. 514 - TP E PASET 2026 4F 8 H A 43 B4 4 4

A ] 4 T B B 150 5 2 LA G

Bui' ok RmOZHE R R AmA FRE AL KR

(IR E] Bry B 3EETHEST R HEW A% (penalized quadratic inference function, pQIF) A2\ ] H 3 5 WAL 5+ 5
A M7k, DA 6 X060 N2 52 J o A7 0 5 5 1] 11 3t A% 7208 S 6 L il 6 PR, A A2 55 Z i i A G DT g U 4k Dy vk
YA, Ak TEpQIFAEZL T, 455 ALE G5 (weighted sum statistic, WSS) 2 WLAE S 20 1 772, %F JL - 4 e A 748 S g
ATIMBCHIN K0 0 J BRAS 43 A8 s A o0 18 728 o, A4 2 pQIF 2 1) 5040 27 D0 AR S SRR A M i o DA SRR 1 o PR A o, 3R A T
B, 25 B TP R B S B T R R e i 0 o S — 2D N F T GAW 18 TS HE 41T , 358 1R e Il e A DG 17 1 233
B - 1% 55K X &2 40 (renin—angiotensin system, RAS) , LIUL4# JE (systolic blood pressure, SBP) i AL 1w , 1R 51 & IfiL &
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Longitudinal Data Analysis for Rare Variants Detection with Penalized

Quadratic Inference Function
Cao Hongyan, Shen Yang, Wang Juping, et al (Division of Health Statistics, Shanxi Provincial Key Laboratory of Biomedical
Data and Statistics, Shanxi Medical University , Taiyuan 030001)

[Abstract] Objective This study proposes a method for the rare variants association tests to genetic longitudinal
studies under the penalized quadratic inference function (pQIF) framework, aiming to identify genetic variants or genes that
have a significant impact on human complex diseases. Methods Within the pQIF framework, the weighted sum statistic
(WSS) is adopted to collapse multiple variants in a gene region to form a gene score, which is subsequently treated as a
covariate in constructing a pQIF-based longitudinal rare variant association analysis method. Simulation studies with
continuous outcomes are conducted to comprehensively evaluate parameter estimation performance and gene selection
accuracy. The proposed method is further applied to real data from GAW18. Focusing on the renin - angiotensin system
(RAS) , a key pathway related to hypertension, systolic blood pressure (SBP) is used as the outcome to identify important
genes associated with hypertension. Results Compared with unpenalized QIF methods, pQIF methods achieve higher
estimation accuracy and greater selection efficiency. Moreover, pQIF remains optimal even when the working correlation
structure is misspecified. Within the renin-angiotensin system (RAS) pathway, the pQIF identifies THOP1 and ACE genes.
Conclusion Our pQIF method provides a general tool for the analysis of longitudinal next-generation sequencing data.

[Key words] Longitudinal data; Rare variants association test; Penalized quadratic inference function; Weighted sum
statistic

4 [N 4] o€ B A 5 (genome—wide association
studies, GWAS )t i % il T b J7 i B 1 R 22 251k
(single nucleotide polymorphism, SNP) 5 ¢ 43 #7 , 15
ST — R0 5 N5 22 MR RTE 9 AH DG 19 5t 1% 42
SEAL A BT T N R A 2 R e RN gt A AR S A
W BE 2024 47 L AT IR) AT A A Y
GWAS i £ & 625113 4~ SNP {37 45, 58 1d 15500 4
PRARAHDC , X N0 Ze i b X B B

HOHLAY GWAS T BER X ULAR 5 (4 SR 234, 4%

* BT H R HRB R4 (824737393 82273742 ) 5 111 P8 45 LRl A
58 1K1 (202303021211130) , 111 75 44 [nl [ #8424 A 52 BLAF 98 Bh 1 H
(2024-081)

Lol P BB R DAE SR O 2 W s 2 500 5 G v 1L v 4 o S
¥:%£(030001)
2ARMBERI R AL DA B T 5 DA G # &
NEAEVER - KA )% , E-mail : sxmuzyb@126. com

iz /N 45 A 43 % (minor allele frequency , MAF) >5% [t
SNP A WLAE 5, MAF<5% [1) SNP 3 5 WLAE 5o
D358 2 72 S o7 AN R i TR A /N 3 1) 5 s 1) st
TR BE  BNAEAE st B, 27 O AR S J2 st A e % 1Y) o
BRI LA AR S A 1 R A R e A
HE 2 R H AR, AR S R A A, B T
AL B M ik gt s IR . Rk, DLk
PR A BT B o3 AT — A 2 DA S, DT 3 58 AR S Y
R B I SIS R A, R B R A AR S O
BTS20 BE A BRI, A28 B () 5L 15 91 AR
FE TR (weighted sum statistic, WSS) ¥,
T IRARIE I AP 5 184 A8 S 2Z R 10 5K
XoF [l — B 526 G AEAS [R] B[] 550645 2 FE An i AT H 2
T8 BN e o BT XA ) B AR R, Qu A e )
A7 72 (generalized estimating equations, GEE)"



Chinese Journal of Health Statistics, Aug.2026, Vol.43,No.4

Y LAl b 3R T WK HE T PR 2L (quadratic inference
function, QIF). Cho #l Qu#2 i T #& 11 QIF (penalized
quadratic inference function, pQIF)""", pQIF RE % 1& H
T A A8 i 4R R B AR AS 3 K 9 2 H B oracle 1
Fio BT AR AR AR R AR 2 R R Y pQIF
AT 1) B0HIE 27 DL 722 S DRI 70 # -

A SCHE WSS 5 UL A% S 43 #r 75 v W) pQIF A HL4S
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JE SBP i (55— vk il it 7 133 3], 55—k 89 4], 55 =
Y92 5) , [] s A 455 2 75 R FH v 0l e 25 AT 4% D3]
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o, Y, RN 1 B ] A5 ¢ AN 25 L, X, o A
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ture, INDEP) Fl 1] 32 2 # 5C 25 #4) (exchange structure,
EXCH)%.
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-+ 518 - P E TR ST 2026 4F 8 H 45 43 4555 4 3
F2 %L QIF M pQIF 7E AR R A Z5 A4 i S B 1ok 1
R P p=0.4 p=0.8
TMe NMe RPE(SE) TMe NMe RPE(SE)
oQIF 0. 0007 - 0.0129(0. 0007) 0. 0009 - 0.0189(0. 0014)
n=142 QIF 0.0051 0.0051 0. 0995(0. 0028) 0. 0078 0.008 0. 1529(0. 0030)
pQIF 0.0016 0 0. 0295(0. 0029) 0. 0024 0 0. 0432(0. 0045)
oQIF 0. 0005 - 0. 0095(0. 0008) 0. 0008 - 0.0151(0. 0011)
p=20 n=200 QIF 0.0033 0. 0032 0. 0650(0. 0023) 0. 0005 0. 0048 0. 0982(0. 0030)
pQIF 0. 0009 0 0.0175(0. 0013) 0.0012 0 0.0221(0. 0019)
oQIF 0. 0002 - 0. 0034(0. 0002) 0. 0003 - 0. 0049(0. 0004)
n=500 QIF 0.0011 0.0011 0. 0231(0. 0008) 0.0017 0.0017 0. 0345(0. 0009)
pQIF 0. 0002 0 0. 0038(0. 0003) 0. 0003 0 0. 0052(0. 0003)
oQIF 0. 0006 - 0. 0243(0. 0009) 0. 0009 - 0. 0332(0. 0020)
n=142 QIF 0. 0092 0. 0092 0.3654(0. 0116) 0.0142 0.0145 0. 5658(0. 0200)
pQIF 0. 0690 0 2.5863(0.0779) 0. 0488 0 1. 8049(0. 0013)
oQIF 0. 0004 - 0. 0134(0. 0008) 0. 0005 - 0.0207(0.0011)
p=40 n=200 QIF 0. 0044 0. 0044 0. 1730(0. 0049) 0. 0065 0. 0066 0.2603(0. 0070)
pQIF 0.0012 0 0. 0452(0. 0150) 0.0017 0 0. 0602(0. 0419)
oQIF 0. 0001 - 0. 0055(0. 0005) 0. 0002 - 0. 0086(0. 0004)
n=500 QIF 0.0013 0.0013 0. 0503(0. 0009) 0.0019 0.0019 0.0767(0. 0016)
pQIF 0. 0002 0 0. 0072(0. 0004) 0. 0003 0 0. 0097(0. 0005)

T : TMe g S5 257 J5 T 480 NMe S I 5 1t i3 22 - J5 03885 0QIF= oracle QIF, oQIF ANAEAEME S A8k, JE NMe fH, H1“~" 3R .
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AR K, T Z AR 22 86 45 /0N, 24 n=500 B, p=20
H1 p=40 () TMe #H[F] , RPE AT ; 24 FEA & 40/, p
=0. 4 1) TMe F1 RPE /N T p=0. 8, Fifi 35 1 A 12 11 3
K,p=0. 41 p=0. 8 (S HUE TG BEFIL
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/E;ﬁ;zi ?E;lﬁik NMSE TMSE RPE(SE)
AR(1) 0 0. 0009 0. 0090(0. 0007)
AR(1)  EXCH 0 0. 0007 0. 0093(0. 0006)
INDEP 0 0. 0007 0. 0088(0. 0007)
AR(1) 0 0. 0009 0. 0096 (0. 0006)
EXCH  EXCH 0 0. 0008 0. 0089(0. 0006)
INDEP 0 0. 0008 0. 0096(0. 0008 )
AR(1) 0 0. 0005 0. 0060(0. 0006)
INDEP  EXCH 0 0. 0005 0. 0066(0. 0004)
INDEP 0 0. 0005 0. 0064(0. 0006)

1 : NMSE 32 /R B AR Je 24 5 1R 2% TMSE 3278 B35 7 iR 22 ; RPE
(SE) A5t il 5 22 S Hobrifiise .
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Uy R A PR Rl — Bt . 3% 34 pQIF 7E AN [FIAE Mk AR O
TR AR A TR B2, X [) — LS A B O 22 46
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— k.
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2. ELSEAR b
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