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Abstract

Background: Mild cognitive impairment (MCI) is considered a critical transitional stage in the pro-
gression from normal aging to dementia in Alzheimer’s disease (AD). APOE ¢4 is the most prominent
genetic susceptibility factor for AD and has been widely confirmed to be closely associated with Af
deposition and tau protein abnormalities. However, the combined effects of APOE £4 and tau protein
on cognitive function changes remain unclear, particularly in individuals with MCI. Methods: This study
included 321 individuals with mild cognitive impairment (MCI) from the Alzheimer’s Disease Neu-
roimaging Initiative (ADNI) database, who were followed for a period of two years. APOE &4 carriers
(APOE £4+) were defined as individuals carrying at least one &4 allele. Tau positivity (T+) was deter-
mined based on a cerebrospinal fluid (CSF) p-tau181 concentration = 23 pg/mL. Linear mixed-effects
models were used to assess the impact of APOE &4 status and tau status (based on CSF p-tau181 levels)
on longitudinal changes in cognitive function. Results: APOE £4 carriers exhibited a greater burden of
Ap and tau pathology and showed significantly poorer performance in episodic memory, executive func-
tion, and global cognition compared to non-carriers of APOE £4. Over the 2-year follow-up period, APOE
&4 carriers demonstrated a more rapid decline across multiple cognitive domains, including executive
function, global cognition, functional abilities, and attention. Further groupwise comparisons revealed
that, compared to the APOE £4-/T+ group, the APOE £4+/T+ group experienced significantly greater
declines in functional abilities, attention, and executive function. Additionally, compared to the APOE
&4—-/T- group, the APOE £4+/T+ group exhibited a significantly greater decline in global cognition.
These findings collectively support a potential synergistic interaction between APOE £4 and tau status
in accelerating multidomain cognitive deterioration. Moreover, among APOE &4 carriers, T+ individ-
uals exhibited more pronounced declines in global cognition and functional ability than T- individu-
als, further suggesting that tau pathology may exacerbate cognitive decline in the context of APOE £4.
Conclusion: This study highlights the interactive effect of APOE £4 and tau status on cognitive function
changes in patients with MCI, suggesting a potential synergistic role of both factors in the progression
from MCI to AD.
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1. 5|8

B[ 7R K 15 BRI (Alzheimer’s disease, AD)&—Fh WL A AT A0 2R AT VRS, FLIlf R SR IN & BLAUFE
FLHICICBERT . 18 5 TIReI0R . AT DIRE 240 DL R AR 203 L 1S 45 IR 5647 9 SRS HREAR . B & T 1 1F
&, BEINFIINREFFEE T, I ERCIZE R EERRIER, REFEIET(1]. BEEESKRALDEZ
WAL, AD IR ZIEE B, OB T AR EE AL A . e AR R b,
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AD SRR RHIE 2 20 SNE R A B (AR UTARTE LI TE R R BEER, LU R At i P v P2 T R AL 1Y) tau £ 1 (p-
tau) R B A SR LT de g 4t . AR, 1K B0 B 2 A 72 I AOREIR HY AT 20 R R 4E[2] [3]. H
AT MG RE IS T L B VG AD IR 2T By, BRIk, RUHIRAIAI 9l AD 2o0E 2., BEEAFIFESMCDH
ZYONIEIEH AN S5 R 2 A L EDIR A . MCI B BRBUE — 2 R A ThRE R %, {H R xt
H AT s R 2 5m, HoRIA B 2 Wrbr (4], B, $PAH MCT B SR 300 5038 1k K LA %
AEYIbREY), X RS KU TN AT P A

HAT, XT AD MR HLE] O H 2 FB UL, WiEm e At tau AU AR H
PRSI EE5], H bl Ap SO AR, A BIRUA, A TR ERA IR,
AR A RBE, FHIRMETEMRERN, 63— RFRELEIE R, RASFEEITCY)REZM
FHAZRAL[6] [7]. /R KB ARG AR RIS 22 50E I 15 b A sl FA: s LA g 1 gk Jg , SR 4 A
BITRER AL, X3/ AB FTREHIE AD HIME—BURFI 2 [8]-[10]. TR, tau EEAFHHRILS K
SEMBURTERNZHTZ B0 . RN, taw B G4 5N ThRERIE B VARG, HAYIAR B v] LA U
HOFRMRHERE[11] [12]. RIEESEH] AB /K TG, tau PET 52 48\ E0RE ) 2 A AE(E B3 A e[ 13],
PR tau AT AR MO A SRR E T R

B AB Fl tau 4, 1B4% 5 KR 3 AE AD MR i B2 . #JEEH E (APOE) &4 5547 5E A
FAEA R I T BRI AD WL 5 LR [14], W% SR, APOE AREIEATE AR BB, BEMIER
IR P R AR AR [15]. AR, WFFCHE— 2 R APOE e4 Xt tau Jo5 B2 ) R0 AT REAROSL T AB JE
P PRI R I, APOE e4 #5758 RILH B 25 1 tau T8 BERR (L RIAH DG IR 4T MR, BIETETE AB
Gt (9 26 AF T ANk 16]. AT (I PRATF AR IESE, APOE e4 TR tau SINAIRILZ I KR,
1E e4 i EH tau SHCAZ T RE M S REMA BE NS i [13]

K, IRAIRIT APOE e4 5 ki 5 ¥i(CSF) p-tau IRZS Z 8] (1952 BEAE FIXH A M ThRE M AR ks, 4
B 74878 AD 7€ MCI By B 5 m BAL G . ABFFTiIE T MCL ABE, R4GITA APOE ¢4, CSF p-tau
e HAE B IUS N D REARAK R m) 5, DA Ay v IRURS: A ) 30 TR 30 R B8 1) = o 8 48 300 A 0 A 52
BZ%,

2. MRS EE
2.1. ARBIBERFES ZAETFEIRAE

ASHIF 7T 3 B 2R PR BRI 4 28 545 248 L (ADNI)$5 22 (https://adni. loni.usc.edu/), fifi 755 & hn e 52
W, R TFEEYA 2023 4512 B 10 H. ADNITiH O3B &S 500 EE Ao, 54 (FiR
FEE F ) RERE, BT 2R SO OB RE F R RS LR IUI: 1) £F4 MCI
G RS WibRifE: R RS FIR S R R(MMSE) P4 > 24, I ARHR & &R (CDR)IW/ N 0.5, 78 ERI
1IN RE B R E AN i R 2 WibnitE ;s 2) B 5¢ 1) SF-AV45 PET 1% F1 CSF p-taul81 $dli. He, Ap
FHPE(A+H)E XN BF-AV45 PET bRt HUE LL(SUVR) > 1.11;  tau PHH(T+)F %2 N CSF p-taul81 #KJE >23
pg/mL; 3) fLOH AL EE: &L ADNI-MEM. ADNI-EF, TMT-B. FAQ Al MOCA “:3&%x, 735
WARICIZ S AT TIRE TR A Fh] H A DR SACEARNRK: 4) BA N2 5L EE, GFFER.
YRR, ZHEFER & APOE ZEHAI(Hf APOE ed+i2 SUNHETT B /0—A e SE13EIN) . BT IR AR EE S
{445 : “UCBERKELEYAV45 04 26 22.csv”.“UPENNBIOMK MASTER.csv”.“UWNPSYCHSUM.csv .
“ADNIMERGE.csv” il “APOERES.csv” , ¥JM ADNI B J5 Mt FEIRE . HERFRAE GBS A
PR EV B O NIFEAE 1 2R, DLRAAER T MR B R HIAR B A RT g 53 R M
TIREMIMRE RGN B .
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2.2. GWHFEHE

AR R BT (RA 43 DBATHIE Gt 0. W FESAR R, 50 2 5 TERT 25 R i,
R ARSI REAS ¢ K556 75 SR Wilcoxon FRARIRTE o« 4328745 B S I 2 A6 36 AT 4 1] LU A

NG APOE ¢4 IR 5 tau IRASGET CSF p-taul81 /KF) XA KNI REMN [ AL B 5o, Ry 2 iR
ERRASER . BRI e R, AR B LEREE T, [ e SN AR R] . APOE ed R tau RS K I =
HAZ HIF(APOE e4 x T x time), JRKIEZRERS . VERI. S2H E R KIS0 0 128 HIE AT ZgN
A, DLEHE R AR R

NRE— ] ABIRASIIFENA, 75 Model 2 HH3IN A IRES LIS B RIAS BT, Ak, AHF L E—
AR AL L30T, E A DU 4 A R4S (APOE e4—/T—. APOE g4—/T+. APOE ¢4+/T—. APOE e4-+/T-H){E
KN e A R) AL R 22 5

i G I ¥ ARG S, P < 0.05 MM RA ST %8 . SFLHELK, KA Benjamini-
Hochberg 7772147 FDR & IE.

3. 458
3.1. PSR RAVELRIFIE

KWFFCLLEL T APOE ¢4 R4 5515 A0 FE LRI B0 N 12440 . AR W0bR ST Bl J S e R 31
(W7 1). iR IR, APOE &4 #5755 HIFRIL TR, HERLHITEE (P = 0.074); WAL
P B AR 52 208 4 IR 7 THI 8 T Wl 3 22 5

EAEYIbR E 710, APOE &4 #5778 1) '8F-AV45 PET SUVR /KT & 2w T A7 % (P < 0.001), H:
AB BHPEZRIR R ZTHE(P<0.001). Ak, HAEEFTE ML, APOE &4 #5477 1) CSF p-taul81 7K~F /¢ tau [H
PRI TS (P H <0.001), $E7xF AT REAELE B ™ B 1Y) AB A1 tau J5 B A7 £ o

EINENThEE ST, APOE &4 #5453 1 51 {Z(ADNI-MEM). #4147 2 £ (ADNI-EF) £ B4R\ &1 7K 7
(MOCA) V5335 i Z K T AR5 77 3 (P H 38 <0.05); MV & IR I(TMT-B) I H ' T EE(FAQ) 7 Tfl, PH4H
ERRIEGIEREN.

Table 1. Baseline demographic, biomarker, and cognitive characteristics of the participants

= 1. MANKHBELADOFE . EUIRSHRIAFHE

APOE &4 APOE ¢4+
N=173 N =148 ’

FEW(H) 71.99 (7.28) 70.55 (7.07) 0.074

ZE, B(%) 79 (46%) 68 (46%) 0.96
ZHEFIREE) 16.40 (2.57) 16.00 (2.78) 0.196
18E_AV45 PET SUVR 1.13 (0.20) 1.32 (0.22) <0.001
PET Ap FHTE(A+) 61 (35%) 114 (77%) <0.001
CSF p-taul81, pg/ml 33.05 (19.50) 49.79 (25.17) <0.001
CSF p-taul81 positivity (T+) 108 (62%) 127 (86%) <0.001
ADNI-MEM 0.58 (0.74) 0.23 (0.70) <0.001

ADNI-EF 0.56 (0.82) 0.34 (0.85) 0.02
TMT-B 96.11 (48.73) 109.20 (61.19) 0.037
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FAQ 2.36 (3.41) 3.08 (4.17) 0.094
MOCA 23.77 (2.86) 22.81 (3.15) 0.005

#: P<0.05 BEFSIIFE X . FAQ Fl TMT-B 7 #ii =R /Ry Aeli %, 1 ADNI-MEM. ADNI-EF #1 MOCA 434t
RFRNEIT) RER .

3.2. APOE &4 5 Tau RESHIZ EAER XA I EEN RIZE AL AT

AR FH LR VR A RN, PEAl APOE e4 RS 5 tau IRASTE MCT B35 ot 2 4 Bl vy H1R1 A 0 3
RELIEom . S5 EIR, APOE ed. tau RS [AI1) = EAZ HI(APOE e4+ x T+ x time)fEHAT DB
(ADNI-EF). BN AIKF(MOCA). H ' hAE(FAQ) KX JI(TMT-B)YE L AN FN4e & FI B A Gt % 8
FM(P<0.05), 1/~ APOEe4 5 tau SRAAFIEVFIZZ HAER, wTLAILFEIIDE A S ae B2 2). 7EHE
— B AR RS P S ] (22 EL TN AR AL S (Model 2), _EiRA8 BN R FR T3, R IR F e
ST ABRERI T 5T A A TR

Table 2. Summary of results from linear results mixed-effect model analysis for longitudinal changes in cognitive function

2. LR AHNER SHARMIIGENE T RERICR

ADNI-EF ADNI-MEM FAQ MOCA TMT-B
Term Esti- - gp P Esti- - qp P Esti- - qp P Esti- - qp P Estimate  SE P
mate mate mate mate
Model 1
R x time —0.002 0.0025 0.4805 —0.007 0.0022 0.0014 0.0053 0.0164 0.7477 —-0.031 0.0119 0.0089 0.0512 02007 0.7986

ZHHER xtime -3E-04 0.0067 0.9619 0.0061 0.006 03045 0.0233 0.0443 0.5985 0.0383 0.0324 0.238 0.704 0.5424  0.1949
PERI(Z) * time 0.0019  0.0354 0.9571 0.0605 0.0316 0.056 —0.077 0.2363 0.7439 0.2722 0.1713 0.1125  2.3272  2.8731 0.4183
APOE ¢4 (+) x time ~ 0.1001  0.0777 0.1981 —0.144 0.0687 0.0363 0.0977 0.518 0.8504 0.4458 0.3757 0.2358 -11.7484 6.301  0.0628

T (+) x time —0.07 0.0477 0.1452 —-0.06 0.0428 0.1584 0.0703 0.3197 0.8261 0.0537 0.2306 0.8159  6.5985 3.8802 0.0896

T X APOE&A 004 00873 002 00207 00773 07886 1.6161 05817 0.006 —-1.046 04221 0014 232539  7.0823  0.001

(+) x time
Marginal R? 0.189 0.251 0.148 0.193 0.158
Conditional R? 0.817 0.862 0.748 0.679 0.753
FEALEEE 77 22 0.543 0.568 17.489 5.671 2506.989
TR TT 7 0.159 0.128 7.328 3.741 1042.723
Model 2
R x time —-1E-04 0.0025 009734 -0.005 0.0023 0.0228 —0.004 0.017 0.8169 -0.021 0.0123 0.0946 —0.1256 0.2068 0.5437

ZHEHER xtime —2E-04 0.0067 0.9718 0.006 0.0059 0.3076 0.0236 0.0442 0.5931 0.0382 0.0322 0.235 0.7057 0.538  0.1901
PER() * time —9E-04 0.0353 0.9804 0.0566 0.0314 0.0722 -0.061 0.2359 0.7968 0.2513 0.1701 0.1401 2.5682  2.8508 0.368
A (+) x time —0.105 0.0435 0.0162 —0.121 0.0388 0.002 0.5633 0.2935 0.0554 —0.662 0.2093 0.0016 11.1 3.5187 0.0017
APOE ¢4 (+) x time ~ 0.114  0.0776  0.1425 —0.13  0.0683 0.058 0.0316 0.5186 0.9514 0.5302 0.3741 0.1569 —13.2526 6.2706 0.035

T (+) x time —0.03  0.0502 0.5461 —0.015 0.0449 0.7466 —0.146 0.3374 0.6655 0.3043 0.2418 0.2088  2.4851  4.0614 0.5409

T (+) x APOE ¢4

() x time —0.179 0.0875 0.041  0.0507 0.0773 0.5122 1.4735 0.5844 0.012 —0.891 0.4214 0.035 20.5956  7.0726  0.004
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Marginal R? 0.193 0.276 0.163 0.210 0.165
Conditional R? 0.819 0.865 0.750 0.685 0.758
FEALEEE 77 22 0.543 0.549 17.120 5.553 2505.555

BTy 0.157 0.126 7.296 3.684 1025.681

¥: P<0.05 #RAAS#E . Model 1 FI T34 APOE ¢4 JRA 5 tau IR (THFHAZI T AL R 1) 340 138 HAE
M, #EHhEEAREEE, M. ZHEEFR AL SR P2 B, Model 2 fEIEAL EiF—B 5N ABREAH K
HE® IR B, DIEH] AB X FIR G RIEEIR AN . A+ SN BF-AV4S5 PET bRt iUE L (SUVR)>1.11,
T+5%E N CSF p-taul81 #KEF >23 pg/mL. SE FxbpifEi®; Estimate JyAEbrvEAb a1V 225k, e [R5 F A 4K B I 1]
11354k B . Marginal R2 5 1 [&] 52 %5 2 FIT AR (148 57 L 49 s Conditional R2 267 ] 52 15 Bl ML 7 [ AR 1) 48 53 bl

3.3. APOE ¢4 1 Tau RESFHARIDIEEN T AVLRIE EL B 04

ik — BRI APOE ¢4 5 tau IRAHIAE BAE FHXHA RN T REARAL I S2 0, ASHIE 78 T MR TR A B ASE
R, T DUFPH AR A (APOE e4—/T—. ed4—/T+. ed+/T—. ed+/TH)LE 2 R HA R IIA KN AR AL e (0,
3ME ). PrABRREEH] AR VR EFEIR . AR S SIS B, JE5IAAMARE
HUAER DL i A< 18] 22 57

i IR, 5 APOE e4—/T—4 L, APOE e4-+/ T+ 7E AR IN KK F(MOCA)_E 2BLEZE TP =0.01),
$27~ APOE ¢4 5 tau i FE ] BRAEZE P F/EH, il sgiB. APOE e4+/T+47E FAQ. TMT-B il ADNI-
EF J7 N 2B sy, HERRIEBG 7 REEEP HY > 0.05).

HIE L E B, 5 APOE e4—/T AAHLEL, APOE ed+/T+41E 2 W\ FI4E b 35230 o 2 2 5 bRt Th e
wil, W H®IEEFAQ,P=0.01). VE& J(TMT-B,P=0.02). $1TIAE(ADNI-EF, P=0.02) L & &4k N
HKF(MOCA, P=0.01), #—5# APOE ¢4 5 tau IRZ 2 [0 AE7E U [F) 38 H BN

U4k, & APOE e4 #ir&H, THMAR T/ MATERMAINFI(MOCA, P = 0.0 )T H ¥ IIHE(FAQ, P =
0.02) IR BB, $ER tau AT BETE APOE e4 5 5 Nt — B mEHAKN 5 ThRe#i5 .

Table 3. Intergroup comparative analysis of cognitive function changes in different APOE &4 and tau status combinations

% 3. IN[E APOE &4 5 tau IRZSLE & FHIA T RE L (L AY4R B LB 53 4

FAQ ADNI-EF ADNI-EF MOCA
contrast Estimate SE P Estimate SE P  Estimate SE P  Estimate SE P

APOE ¢4—/T— X time vs.

APOE c4—/T+  time 0.26 0.74 0.73 0.81 895 098 —-0.03 0.13 0.80 0.19 0.44 0.67

APOE &4—/T— % time vs.

APOE £4-+/T— x time 1.23 1.13 0.42 0.40 13.64 0.98 0.08 020 0.80 —0.52 0.67 0.52

APOE &4—/T— % time vs.

APOE £4+/T+ % time -1.77 083 0.07 —22.78 9.98 0.07 0.29 0.14 0.13 1.36 0.49 0.01

APOE ¢4—/T+ X time vs.

APOE £4+/T— x time 0.97 1.08 045 -041 13.05 0.98 0.11 0.19 0.80 —0.71 0.64 0.40

APOE ¢4—/T+ X time vs.
APOE ¢4+/T+ x time
APOE &4+/T— % time vs.
APOE ¢4+/T+ x time
E: P<0.05 R EEGIER . SRS N EH] 7L HER. WAl BEERM AL RS LKL SH
TE I AE FLI,  HAEAE Y oh i B AR N BEN AR I, DA &Mk (] 22 7

-2.03 0.64 0.01 2359 772 0.02 0.33 0.11 0.02 1.18 0.38 0.01

-299 1.11 0.02 -23.18 1340 0.17 0.22 0.19 0.53 1.88 0.66 0.01
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Figure 1. Longitudinal trajectories of cognitive function in different APOE ¢4 and tau status combinations

[E 1. [E] APOE &4 5 tau JR7SLA A TIAFITIRERI M L iE S

4. ¥W1ig

KW ARGV T APOE e4 K7 5 tau IRASTE MCI ABEH AR RE A1 2L P [EI AR, B3
RIGNR: B2, APOE &4 #4 & BB B ™ E 1) Ap Al taw JHEL G 77, IEAERSFCIZ. BUTIhRE 58K
NI Z ANERE B RIS 25 55 T A5 8 o FOR, TE NI AERIBE DT, APOE e4 #5717 3 75 B AR A1
PATIhREE . VER I B H DI RESE 7 T N RB A k. dk— DA b &3, i+ APOE
e4—/T+2, APOE ed+/T+EHHDhAe EE I APAT RS T IR R EE; 5 APOE e4—/ T4
e, ZAAE AN K SR 3% R, 327K APOE ¢4 5 tau WEEAEN R BEAEM . &5, 1
APOE e4 #5# , THAMARPREAINEIS HHE ThAEIBILE V™ &, #—53R W tau JHELTE APOE &4 155t
ARSI AR AR R

AD 2 55 DL SRR, R SRR AL AR BRI P& SR AT e gt 17]. i LT, “UE
MFEER AR — B R AL, N AR FIRETIRBUE AD RIFMIG K FIF[18]. REZ AR
AB HIEYT Hlg NG AR RIG I B, (RERIT RCA TR, TCIEA ROV BUE G2 5 R o X — I RAR LA
FUEE IR 1) tau B5 I IRAE AL . BUA T FER 0, tau 85 (1SR AR SRR S5 & oot SOl aThag
Bhs 2 A A7 7E B S e, BTN E T AB[19].

APOE &4 S5 47 HE R P i A e & B AD f 8 2 (1) stE KU Rl 3R 2 —[20]. G M s, APOE F 2L
IG5 AR DU STERRIERG /3 AD KUK,  FFERIN H 77 B AR 14 R0 S5 A7 6 DR R e 12 (64 > €3 > 62) [21]6
SR, ITHARF A4 H, APOE e4 JRAI AR AS ARMHBIMENLHI R TE tau EEHEFR . B20G, tau 19574 RIE
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PR AT AR R S RS R SR B P B B[ 22]-[25] ARAMSEG A B, APOE Al 5 tau R A E L&, AR
#1220 I R IA APOE 4 G815 T tau B [ I BEREIR 1h(e4 > €3) [26] o T K HAR 4% J2& [R 40 G EE FL(GWAS)
KL, BMEEES AB 51475, APOE &4 5 CSF tau/p-tau KPYI EomAMHICIE[27]. BRoh, 7845 R
(FTD)H, &4 SRR THE[28] [29], &4 48518 I KN ZE 4V BBl 5E 2 [30], AT NAARI D RESZHi IR
BN E31], #F—P % APOE 5 tau &AM ORI EEK R . A RH#E—PKAE T APOE &4 5 tau
RAS B2 EAEHAE MCI B BRI AT 6 35 5 2 4\ JR AL, JTCHAEPATIhRE. RIS HE RS TR
WA E N

AHFFE B VEARIAE LR LA T : — R HIRRGRMERIE R T APOE ¢4 5 tau IRATE MCI B BX
ZUENFRAC I P [F RN s o idid 45 AR IRES, ARG 17 HIRA 0, 911 T APOE &4 #il tau (1)
SERBEAERH: =R T APOE ed+/T-HE AN KR A0 FE fpe PR g AR A, B B 2 R il 5
Il R 43 BB -

K FIAFAE— € PR . B %5, ADNIFEARFERIETA63E . ZHERER SRR, 45 RN ENE
BRIEZ O ZHEBERIE. Ik, BEVIRRIEEQ ), mTRERA T RIIA IR B=, K9
A tau PET S8 50, PR 7% tau BRAR 5408 WX =40 10 23 M ENT . 36 =, 1T ADNI ¥ & i o
MCI ZiR#E = tau-PET. 57255 DIRE M 454 00 5 5 2 AR TR, MaTi X AR ARV tau 4
FRR S S (R e e . 2 A A 5 T ) 2% BEAL) 2[RI I B AR B 00 2R, BRI 17 X5 7 I 2 4 B F A%
FEWLE ) — AT . AR T n] 255 HoA M7 A B b B & e B 2 BS BRI FE A, JFRR T RG] -
)P B AR, DAARAE R AD 3EE RN . thAh, SRR A2 N & Wt AR MPIR WL . B3y
KT BLEWRRGIEH], KRV AR E KA, BEARE A, 4R N AT L 5600 5 5 R 30

2 FRR, AR T APOE ¢4 qRZAS5 CSF p-taul81 ¥ [EI4E F T S8 2 54mi MCI MR £ 40
FLEBMLHERE . BEFiTEH, APOE e4 W REMHLE A AR HIINIE tau /1 SR T, $2 HAE N 4]
T-FRRURE e 73 B ) AR AR ), B SR BRI T S IR AN E .
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