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[ Abstract] Objective : Although both education and apolipoprotein E (ApoE) gene affect the risk of cognitive impairment, whether
there is an interaction between them is still unclear. This study aimed to explore the effects and interaction of education level and ApoE
genotype on cognitive function and default mode network (DMN) in patients with mild cognitive impairment (MC1). Methods : The
study was based on the Alzheimer's Disease Neuroimaging Initiative dataset. According to the level of education and the carrier status
of ApoE g4(ApoE4) allele, MCI subjects were divided into four groups. The effects of education level and ApoE genotype on cognitive
function and the DMN were analyzed by using the covariance model. Results : There was a significant interaction between education
and ApoE genotype on the global cognitive function of MCI patients (P<0.05). Specifically, in subjects with low education level, the
global function of non—ApokE4 carriers was better than that of carriers [23.00(22.50,25.50) vs. 22(21,24) ], while in subjects with high
education level , it was 0pp05ite[23.00(22.00 ,26.00) vs. 25.00(22.75,26.25) . On the other hand, education level and ApokE genotype
also had a significant interaction on the functional connectivity (FC) of the left middle temporal gyrus of DMN (P<0.05). Among sub-
jects with low education level ,the FC of ApoE4 carriers was significantly higher than that of non—carriers(0.35 + 0.32 vs. 0.15 + 0.28) ,

while it was opposite in subjects with high education level (0.09 +
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0.26 vs. 0.25 + 0.23). Behavioral correlation analysis showed that the
FC of the left middle temporal gyrus was negatively correlated with

the global function (r=-0.560, P=0.030). Conclusion : High educa-

(2023-06-02) on cognitive function of MCI patients, which may be related to the
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reduction of abnormal DMN FC of ApoE4 carriers by high education level. These results support that the interaction between genes and

the environment plays an important role in regulating the occurrence of cognitive impairment.

[ Key words ]education ; apolipoprotein E;mild cognitive impairment ; cognitive function ; default mode network
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HIGYT B XS B =, 5T AD 5 BRAIL ) (9587 24 bF
K TAEMYEZ 3. TAE AD BB G 408K, TA HI i 7%
XN ORI H 45 32 300CTE . 1R — il 2
FEME A R A, DA R A S 1 A AR 7 X i g 2 45
F QRPN RE R RE ) 2 R ZHHE KRN
i e BAGRYER T e b 2 — o BRAEMFSTIE
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ZHE K- AT 3 BT FDG AR & S AR AR
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o7 K& PR Bl & B AD i B 2 ) AR A A TR &R
ApoE4 #5415 #% L AR5 # A2 AD Y XU BE 5, HL
R AF I T RL . 7R IA R IE 5 B B R B O R B
(mild cognitive impairment, MCI) [ Bz #1 AD By Bt ,
ApoE4 #5415 L AR 1 HAT 51 22 AN Zh RE AN EE
U Y B UE MY AR U EL A AT, AT, ApoE B A
B2 58 R N 1A% - PR B A B R

A FIRBEFRAS 7R T 32 2E K F-F ApoE4 X
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B AL AD 1Y H &35 109%0~15%" . A5
W AR 32 B8 K F I ApoE J K AU MCT 8 A 0
A A S SRR (AR

REAEAT S35 H 24 25 D) RE A% B L9 (functional
magnetic resonance imaging, fMRI) 4% A 8 75 MCI f&
B AL DS D RE ) 28 5 s 491 TR A 1 2%
(default mode network, DMN) ., DMN FJ 57 i ot A5 H
T M0 25 F 0 H B, HL 50N R D RE A % A
IR, ApoE4 H#5H 3 1 To i FN 4 1] 25 X 5 DMN
Ty fig # $% (functional connectivity,, FC) i 35 [ K",
HFEF IR — L TR A, ZHHE KT
DMN {9 FC 58 B 52 5 3 R ™, SR, ApoE FE [A]
5 Z 208 KV RE T 28 BAE T DMN # 4 izH .
ABFTER i FMRIE AR 7R 52 BF 7KV F Apok

R AT MCLER # DMN 32 BAE A 8 2 8/ K F
F1 ApoE & R YDA S0 T RE 52 1l 114 i D BEAILA .
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L1 ziXHH L

AT 5 B0 45 2R R T BT IR I RO 28 AR A 1R
(Alzheimer's Disease Neuroimaging Initiative, ADNI) AR R
(http://adni.loni.usc.edu) . ADNI#A T 2003 4 j5 5l (ADNI-
1), 3 SR S B2 2 b O AU R 48 JE 2 TH 4 L3 A
fEWFFE 51 Michael W. Weiner 4015, ADNI ) 322 H 19 2 1A
P RAR S A W bR ) R 280 BETPAN 2 5 BB A SR AD
2 W 5 s UE R . AN B3 I htp://www. adni-
info.org. WF5E 7 23545 7 ADNIHIL v , 3238 25 0 1 [l 2 4 2
MR R R E 5 A9 .

ASBIESE N ADNIECHE P g A 84 44 MCL 321X &, MCLi2
WibR 1S 18 ADNI J5 & 15 B (http://www.adni—info.org) . MCI
1 7 ZE AR AL : O K E A EMAISIZ iR , B
B0 12 FE 3R P12 5 43 (logical memory delayed recall total ,
LDELTOTAL) % T4 R 20 & 4F BT 09 2 % {8 (16 4F & LA
L 115058~ 15900 TR R AT 16 43) s QBN A D fig
TEIEH 75 [, B 24<5) 2 A5 PR A4S i 3 (mini—mental state ex-
amination, MMSE ) <30 ; @Il R B3 - 11 7E & % (clinical demen-
tia rating, CDR)=0.5. FEZHEBRBRE A 5 I FLA A 28 A i
YIR , AA 4 AR I A o R B AR R O L 22
AR A A AE 55 o
1.2 AvF 5k feif il

N F 2R AE RO T B A 44 TR 480 1 ADNT IS P .
A A% 82 T IR | A 3E MMSE 5245 R /R
NP = 2% (Montreal cognilive assessment, MoCA ) | T 5 )
2% 2 I 5% - FE 3R M1 (auditory verbal learning test—delayed
recall, AVLT-DR) ,LDELTOTAL Fi13% £& il i{—B (trail making
tests—B, TMT-B) % .

RAE 2 #H KT Z IR E 0w #HE KT 2l
(>164F) MR B K2 (<154F) .

1.3 APOE XA FH 4 A

32X (1 APOE S DN BRI 24 A ADNTELHE 2 T 4. K
FITA AR 53 0 APOE4 517 & (JER ALY e4/e4 e4/62 B
e4/e3) FIE APOEA #54 # (JER LN £2/62 . £2/e3 8 £3/e3)
1.4 MRI#z#5

ZRE 2V )T 3.0 TRBEILIR(UGHE . K 741
W45 : O 4> PR T1INAUT 31 (5 & A =2 300 ms , #§%
f1=9°, I []=2.98 ms, S []=900 ms , #F=256 mm x
240 mm, JZH(=176, 25 [0) 73 F=12mm x 1.1 mm x 1.1 mm);
Q@# B ST HE MRLJF 41 (T & B ] =3 000 ms , [ % i 5] =
30 ms, /2 $0=48 , JZ/FE=3.4 mm, B[] 15, =140, FLEF =220 mm x
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220 mm, %3 [A] 53 ¥R = 3.44 mm x 3.44 mm x 3.40 mm)
1.5 BIETAIL A R 24 H) 5

AT 5 A P 1 52 15 508 A 385 43 7 14 (data process-
ing and analysis of brain imaging, DPABI) 2.3 MUAS#E 17 &5 15
A3 TR L SR - JSBRTT 10 A4 B[] s AR | A ) A%
IE Skl R IE 25 [ PR ELL (3 mm x 3 mm x 3 mm) AF
1AL P (P Fl= 6 mm x 6 mm x 6 mm) \FEBEPME & (Friston
24 103k SIS H A NG S 0BRSS R RS S ) g
(0.01~0.08 Hz) Fl -2 5245

BRI T Ji5 I [ X 242 5 mm AYERIR (-2,-45,34) K
Tl 0, o RD T S T AR 4 45 1A HE DMN . 4R IS 32 iK%
Bl A5 X B S T RERZ AR B BT 51, 90 Bz 2K b S 3k
TR SRR T S B A7 51 5 5 A4 T )7 50 9 AH DG | 3
JE#EAT Fisher’s Z 554045 51 B 4514 3% A RH ¢ 2 BB A4 1y A
A DMN &l 7 1 #5525 0 D0 i MRS 2L 31 T B (resting—
state fMRI data analysis toolkit, REST) 1.8 fR AN A7 FAFEAS T
g (i FH 525 B REIA AT 2 8 LUAUREE , UK P<
0.01, fAF KT P<0.01, A HAAFIS1 215 mm?) , fe 44 3 5
F 421 1 DMN 25 [H) 43 A
1.6 %itsan

SR SPSS 22.0 et M X B AT ST o b . BIESS
YA ETT R OB A + bRl 22 (v 2 5) T s RIS 1Y
TR AR M, (P, P Fom o AR B L L il 3R
JERARI RS AT dla 2 5. 2 8E KT (>16 o<
154F) Fl ApoF. 3 R 51 ( ApoE4 #3472 FI1AE ApoEd #5473 ) K
&1 B, DAAE 8 R R SR AR o, AT XUR R Wy 2247
Mt , 53 M52 2R 7KF-Fl Apoks 3 PR Y X 2% 2L A HI D) 6 1) 5 T
FAZHAER . K3k @=0.05.

TENK 45 434 v, 4 FH SPM 12 T A (hitps://www.fil.ion.
ucl.ac.uk/spm/software/spm12/) , UL 32 ZLH /K Fl ApoE % K]
T Jy [ 5 B, LAAF S RO A S AR £, AT 26 T 4 A
TR0 BRI 5 225307, 3BT 32 20 /K- ApoE JE A
TR X 4% 41 DMN (195200 . DMN 4347 B 3% 2 o #% IF 5 L B
K- P<0.01 (fff FH SRR B RIE Z 5 LR IE , R R KF
P<0.01, HIHeR/N>891 mm?) . SRJ5 , ] REST T H AL 42 5
2 HE K ApoE Jk R 22 B AR F i X 9 A1 7K - 1) FC

. f# JH SPSS 22.0 48 145 % 52 T A F i X 1) FC B 0B 4T
FUR T BRI FCAE 22 5, )5 b b B B e e e
P<0.05. Ha , 3T SPSS 22.0 G4, R FH B IR b S 4y
M1 4347 38 HAE FH W (X B4 FC AR 5 3% 4\ 1 0y BE (MMSE T
A3 )RR M AH DG 3 BT 0 A 56 7K I @=0.05

2 # R

2.1 Av#5ikddh oMt

TEN D SRR T, 4 132 R AR A TE B 3 22 5
ARG K EZA G T, Apold #EAF # 4E 1 R T-3E ApoE4 4
WH S MER AT AT Z IR E AR . 44525038 1)
LR EER (R,

FEIN AT RE 0 T, W BUE KT 7 3K & () MMSE 1
LDELTOTAL P43 i 2 5 FAR B & K F 210 5 ApoEd #5717
F B9 MMSE 3743 . 35 1K T35 ApoE4 #5717 # . #UH Ml ApoE4
HEHPIRZS X MoCA P43 B9 R W A7 15 i 3828 HAE H (P<0.05) :
AR E K2R 1, 35 ApoE4 #5419 MoCA -0 T
ApoE4 #4# #123.00(22.50,25.50) vs. 22.00(21.00,24.00)],
T A6 85 208 KT 32383 v A )2 [23.00 (22.00, 26.00) vs.
25.00(22.75,26.25)].

2.2 SRR KT

AR5 HE ER 1Y) DMN 253 [0 4347 4 38U ) J5 i [l g
M FTAT T TR /N BB S0 R 2 R i T A ik X, 5 R SC
HREE R —E(E1A) .

ZHE K5 ApoEd #EH7IRASFE DMN 4 22 350 b o] X
R E R EAEH(P<0.05) . FE 0T LB AR E K
2R , ApoEd #5315 3 1 FC 3R & i 2% = Tl Apokd #5
(0352032 vs. 0.150.28) 5 M 7E G #F K Z iR &
1, ApoE4 #5751 FC 32 1 I T4k ApoE4 #4H % (0.09 +
0.26 vs. 0.25 +0.23) (K 1B.C).,

o P9 45 55 N DI RE R AR DG AW R B, e L K -3
ApoEd BEAT & v, ZE N 0] X Y FC 38 B 5 MMSE 34
E U6 (r=-0.560, P=0.030) (1€l 1D) , Bl FC 35 i M 77 , A
M H ) BE 2

R AOSERNAIEEDR, %osx £5,M, (P, Poy)]

R E K- A E KT PICH

A 3k ApoE4(n=25) ApoE4(n=19) 3k ApoE4(n=14) ApoE4(n=19) ﬁﬁ ‘A ?OE %_@\APOE
TR ERON CHAN

SRR 7131 +6.82 73.95 +5.65 73.96 +7.37 68.41 +5.45 0330 0320 0.010
PR (F - 2) 14:11 11:8 7:7 7:12 0.540
ZHETFR 15(13,16) 13(12,15) 18(18,19) 19(18,20) - - -
MMSE 29.00(27.50,29.00) 27.00(25.00,28.00)  29.00(28.00,30.00)  29.00(27.00,30.00)  0.010  0.010 0.250
MoCA 23.00(22.50,25.50) 22.00(21.00,24.00)  23.00(22.00,26.00)  25.00(22.75,26.25)  0.060  0.360 0.040
AVLT-DR 4.00(3.00,6.50) 3.00(2.00,6.00) 7.00(3.75,8.25) 5.00(2.00,7.00) 0.060  0.130 0.960
LDELTOTAL  6.00(4.00,8.50) 7.00(5.00,9.00) 9.00(6.00,10.00) 8.00(6.00,9.00) 0.040  0.650 0.370
TMT-B/s 92.00(61.75,130.25)  109.00(68.25,149.75)  90.50(59.50,149.50)  84.00(63.00,113.00)  0.150  0.860 0.310

E A L 3 A G R 7436 o LU 3R 7 22 0k e W a5 LA 22 53 o BT T 22 16 0BT A S D) BRI (FH 2 ORI ApoE4 4547 RS
PESR 1 5 PR, AR R R A ) o BRI G IEAS A B, o gk 22 SR IT 4347
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AW 5T 5 FH 22 4 A 250 PR 22 DE AL R 2 B 25
MRIZF AR #5781 32 B E KT 5 ApoE JE R Y
2 HAEFE T MCLE FZ INH D e F DMN {6 4. A
T AR ApoE4 #5417 &, = #LE KV X ApoEd #5747 #
INHIDIRE R IR E S B 3 . S 80E KT BRI
T ApoE4 #5451 A MG ] FC, HAT A2 51K 43
BrE R ZE M ] FC A RRAR- S AR AZAE FH ARG

ABFFEH, B HE ACE R MCI R 2 i B A S0
IBEAEAEAR I L T ApoEd %5137 52 K X MCI %
H SN REAFTEREIRVE T . TR, 2 0 K-
F1 Apok i R U X & (A DA JH1 ) . 19 52 W A7 75 28 BLAE
B E K RERES T ApoEd #5447 3 1) MoCA
PES , TAHEE ApoEd 717 # 1Y #E AR 1 ) 5 52 M AH
/N o BRAEFEFINHNIE & &4 A AD A 1
WF5E % B, 2 208 K- A1 ApoE JE R B AD (&40
NCIIREA 52 W AFFE 28 BAE AT, BIFE NN IE B 2 4F A
BEh 2 #F K5 ApoEd #4 # AEHEF EiyiC
VP43 ¥ 5 IE ARG s i AE AD S5 b 2 8B KA
59k ApoE4 #H7 & iCAZ PE A S IEA 56, 55 ApoE4

LA H I IEAC P43 0 2 R O ARSI T
B AKX ApoE4 1) MCI B & N A DI RE ) 5
M) 2L T L a5 TP B 45T ApoE4 N HIIE # &
SENEE. R, ZEBR AR5 S b L AN B ST i — 2
PR %2 HUF K ApoE K& R R 4 32 HAF 45 Bifi
AD 9 B2 1 0F J i & AR AR AR, 22 B AR AR 45
JAEF OMCI ] AD B 56 4B B EL .

ZHE KFEFN Apok FF X DMN #4938 HAE H
FEA T LM, T REE KT, mHE
TP T T ApoEd #5715 5 AR #5320 s
[l FC [ R IR A . Nt & AD &35 5 H B 2
FAFE WAL Z — , tau B 1 5 5 B IR A0 5 w0 TR 38
W SER A o B AR AE R So 0 12 D AE b R 5 G A
YEF 1% S0 2408 35 38 5 & AD Il MCT R 5
BB AR REAE IO R, A2 R KT
ApokE FE IR0 IE F R B8 A K A7
ZHAER AR E K2 1, ApoE4 4547 L1
FEHE A A AT B ; = A KR W R 3 =
ApoEd4 #5717 5 {3 A 5 AKSF , DI & AR A
TERY, S5z R RAFNZ , AR S A E
TKFBEAR T ApoEd #45 # int FC58 3 . i X FC
HE R AL AT R 2 T S A il iFFE A
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SR FC 38 i 2 AR A X7 e [ 28k 44 iy
MBI 5T A A FC 3G R J2 i DX S5 0 24y 3 ik
X3 PE s 22 A 25 1 5O ) e Ak A 5
AHIF G A7 0 25 B4 B A B, 22 M3 Hp (5] FC
A, MCER B RN T Re ik 22 . I, M E
IKFFEAR ApoEd #5415 35 A9 3 Hh 5] FC BE M8 & 35N K
REAVER .

AWFFE 53 e 7R T 32 28 7K HT Apok i [H 7Y
XN BE R DMN (S BEAEFH . A% 517
N 2E BT R T 3% 2 4 2 T A8 T Y S B
P, B 208 K5k 3 MR 55 ApoE4 #5741 1Y
PTG 1R V] fE 5 m HE KRR DMN
F 22 8 ] FC R AE AT G . T E AR B, 32
HH K- ApoE 3 R R B AR A Th BE A A2 B
FHRBLAE MoCA P43, T Bk 5% 15 517 R 2 SR B 43 B
25 AR B AE MMSE P43 . 4 I F 3 440 3%
RN RE , MoCA 2 22 U F HH DA JH 48 5 114 A
JECPE T = S T )2 T 5E B T 45 5
IAE MoCA PE43 o S AR 517 R 2 IR A3 BT B 5%
HEE L, H MoCA 743 5 MMSE - 73 £ 75 % V) 1E
AHENE PRt DMN JZ2 1 5 32 BAE FH B RE i B\ S 2
T3 HAEF o

RIFFAFAE— B RBRIE . 15, AREFRE N A
ADNI B P oo 75 G A 58 A 2H A o R HE B3 A 1 11
223 MCI 323 # (B AR5 22 20 F 7K F-Fl ApoE JE[A]
RIS I, B A FEAS R AR /N, 7T i 5 X iiF 98 45
WA . 5, B BE VTR 52 MCL3Z 3k
R D AN S WA i — 25 43T ADNI B 154X
i, TCIEAR M Z 2 F KV F ApoE PR AL 1) 22 HAE
FEE TN % i D99 265 2N 1] 725 Ak B 5 1

ARWF IR T Z 28 KF A ApoE 35 R 7 it
MCI B F NI e R DMN fI 2 BEAEFH . B 3E K
- i EREAR ApoEd XA T BE A i IR VE A, 3 nT B
5 HRRAK ApoE4 #5717 A9 555 DMN ) it % 18 PE A
Ko MRS R — SR T HE SR AR
FHXT MCTIAZN T BE Y BB 5200, SR A B BH 2075 %)
AD 95 B JR AL SR AL BRI S
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