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Clinical Characteristics of Behavioral and Psychological Symptoms in 
Patients with Drug-naïve Alzheimer’s Disease
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Background: Behavioral and psychological symptoms of dementia (BPSD) are less well-defined aspects 
of Alzheimer’s disease (AD). We designed this study to explore the followings: 1) the clinical profiles of 
BPSD 2) the clustered-groups domains of the Korean-Neuropsychiatric Inventory (K-NPI) assessment of 
BPSD 3) the clinical characteristics of the clustered-groups of BPSD in patients with drug-naïve probable 
AD. Methods: Descriptive and cluster analyses of the 12 K-NPI domains were done in 220 patients with 
drug-naïve probable AD. After clustering these domains, characteristics of these positive symptoms clus-
tered-group of patients were compared with the negative symptoms groups of patients. Results: The mean 
Korean-Mini Mental Status Examination (K-MMSE), Clinical Dementia Rating (CDR) scale, and K-NPI 
scores were 15.0, 1.6, and 14.2, respectively. The CDR and K-MMSE scores correlated with total K- NPI 
scores, and depression was the most common symptom. According to cluster analysis, five major clus-
ters were identified. Using the associated neuropsychological dysfunctions, characteristics of each group 
were defined. Conclusions: This study identified the clustered-domains for K-NPI, and suggested the 
possible anatomical substrates for these groups in drug-naïve AD patients. These attempts may clarify 
the complex and bizarre behavioral and psychological symptoms as more neurologically relevant symp-
toms. 
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INTRODUCTION

Behavioral and psychological symptoms of dementia (BPSD) 
have been increasingly recognized as an important aspect of 
Alzheimer’s disease (AD). They occur in 80-90% of patients 
with AD [1, 2], affect the quality of life of both the patients 
and the caregivers, and strongly determine the patient’s life-
style and management [3].

BPSD is a catch-all term that covers various symptoms, in-
cluding psychotic, affective, and other symptoms. The BPSD 
substrate is probably related to anatomical dysfunctions, how-
ever, the neurological significances of these complex and bi-
zarre symptoms have rarely studied thus far. In order to study 
these symptoms, an objective assessment tool is necessary. 
Among the assessment tools, the Neuropsychiatric Inventory 
(NPI) is the most widely used instrument for assessing BPSD 
in dementia patients [4].

However, it is unclear whether NPI domains can be regard
ed as a single entity, or not. There has not been enough evi-
dence allowing for individualization of each domain. In re-
cent years, several studies have been attempted to identify the 
grouping of these symptom domains [5-10]. The potential 
advantages of this approach are that these groups might be 
more homogenous, thus allow a coherent explanation of the 
pathogenesis, prognosis and treatment [11].

Most previous studies have been limited by the fact that 
they included a significant proportion of medicated patients. 
It means that they were exposed to various psychoactive med-
ications including cholinesterase inhibitors, antipsychotics and 
antidepressants etc. These medications may possibly have se-
lectively or non-selectively influenced the BPSD domains, and 
thereby confusing the research results. 

AD is now recognized as a growing problem in Korea that 
has been brought about by the rapid growth of the elderly 
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populations. During the last decade, Korean society has faced 
many of the same challenges that are related to cognitive and 
behavioral dysfunctions for patients with AD, as in western 
societies. Traditionally, family members in Korea assume to-
tal responsibility of care giving for the elderly. The long-stand-
ing Confucian virtue of filial piety emphasized the provision 
of personal care for one’s parents, and Koreans are generous 
to one’s parents even for aberrant behavior. Though, in recent 
years, this tradition has been drastically declining in Korea 
due to industrialization, but there is still a considerable por-
tion of patients with mild to severe AD who visit the demen-
tia clinics with never medicated status. Therefore, we can de-
sign a BPSD study in drug-naïve probable AD patients, which 
will thus overcome the psychoactive medication effects.

Using factor analysis, previous studies have mainly focused 
on reducing the NPI domains and thus re-defining the sub-
syndromes of BPSD. They are less concerned with the neuro-
psychological characteristics of these groups and the possible 
implication as a neurological symptom. Reducing and ex-
tracting factors may be useful for explaining and understand-
ing complex phenomena, but it may not be ideal for delineat-
ing the pathophysiology of these complex phenomena. To 
understand pathophysiology of BPSD, it is important to ex-
tract and re-classify a homogenous group from various BPSD 
symptom domains, and then find the characteristics of each 
group. 

Although, cluster analysis and factor analysis may be simi-
lar, cluster analysis is designed to classify homogenous groups 
from various menus in a table. Whereas factor analysis try to 
detect underlying factors, and is often used in data reduction. 
Considering our aims to explore the homogenous BPSD do-
mains and define the characteristics of these groups, cluster 
analysis may be more helpful. 

The aims of this study were the followings; firstly, to exam-
ine the frequency and types of neuropsychiatric symptoms, 
secondly, to detect clustered-groups in the BPSD domains of 
the Korean-Neuropsychiatric Inventory (K-NPI), and thirdly, 
to explore the clinical characteristics of the clustered-group of 
BPSD in drug-naïve patients with AD. Finally, from these re-
sults, we suggested a hypothetical brain mapping for the BPSD 
sub-groups. 

MATERIALS AND METHODS

1. Patients

An initial 1,092 patients with dementia were screened from 
March 2001 to February 2010 at the Hyoja Geriatric Hospital 
(Fig. 1). Among 1,092 patients with dementia, the subjects of 
this study were 220 patients with probable AD, who were 
newly diagnosed and not medicated before visiting hospital. 
All patients included in this study met National Institute of 
Neurological and Communicative Disroders and Sroke- Al-
zheimer’s Disease and Related Disorders Association (NIN
CDS-ADRDA) criteria for probable AD [12]. The patients 
were drug-naive, except for episodic hypnotics that were tak-
en for sleep disturbances. Patients who were taking psycho-
active drugs, including antipsychotics, antidepressants, anti-
convulsants, benzodiazepines, and cholinesterase inhibitors, 
were excluded in this study.

The diagnostic evaluation included complete medical his-
tory, physical and neurological evaluation, comprehensive 
neuropsychological tests, a routine laboratory tests, and brain 
magnetic resonance imaging (MRI) or computed tomogra-
phy (CT) scans. The age at onset of the dementia was consid-
ered the time of onset of memory disturbances that exceeded 
the episodic forgetfulness. 

2. Procedures 

The Korean version of the NPI (K-NPI) [13], which is a 
retrospective informant-based rating scale for the behavioral 
and psychological symptoms in patients with dementia, was 

Other dementia (N= 402)

Possible AD (N= 247)

Dementia screening (N= 1,092)

Drug-naïve probable AD (N= 220)

Medicated probable AD (N= 223)

Fig. 1. Flow diagram of patient screening and inclusion.
AD, Alzheimer’s disease.
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used for the evaluation of the neuropsychiatric symptoms. 
This scale addresses 12 specific behavioral and psychological 
symptoms; delusion, hallucination, agitation-aggression, de-
pression, anxiety, euphoria, apathy, disinhibition, irritability, 
aberrant motor behavior, sleep disturbances, and eating ab-
normalities. The K-NPI gives a composite score for each do-
main that is the product of the frequency by severity sub-scores. 
The total K-NPI score was calculated by adding the 12 com-
posite scores. The test-retest reliability and internal consisten-
cy of the K-NPI was assessed in the previous study [13].

In order to assess global dementia severity, the Korean ver-
sion of the MMSE (K-MMSE) [14], CDR scale [15], and the 
Clinical Dementia Rating Scale-Sum of Boxes (CDR-SB) were 
used. A Barthel index [16] for the activities of daily living 
(ADL) evaluation, and a Geriatric Depression Scale (GDS) 
[17] for depression were also assessed. Neuropsychological 
tests representing specific cognitive functions were selected 
for defining the clinical characteristics of clustered-group. 
The Seoul verbal learning test (SVLT; Korean version of HP
VLT) [18] immediate recall to assess attention, SVLT delayed 
recall to assess temporal function, semantic word fluency for 
Controlled Oral Word Association Task (COWAT) to assess 
frontal lobe function, Stroop Color Naming Test to assess 
mesial frontal function, calculation for left parietal function, 
Rey-Osterrieth Complex Figure Test (RCFT) copy for right 
parietal function were adopted. 

3. Statistical analysis

First, baseline characteristics of the study subjects were as-
sessed. Second, the frequency and mean total score of the K-
NPI domains according to CDR stage were assessed. Third, 
to identify homogenous K-NPI domains, a hierarchical clus-
ter analysis was performed on all 12 K-NPI domains. Calcu-
lation of distance (0-25) based on the measure of similarity 
(Yule’s Q) and the cluster algorithm (average linkage), thus 
dendrogramm was presented.

Finally, to find the clinical characteristics of these groups, 
independent T-test was used to compare each group with pos-
itive symptoms to that without positive symptoms. Statistical 
analyses were performed with the SPSS version 18.0 (SPSS, 
Inc, Chicago, IL, USA).

After complete description of the study was given to the 
subjects and the caregivers, written informed consent was 
obtained from the patients or caregivers.

RESULTS

1. Characteristics of the patients

The study included 87 men (40%) and 133 women (60%). 
The mean age was 74.5± 8.0 years. The average K-MMSE and 
CDR scores were 15.0± 6.7 and 1.6± 0.8 respectively, indicat-
ing that subjects with mild to moderate AD were mainly re-
cruited (Table 1). Depression was the most common symp-
tom for the patients and the most troublesome symptom for 
the caregivers, being present in 53.6% of the patients (Table 
2). Disinhibition and irritability were also very common, oc-
curring in about 40% of the patients. The rarest symptoms 
were euphoria and hallucinations (7%) (Table 2, Fig. 2). The 
total K-NPI scores increased significantly according to CDR 
stage (Fig. 3). 

2. Cluster analysis of K-NPI domains

A hierarchical cluster analysis was performed to further 
delineate the structure of the variable K-NPI domains. Scores 
for each of the K-NPI domains for the 220 patients were plot-
ted in a geometric space according to their average linkage. 
The hierarchy results from clustering the data of the 220 pa-

Table 1. Demographic and clinical features of study subjects

Characteristics
CDR 0.5
(n = 69)

CDR 1
(n = 103)

CDR 2
(n = 37)

CDR 3
(n = 11)

Total
(n = 220)

Age (yr) 72.8 ± 8.4 75.0 ± 7.4 75.5 ± 8.4 79.7 ± 5.1 74.5 ± 8.0
Female gender (%) 40 (60%) 62 (60%) 21 (57%) 10 (91%) 133 (60%)
Age at onset 70.9 ± 7.8 71.4 ± 9.4 71.9 ± 8.2 74.4 ± 4.9 71.4 ± 8.6
Disease duration,  
   months

24.8 ± 21.0 42.2 ± 29.1 43.2 ± 21.8 65.2 ± 21.8 33.4 ± 25.6

Education years 10.4 ± 5.3 8.6 ± 5.7 6.5 ± 6.4 5.1 ± 5.8 8.7 ± 5.9
K-MMSE 23.0 ± 4.1 18.5 ± 5.1 12.2 ± 3.7 7.1 ± 5.0 15.0 ± 6.7
CDR 1.6 ± 0.8
Barthel index 20.0 ± 0 19.6 ± 1.2 18.3 ± 2.9 17.4 ± 2.7 19.4 ± 1.6
GDS 12.8 ± 6.9 14.2 ± 23.3 15.6 ± 7.0 14.6 ± 7.0 13.9 ± 7.2
K-NPI total 5.2 ± 9.8 15.4 ± 12.2 29.8 ± 20.0 41.1 ± 30.7 14.5 ± 23.0

K-MMSE, Korean Mini-Mental State Examination; CDR, Clinical Dementia Rating Scale; 
GDS, Geriatric Depression Scale; K-NPI, Korean Neuropsyhicatirc Inventory.
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tients are shown in Fig. 4. On this dendrogram, closely inter-
correlated K-NPI domains were joined at an early stage in the 
analysis (at the left of the dendrogram), and less closely inter-
correlated domains were joined at later stages (at the right of 
the dendrogram). Five major clusters were found in the anal-
ysis, which were detected by a marked discontinuity or a “step” 
in the hierarchy.

The results of the cluster analysis of the total group of pa-
tients are shown in Table 3. Group 1 included a wide range of 
symptom domains (aggression, aberrant motor behavior, de-

Table 2. K-NPI domain prevalence according to CDR staging

Symptoms

CDR 0.5 CDR 1 CDR 2 CDR 3
Total study 

group

(N = 69) (N = 103) (N = 37) (N = 11) (N = 220)

N (%) N (%) N (%) N (%) N (%)

Delusions 6 (8.7) 23 (22.3) 20 (54.1) 8 (72.7) 57 (25.9)
Hallucinations 1 (1.4) 6 (5.8) 7 (18.9) 3 (27.2) 17 (7.7)
Aggression 8 (11.4) 27 (26.2) 19 (51.4) 10 (90.9) 27 (29.1)
Depression 31 (44.9) 64 (62.1) 18 (48.6) 5 (45.4) 118 (53.6)
Anxiety 15 (21.7) 44 (42.7) 19 (51.3) 5 (45.4) 83 (37.7)
Euphoria 2 (2.9) 8 (7.8) 4 (10.8) 3 (27.2) 17 (7.7)
Apathy 12 (17.4) 48 (46.6) 16 (43.2) 4 (36.3) 80 (36.4)
Disinhibition 9 (13.0) 23 (22.3) 12 (32.4) 6 (54.5) 22 (40.7)
Irritability 18 (27.7) 43 (41.7) 21 (9.5) 6 (54.5) 88 (40.0)
Motor behavior 3 (4.3) 21 (20.4) 20 (54.1) 8 (72.7) 52 (23.6)
Nighttime behavior 12 (17.4) 28 (27.2) 14 (37.8) 7 (63.6) 61 (27.7)
Eating change 11 (15.9) 40 (38.8) 19 (51.3) 4 (36.4) 74 (33.6)
Total 50 (72.5) 86 (83.4) 27 (73.0) 10 (90.9) 173 (78.6)

K-NPI, Korean Neuropsyhicatirc Inventory; CDR, Clinical Dementia Rating Scale.

Fig. 2. Caregiver burden (in K-NPI) according to behavior and psychiatric 
domain.
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Fig. 3. Mean K-NPI total score according to CDR staging. Except for the 
difference between CDR 2 and 3 (p= 0.18), all groups are significantly 
different (p< 0.01). K-NPI, Korean Neuropsyhicatirc Inventory; CDR, Clini-
cal Dementia Rating Scale.
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lusion, irritability, disinhibition, and hallucination), contrast-
ing Group 2 (sleep disturbance) and Group 4 (eating abnor-
mality) which included a single symptom domain. 
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Table 3. Clustered group among K-NPI domains

Group 1 Group 2 Group 3 Group 4 Group5

K-NPI  
domain

Agitation- 
   aggression
Aberrant motor  
   behavior
Delusion
Irritability
Disinhibiton
Hallucination

Seep distur-
bance

Depression  
apathy

Eating ab-
normalities

Anxiety  
euphoria

Table 4. Clinical characteristics of clustered group

Characteristics Group 1 (N = 21) Group 2 (N = 65) Group 3 (N = 60) Group 4 (N = 74) Group 5 (N = 19)

MMSE 12.6 ± 5.2† 18.1 ± 5.8* 18.8 ± 5.2 18.7 ± 5.0 18.5 ± 6.0
CDR 2.1 ± 0.7† 1.3 ± 0.8† 1.2 ± 0.6 1.2 ± 0.6* 1.5 ± 0.8*
CDR-SB 11.3 ± 3.4† 7.2 ± 4.2† 6.4 ± 3.2* 6.3 ± 3.2* 8.3 ± 3.6†

Barthel 17.7 ± 2.5† 18.9 ± 2.1† 19.2 ± 1.7† 19.0 ± 2.2* 18.2 ± 2.3
GDS 14.9 ± 6.1 14.4 ± 6.7 15.1 ± 7.2† 14.1 ± 6.9 12.3 ± 7.0
Seoul Verbal Learning Test immediate recall 7.3 ± 5.4† 11.0 ± 4.6 10.4 ± 4.7† 10.0 ± 4.5† 12.4 ± 3.6
Seoul Verbal Learning Test delayed recall 0.4 ± 1.1† 1.3 ± 1.8 0.9 ± 1.9 0.8 ± 1.5 1.8 ± 2.0
Controlled oral word association test 11.3 ± 7.9† 17.0 ± 6.9 15.6 ± 7.6* 16.5 ± 7.6 16.2 ± 4.8*
Stroop color 59.5 ± 31.8 50.8 ± 22.7 45.4 ± 24.6 55.5 ± 26.6 38.0 ± 16.6
Calculation 8.3 ± 3.5 8.3 ± 3.5 8.5 ± 3.9 8.3 ± 3.8 7.1 ± 4.2
Rey-Osterrieth Complex Figure Test 19.1 ± 12.3 19.4 ± 9.7† 23.0 ± 10.2 22.0 ± 9.3* 15.7 ± 10.7*

Each positive group was compared with each negative group, i.e. apathy and depression-positive group was compared to apathy and depression negative-group. If one symp-
tom was positive and other symptom was negative, this data was not compared. Statistical significance means that positive symptom groups had a lower score than the neg-
ative symptom groups.
*p value < 0.05; †p value < 0.01 (One-Way ANOVA test was used).
MMSE, Korean Mini-Mental State Examination; CDR, Clinical Dementia Rating Scale; CDR-SB, Clinical Dementia Rating Scale-Sum of Boxes; GDS, Geriatric Depression Scale.

3. Neuropsychological tests in clustered-groups

All clustered-groups were related to global cognitive dys-
functions, and specific cognitive dysfunctions were found in 
each group. Group 1 showed significantly lower scores in SVLT 
immediate recall, SVLT delayed recall, and COWAT tests. 
Group 2 showered significantly lower scores in RCFT copy. 
Group 3 showed significantly lower scores in COWAT test. 
Group 4 showed significantly lower scores in SVLT immedi-
ate recall, RCFT copy, and Group 5 showed significantly low-
er scores in COWAT and RCFT copy (Table 4).

4. Hypothetical brain mapping of clustered groups

If additionally selected neuropsychological test dysfunc-
tions for a specific clustered group means that a selected ana-
tomical disturbance represents this dysfunction, hypothetical 
mapping for each group can be drawn (Fig. 5). The same col-
or represents the same group, the size of the circle means the 

degree of global dysfunction, and the text location indicates 
right, left, or anterior of the brain.

DISCUSSION

Since development of NPI, the lack of consistent or weak 

Fig. 5. Hypothetical mapping for K-NPI domains.
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relationships between cognitive and neuropsychiatric abnor-
malities was suggested as evidence that neuropsychiatric ab-
normalities are not reactive to cognitive impairment [19-21], 
but rather, are epiphenomena of AD. However, a recent study 
using untreated patients with AD showed that disease severi-
ty was correlated with neuropsychiatric abnormalities except 
the affective syndromes [10]. Moreover, in our study, K-NPI 
scores were very closely related to general and specific cogni-
tive functions in all groups, including the depression and apa-
thy group (e.g. affective symptom group). These finding sug-
gested that, if we exclude medication effects, cognitive dys-
function and BPSD in AD are not separate phenomena but 
may be connected in some way. 

To our knowledge, this is the first study to explore the clus-
tered groups of NPI domains in all stages of patients with drug-
naïve AD and to define the clinical characteristics of the clus-
tered-groups. Previous studies have mainly focused on re-
ducing NPI domain factors and thus defining sub-syndromes 
of AD [5-10]. However, our study focused on extracting ho-
mogenous groups from numerous NPI domains. Using this, 
we tried to define the characteristic of each group. A recent 
study, that recruited only untreated AD patients as we did, 
also showed five major groups, but they were somewhat dis-
similar to our study [10]. This raises the question of why there 
was a discrepancy concerning the group domains between 
this study and ours. Both studies were free from the psycho-
active medications, so medication effects can be excluded. 
The difference may have originated from ethnic difference or 
inclusion differences because our study included more severe 
cases and educated patients. Differences in the adopted statis-
tical methods also may be responsible for this. Ethnically, in 
Asia, depression is the most common symptoms whereas ap-
athy is more frequently experienced in Western countries [9, 
22]. Whether these ethnical differences influence neuropsy-
chiatric symptom architecture is controversial.

Cluster analysis revealed five major groups that comprised 
a wide range of symptom complexes (Group 1) to single symp
tom domain clusters (Group 2 and Group 4). Delusions, ag-
gression, aberrant motor behavior and, depression and apa-
thy were highly inter-correlated (homogenous). Anxiety and 
euphoria were moderately inter-correlated and were separat-
ed from other symptom domains (Fig. 4). 

These clusters are somewhat different compared to the pre-
vious studies which usually sub-grouped as psychotic, affec-
tive and other symptom domains [5-10]. One possible expla-
nation for these differences is that most previous studies in-
cluded a significant portion of medicated patients. If the side 
effects of a certain medication are sleep disturbance and ap-
petite loss, these subjects showed significantly higher preva-
lence of these symptoms, and they would be masked as a ho-
mogenous cluster. Numerous psychoactive drugs are prone 
to affect a wide range of neuropsychiatric symptoms. There-
fore, to explicitly define NPI symptoms, observations in drug-
naïve patients are essential. 

Another reason for the difference in BPSD clustering may 
be the selection bias. A hospital-based study may include pa-
tients with more severe symptoms and, in contrast, a study of 
drug-naïve AD patients may be prone to the recruitment of 
patients with more mild dementia. Therefore, our study in-
cluded subjects with mixed and complex stages of dementia.

Although, hallucinations are classified in the same group as 
delusions, inter-correlation was looser than with other symp-
toms (aberrant motor behavior and aggression, Fig. 4). Con
sidering aberrant motor behavior and aggression are highly 
correlated with delusions, these symptoms may be interpret-
ed as being flip side of delusions, and the management of these 
symptoms may be in line with delusion treatment. 

Patients with Group 1 scored significantly lower in almost 
neuropsychological tests, and this means that this group had 
complex and multiple substrate pathophysiologies. Patients 
in Group 2 scored significantly lower in RCFT copy, suggest-
ing right hemispheric dysfunction with general cognitive dys
function. Patients with depression and apathy (Group 3) scor
ed significantly lower in SVLT immediate recall and COWAT, 
indicating attention and frontal dysfunction. Although CDR-
SB was also significantly lower in this group, other general 
cognitive tests, e.g. K-MMSE, CDR, were not significantly 
low compared to negative symptom patients. This means that 
this group was somewhat loosely related with general cogni-
tive functions compared to other clustered-groups, and fron-
tal dysfunction may be associated. Other point is that apathy 
and depression are very closely related to each other. Some 
studies using the NPI have not been able to distinguish two 
syndromes of depression and apathy [23, 24], and other stud-
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ies separate apathy from depression, implying an indepen-
dent factor [9, 20, 25, 26]. The question of whether depres-
sion and apathy are distinct syndromes has been the topic of 
considerable discussion, however, it remains still controver-
sial. Considering that co-prevalence and specific focal cogni-
tive functions were hampered in both symptoms, these symp-
toms may not be an independent entity, but may be related to 
each other in some ways. Although we could not ascertain 
whether this relation was primary or secondary, it may repre-
sent frontal dysfunction in drug-naïve patients with AD.

The patients with eating abnormalities (Group 4) scored 
low in SVLT immediate recall and RCFT copy score and the 
patients with anxiety and euphoria (Group 5) scored lower in 
COWAT and RCFT copy. Group 4 and 5 suggested right hemi
spherical dysfunction. Co-prevalence of euphoria and anxiety 
may be somewhat embarrassing. However, considering that 
manic episodes and anxiety were commonly associated in 
epidemiological study, and these systems share common nor-
epinephrine, dopamine and serotonin systems, the pathophys-
iology of these overlapping symptomatology in AD may be 
similar to bipolar disorders [27].

At least two hypotheses can be drawn to explain the co-oc-
currence of behavioral symptoms. First, some behavioral symp
toms might be secondary to others. Alternatively, behavioral 
symptoms might share common anatomical and pathophysi-
ological substrates. In the same way, the co-occurrence of be-
havioral symptoms and specific cognitive dysfunctions can 
be explained.

If we hypothesize that clustered-groups showing a signifi-
cant deficit in a neuropsychological test representing a specif-
ic lobar function may share common anatomy, we can hypo-
thetically (and roughly) map each cluster of BPSD. Using this 
hypothesis, we may understand the fuzzy and unclear symp-
tomatology of BPSD related to focal neurologically relevant 
symptomatology.

This study had some limitations. First, the sample size is 
relatively small for the number of factors analyzed. Second, 
although our study included more severe patients than previ-
ous studies, still they were mostly in the mild to moderate 
stages of dementia, and so this study was mostly biased to-
wards mild cases. Third, attempts in hypothetical mapping 
may have some limitations and have less clinical relevance, 

because the anatomical localization of BPSD symptoms ac-
companying region-specific neuropsychological test dysfunc-
tion may not always result from the same anatomical disrup-
tion. Finally, our study is a hospital-based study, and so it may 
not represent a real community.

In conclusion, this is the first study to identify the cluster 
group for NPI domains and explore the possible anatomical 
substrates for these groups in drug-naïve AD patients. Althou
gh this study has some limitations, these results may clarify 
the complex and bizarre neuropsychiatric symptoms as more 
neuropsychologically relevant symptoms. In a future study, 
larger sample size of drug-naïve patients and more specific 
tests that represent specific anatomical substrates may pro-
vide a better understanding of the behavioral and psychiatric 
symptoms of dementia. 
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