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Relationship between Neuroanatomical Location and Behavioral and
Psychological Symptoms of Alzheimer’s Disease: A VBM Analysis

Hee-Jin Kim, M.D.", Jin Seok Park, M.D.", Hyuk Sung Kwon, M.D.,
Sung-Hwan Lim, M.D., Seung H. Kim M.D.

Department of Neurology, College of Medicine, Hanyang University, Seoul, Korea

Background: Even though, behavioral and psychological symptoms of dementia (BPSD) is one of the
most important problems in Alzheimer’s disease (AD), neuroanatomical substrates of BPSD have been
much less understood than those of cognitive domains in AD. Objectives: The purposes of this study are
to investigate whether BPSD of AD might be associated with atrophy in specific brain areas according to
BPSD severity and compare the different patterns of the atrophic changes of brain in AD patients with
severe BPSD group with mild BPSD group. Methods: Fifty three patients with or without neuropsychiatric
symptoms of AD patients in mild and moderate stage were enrolled. All caregivers of the patients with AD
conducted the Brief version of Neuropsychiatric Inventory Questionnaire (NPI-Q). Changes of brain ac-
cording to the severities of BPSD were analyzed using Voxel Based Morphometry underlying Statistical
Paramatric Mapping. Special patterns of atrophy were evaluated according to special sub-items of the
NPI-Q. Results: NPI-Q total severity scores were correlated with the volume loss of bilateral frontal, tem-
poral and left anterior cingulated gyri in AD (FDR corrected p <0.05). Atrophy of left superior temporal re-
gion had meaningful correlations with positive symptoms of BPSD, such as delusion, hallucination, agita-
tion/aggression, euphoria and elation. Regional atrophy of right supramarginal gyri were correlated with
negative symptoms of BPSD (e.g., Dysphoria/Depression) (uncorrected p<0.001). Severe BPSD group
showed atrophy in bilateral temporal cortices, predominantly right side (FDR corrected p<0.05), not in
white matter. Conclusions: BPSD in AD might be the results of degenerative changes in bilateral frontal
and temporal corteces confined on the gray matter. White matter disruption did not significantly affect to
BPSD. Changes in atrophic patterns might be different between the AD patients with positive and nega-
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Table 1. Baseline demographics of participants

2uf) 7FF wokth HE S SRR 18Y, S, LA TS &

2 Itk K-MMSE: 16.2+ 67093, CDR
2 114+0.6199Ck NPL-QO] ZA} A1ZHz 0] 294212 822+ 8 5070
91, B 52} 1% A= 888+ 10.600]QITHTable 1). 24} A1ZHe
ofl w2 519 25%ileo]] S3H= 27 0]3H2] NPI-Q2] A} 412w
2 19l A= 1690] 9 25%ile AF2Q1 133 o] AFQ] At BE
1450191t} OF 2] K-MMSE= 1954572, 13.8+ 50691 CDRE 0.8
+0.399} 1.4+ 0492 15} AD7}BPSDE AalA] B & 4= 9l
QJH(Table 2).

2. BPSDe} Z R} ZA Ha}

i
2

1) BPSD2| &4 2tstol| 2 | Hs} 2k
WA, BPSDE] 2188l T2 270 WA ohi 7] Sf NPLQ F

IS B SRR Yol I ESRRAS BT 140 F
ol 2 200] 458 Aba) Hsle, A3
volume} 4o], 514 KMMSE A4& Egh =2 do] A}
x%—s}oﬂt}, NPI-Q SAF A7} 347 e &5, & BPSD7}

222 oz o|uole}u} Tajole), ohujrhure] HAdo] Ealslal
t‘iﬂ, E35] o}z oJato|g(Inferior frontal gyrus), 22 &0l
(Right orbitofrontal gyrus), o}2ff BALo || Al ] $i50] =G
a1 o]t Hzh= @ 2204 T AlsHA| WREFITHEDR corrected
p<0.05,T=569) (Fig. 1, Table 3). 121} A2 Ho}= Aga}kA] ¢Fek
=, -5 ofe AR A WA o) Mkt w2k QIoHEDR
corrected p<0.05, T=3.83), (Fig. 2).

total intracranial

r nz mlm

2) BPSDL| ME54

[<2ha]
ZF BEokA/FAAL

AD(n=53) 2 ojykapoleo] 9)Z0] WAE|G T (uncorrected p<0.001, T=2.40),
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Ferale 36 (67.9%) (Flg 3A), o F-E A Al gol Aoy 2 AE kAP S
Hypertension 28 (52.8%) Table 2. Comparison between mild (NPI-Q severity score < 2) versus se-
Diabetes Mellitus 11(20.7%) vere BPSD (NPI-Q severity score > 13) group
Dyslipidemia 8(15.1%)
Alcohol history 5(9.4%) Mild BPSD Group ~ Severe BPSD Group palue
Smoking history 11 (20.7%) (n=16) (n=14)
Education (yr) 94+52 Age (yr) 714+70 782+8.1 0.02*
K-MMSE 162+6.7 Female 12 12 029
CDR 1.14+06 Education (yr) 58+55 34+38 0.19
Total NPI-Q severity Score (0-36) 8.22+850 K-MMSE 195+57 138+5.1 0.01*
NPI-Q distress score (0-60) 8.88+10.60 (DR 08+04 14+05 0.001*
*»<0.05. *»<0.05.

Student t-test.

AD, Alzheimer's disease; K-MMSE, Korean version of Mini-Mental state examination;
CDR, Clinical Dementia Rating scale; NPI-Q, Brief Clinical Form of the Neuropsychi-
atric Inventory Questionnaire.

Values refer to student t-test.

AD, Alzheimer's disease; BPSD, Behavioral and Psychological Symptoms of Demen-
tia; MMSE, Mini Mental State Examination; CDR, Clinical Dementia Rating scale;
NPI-Q, Brief Clinical Form of the Neuropsychiatric Inventory Questionnaire.
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Fig. 1. Patterns of gray matter atrophy according to BPSD progression.
Atrophic changes in bilateral temporal and frontal area were observed
according to increase NPI-Q severity score (FDR corrected p <0.05,
T=5.69).

BPSD, Behavioral and Psychological Symptoms of Dementia; FDR, False
Discovery Rate.

Table 3. Regions of gray matter atrophy according to BPSD progression
(FDR corrected p < 0.05, T=5.69)

Coordinate™
Region T-value
X Y z
R Insular cortex 48 4 -10 569
R Inferior frontal gyrus 42 -8 -2 564
R Inferior frontal gyrus 46 24 -4 538
L Inferior frontal, orbitofrontal gyrus -46 42 6 458
L Inferior frontal gyrus -46 28 -10 436
L Middle fronral, oribitofrontal gyrus -34 60 -6 425
L Anterior cingulate -2 48 16 419
L Inferiortemporal gyrus -66 -10 -24 3.80
R Middle temporal gyrus 66 -58 -2 351
R Posterior cingulate 62 -66 -66 385
R Superior frontal gyrus 18 24 24 342
R Superior frontal gyrus 28 14 14 381
L Superior middle frontal gyrus 8 48 48 3.59

*Talairach coordinate (mm).
BPSD, Behavioral and Psychological Symptoms of Dementia; FDR, False Discovery
Rate; L, left; R, right.
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Fig. 2. Changes of white matter structure according to BPSD progres-
sion. Minimal atrophic changes around right inferior temporal regions
were observed (FDR corrected p < 0.05, T=3.83).

BPSD, Behavioral and Psychological Symptoms of Dementia; FDR, False
Discovery Rate.
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Fig. 3. Cortical changes according to positive versus negative symptoms of BPSD. (A) Left superior temporal gyrus atrophy were observed in hallucina-
tion items (uncorrected p < 0.001, T= 2.40). (B) Negative symptoms of BPSD, eg. dysphoria/depression were associated with right supramarginal gyrus
atrophy (uncorrected p < 0.001, T-score = 2.56).

BPSD, Behavioral and Psychological Symptoms of Dementia.
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