467-9868.2012.01038.x
https://doi.org/10.1016/j.jspi.2014.11.008
https://doi.org/10.1093/biomet/85.3.645
https://doi.org/10.1198/016214501753382273
https://doi.org/10.1080/01621459.1998.10473723
https://doi.org/10.1016/j.jmva.2012.03.007

	纵向数据下变系数线性模型的惩罚秩回归
	摘  要
	关键词
	Penalized Rank Regression for Varying-Coefficient Linear Models with Longitudinal Data
	Abstract
	Keywords
	1. 引言
	2. 基于修正的Cholesky分解的秩回归
	2.1. B样条近似
	2.2. 一般工作结构的秩估计函数
	2.3. 迭代算法

	3. 变量选择与惩罚秩估计函数
	3.1. 非凸惩罚函数
	3.2. 最佳调节参数选择

	4. 模拟研究
	5. 模拟研究
	6. 结论
	参考文献

