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Cognitive Abilities Research in Alzheimer’s Disease Based on Sparse Quantile Regression
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Abstract: Alzheimer’s disease poses a significant public health challenge in the global aging society. One of its main
clinical symptoms is the gradual decline in cognitive abilities. A crucial topic in Alzheimer’s disease research is to
establish models that link cognitive performance with neuroimaging data to identify neuroimaging biomarkers associated
with cognitive abilities. However, neuroimaging data often exhibit high dimensions, heavy-tailed distributions, and
outliers. These characteristics not only reduce the accuracy and stability of models but also pose challenges for result
explanations. To address these issues, this study uses sparse quantile regression to model and perform feature selection on
data from the Alzheimer’s disease neuroimaging initiative (ADNI). This study also explores the distribution
characteristics of cognitive scores at different quantiles and identifies specific brain regions associated with cognitive
abilities. Experimental results demonstrate that sparse quantile regression successfully identifies the brain regions relevant
to cognitive abilities at different quantiles. This research shows the potential of applying sparse quantile regression in
neuroimaging data analysis and provides a novel perspective and approach for neuroimaging research.
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Rl IR RIFERS (Alzheimer’s disease, AD) & —FpA
A AR AT MR, R R R AE AR A RN T R
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FAR AT 55 h B A45 2. ik, Liang 25 NP H T X
Bl 51 510 B € 3 FE 2 AT 55 R E % 2] (bi-graph guided
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[ 57 TA 5T B (NIH) 55 B 2 O TSGR R, 5
FEARZR BRI IFER G R IR IR . AR &R, BifE
AR AW bs S 2 18] (R S B, I HE S B 2R K i B
T WG TT 5. ADNI LG 2 Rl 282,
WS R BER (MRI). 1E 7R 4234 (PET).
SR H 22 A L DTN BE PR HCHE LAl PR A 22 00 B
PR RS 2 RIFE R AN Z R KE 50 Z MR
S, W RAE RS E N 55-90 5 1A, BEZ VEANIE R
HZ % www.adni-info.org.

AT ADNI Hofs P v SRE — 08, B8 1 &
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Alzheimer’s disease assessment scale, ADASQ4).
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V) RE VA HCHE A PR A, FRATT 4 IO 1) B 4 2
% (baseline data) FHI T 72. b4, XFH A ROL AAFR%
PR EAT TR 5r i, $REHT 5 AN ER R & N TET
IR, A PR AR 7R S AR T i PSR VL P A
1.2 #iEf#R

23 AL RS, K Th AR A SO 278, Hh s
134 > ROT A HtE . 5 DEMT R 8 DNIRIKAE
BN 2 DAFERHA AR 7. BEA 7 1S LB 45 249
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2 E RGO, SR E il R AR (2) FT LUK RIS E
HRAAO = (B0, pP) 1= 1,2,
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A e A T 15 2 o0 6 R BT VA ) R AR
51 BIHESE T 456 28 5 7 I e ik L AT kA 5
NBREREr=Y-XB, Hdr=(r, )", Y=01, ),
X =(x1,+,x,). Fk, B 1 PRRGE 4) FENhTLR
T

BeRP reR" ( 5)

min {Qh(r)+||ﬂ(l_1)oﬁ||l}
st. r=Y-Xp

B5Ep >0, FFE (5) W) kg B H R RON:
Ly (B.r.q) =01 (r) +|[ATV o B||, + (.7 - Y + XB)
+§||r—Y+Xﬂ||§

Hrf, pfkg B HRT. 0 R EH — A A& [FH
JE RHMRANAE B, Gt A B L R S, B RT 193] ADMM
A RIS AR, BRI 2 Bk,

H 2. TSRS % P R # (4) ) ADMM 5%

D) FN: e, S E R, EUS D) DRI SbR it e;

2) MBI AR B B0 =0,#0 =0,70)=0;

3) while [[BO-g¢=D||,>& do:

4)  HHBN:

2
Ao _ 1P soen_ Lo (1) .
ﬁ")—argmm{—HY—r(’ = —=0"" = XBIl +1AV Bl 3
penr 2 P ) :

5)  ERUUT PR, BEMSG X TRAN =1 0, ISR R LR TR
E%‘ﬁrii

T—CD(%)+77§.H)+p(ri—)*;+<xi,ﬁ(’)>)=0
Horh, o) NARHE EZS /3 i R A0 R A

6 Hihfinh: A
fl(l) — ﬁ(r—lj er(;.(f) _ YJrXﬂ(I));

7) end while;
8) i tht: fit-SHBO.

14 ZitiE®

XTIl 51155 MMSE Al ADAQS4, AR I
F Lasso 1E AL 4> Ar w8 J5 vk, @52 LA FN1S 4 8
iy 97 A8 B, DL Ax ADNI E 408 S g A0 & () s i 20 °F
H e AR Y el AR B A Ly T S A E R A
FERAT KR, A HRAEA R 4300 50T 51 iS5
X ROL Hdr45{0.1,0.2,0.3,0.4,0.5,0.6,0.7, 0.8,
0.9}, BATHEAERAG L EETEA R 47 25 T SIAEI15
BEMIE (p<0.05) K ROL Jy 1 5 Jii i g BLAEAS
A 734 s R 5N RE J1AH G RO 2 B RIS L, 3R
AR AE A 2 R ROT # I HE47 JE 7. ROT A EdE i
R il ggseg SLH, HHT-HUA 1 Hh AR AN BE 58 A DL R A ST
T 1) ROT X1 73 28548, (R b 45 4 P A 1 P B oK Je
7~ ROT B ME RIS WL, 045 aseg i B4 A aicha

i P 422,

2 SR
2.1 HEEA
2.1.1 ADNI #tls i N H G it 22 3 ik

X ADNI i P2 o R #00 B E A7 an s 1.1 A5 prik
FIHE AL 5 58, 4951 249 44 CN HE A1 29 4 SMC
BE AR, ZARE AR R AHE 134 A ROT ALY
Wy S ANAFERSLRE. 8§ MEKRERLLK 2 MR
INENTS ). A TESL T W3R 1, FTBUE H CN Al SMC
R U R EERTE T

F 1 ANOGuk MG R f bR R FR G- o0

Variables  p-value Type CN SMC
AGE’ 0.0012 — 73.88 (5.82) 70.97 (6.88)

\ Female 156 (62.65%) 16 (55.17%)
PTGENDER™ 0.5601 Male 93 (37.35%) 13 (44.83%)
PTEDUCAT" 0.1963 — 16.17 (2.68) 16.93 (2.19)
Hisp/Latino 12 (4.82%) 2 (6.90%)

PTETHCAT' 07945 Not Hisp/Latino 235 (94.38%) 27 (93.10%)
Unknown 2(0.80%)  0(0.00%)

Am Indian/Alaskan 1 (0.40%) 0 (0.00%)

TRACCAT Asian 4(1.61%)  0(0.00%)
0.3826 Black 19 (7.63%) 0 (0.00%)

White 225 (90.36%) 29 (100.00%)

Divorced 31 (12.45%) 3 (10.34%)

TVARRY" Married 161 (64.66%) 23 (79.31%)
03449 Nevermarried 14 (5.62%) 0 (0.00%)

Widowed 43 (17.27%) 3 (10.34%)

APOE4" 00927 — 0.29(0.48)  0.48 (0.63)

MMSE™ 04382 — 29.07 (1.16) 28.90 (1.21)

ADASQ4" 01064 — 274 (1.68) 221 (1.29)

T X MEGETHEE T A (FRHEZE); #0 ST v R (L)

2.1.2 ROI AARIHE fifi ik

RT3 T iR RO AR EHE 1) 43 A Rr Ak, Al
Xof Gk AT W A W R R AT R UM AN TR S I St
fabr, BREHE A T IES R ERIE R,
W FEE 465 v P S AR AT AT LA R Bl (L

WK 134 A~ ROT AR Eds i) U 2, W52 214
70 A RO A AR HHE 1 e P B ER AL 0, HH s 41 W 250 8 A7
1E— B FE R B E RS DL XS FEET 10 79 ROT AR i
i AR 26 B 24T B 7, ARAE RO AR AR KR B 38k 73
PR A bR AT ], QP 1 . AR g EEET 10 (1)
ROT X B ) i 6 X 8 (575 ) Jv: 5 =W = (X3rd
ventricle) (1), VUK = (X4th ventricle) (2). MiT
(brain stem) (7). 47 @K% (right caudate) (8). 4 s =
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(right lateral ventricle) (21). Z i % (left lateral
ventricle) (22). 4 FLfibi (right thalamus proper) (27)~ A
BT[] (left inferior occipital gyrus) (62)« 72 PN
J%ZJZ (left medial frontal cortex) (72). 7114k E Al (left
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