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Abstract

Generalized estimating equations (GEE) have been widely used in longitudinal data analysis due to
their ability to effectively account for within-subject correlation. However, when covariates in lon-
gitudinal data are highly correlated, traditional variable selection methods often suffer from insta-
bility. In this paper, we incorporate the SCAD-L2 regularization into the GEE framework to simulta-
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neously optimize variable selection and parameter estimation. We then propose an initial value se-
lection strategy for longitudinal data with multicollinearity, which uses the GEE estimator under an
L2 penalty as the starting value for computation. Finally, we investigate the large-sample asymp-
totic properties of the SCAD-L2 penalized GEE estimator. Simulation studies show that the proposed
method substantially outperforms existing approaches in both parameter estimation and variable
selection, providing an effective tool for modeling longitudinal data with complex correlation struc-
tures.
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Figure 1. Heat map of five-fold cross-validation error for the SCAD-L2 penalized GEE over a two-dimensional param-

eter grid
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Table 1. Simulation results for GEE, PGEE, and SLGEE in Simulation Study 1 with n =200
2 1. #1288 1 7 n =200 Bf GEE. PGEE # SLGEE HI#EHlLER

. YT iR 2% A% RIEH PRI R Jaccard
ik Bie iE BMH JiE BE AE BfE i % BME
n=200, p=0.5
GEE.indep 0.303 0.073 152.88 1.35 0 0.00 23.56% 0.67% 0.9791
GEE.exch 0.22 0.049 151.98 1.67 0 0.00 24.01% 0.84% 0.9704
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GEE.AR-1 0.249 0.053 151.8 1.94 0.02 0.14 24.09% 0.96% 0.9684
PGEE.indep 0.388 0.077 16.2 5.31 10.36 1.89 86.72% 2.98% 0.4075
PGEE.exch 0.344 0.064 7.72 3.92 10.22 1.73 91.03% 2.21% 0.4996
PGEE.AR-1 0.368 0.059 9.2 4.62 10.58 1.54 90.11% 2.60% 0.4729
SLGEE.indep 0.098 0.021 17.66 5.87 2.94 1.10 89.70% 2.96% 0.5672
SLGEE.exch 0.092 0.022 8.72 4.61 2.34 1.19 94.47% 2.22% 0.7008
SLGEE.AR-1 0.095 0.022 10.56 5.29 2.38 1.26 93.53% 2.63% 0.6656

n=200, p=0.8
GEE.indep 0.221 0.052 153.16 111 0.02 0.14 23.41% 0.56% 0.9816
GEE.exch 0.097 0.023 152.1 171 0 0.00 23.95% 0.85% 0.9717
GEE.AR-1 0.117 0.029 152 1.68 0 0.00 24.00% 0.84% 0.9705
PGEE.indep 0.375 0.057 24.24 5.37 10.18 1.30 82.79% 2.81% 0.3693
PGEE.exch 0.244 0.044 7.38 4.30 8.58 1.30 92.02% 2.29% 0.5454
PGEE.AR-1 0.267 0.045 9.9 5.44 8.9 1.34 90.60% 2.87% 0.5022
SLGEE.indep 0.1 0.021 26.1 6.34 3.34 0.72 85.28% 3.26% 0.5035
SLGEE.exch 0.086 0.021 7.52 4.78 1.28 1.05 95.60% 2.42% 0.7373
SLGEE.AR-1 0.087 0.020 10.6 5.65 1.68 1.13 93.86% 2.90% 0.6718

Table 2. Simulation results for GEE, PGEE, and SLGEE in Simulation Study 1 with n = 600
= 2. fRIUSCIE 1 A n =600 RPFh GEE, PGEE # SLGEE RyfEHILER

Methods MSE Overfitting Underfitting ER Jaccard
Mean Var Mean Var Mean Var Mean Var Mean

n=600, p=0.5
GEE.indep 0.093 0.021 150.84 2.23 0 0.00 24.58% 1.12% 0.9596
GEE.exch 0.063 0.015 148.58 2.42 0.02 0.14 25.70% 1.20% 0.9383
GEE.AR-1 0.071 0.018 149.96 2.83 0 0.00 25.02% 1.41% 0.9512
PGEE.indep 0.156 0.042 34 1.23 5.38 1.63 95.61% 1.09% 0.7043
PGEE.exch 0.139 0.038 0.48 0.58 5.36 1.59 97.08% 0.87% 0.7935
PGEE.AR-1 0.144 0.040 0.78 0.71 54 1.62 96.91% 0.82% 0.7818
SLGEE.indep 0.103 0.019 1.82 1.38 3.12 1.22 97.53% 0.97% 0.8924
SLGEE.exch 0.098 0.020 0.2 0.45 2.34 1.44 98.73% 0.71% 0.9476
SLGEE.AR-1 0.099 0.018 0.34 0.59 2.66 1.27 98.50% 0.65% 0.9463

n=600, p=0.8
GEE.indep 0.088 0.019 151.98 1.76 0 0.00 24.01% 0.88% 0.9704
GEE.exch 0.027 0.005 149.16 2.46 0 0.00 25.42% 1.23% 0.9439
GEE.AR-1 0.034 0.006 150.04 2.40 0 0.00 24.98% 1.20% 0.9519
PGEE.indep 0.164 0.042 9.16 2.22 5.76 1.42 92.54% 1.26% 0.5806
PGEE.exch 0.114 0.034 0.7 0.86 5.24 1.44 97.03% 0.81% 0.7953
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PGEE.AR-1 0.12 0.033 11 1.02 53 1.40 96.80% 0.81% 0.7796
SLGEE.indep 0.097 0.024 8 2.77 2.76 1.19 94.62% 1.52% 0.7145
SLGEE.exch 0.079 0.021 0.12 0.33 1.42 1.28 99.23% 0.67% 0.9542
SLGEE.AR-1 0.08 0.022 0.32 0.68 1.16 1.20 99.26% 0.64% 0.9515
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Table 3. Simulation results for GEE, PGEE, and SLGEE in Simulation Study 2 with n =200
= 3. RIUSCEE 2 i n =200 B GEE. PGEE #0 SLGEE HUtEHILER

Methods MSE Overfitting Underfitting ER Jaccard
Mean Var Mean Var Mean Var Mean Var Mean
n=200, p=0.5
GEE.indep 0.290 0.019 69.88 0.14 0.13 0.14 30.00% 0.00% 0.9950
GEE.exch 0.281  0.019 69.88 0.14 0.00 0.00 30.13% 0.00% 0.9975
GEE.AR-1 0.287 0.019 69.88 0.14 0.00 0.00 30.13% 0.00% 0.9975
PGEE.indep 0.279 0.019 35.75 0.77 7.63 0.67 56.63% 1.97% 0.4269
PGEE.exch 0.269  0.019 34.25 0.72 7.50 0.60 58.25% 2.11% 0.4154

DOI: 10.12677/5a.2026.152034 70 gt FE 5N


https://doi.org/10.12677/sa.2026.152034

XA, BT

PGEE.AR-1 0.276 0.019 35.38 0.75 7.63 0.67 57.00% 2.05% 0.4235
SLGEE.indep 0.026 0.002 6.75 0.82 2.13 0.50 91.13% 0.84% 0.6364
SLGEE.exch 0.026 0.002 4.00 0.86 1.63 0.56 94.38% 1.25% 0.7270
SLGEE.AR-1 0.026 0.002 6.25 0.76 2.00 0.52 91.75% 0.76% 0.6543
n=200, p=0.8
GEE.indep 0.444 0.037 69.75 0.19 0.00 0.00 30.25% 0.19% 0.9950
GEE.exch 0.418 0.034 69.75 0.28 0.00 0.00 30.25% 0.28% 0.9950
GEE.AR-1 0.443 0.036 70.00 0.00 0.00 0.00 30.00% 0.00% 1.0000
PGEE.indep 0.424 0.031 39.88 1.88 8.00 0.68 52.13% 1.89% 0.4469
PGEE.exch 0.399 0.028 39.00 197 7.88 0.71 53.13% 1.95% 0.4381
PGEE.AR-1 0.419 0.029 39.75 212 8.25 0.68 52.00% 1.89% 0.4423
SLGEE.indep 0.029 0.002 9.50 0.60 2.13 0.26 88.38% 0.71% 0.5809
SLGEE.exch 0.034 0.001 2.00 0.43 2.25 0.28 95.75% 0.67% 0.7832
SLGEE.AR-1 0.029 0.002 7.13 0.84 2.00 0.30 90.88% 1.08% 0.6263
Table 4. Simulation results for GEE, PGEE, and SLGEE in Simulation Study 2 with n = 600
4. fRBILIE 2 7 n =600 BF GEE. PGEE #1 SLGEE RUHEHILZER
Methods MSE Overfitting Underfitting ER Jaccard
Mean Var Mean Var Mean Var Mean Var Mean
n=600, p=0.5
GEE.indep 0.081 0.003 69.75 0.19 0.00 0.00 30.25% 0.19% 0.9950
GEE.exch 0.078 0.004 69.88 0.14 0.00 0.00 30.13% 0.14% 0.9975
GEE.AR-1 0.080 0.003 69.63 0.21 0.00 0.00 30.38% 0.21% 0.9925
PGEE.indep 0.071 0.003 13.88 149 7.50 0.64 78.63% 1.58% 0.3880
PGEE.exch 0.071 0.004 12.25 1.73 8.13 0.50 79.63% 1.76% 0.3691
PGEE.AR-1 0.071 0.003 13.63 157 7.63 0.64 78.75% 1.68% 0.3826
SLGEE.indep 0.022 0.001 0.38 0.21 1.50 0.21 98.13% 0.26% 0.8873
SLGEE.exch 0.025 0.001 0.13 0.14 1.63 0.30 98.25% 0.28% 0.8980
SLGEE.AR-1 0.022 0.001 0.25 0.18 1.75 0.28 98.00% 0.37% 0.8872
n=600, p=0.8
GEE.indep 0.128 0.006 69.88 0.14 0.25 0.18 29.88% 0.26% 0.9925
GEE.exch 0.114 0.006 70.00 0.00 0.00 0.00 30.00% 0.00% 1.0000
GEE.AR-1 0.124 0.006 69.75 0.19 0.13 0.14 30.13% 0.14% 0.9925
PGEE.indep 0.120 0.007 23.38 1.46 8.75 0.90 67.88% 1.29% 0.3496
PGEE.exch 0.107 0.006 20.50 1.19 8.88 0.78 70.63% 1.42% 0.3379
PGEE.AR-1 0.117 0.007 22.75 1.40 8.88 0.89 68.38% 1.50% 0.3445
SLGEE.indep 0.023 0.001 2.13 0.85 1.63 0.65 96.25% 1.18% 0.8007
SLGEE.exch 0.032 0.001 0.00 0.00 1.88 0.50 98.13% 0.50% 0.8952
SLGEE.AR-1 0.025 0.001 1.25 0.46 1.75 0.47 97.00% 0.74% 0.8313
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