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Abstract

Background: Mild cognitive impairment (MCI) is widely recognized as a prodromal stage of Alz-
heimer’s disease (AD). The apolipoprotein E €4 (APOE £4) allele is a well-established genetic risk fac-
tor for sporadic AD and has been implicated in Af accumulation, tau pathology, and cognitive decline.
However, the interactive effects of APOE £4 and A status on cerebrospinal fluid (CSF) biomarkers,
brain structure, and cognitive outcomes in individuals with MCI remain unclear. Methods: A total of
396 individuals with MCI were included from the ADNI database. AB positivity (AS+) was defined as a
standardized uptake value ratio (SUVR) = 1.11 on 18F-AV45 PET imaging. APOE £4 carriers (APOE £4+)
were defined as individuals possessing at least one £4 allele. Multivariable linear regression models
were employed to assess the interaction effects of APOE £4 status and A positivity on CSF Af1-42,
total tau (t-tau), phosphorylated tau at threonine 181 (p-tau181), hippocampal volume, and cognitive
performance. Results: Compared with non-carriers, APOE £4 carriers exhibited significantly reduced
levels of CSF AB1-42 and significantly elevated levels of t-tau and p-tau181, indicating more severe A
deposition and tau pathological burden. Additionally, APOE &4 carriers showed significant declines in
hippocampal volume, episodic memory, executive function, language ability, and global cognitive
function. Furthermore, further analysis revealed that individuals who were APOE £4+/Af+ had the
most pronounced increases in CSF t-tau and p-tau181 levels, as well as the most significant hippocam-
pal atrophy and cognitive decline, suggesting that the two factors may synergistically promote neuro-
degenerative progression during the MCI stage. Conclusion: This study emphasizes the interactive ef-
fects of APOE €4 and A status on CSF biomarkers, brain structural changes, and cognitive impairment
in patients with MCI, supporting their synergistic role in the early pathogenesis of AD.
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1. 53|

TR RE R A 4 BRZ) 5500 T3 N, JIF OO S BRI FZR K 2 —. b, BRI (AD) 2
B LBRIRZE T, 215 60%~80% I I [1]. AD s R AL B 27 32 B8 py Y vl S 6 o 1 SRR PO B, )
AN B-UERIEER (AR EHRAN tau 88 AR SR HIMP L IR AT 4RSS . AB FEAIR AN 18] 53 DR, T ek
FERESR, B BB BN AN, 2K 15 S S IhEE, BORRMAT YL [2]. S5k,
tau HE FAERR N KR TR IR AL, TR R IR AT e, TR s, R Rt 2 oo )
REFEIF[3]. AD M) E BAFE AL A R AN DI RERIFF 8L 38 IR, I B BURE iR MAL A G [4].
T AD HA MmN FAE B MSE T3, RIS I A AT T By Bk A 3t T U i 15 A%
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e[ PR [5] [6].

BENFIFEF(MCL) &N T 155 32 2 5 AR R IR B 7], BFFRE, MCI S A s Thag
RS JE bL IE 8 2 4E AR 3~5 fi%, 29 15%~20% MCI 35 &K N AD [8] [9]. Ak, KEWFFEAETEm
MCI JEfE 22 AD KUK B 922 9 i3E R R O BEE R 2% o

HWIEHE A E (APOE) &4 SN FEHULME AD S EE B E NG R R 2 —, OHIELE MCI & AD
(AR AR # PIFEOG[10]. BT Rs, ARBTG5, o4 #5775 10 AD KBS N 3~12 f5[11]. KEiE
PR B APOE ¢4 T LAMIIE AD IR RBEFE[12] [13]. bAh, ML 0T 58 AR T4 JiEds, W5
78 APOE &4 #5773 /6 MCI A1 AD B B v D 2545 56 o~ ™ 8 [14] .

SR, APOE &4 fEifi1#% AD HERE P I HARHLGIMTI AR 58 2 W it AR ], APOE mlld AB K
PR A ARG B AR R RS AD (R A5 R RE[14] [15]. BEAE KR8 T APOE &4 7 AB IR
PIVER[16] [17]. 28T, APOE &4 5 AB 1E MCI ABEH N I B M AE MIAn B4 . IS5 14 SO\ R D) RER 22 A
FAATSANTE 3 o PR ANIRTIX — HLHIOT T AN A RS PF-Aik B I PR T T3 SR s 1) AR Ak B B 2 S

Rk, ARWFFRLEA SR EEE S 2 4 INAPE, 81 APOE &4 Fll A Xt MCI N B (1IN & VR AE
Yiks &M S SN e A B E L BAE o IX —WE TR AT B T4 MCI B B b 22055 BEAL AR )
PR, I A TR W 1 1) A I R AR A

2. 5 HZE
2.1. ADNI FOFR S A B RIMNHERR T HE

AT T BT 2R D 1 BRI A 28 518 7 (B UL (ADNI) Kdfe 78 mh e 52 408 ot Al il HHUD 2023 4
10 A 1 H. ADNI 78 LR35 2 5P B8 B2k 5 > (O 3LHE, JFEms (BR 28E 5 ) e EE .
P 2 E ORI F & . AR TN ADNI BT AT & DL ARHERI 2 E : (1) #76 MCI RS
WibsdE, RNFRIUIRS PR SRR (MMSE) T > > 24, ImRFRIEE B3R (CDR)IF/> N 0.5, FAEILIZTIRER
B, AERIE BRI WibR i (2) FA4& AT RN AL 1BF-AVAS PET . #2000 B2 1Al R 5 (AR K04 5
(3) Kt WHADOEER L APOE R 7M. HRERFREEAS: (1) BEARAF 7L 0 78 B 453 47795 5
(2) FEBEFADRTBE 51 AR BEDT I AP 22 R GUHR WA ™ B AT 5 L 22 R ERE AL . T AT PERARK S A <
RIS PO L PR AR A

2.2. Sr4EMER

AHFiH, BF-AVA5-PET SUVR > 1.11 B2 IRF € SO AB FEPE[18]. &/ #E4Hi — 1> APOE &4 55
R EE[R# T2 APOE &4 #5717, HAR M R4 .

2.3. BuErsE b

ABEFNCERFF AT L N EE : (1) AR EY): B4 ABL-42. t-tau il p-taul8l. (2) & OB
SN E SR B /R S BRI PRl B R - A7 R (ADAS-Cog), F A ADNI-LONI £4f SR %N
AVESY, PAVEAGAS A R4, 4515 501212 (ADNI-MEM). $147 T BE(ADNI-EF) . iE 5 fiE J1(ADNI-LAN)
AL E 25 18] B8 JJ(ADNI-VS). (3) DR EYE . (4) BF-AVA5 PET #idli: H T AB RS . (5) A%
SEEER: SRER. YR ZEEER K APOE HEKMI¥E . ra HdE 4k 5 ADNI $dE #E, FEM
LR SCfER 42 EC: “UPENNBIOMK_MASTER.csv” . “UWNPSYCHSUM.csv” . “ADAS.csv”
“UCSFFSX51_11 08 19.csv” . “UCBERKELEYAV45 04 26 22.csv” . “ADNIMERGE.csv” DL &
“APOERES.csv” .
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24. GHFLE

AHFFE SR Shapiro-Wilk A 3a v L& M IESTE. XM TR EIES G HA R, RKAMALEE
AR HEAT A B X T ARIES AR AR R, R ARG GG . 70 BRI RT3 v A -

IRV APOE ¢4 5 A IIAZ AR IR A INRIRBL G SRR, # i 2 S e P [l ALY
¥ APOE e4 x A ME N EE HACE, FHEHIER . T L2 EEMR . 1R RER E, 2R
R i 5t emmeans AT 41 18] S 5 B ELEL, I FDR J7i&#E T 2 SHCEUR IE . B Seit 7 Hrd At i
R (WA 4.3.3)H1 SPSS (fiiA 26.0)58 5, XUl P < 0.05 HHANHA Geit 22 Lo

3. R
3.1. —fAOZFESHIFE

AR IR T APOE e4 FE#ET 8 S & N DS E(IL K 1) 458 EoR, 5 APOE &4 #5775 HH
Eb, HEATE BOAERS BEHMIK(P = 0.016). IHt4h, APOE ¢4 #1734 1 8F-AV45 PET SUVR /K1 5.3 = T
Hr# (P <0.001), #E78 APOE g4 #5754 1) AB S i sr. SR, PHZLAETE AN 2 208 SERR 5 T G 5. 3% 2 5 .

Table 1. Demographic characteristics of the study population

F 1 MRABHADGITFHE

APOE ¢4 a7 4 APOE &4 #a5 #

(N = 210) (N = 186) P
(%) 72.42 (7.50) 70.64 (7.17) 0.016
(%) 96 (46%) 82 (44%) 0.82
ZHE FIR(E) 16.34 (2.53) 16.04 (2.75) 0.26
18F-AV45-PET SUVR 1.13 (0.20) 1.31 (0.22) <0.001

#: P<0.05 BEARIFHE L.

3.2. B REMIFREDIER

AU T APOE od M5 RIAFHEHE# 2 MBI IZE AR SR T (1% 2). SRR,
AR 0 KT BT EIUR , APOE o4 HEHFHITNF I ABL-42 KF BEHE(E, ttau Al ptaulsl /K
T (P $)<0.001).

Table 2. Comparison of cerebrospinal fluid biomarkers between APOE &4 carriers and non-carriers

% 2. APOE &4 #55 & SRS E BN B il £ YIRS L L

APOE &4 R4 & APOE &4 #53%

(N = 210) (N = 186) P Adjusted P
I#H AB1-42 (pg/ml) 198.82 (48.44) 150.89 (43.71) <0.001 <0.001
6 t-tau (pg/ml) 66.64 (39.20) 106.18 (56.63) <0.001 <0.001
i p-tau181 (pg/ml) 32.72(18.88) 49.42 (25.98) <0.001 <0.001

7. Adjusted P EASIE 7ERI. R R EFR. P<0.05 BASTERE L.

3.3. APOE ¢4 5 PET Ag KRS IR & R £ EMRZEER
K00 W T APOE &4 5 PET AB IR XTI B W AEWbs EWAC TR (L4 3). 45 R B,
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APOE ¢4 x PET Af (122 B.IU5 i B t-tau (P = 0.048) % p-taul81 (P = 0.042)/K 7B IEAMR, HAEKIE
PRSI FRFZBEFERG, SRBA G 22, R ZE L EAEMH RS tau S AR EAE G, 2
MM, %38 AR 508 ABL-42 KT 2 8] oK 4 2 R

H 5 bR g R, VYA R ABL-42 K AE A i 3 22 7 (P 34<0.001), 41 ¥ 1 i 7 - APOE e4—/AB+
YA APOE ed+/AB+E A p-taul8l 1 t-tau /K73 535 5T APOE e4-/Ap-4H(P #4<0.001). Ith4th,
APOE g4+/Ap+4H 1] p-taul81 1 t-tau /K V-t 5 T APOE e4+/Ap— (P = 0.011) 11 APOE e4—/AB+4H (P <0.001).

Table 3. Interaction effects of APOE ¢4 and PET Af on cerebrospinal fluid biomarkers
7= 3. APOE ¢4 1 PET Ap 3 I B RE MR SR X EIER

APOE ¢4 x PET Ap

B 95% ClI P

i 5 ABL-42 (pg/ml) -0.18 -0.47~0.12 0.236
Jibi G t-tau (pg/ml) 0.38 0.00~0.75 0.048
i p-taul81 (pg/ml) 0.39 0.01~0.76 0.042

W PRIETHR. £, ZHEER; P<0.05, EHFZRITHE L.
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Figure 1. Post hoc comparisons of cerebrospinal fluid biomarkers across groups with different APOE ¢4 and Af statuses

[E 1. 1[G APOE ¢4 5 AB RS TRE R E ARSI B HF L

34. BEEREGERIH

Nl APOE e4 X4 HITRISAM, AHFF AL T APOE &4 #5135 E 17 2 (Wil DR AL (N %
4), ZEREIR, 5 APOE ¢4 AR5 Z AL, APOE e4 #5411 5 Bz iR A4 AR 2 25 /s

3.5. APOE ¢4 5§ PET Ap RS EDFFRINZEIER

Nk W HRTT APOE 4 5 PET AB IRZS XS 45 A2 FAE (WL 5), AR AU 1 2 st [nl A
R, JRAEREHIIER] . R R R B E IR AR R KL, APOE &4 x AB 52 LIS XU 5 B2 i AR
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BEMK., AEmE, S E/EHS5AM (B =—-0.53, P = 0.008)F145 (8 = —0.43, P = 0.030)#F & {A AN & &
AR, $&78 APOE e4 #A0IRAS T RETE AB FIVETS =2 N Inisil & 24513 72 .

BB HE BT R, WE 2 Fis, APOE ed-+AB+LEL I 76 G Ty AR AR 3K T Hb = 240 (P 43
<0.05), SCHFIZAE HAR XS 7o g 1 2546 () BRARME R . SR, A Ui 5 X3, RS RA AR i A8 B
LA, AELDY Sy A2 1 R 1 LR 5% B G v W 3 1 2 ) 22 (P #9>0.05).

Table 4. Comparison of hippocampal volume between APOE &4 carriers and non-carriers

% 4. APOE &4 #55 & S RS HE RS D HFREER

APOE &4 JE#Ea & APOE ¢4 i

(N = 210) (N = 186) P Adjusted P
e M S 57 5T T AR AR (mms3) 3508.58 (601.07) 3464.57 (597.77) 0.47 0.036
T B K 5T T AR (mmS) 3598.00 (578.78) 3540.69 (590.94) 0.33 0.013

7E: Adjusted P {EEE LR VE[RIABER, KRIE 7R SRR KR HFER. P <0.05 HAZHAR

Table 5. Interaction effects of APOE &4 and PET Ap on hippocampal volume
% 5. APOE ¢4 1 PET AS 338 B4 FA#0 R B 1E A

APOE ¢4 x PET A

B 95% Cl P
e B T AR AR (mm3) -0.53 -0.92~-0.14 0.008
A Sy BT AR (mmd) -0.43 -0.83~-0.04 0.03

W PRIE TR, F#. ZHEER; P<0.05, EHZRITHE L.
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Figure 2. Post hoc analyses of hippocampal volume across groups with different APOE &4 and Ap statuses
2. I[E APOE ¢4 5 A RETESAIRMAE B FFLLE

3.6. I\HIThREGER i
W LLEL T APOE &4 #54 # SR # & WA IR (W% 6). 45 EIR, APOE &4 #5717 ADNI-
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MEM. ADNI-EF 1 ADNI-LAN P73 & Z K T B4 34 (P 44<0.05), VR#EEMER] FMMEE FIN G %2 7
EA G2 . AN, APOE &4 #47& 7E ADAS-Cogll A1 ADAS-Cog13 i) b &2 & T Ak & (P
#1<0.001), $ERHBEMAGNTHREIIEE N E, SRiM, ADNI-VS P-4 7EF 4L T8 E % 5 .

Table 6. Comparison of cognitive performance between APOE &4 carriers and non-carriers

% 6. APOE &4 #575 & SRS HE RN REEL R

APOE ¢4 AFiifi & APOE ¢4 #1i &

(N = 210) (N = 186) P Adjusted P
ADNI-MEM 0.57 (0.76) 0.21 (0.75) <0.001 <0.001
ADNI-EF 0.53 (0.82) 0.30 (0.86) 0.008 <0.001
ADNI-LAN 0.48 (0.75) 0.27 (0.77) 0.006 <0.001
ADNI-VS 0.07 (0.74) 0.00 (0.72) 0.38 0.332
ADASCog-11 8.47 (4.17) 10.08 (4.69) <0.001 <0.001
ADAS-Cog13 13.48 (6.25) 16.40 (7.19) <0.001 <0.001

E: Adjusted P {H 2% T2k BIABR, KQIE 7RI FEe & ZHFFEMR. P<0.05 BAGHHE Lo

3.7. APOE ¢4 5§ PET Ap RATHAMINEERNZ E{ER

I 2R [ A AR — 25 1E A APOE e4 5 PET ABIREXFNMIRINAZ BAEH (L 7), 458 ER:
APOE ¢4 x AB A2 HIji 5 ADNI-MEM & &2 7 AH5%(8 = —0.47, P = 0.018), 5 ADAS-Cog13 & &3 IEAH G
(#=0.49,P=0.017), #&/Ri%28EAEF AT AEINE S S AZ 88 7100 R BRI M B AR EEiR . ARiM0, %X H
755 ADNI-EF. ADNI-LAN. ADNI-VS Pl ADAS-Cogll [{iF4) A S B 2 A0 S5t (P $>0.05), I
EPATIIRE 15 S A2 A1 D Re J7 TH 0520 A XA FR .

HIG RS Rt — K], APOE e4+/Ap+417E ADNI-MEM ¥4 & #K T H A =4, H ADAS-Cogl3
P> B2 TR (P 41<0.001), $RRZAAMARIICIZThEE S BN AfE 112 i ™ LA 3).

Table 7. Interaction effects of APOE ¢4 and PET Af on cognitive performance
%2 7. APOE ¢4 1 PET AB XA NTHAERI R E1ER

APOE ¢4 x PET Ap

B 95% ClI P

ADNI-LAN ~0.09 ~0.50~0.32 0.667
ADNI-EF 0.01 ~0.39~0.41 0.974

ADNI-MEM ~0.47 ~0.86~-0.08 0.018
ADNI-VS -0.08 ~0.53~0.36 0.709

ADASCog-11 0.37 ~0.04~0.78 0.08
ADAS-Cog13 0.49 0.09~0.89 0.017

W PRIET M. Fl. ZHEFM; P<0.05 BHgQIH¥EL.

4. 71ig
4.1 KRN EELT
AR RGIRTT T APOE ¢4 FE R A 5 ABRZSAE MCI B3 Ao i BV AL Wbs S8 . 5 5 450y Bl F0
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Figure 3. Post hoc analyses of cognitive performance across groups with different APOE ¢4 and Ap statuses
[E 3. I[E] APOE ¢4 5 A ST N AT aERI A B F /S ERER

THREMIZE HAR o WHoiss RFBARBIIELL T 7 H: 1%, APOE &4 #5r & MIMEH ABL-42 /KT R
i, 1 t-tau F1 p-taul8l /K~F &3 Tt &, $&7~ APOE g4 #75 # n] REA77E 5 ™ H (1] AB YIAAN tau 25 1 22
HWR, TEREIFANRITIREJTTH, APOE e4 #5i5# L ARy 2 R I o0 2 B 3, B8 XU g 2 AR AR
PR E N, PAAETE 5 /Z(ADNI-MEM). #1447 T RE(ADNI-EF). 1% 5 it /7 (ADNI-LAN)FIEE AR\ F BE
J1(ADAS-Cog) B2 3E1R,, KW APOE &4 W HEAE I ZIRAT MR AL il 2 S B EM . 2=,
APOE ed+/Ap+# X 4 t-tau F1 p-taul8l /KPR E I 5, g DA R EZEYE, 15 510 /Z(ADNI-MEM)#!
BRIV HE(ADAS-Cogl3) & 34 3k, XK APOE e4 5 AB 2 8]l BEAFAE U [FIRLRL, a2 42 4% 1)
KA.

4.2. APOE ¢4 5 Ap M &R E s E 8000

MR B AT EY, APOE &4 JEN M 5 tau 75 B2 8] () CIRAE AB FHIE AN B o8 B2 [19], #R
APOE ¢4 n] g id 17 Ap NIFEE W tau 25 A RES . IIH—TEET-I\ M PET Bulg i 78t —
WAIESE TiX—fRik . Ferrari-Souza %5 AXHE 4 NBEHET Kk 2 SFEBEVI R, 75 AB IR 5t F, APOE
4 AT E LRI 2N () tau 2 (4 RAREERL[20]. IX — R BRI T B RAR SEE YR, SO APOE &4 1
AB PR IER R IE tau F o SEAR I RIRR SR AT VAR AR AR

5 LW R 8, AW RIREER] APOE 4 #5415IRGS AB FHIEZ MIZ/E BB L HAER . Hik
M, APOE ed+/Ap+AMARIINE T t-tau F1 p-taul8l /K VPR & m T HAb4, 275 APOE ¢4 5 AB mfig
PR tau 5 BT AR , AT N TE R 22 T S5 MR AN 22 IR AT R AR . ax st BLsiif T 7E AD SR Bt
R APOE ¢4 5 Ap W RIIRZH tau 5 Pk FE RO L] B oA 8% X,

4.3. APOE ¢4 5 Ap 38 BRI m

WL AD SRR E 2 —[21], AN ST SOCIZ R % UM 5 [22]. TEARM T,
BAVRIL APOE &4 #37# 1 MCI [y BRI SR I H 5535 (R0 5 57 5 A8 D SR FLAE 0 A 1)
LB AT VERERE TP T i R IE BRI . X —45 RS Suh 2 A [23]10F 50 —3, HAE 71 6 MCI 5% % AD &
HHRIN, APOE &4 #r# RUELERS ] A fifarfi, 50t A 0 F g Eh AR AR 1 3508 /b, #2278 APOE
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4 ] et AB AEHSVENL ] ELE Y S SRR

FESEIER b, FATE— VL T APOE ¢4 IRZ S AB Ffif L IM M ELAE T, R 30 25 o Uit = A
BRI o 3%, 2P RS . X —RIEY], S APOE ¢4 W] ear T AB fifi
KAFVER, ABAE AB FITETS ST, 38 Z IR AT BEAFAE PRI A, DT o Jo 0 i X AR AT P . I — 25
FIVEMIAL RS 5 BEAT B o 45 A — 3. Shi 48 A\ [2414E— Tl Meta 7>t 4R, MCI Al AD &3 KR I
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