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[Abstract] Objective To evaluate the changes of resting-state network connection of leukoaraiosis
(LA) patients with or without mild cognitive impairment (MCI) by using functional magnetic resonance
imaging (fMRI) and to explore the value of resting-state fMRI in the early diagnosis of LA. Methods A
total of 49 LA patients were divided into 2 groups: LA with MCI (LA-MCI, N =34) and LA with non-MCI
(LA -NMCI, N = 15) based on Clinical Dementia Rating Scale (CDR). Mini- Mental State Examination
(MMSE), Montreal Cognitive Assessment (MoCA), Hamilton Depression Rating Scale-17 Items (HAMD-17)
and Hamilton Anxiety Rating Scale - 14 Items (HAMA - 14) were used to evaluate cognitive function,
depression and anxiety symptoms of all patients and 33 normal controls. Resting-state fMRI was used to
explore the brain network functional connection. Results The age of LA-MCI patients were significantly
older than that of normal controls (P =0.003). The MMSE (P =0.001, 0.000) and MoCA (P =0.001, 0.000)
scores in LA-MCI group were significantly higher than those in LA-NMCI group and control group. There
was decreased functional connection of nuclei within the salience network in LA-MCI group compared with

normal control group. Besides, the connection between salience network and default mode network (DMN)
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was enhanced, while connection between salience network and central executive network (CEN) was
weakened. In LA-NMCI group, there was decreased functional connection of nuclei within the salience
network compared with normal control group. Besides, the connection between salience network and DMN
was enhanced, while the connection between salience network and CEN was weakened. Conclusions
There was significant difference in resting-state fMRI brain network functional connection between normal
controls and LA patients with or without MCI. Presumably it could account for the pathophysiological
mechanism of LA-related cognitive impairment to some extent.
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Table 1. Comparison of clinical data ameng 3 grouns
Ttem Control LA-NMCI LA-MCI X or F P value
(N=33) (N=15) (N=34) value
Sex [case (%)] 0.778 0.678
Male 13(39.39) 7 (7/15) 17 (50.00)
emale 20 (60.61)  8(8/15) 17 (50.00)

53.76£9.92 59.47+5.50 61.03+11.17 4.806 0.011
11.90+3.83 11.33+2.64 10.94+ 3.16 0.694 0.503

Age (x x5, year)

Education (x 5, year)

Hypertension [case (%)] 154545 9(9/15)  12(35.29) 2.634 0.268
Diabetes mellitus [case (%)] 8(2424)  3(3/15  6(17.65) 0.449 0.799
Lipometabolic disorder [case (%)] 8 (24.24)  5(5/15)  8(23.53)  0.579 0.749
Smoking [case (%)] 13(3939)  4(4/15  8(23.53) 2.115 0347
Drinking [case (%)] 9(2727) 2215 5(1471) 2130 0345

MMSE (x 3, score)
MoCA (x £, score)

29.00+1.41 29.27+0.88 27.44+ 2.21 9.055 0.000
26.00+£2.51 25.77+2.02 23.18+ 2.83 11.172 0.000

ANOVA for comparison of age, education, MMSE and MoCA, and X’ test for
comparison of otherso LA, leukoaraiosis, I [1 i B #4 4iE ; MCI, mild cognitive
impairment, 7 & TA 51 #1  ; MMSE , Mini-Mental State Examination, i 5 £1 B8k
KA i % ; MoCA , Montreal Cognitive Assessment, 5¢ 55 Fll /R N HTPE 4
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Figure 1 Functional connection from right anterior insula to the whole brain in normal control group: areas of positive
correlation included bilateral frontal lobes, bilateral ventrolateral prefrontal cortex, anterior cingulate, bilateral dorsolateral
prefrontal cortex and posterior parietal cortex (red areas indicate); areas of negative correlation included posterior cingulate
(blue areas indicate).
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Figure 2 Areas with enhanced {red and orange areas indicate) and weakened [blue and green areas indicate) brain network
functional connection in LA-MCI group.
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functional connection in LA-NMCI group.
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Figure 3 Areas with enhanced (red and orange areas indicate] and weakened [blue and green areas indicate] brain network

I % A AR T RE AR — R AR b R R A E
PR R A A0 A BE AR B LA o I B A
SiE T 5 30 B B PR 32 A S 2 AT I RE T B
AW B IREC KA — R ERE,
INRER AR 2 7 1 3 b A7 B0, It o 7 12
Wr iRy 7 SRR R

Z £ x #t

[1] Frisoni GB, Galluzzi S, Pantoni L, Filippi M. The effect of
white matter lesions on cognition in the elderly: small but
detectable. Nat Clin Pract Neurol, 2007, 3:620-627.

[2] Brickman AM, Siedlecki KL, Muraskin J, Manly JJ, Luchsinger
JA, Yeung LK, Brown TR, DeCarli C, Stern Y. White matter
hyperintensities and cognition: testing the reserve hypothes.
Neurobiol Aging, 2011, 32:1588-1598.

[3] Schmidt R, Petrovic K, Ropele S, Enzinger C, Fazekas F.
Progression of leukoaraiosis and cognition. Stroke, 2007, 38:
2619-2625.

[4] Esposito F, Latorre V, Blasi G,
Popolizio T, Tedeschi G, Cirillo S, Goebel R, Di Salle F.

Independent component model of the default - mode brain

Bertolino A, Scarabino T,

function: assessing the impact of active thinking. Brain Res
Bull, 2006, 70(4-6):263-269.

[5] Fox MD, Corbetta M, Snyder AZ, Vincent JL, Raichle ME.
Spontaneous neuronal activity distinguishes human dorsal and
ventral attention systems. Proc Natl Acad Sci USA, 2006, 103:
10046-10051.

l6]

[7]

[11]

[12]

Seeley WW, Menon V, Schatzberg AF, Keller J, Glover GH,
Kenna H, Reiss AL, MD. Dissociable
connectivity networks for salience processing and
control. J Neurosci, 2007, 27:2349-2356.

Beckmann CF, DeLuca M, Devlin JT, Smith SM. Investigations
into resting - state connectivity using independent component
analysis. Philos Trans R Soc Lond B Biol Sci, 2005, 360:1001-
1013.

Buckner RL, Andrews - Hanna JR, Schacter D. The brain’s
default network: anatomy, function, and relevance to disease.
Ann NY Acad Sci, 2008, 1124:1-38.

Menon V. Large - scale brain networks and psychopathology: a

Greicius intrinsic

executive

unifying triple network model. Trends Cogn Seci, 2011, 15:483-
506.

D Esposito M.
memory. Philos Trans R Soc Lond B Biol Sci, 2007, 362:761 -
772.

Raichle ME. Two views of brain function. Trends Cogn Sci,
2010, 14:180-190.

Buckner RL, Snyder AZ, Shannon BJ, LaRossa G, Sachs R,
Fotenos AF, Sheline YI, Klunk WE, Mathis CA, Morris JC,
Mintun MA.

characterization  of

From cognitive to neural models of working

Molecular structural, and functional

Alzheimer’s disease: evidence for a
relationship between default activity, amyloid, and memory. J
Neurosci, 2005, 25:7709-7717.

Greicius MD, Menon V. Default-mode activity during a passive
task: deactivation but
activation. J Cogn Neurosci, 2004, 16:1484-1492.
Golland Y, Bentin S, Gelbard H, Benjamini Y, Heller R, Nir Y,

Hasson U, Malach R. Extrinsic and intrinsic systems in the

sensory uncoupled  from impacting

posterior cortex of the human brain revealed during natural



270 - B 2B A B 2016 4F 5 A 58 16 55 5

Chin J Contemp Neurol Neurosurg, May 2016, Vol. 16, No. 5

sensory stimulation. Cereb Cortex, 2007, 17:766-777.
[15] Sridharan D, Levitin DJ, Menon V. A critical role for the right

fronto-insular cortex in switching between central-executive and

default - mode networks. Proc Natl Acad Sci USA, 2008, 105:
12569-12574.
Olichs H 1 :2016-04-28)

H 3% 3z ot BR % 1A 3R (1 )

BEIANHE  mild cognitive impairment(MCI)
YR AR A 1S 5 fife A6 ) 25

Interpretation Questionnaire for Somatization and
Hypochondriasis(1QSH)

IKIARMEAE R AT 2 Somatic Self-rating Scale(SSS)
AR B Body Sensations Questionnaire(BSQ)

YR AATE 2 AR T 2 ik
Screening for Somatoform Symptoms(SOMS)

F B R R BE RN R S 1 5% 0k RE T A AT 25
noradrenergic and specific serotonergic antidepressant

(NaSSA)
LW IR EEE(R  norepinephrine transporter( NET)

AR 42 293
human embryonic kidney cell 293(HEK293)

INHIAT BIT P cognitive behavioral therapy(CBT)
H#ATEIGESRE /IR Activities of Daily Living(ADL)
ZIBPMABZY  tricyclic antidepressants(TCAs)
R YN Lk

Tridimensional Personality Questionnaire(TPQ)
=Y A] KEK  three-dimensional time-of-flight(3D-TOF)
Stroop A M % Stroop Color-Word Test(SCWT)
L REBEHUE  epithelial membrane antigen(EMA)

A RMEBE  neuritic plaques(NPs)
[Z I senile plaques(SPs) ]

T4 bases excess(BE)

M I T X3 visual word form area( VWFA)

Y field of view(FOV)

Epworth BEHE 3 Epworth Sleepiness Scale( ESS)
BFFF S 5 Digital Symbol Substitution Test(DSST)

Wl SEAL 27 ) 2 A
receptor for advanced glycation end products(RAGE)

FRREMEE  essential tremor(ET)
KALA%W aspartate aminotransferase( AST)
- ET a-synuclein(a-Syn)
SEERIJEIFESE  total anterior circulation infarct(TACT)
BT RE R R a2 5

Wisconsin Card Sorting Test(WCST)
M I E AR microvascular decompression(MVD)
M % B microvascular density(MVD)

fast inflow with the steady state precession( FTESTA)
g2 C %A L cytochrome C oxidase(COX)

YINCEL.

T EM-TE{A-"E FBR hypothalamic-pituitary-adrenal (HPA)
I HEME Judgment of Line Orientation Test(JLO)
RN NLK  mitochondrial encephalomyopathy(ME)
2R VAR i UL P LR ILAE 04K vh R A

mitochondrial encephalomyopathy with lactic acidosis and
stroke-like episodes(MELAS)

15 T8 5 it B ) 4
15-Ttem Patient Health Questionnaire( PHQ-15)

/BB 2E  small artery occlusion(SAO)
DA heart rate variability(HRV)
PLHERIX region of interest(ROT)

TR 5-55 €0 13- £ B of) 571

selective serotonin reuptake inhibitor(SSRI)
M4 N R A K BT

vascular endothelial growth factor(VEGF)
ML N 908 vascular endothelial cells( VECs)
M4 PRSI vascular dementia( VaD)
M- 5% % blood-brain barrier(BBB)
SR B L 2 T FEL i 52 A

nicotinic acetylcholine receptor(nAChR)
— R ERLAY general linear model(GLM)
B 2 X LA 8 A IR

medically unexplained symptoms(MUS)
UL R SIE L

amnesic mild cognitive impairment(aMCI)
SEH WU, abnormal muscle response( AMR)
Beck #Ifi 5t  Beck Depression Inventory(BDI)
IAB A PFE R Self-Rating Depression Scale(SDS)
FHE B anion gap(AG)
B[] 2 HERR L DXl 2 v

Oxfordshire Community Stroke Project(OCSP)
5t 5 P TR A 28 R e 0L R

primary angiitis of the central nervous system(PACNS)
Barthel #6434  Barthel Index(BI)
B intelligence quotient(1Q)
Hh RS A0 4328 5 12 IR bR HE A 2 R
Classification and Diagnostic Criteria of Mental Disorders in
China-Second Edition(CCMD-1)

AT AS  central executive network(CEN)
HimP B RE axial diffusivity(AD)

AT BE radical-by-radical (RBR) reading
H € R PP S spin echo sequence(SE)



