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White Matter Lesions on Magnetic Resonance Imaging in Mild Cognitive Impairment

Jin Sook Cheon, M.D.,*Jr Gap Soo Jeon, M.D.,* Won Yong Cho, M.D.,*
Hae Ran Song, M.D.,** Byoung Hoon Oh, M.D.***

Objectives : The aims of this study were to know the frequency of white matter lesions(WMLs) on brain magnetic
resonance imaging (MRI) in patients with mild cognitive impairment(MCI), and to identify related factors.

Methods : Among WMLs, periventricular hyperintensities(PVHs) and deep white matter hyperintensities(DWMHs)
on brain MRI in patients with MCI(N=30), patients with dementia of the Alzheimer s type(DAT)(N=34) and normal
aged controls(N=20) were analyzed. Furthermore, related variables including cardiovascular risk factors were dis-
cussed.

Results : 1) The frequencies of the third degree PVHs in patients with MCI(16.6%) were significantly different
from those of normal aged controls(5.0%), and from those of patients with DAT(38.2%) (p<0.05). However, fre-
quencies of the third degree DWMHSs in patients with MCI(23.3%) were not different from those of normal aged
controls(10.0%), and from those of patients with DAT(35.3%). 2) The frequencies of various cardiovascular risk fa-
ctors in patients with MCI, patients with DAT and normal aged controls were not significantly different. 3) The se-
verity of PVLs seemed to be related to age(p<0.05), systolic blood pressure(p<0.05) and diastolic blood pres-
sure(p<0.005). The severity of DWMHSs were seemed to be related to sex(p<0.05), education(p<0.05), Global De-
terioration Scale(p<0.05), systolic blood pressure(p<0.01) and diastolic blood pressure(p<0.05).

Conclusion : The PVHs might be useful to discriminate patients with MCI from normal aged person. Active ma-
nagement of hypertension seemed to be crucial to prevent from development of WMLs.

KEY WORDS : Mild cognitive impairment - White matter lesions - Deep white matter hyperintensities - Periventri-
cular hyperintensities - Hypertension.
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Table 1. Comparison of demographic characteristics between subjects

Normal aged controls Patients with MCI! Patients with DAT2
(N=20) (N=30) (N=34) prvalve
Age (Yrs) 65.31£9.1 68.0+6.7 66.8+111.3 N.S.*
Education (Yrs) 9.0£3.9 10.2+5.0 8.3+ 38 N.S.
Sex
Male 4(20.0%) 15(50.0%) 17(50.0%) N.S.
Female 16(80.0%) 15(50.0%) 17(50.0%) N.S.

'Mild cognitive impairment, 2Dementia of the Alzheimer's type

These data represent mean+SD and number (%)

«Statistically non-significant by one-way ANOVA or Pearson chi-square fest
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Fig. 1. Brain MRI of 63 year-old female patient(Ms. Kim) with mild cognitive impairment showing grade 1(caps) peri-
ventricular hyperintensity and grade 1 (punctate foci) deep white matter hyperintensity.



Fig. 2. Brain MRI of 77 year-old male patient (Mr. Choi) with mild cognitive impairment showing grade 2 (smooth halo)
periventricular hyperintensity and grade 2 (beginning confluence of foci) deep white matter hyperintensity.

Fig. 3. Brain MRI of 63 year-old female patient(Ms. Kang) with mild cognitive impairment showing grade 3(iregular
and extending into deep white matter) periventricular hyperintensity and grade 3 (large confluent area) deep
white matter hyperintensity.
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Table 2. Comparison of periventricular hyperintensities between subjects

Normal aged controls Patients with MCI! Patients with DAT2
Grade p-value
(N=20) (N=30) (N=34)
0 3(15.0) 0( 0.0) 3( 838 N.S.*
1 13(65.0) 17(56.7) 14(41.2) N.S.
2 3(15.0) 8(26.7) 4(11.8) N.S.
1050 5(16.6) 13(38.2) p<0.05
'Mild cognitive impairment, 2Dementia of the Alzheimer's type
These data represent number (%)
«Statistically non-significant by Pearson chi-square test
Table 3. Comparison of deep white matter hyperintensities between subjects
Normal aged controls Patients with MCI! Patients with DAT2
Grade p-value
(N=20) (N=30) (N=34)
0 2(10.0) 0( 0.0) 1029 N.S.*
1 13(65.0) 12(40.0) 12(35.3) N.S.
2 3(15.0) 11(36.7) 9(26.5) N.S.
2(10.0) 7(23.3) 12(35.3) N.S.

'Mild cognitive impairment, 2Dementia of the Alzheimer's type

These data represent number (%)
«Statistically non-significant by Pearson chi-square test
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Table 4. Comparison of cerebrovascular risk factors between subjects

Normal aged controls Patients with MCI! Patients with DAT2 o-value
(N=20) (N=30) (N=34)

Systolic blood pressure

<140mmHg 2(100.0%) 10( 55.6%) 14( 46.7%) N.S.*

=140mmHg 0( 0.0%) 8( 44.4%) 16( 53.3%) N.S.
Diastolic blood pressure

<90mmHg 2(100.0%) 12C 6.7%) 16( 53.3%) N.S.

=90mmHg o .0%) 6( 33.3%) 14( 46.7%) N.S.
Glucose fasting

<12é6mg/dl 8( 88.9%) 11C 8.6%) 23( 74.2%) N.S.

=126mg/dl 1C11.0%) 3( 21.4%) 8( 25.8%) N.S.
Glucose 2hr p.p

<200mg/dl 9(100.0%) 11( 84.6%) 21( 80.8%) N.S.

=200mg/dl 0( 0.0%) 2( 15.4%) 5( 19.2%) N.S.
Body mass index

<25 2( 66.7%) 8( 80.0%) 12( 80.0%) N.S.

=25 1( 33.3%) 2( 20.0%) 3( 20.0%) N.S.
Total cholesterol

<200mg/dl 8( 61.5%) 13( 59.1%) 23( 71.9%) N.S.

=>200mg/dl 5( 38.5%) 9( 40.9%) 9( 28.1%) N.S.
HDL-cholesterol

<40mg/dl 7( 53.8%) 7( 33.3%) 12( 37.5%) N.S.

=40mg/dl 6( 46.2%) 14( 66.7%) 20( 62.5%) N.S.
LDL-cholesterol

=130mg/dl 2( 66.7%) 0( 0.0%) 2( 66.7%) N.S.

>130mg/d 1( 33.3%) 1(100.0%) 1( 33.3%) N.S.
Triglyceride

<250mg/dl 12( 92.3%) 21( 95.5%) 30( 93.8%) N.S.

=250mg/dl 10 7.7%) 10 4.5%) 2( 6.2%) N.S.
T3

80—220ng/dL 11( 78.6%) 10( 71.4%) 20( 76.9%) N.S.

Abnormal 3( 21.4%) 4( 28.6%) 6( 23.1%) N.S.
Free T4

0.9—2.0ng/dL 11( 78.6%) 13( 92.9%) 24( 92.3%) N.S.

Abnormal 3( 21.4%) 1 7.1%) 2( 7.7%) N.S.
TSH

0.3=5.0 £IU/ml 12( 85.7%) 14(100.0%) 23( 88.5%) N.S.

Abnormal 2( 14.3%) 0( 0.0%) 3( 11.5%) N.S.

Mild cognitive impairment, 2Dementia of the Alzheimer's type
These data represent number (%)
=Statistically non-significant by Pearson chi-square test



Table 5. Comparison of periventricular hyperintensities
according to variables

Table 6. Comparison of deep white matter hyperinte-
nsities according to variables

Grade 0—-2 Grade 3 p-value Grade0—-2 Grade3 p-value
Age Age
<75 yrs 56(82.4) 9( 56.2) p<0.05 <75 yrs 36(52.9) 4( 25.0) N.S.*
=75 yrs 12(17.6) 7( 43.8) =75yrs 32(47.1) 12( 75.0)
Sex Sex
Male 25(69.4) 40( 83.3) N.S.* Male 12(33.3) 28( 58.3)  P<0.05
Female 11(30.4) 8( 16.7) Female 24(66.7) 20( 41.7)
Educational level Educational level
=éyrs 7(41.2) 5( 62.5) N.S. =éyrs 2(20.0) 10( 66.7)  P<0.05
>éyrs 10(58.8) 3( 37.5) >6yrs 8(80.0) 5( 33.3)
MMSE MMSE
<25 21(72.4) 11(100.0) N.S. <25 14(70.0) 18( 90.0) N.S.
=25 8(27.6) o( 0.0) =25 6(30.0) 2( 10.0)
CDR CDR
=0.5 7(28.0) 1C 9.1) N.S. =0.5 5(27.8) 3( 16.7) N.S.
>0.5 18(72.0) 10( 90.9) >0.5 13(72.2) 15( 83.3)
GDS GDS
=2 5(19.2) o( 0.0) N.S. =2 5(26.3) 0( 0.0) P<005
>2 21(80.8) 10(100.0) >2 14(73.7) 17(100.0)
Systolic blood pressure Systolic blood pressure
<140mmHg 23(62.2) 3( 23.1) p<0.05 <140mmHg 16(76.2) 10( 34.5  P<0.01
>140mmHg 14(37.8) 10( 76.9) >140mmHg 5(23.8) 19( 65.5)
Diastolic blood pressure Diastolic blood pressure
<90mmHg 27(73.0) 3( 23.1) p<0.005 <90mmHg 17(81.0) 13( 448) p<0.05
>90mmHg 10(27.0) 10( 76.9) >90mmHg 4(19.0) 16( 55.2)
Glucose fasting Glucose fasting
<126mg/dl 31(73.8) 9( 75.0) N.S. <126mg/di 30(78.9) 12( 75.0) N.S.
=126mg/dl 11(26.2) 3( 25.0) =126mg/dl 8(21.1) 4( 25.0)
Glucose 2hr p.p Glucose 2hr p.p
<200mg/dl 31(75.6) 4( 57.1) N.S. <200mg/dl 31(88.6) 10( 76.9) N.S.
=200mg/dl 10(24.4) 3( 42.9) =200mg/dl 4(11.4) 3( 23.1)
Body mass index Body mass index
<25 18(81.8) 4( 66.7) N.S. <25 19(82.6) 3( 60.0) N.S.
=25 4(18.2) 2( 33.3) =25 4(17.4) 2( 40.0)
Total cholesterol Total cholesterol
<200mg/dl 33(75.0) 20( 87.0) N.S. <200mg/dl 33(63.5) 11( 73.3) N.S.
=200mg/dl 11(25.0) 3( 13.0) =200mg/dl 19(36.5) 4( 26.7)
HDL-cholesterol HDL-cholesterol
<40mg/dl 21(80.8) 31( 77.5) N.S. <40mg/dl 22(43.1) 4( 26.7) N.S.
=40mg/dl 5(19.2) 9( 22.5) =40mg/dl 29(56.9) 11(73.3)
LDL-cholesterol LDL-cholesterol
=130mg/dl 3(75.0) 3(100.0) N.S. =130mg/dl 3(50.0) 1(100.0) N.S.
>130mg/di 1(25.0) o( 0.0) >130mg/d 3(50.0) 0oC 0.0
Triglyceride Triglyceride
<250mg/dl 49(77.8) 4(100.0) N.S. <250mg/dl 48( 2.3) 15(100.0) N.S.
=250mg/dl 14(22.2) o( 0.0) =250mg/dl 4(7.7) oC 0.0
T3 T3
80—220ng/dL 32(78.0) 9( 75.0) N.S. 80—220ng/dL 31(77.5) 10( 71.4) N.S.
Abnormall 10(22.0) 3( 25.0) Abnormall 9(22.5) 4( 28.6)
Free T4 Free T4
0.9—2.0ng/dL 37(77.1) 5( 80.0) N.S. 0.9—2.0ng/dL 35(87.5) 13( 92.9) N.S.
Abnormall 11(22.9) 1( 20.0) Abnormal 5(12.5) 1C 7.1
TSH TSH
0.3=5.0 £ 1U/ml 38(77.6) 11( 75.0) N.S. 0.3=5.0 £ IU/mll 36(90.0) 13( 92.9) N.S.
Abnormal 4(22.4) 1( 25.0) Abnormal 4(10.0) 1C 7.1

These data represent number (%)

=Staftistically non-significant by Pearson chi-square test

These data represent number (%)

=Stafistically non-significant by Pearson chi-square test

99 —



ARG o] HH Sy g QESHE
A4S YARoRA 2T ] o, 22
o 9% xslolrye Athid 4 gle Zoleh'?
Schweitzer 57 tols} a4 913022 HAHY
S o], W d7E% SR E AE A AT A
3] o wWeokou), dxstolmA|ul Satelr= H Ay
27F folsHl B Woko R woloN -2y X
2] Zf“? Wﬂ olg]gt Fx4 MRI A¢] zlol7} &
Qi WIFO M, H AT 2

Z|3Ee

=
=0
(o) 5773
=

:lé
>
>
ro
X
X
:d
b

Fe w2l pals

ioration Scale, %7183
o} A e] E=A)9 4
7¥ahH, wEbA Uol= 7P FR3k oSiAtE OLE%
A gk Piguet 5702 MW a7t X7} Gl

oM E vl &3, weps] o]zlo] Ao ¥4 JJr
B 27 = 4 glom, A4l oS Lol
7} Holztel we wgitka @aigith Schmidt %
T 1019 Ank o AoA] o= AL ] wiAE A
AYm, 71A A WA Ae] 4
d P o] WAL el {25t 5A L

o
TSI Zé’%io 9] 17. 9%01]/\1 AJRto] Eﬁ‘)ﬂ wt

. B
43 A, w7, B

a3,

o, WAL X9 oSRAREE o|1ESE 71A
de] WA A7) 2% F= 3%, angiotensinogen
Aol fA% WolE 5 & 9tk Bronge 57V
apolipoprotein E(APOE) e4/4 f348S A 42
sto]ury ShAfollA AlFulEg A7) S FR sl e
H, APOE e3/3 F33E& Ad 3] Aysdsa
E yo)g} AaaAt Jglem®E APOE 4 HH3
Aallele) HpApolx] WA= dzstoluy o] |

o A= ey 18-S Jebdvta F2geksich
Hogervorst £2& & 8% homocysteine 557}
dzstoln] FxtelA] FFE WX ILEE] 4FuEH
2o digk S92l AT Busiglch & A

ToM= 3 homocysteine FEE Z743H4

2 ojalsh=l Faghe A st

0,
o
=
2
vl

— o
o
e
o
M
b
&
o
=
do
haicd)
rO
2L
ol
=2
R

o>

ok
[N
et
N
T,
M
-3
>
Jo
e}
_°|1_’,
Ry
in)
=S
3 T
[o o
.-
o,
v
ot
0,

ol
b
(o
>
o
=
Al
o FIUEZ
O
ol
2
iy
=
4 o

rolatka HuskSity. Yamaji % )% plaa Sl
‘31%4 S R E MAPAE Ao 5oldt 4
7o) ohel, 3 AT} SHEEAY FREEA]
A2 4 wslelx g} mA R, dolo] AvkE A

Aoletal T3t
st A WA Wshs A7 E Wk ofye) &
28)

oAl MRI o=
A 5ol %ﬁlﬂi’iﬂr Minett 527 9] o1t x %

71998 Aske] 4 QA
= oz w40 A3 A
oF Folst ATAAL At dEsto| gl W
Wi Yol olyr|zh -5 A, WA At
A% 9 553 A48 ThA| ] Astal= st
o) 7W§‘1, A HAFY AelE xsk,

Arf 2y

g ellA 9 da) ‘ﬂ'@_bﬁ’\o] st Fo= el 4l
J 2] F T Axe) AdEcky wa)
e g9 *é Aule] 60%, 2
30%, BEJAEN A1) 40%l4] FH Arel &
WAYLE & 7 %loH o= ¢
& A8k W75 (executive function) I A1 2HE7H4
]9 (visuospatial attention) 2] oo} AAF i

T3t

w2 AT Ao RA A, WAL Frt W
Hell et TAEE A4 }ﬂx} ﬁ&u}

Sachdev £%Y& MRIAF 7175413 (signal hyperi-
ntensities) & A7 579 (visual ratlng)O] -
o] ol gl AT FHof| ggsh}, FEe $RY %
Fth x93 (standard reference images) 2 AA7}
FAesit AHsIh # AFeMT AT gidel



e AR RS 2k Q)X ng%
o] MRI BEE Al7Hd 240w
Fo AakslE 2o ex1E uma] =
A el e gees AEs 2 1o gl
3BT EARE W R ARshd WAy W
u =20 ZAIAC A Ay3lera] ATl ofdt A
:TL7]' Hajr|ojo} 3tth= ot} mpxjuto g oA 7kx
v A7 B AERIA ]73}0]],,] Aol W Ar)FE
°ﬂ st Aot Besh, TR 2o 22 ] A
A1 k7]l o3t A7kl Bhpe] Mo
L} F skl

x%o‘l A0 X

O»—l-l__

Ayzha,

Mz

=
[

Aol ] W] e} olo] T

T AR golry] flEiAM Aol (N=30),

emafolnis Auj(N=34) % BAelo| £ (N=
2009) HAIBIIIAY MBI

AT 5.0%, AEJAZNT 16.6%, Ld22stoI™s X
wlit 38.2% %A Al w3t BAIFORE o8t 2to) 7}
AR (p<0.05). T}, 32| gt Ay Ay s
e AT 10.0%, AEQAZNT 23.3%,
obmalolmd X|ult 35.3% %A Al Tt BAZ O
2 ot #Jol7t glolth

2) Ao Q1T QIR

97T 12l o2 O}O]‘ﬂﬁé A
oA o] HF @] APAAL] HT= Al 3F
st 2pol7} st

3) A A oA AR
= A8 (E<0.05), 757184 (p<0.05) ¥ oled
4 (p<0.005) ol A=, AF-MAd AT S A
(p<0.05), JJ_‘-‘%‘*)[:"Z“(D<O 05), Global Deterioration
Scale (p<0.05), F%718H(p<0.01) 2 o]7]33H(p<
0.05) ol %ﬁ]ﬂi’it}

@ixﬂg& ]uu;d %oﬂ/k—] E]
AEARGol e gl AEsEd T
Z F 9lom, o] HPgel AR |

el H3Hal At {9

A]-g] A 5]

Aoz yzhect

BN O AR - s AR
P - S ANIFEGA - 8

1

2)

3)

4)

5)

6)

7)

8

9)

10)

11)

Zaudig M. A new systematic method of measurement
and diagnosis of mild cognitive impairment and de-
mentia according to ICD-10 and DSM III-R criteria.
Int Psychogeriatr 1992;4:203-19.

AR, 298, A3, S8, 2HE A=l
A el A -2 é“é &7 A28k 2004;
8:121-6.

Masdeu JC, Zubieta JL, Arbizu J. Neuroimaging as a
marker of the onset and progression of Alzheimer’s
disease. J Neurol Sci 2005;236:55-64.

Karlawish JHT, Clark CM. Diagnostic evaluation of
elderly patients with mild memory problems. Ann
Intern Med 2003;138:411-9.

Gunning-Dixon FM, Raz N. The cognitive correlates
of white matter abnormalities in normal aging: a qua-
ntitative review. Neuropsychology 2000;14:224-32.
Bracco L, Piccini C, Moretti M, Mascalchi M, Sforza
A, Nacmias B, et al. Alzheimer’s disease: role of size
and location of white matter changes in determining
cognitive deficits. Dement Geriatr Cogn Disord 2005;
20:358-66.

Schweitzer I, O’Brien J, Ames D, Desmond P, Tress
B. Distinguishing depression and Alzheimer’s disease
by structural MRI. Biol Psychiatry 1997;42:S72-3.
ARG FLe5250 FRGF2FNA A
TG WA ae] v QA A2 E 1999;
3:59-69.

Petersen RC, Stevens JC, Ganguli M, Tangalos EG,
Cummings JL, DeKosky ST. Practice parameter: early
detection of dementia: mild cognitive impairment (an-
evidence based review): report of the Quality Stan-
dards Subcommittee of the American Academy of Ne-
urology. Neurology 2001;56:1133-42.

American Psychiatric Association. Diagnostic and Sta-
tistical Manual of Mental Disorders Fourth Edition.
Washington DC, American Psychiatric Association;
1994.

Brant-Zawadzki M, Fein C, Van Dyke C, Kiernan R,
Davenport L, de Groot J. MR imaging of the aging
brain: patchy white-matter lesions and dementia. Am



12)

13)

14)

15)

16)

17)

18)

19)

20)

2D

22)

J Neuroradiol 1985;6:675-82.

Zimmerman RD, Fleming CA, Lee BCP, Saint-Louis
LA, Deck MDF. Periventricular hyperintensity as seen
by magnetic resonance: prevalence and significance.
Am J Neuroradiol 1986;7:13-20.

Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmer-
man RA. MR signal abnormalities at 1.5 T in Alzhei-
mer’s dementia and normal aging. Am J Roentgeno-
logy 1987;149:351-6.

Coffey CE, Figiel GS, Djsng WT, Weiner RD. Sub-
cortical hyperintensity on magnetic resonance imag-
ing: a comparison of normal and depressed elderly su-
bjects. Am J Psychiatry 1990;147:187-9.

Greenwald BS, Kramer-Ginsberg E, Krishnan RR, As-
htari M, Aupperle PM, Patel M. MRI signal hyperin-
tensities in geriatric depression. Am J Psychiatry 1996;
153:1212-5.

Du A-T, Schuff N, Chao LL, Kornak J, Ezekiel F,
Jagust WJ, et al. White matter lesions are associated
with cortical atrophy more than emotional and hippo-
campal atrophy. Neurobiol Aging 2005;26:553-9.
Soderlund H, Nilsson L-G, Berger K, Breteler MM,
Dufouil C, Fuhrer R, et al. Cerebral changes on MRI
and cognitive function: The CASCADE study. Neuro-
biol Aging 2006;27:16-23.

Mueller SG, Weiner MW, Thal LJ, Petersen RC, Jack
CR, Jagust W, et al. Ways toward an early diagnosis
in Alzheimer’s disease: The Alzheimer’s Disease Ne-
uroimaging Initiative (ADNI). Alzheimer’s & Dem-
entia 2005;1:55-66.

Swartz RH, Black SE, Feinstein A, Rockel C, Sela G,
Gao FQ, et al. Utility of simultaneous brain, CSF and
hyperintensity quantification in dementia. Psychiatry
Research Neuroimaging 2002;116:83-93.

Feugeas MCH, De Marco G, Peretti II, Godon-Hardy
S, Fredy D, Claeys ES. Age-related cerebral white
matter changes and pulse-wave encephalopathy: ob-
servations with three-dimensional MRI. Magnetic Re-
sonance Imaging 2005;23:929-37.

Piguet O, Ridley L, Grayson DA, Bennett HP, Cre-
asey H, Lye TC, et al. Are MRI white matter lesions
clinically significant in the ‘old-old’? Evidence from
the Sydney Older Persons Study. Dement Geriatr Co-
gn Disord 2003;15:143-50.

Schmidt R, Enzinger C, Ropele S, Schmidt H, Fa-
zekas F. Progression of cerebral white matter lesions:

6-year results of the Austrian Stroke Prevention Study.

23)

24)

25)

26)

27)

28)

29)

30)

3D

32)

- 102 —

Lancet 2003;361:2046-48.

Schmidt R, Schmidt H, Kapeller P, Enzinger C, Ro-
pele S, Saurugg R, et al. The natural course of MRI
white matter hyperintensities. J Neurol Sci 2002;203-
204:253-7.

Bronge L, Fernaeus S-E, Blomberg M, Ingelson M,
Lannfelt L, Isberg B, Wahlund L-O. White matter le-
sions in Alzheimer patients are influenced by apo-
lipoprotein E genotype. Dement Geriatr Cogn Disord
1999;10:89-96.

Hogervorst E, Ribeiro HM, Molyneux A, Budge M,
Smith AD. Plasma homocysteine levels, cerebrova-
scular risk factors, and cerebral white matter chan-
ges (leukoaraiosis) in patients with Alzheimer disease.
Arch Neurol 2002;59:787-93.

Garde E, Mortensen EL, Krabbe K, Rostrup E, Lar-
sson HBW. Relation between age-related decline in
intelligence and cerebral white-matter hyperintensities
in healthy octogenarians: a longitudinal study. Lancet
2000;356:628-34.

Yamaji S, Ishii K, Sasaki M, Imamura T, Kitagaki H,
Sakamoto S, et al. Changes in cerebral blood flow
and oxygen metabolism related to magnetic resonance
imaging white matter hyperintensities in Alzheimer’s
disease. J Nucl Med 1997;38:1471-4.

Pantoni L, Basile AM, Pracucci G, Asplund K, Bo-
gousslavsky J, Chabriat H, et al. Impact of age-re-
lated crebral white matter changes on the transition to
disability-The LADIS study: rationale, design and
methodology. Neuroepidemiology 2005;24:51-62.
Clark LM, McDonald WM, Welsh-Bohmer KA, Siegler
IC, Dawson DV, Tupler LA, et al. Magnetic reson-
ance imaging correlates of depression in early- and
late-onset Alzheimer’ disease. Biol Psychiatry 1998;44:
592-9.

Minett TSC, Dean JL, Firbank M, English P, O’Brien
JT. Subjective memory complaints, white-matter le-
sions, depressive symptoms, and cognition in elderly
patients. Am J Geriatr Psychiatry 2005;13:665-71.
Starkstein SE, Sabe L, Vazquez S, Di Lorenzo G,
Martinez A, Petracca G, et al. Neuropsychological,
psychiatric, and cerebral perfusion correlates of leu-
koaraiosis in Alzheimer’s disease. J Neurol Neurosurg
Psychiatr 1997;63:66-73.

Sultzer DL, Chen ST, Brown CV, Mahler ME, Cu-
mmings JL, Hinkin CH, et al. Subcortical hyperi-
ntensities in Alzheimer’s disease: associated clinical



and metabolic findings. J Neuropsychiatry Clin Neu- 12:29-36.

rosci 2002;14:262-9. 34) Sachdev P, Cathcart S, Shnier R, Wen W, Brodaty H.

33) Swartz RH, Sahlas DJ, Black SE. Strategic invol- Reliability and validity of ratings of signal hyper-
vement of cholinergic pathways and executive dys- intensities on MRI by visual inspection and compu-
function: does location of white matter signal hyper- terised measurement. Psychiatry Research Neuroimag-
intensities matter? J Stroke Cerebrovascul Dis 2003; ing 1999;92:103-15.

- 103 —




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


