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< 001 W& Ao mE FJEs FEIS
o, 25uS ol He-8WhI 2FuS
T RTho-sY) e Aol FYrHFlony,
(39) = -5.853, p < 001, o5 olF Hdt
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Table 1. Descriptive statistics for demographic variables (N = 54)

Low education Middle education
(n = 27) (n = 27) t P
Mean (SD) Mean (SD)
Age 74.14(6.87) 74.11(6.56) 0.020 0.984
Years of education 2.44(1.96) 8.48(2.86) -9.035 <0.001
K-WAIS-IV vocabulary subtest 9.18(2.93) 21.14(8.36) -7.015 <0.001

K-WAIS-IV Vocabulary

=
ra-f
=
@
@
=1
=

Years of Education
Figure 1. Positive correlation between years of education
and K-WAIS-IV vocabulary subtest score

ST FEws ol Wrodel WBe WA AP HEE AW T Aol

e R G e e e F i ¢

A stk F, B ATolA TRE 3% Aw 7 Aok JE, ) = 2397, p =
Al

=< >

< AA AHlse FAAI ARE WFIT 020
I EF ot

ws FEHZH MA| UE Fol FE el
we FEH ZF J|AHAL - wg JDF e HA FI(Ineracranial volume)tt 9] AREA
dolz sy P9 AolE Elslr] o HHF FEES Ul EEsE H Ry
3 AANE ZHIE A ZAAE Table 2 (Normalized brain volume)?|Al+ S He 7t
of AR =JAAASFEVITS 7 & o Aol YERA F3UTHTable 2). FHE
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Table 2. Episodic memory performance and global brain volume
Low education Middle education

(a = 27) (n = 27) ; P

Mean (SD) Mean (SD)
EVLT Immediate Recall 27.40(4.31) 31.25(4.42) -2.397 0.020
EVLT Interference list Recall 3.51(1.22) 3.63(1.11) -0.349 0.728
EVLT Short-Delay Recall 5.81(1.66) 6.07(1.54) -0.594 0.555
EVLT Long-Delay Recall 6.11(1.52) 6.25(1.37) -0.375 0.710
EVLT Recognition 25.62(3.82) 27.00(2.52) -1.553 0.126
Intracranial volume 1326(113) 1351(89) -0.878 0.384
Normalized brain volume 72.46(4.20) 71.88(4.83) 0.472 0.639

2. (Intracranial volume, ICV, mm' / 1000)

W 714 Hole A5 JARAE HolA &
kol A52) = 079, p = 572, FTAE 71A
Hulo v g2 BFstE ¥ FIe dHY =
< FAWAE RIS, (52) = 737, p < 001
ot WE AR M 95 FFo] 1S
Thol| we}t BEA Ur WA ﬂ‘dfﬂﬂ NEl

-

o
W Jot FEus e 1t deAsY A
= et BUTKHA RS A25) =
001; S5 A25) = -719,
= -0385, p = .704). &, AAZH
7RG oAU wslo] mE 9= a3
o oAyt w& et 3 xpo|7 HEEXA
Ree gl

ARkl ¥ A% FHEESE S %ﬂﬁl
37197159 ZAE mAl=
A ws ek g zpol7t s s A 1

g, ¥ 959 A7AAsy 29 1t

4z o 001'
o =

1

= (Gray matter)+(White matter)+(Cerebrospinal fluid); Normalized brain
volume = (Gray matter + White matter) / (ICV) X 100

FBBANA HE T Aol FAEHA F9k
A S FT A25) = -464, p = 015;
WE Ak 25)= -370, p = .057; Z = -0.394,
p = .701).

= =
'b"o‘

. et
W Fuae WAEA B9, T = 267, p <
005, k > 20.

Aws Aol WA ook BviT 53
ol feuld Ad wAE ekl dee
Table 33} Figure 20l A|AISIHTE Ang A
AxE WS FFaEY d3(lingual gyrus)2t
W =5 (hippocampus, parahippocampal gyrus)<
obt2E IWE A 719 7% LA
Aet A ABABAE EAY, p < 0005

(uncorrected), k > 50. 3] T A3 53
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Table 3. Positively correlating areas between EVLT performance and regional gray

matter volume in low education group

Cluster p FWE-corrected MNI coordinate
Brain region T-value
size(k) Peak-level ~ Cluster-level X y z
(a) Immediate Recall
L hippocampus 104 3.93 0.424 0.568 -15 9 -20
(b) Short-Delay Recall
L lingual gyrus 1092 5.63 0.005 0.017 -26 -50 -5
L hippocampus 1092 4.14 0.283 0.017 -24 -14 -14
L operculum 228 4.71 0.068 0.274 -51 -11 12
R orbitofrontal cortex 1391 4.28 0.205 0.008 6 14 -18
R hippocampus 1391 4.13 0.285 0.008 21 -20 -18
R lingual gyrus 311 419 0.251 0.199 2% -50 3
R orbitofrontal cortex 105 4.07 0.324 0.455 -27 15 -23
R precentral gyrus 84 3.91 0.447 0.499 41 3 50
R operculum 73 3.80 0.543 0.525 50 3 5
(c) Long-Delay Recall
L parahippocampal gyrus 2821 5.65 0.005 <0.001 -33 -18 -29
L lingual gyrus 2821 5.08 0.024 <0.001 -17 -54 -5
R lingual gyrus 314 4.79 0.055 0.196 21 -51 -5
R orbitofrontal cortex 1784 4.67 0.076 0.003 18 26 -23
L cerebellum 882 4.32 0.185 0.030 -12 -47 -24
R cerebellum 882 4.21 0.242 0.030 11 -47 -20
L orbitofrontal cortex 124 3.94 0.427 0.420 -26 29 -23
R fusiform 130 3.86 0.489 0.409 36 -68 -17

. L=left, R=right; p < .0005 (uncorrected), k > 50.

=

o] FABANA A3lingual gyrus) F-H=
] AA Foio] o /HEERFE BA
A= FARCE feldor] dehiTa

Q(posterior orbitofrontal cortex)?| A= - &
o] 7IEHeF HAM tiE SAROE

AN o ot

g

o]

o 1

28
& 7l
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Figure 2. Positive correlation between
EVLT Short-Delay Recall performance and
gray matter volume in low education
group.

Thresholded at p < .0005 (uncorrected), cluster size

k) > 50.

Table 4%} Figure 30 AASIATE Fous
ol 22438 AdelA ¥ A Balk

of e 1ETY 0FE BY £EL W

‘IQT
&3 (precentral gyrus)?t 5] HEEFIH
(supplementary motor area), HJZ Z0]’J(dorsal
anterior cingulate), W& 7 F(medial prefrontal)
FHe] A Ryt g2 WAQRNE
3t o] AT AVIAAEY FRAA
= 34 %inferior parietal lobule)® 2719k
Z&=%(precuncous) | A Hyjol A A

A7F JZEHAT p < 0005 (uncorrected), k >

WREC 2 VBM A{0| Hlzm Z3} 7} EVLT
27N S3fo] i RS o =3 Fo
SARYS 7eVE FAHCE wS AT I
o Fougt zolE HIskATh 24 BA g
Mgl FEAAL Aol7} A AFAQ U
Aol FHAtk EVLT 434 3o 33

Table 4. Positively correlating areas between EVLT performance and regional gray

matter volume in middle education group

Cluster p FWE-corrected MNI coordinate
Brain region T-value
size(k) Peak-level ~ Cluster-level X y z
(a) Immediate Recall

R superior parietal lobule 304 4.93 0.036 0.424 18 -59 57
L inferior parietal lobule 287 4.69 0.070 0.424 -39 -57 44
R inferior parietal lobule 145 4.16 0.264 0.859 39 -44 44
R middle frontal cortex 114 4.13 0.279 0.859 35 12 50
R superior frontal cortex 102 4.06 0.327 0.859 24 38 35
Medial frontal cortex 242 4.02 0.356 0.859 0 50 -18
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Table 4. Positively correlating areas between EVLT performance and regional gray

matter volume in middle education group

(continued)

MNI coordinate

Cluster p FWE-corrected
Brain region ) T-value
size(k) Peak-level ~ Cluster-level X y z
(b) Short-Delay Recall
L medial frontal cortex 420 438 0.162 0.134 -5 53 -8
R dorsal anterior cingulate
140 4.20 0.245 0.392 11 17 36
cortex
R precuneus 200 4.17 0.265 0.306 12 -66 51
L precentral gyrus 63 4.13 0.285 0.549 =27 -11 63
L operculum 150 4.00 0.373 0.375 -50 9 8
(c) Long-Delay Recall
L inferior parietal lobule 118 4.06 0.431 0.336 -39 -57 42
. L=left, R=right; p < .0005 (uncorrected), k > 50.
WS 7o) o] FAAAE Blad
IR Table 5Ol AN A o]
FHHA O 2 9L vEhbA 2wk,
Tous HGS AF-F4 UEHAY st
Yoz xEE= TP (superior parietal
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Figure 3.
EVLT Short-Delay Recall performance and
gray matter volume in middle education
group.

Thresholded at p < .0005 (uncorrected), cluster size (k)
> 20.
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Table 5. Between-group differences in the pattern of linear correlation between gray
matter volume and EVLT Immediate Recall performance

Cluster P MNI coordinate
Brain region sizell) T-value ncorrected . , .
LE > ME ns.
R superior parietal lobule 1231 4.17 <.001 18 -59 57
L inferior parietal lobule 1503 4.01 <.001 -38 -57 44
L inferior parietal lobule 541 3.20 0.001 -44 -33 45
R occipital cortex 158 297 0.002 36 -75 29
LE < ME R middle cingulate gyrus 143 2.90 0.003 12 29 50
L middle frontal cortrex 123 2.84 0.003 -32 23 44
L supplementary motor area 62 2.76 0.004 -9 -15 57
R middle frontal cortex 54 2.74 0.004 36 12 45
L precuneous 150 2.66 0.005 -14 -50 60

ZF. L=left, R=right; LE: Low education group, ME: Middle education group; p < .01 (uncorrected), k > 20.

Table 6. Between-group differences in the pattern of linear correlation between gray
matter volume and EVLT Short-Delay Recall performance

Cluster P MNI coordinate
Brain region T-value
size(k) uncorrected X y z
L lingual gyrus 1143 3.35 0.001 29 48 5
L parahippocampal gyrus 1143 3.27 0.001 -30 -29 -20
LE > ME L hippocampus 1143 275 0.001 -26 3 -14
R orbitofrontal cortex 406 275 0.004 9 9 -17
R parahippocampal gyrus 52 2,57 0.007 27 47 -5
L inferior parietal lobule 184 -3.11 0.002 -38 -56 41
L inferior parietal lobule 23 -2.56 0.007 -48 -65 33
LE < ME
L cerebellum 264 -2.80 0.004 -6 -66 -20
R precuneous 229 -2.79 0.004 9 -59 53

. L=left, R=right; LE: Low education group, ME: Middle education group; p < .01 (uncorrected), k > 20.
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(a) Significant voxels above p < .01, k > 20, in parahippocampal gyrus (left) and orbitofrontal cortex (right). (b)

Correlation in left parahippocampal gyrus (Low education: r = .359, p = .066; Middle education: r = .028, p =
.888). (¢) Correlation in right orbitofrontal cortex (OFC) (Low education: r = .487, p = .010; Middle education: r

= .120, p = .552). EVLT score and gray matter volume were residualized with age.

5 Zu A7} e
o 9uEs Fioz BaSHS, naT

N

1A 87

R
g%

Z3jo] AT BAQE 3}
Qeio] vha) Aaarlel fein 3
7k 7o)z} Ehgith

i of

- 384 -



~
=
Ho
o
el
2
i
H—
[
i
e
2
d
1
N
or
i=]
ol
JD:
A

(a)

(b)

IPL [-38 56 41]
.

EVLT Short-Delay Recall

_ Low Education
® Middle Education

- Low Education
Middle Education

©

) Low Education
® Middle Education
6] . Low Education
Middle Education

Precuneous [-48 65 33]
&9
.
*
"

EVLT Short-Delay Recall

Figure 5. Regions showing larger correlation between Short-Delay Recall performance
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EVLT score and gray matter volume were residualized with age.
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The role of education on the relationship
between verbal episodic memory and gray matter volumes

in Korean elderly women
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Department of Psychology, Seoul National University, Seoul, Korea

According to the cognitive reserve hypothesis, more educated older adults are less susceptible to
age-related or pathological cognitive changes due to accumulated resources necessary for various cognitive
tasks. Although previous studies have validated the concept of cognitive reserve, it remains elusive how
the early experience of education alters the relationship between regional gray matter volume and episodic
memory performance. The present work examined Elderly Verbal Learning Test (EVLT) and structural
Magnetic Resonance Imaging within 54 healthy older women. Education groups were divided into low (a
= 27, mean education = 2.44) and middle (7 = 27, mean education = 8.48) groups. We tested each
group’s correlations between regional gray matter volume and memory performances using the voxel-based
morphometry (VBM) method and compared whether the correlations between the two groups differ. We
found that regional volumes of the medial temporal lobe and orbitofrontal cortex highly correlated with
EVLT performance among low education group, whereas the precuneus and inferior parietal lobule volumes
were specifically associated with better memory performance among the middle education group. These

results indicate that the neuroanatomical substrates contributing to better memory performance differ

depending on the years of education, in concert with the protective effect of cognitive reserve.
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