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Background and Purpose It has been shown that sleep problems in Alzheimer’s disease (AD)
are associated with cognitive impairment and behavioral problems. In fact, most of studies have
founded that daytime sleepiness is significantly correlated with cognitive decline in AD. How-
ever, a few studies have also shown that nighttime sleep problems are associated with cognitive
function and behavioral symptoms in AD. Accordingly, the aim of this study was to evaluate the
effects of nighttime sleep on cognition and behavioral and psychological symptoms of dementia
(BPSD) in AD.

Methods The study population comprised 117 subjects: 63 AD patients and 54 age- and sex-
matched non-demented elderly subjects. Detailed cognitive functions and behavioral symptoms
were measured using the Seoul Neuropsychological Screening Battery (SNSB) and the Korean
version of the Neuropsychiatric Inventory (NPI-K). Sleep characteristics were evaluated using
the Korean version of the Pittsburgh Sleep Quality Index (PSQI-K). The correlations between
PSQI-K and SNSB scores and between PSQI-K and NPI-K scores were analyzed.

Results In AD patients, sleep latency was found to be negatively correlated with praxis (p=
0.041), Rey-Osterrieth Complex Figure Test (RCFT) immediate recall (p=0.041), and RCFT
recognition (p=0.008) after controlling for age and education, while sleep duration and sleep ef-
ficiency were positively correlated with praxis (p=0.034 and p=0.025, respectively). Although
no significant correlation was found between PSQI-K and NPI-K scores, sleep disturbance and
total PSQI-K scores were found to be significantly associated with apathy/indifference in AD.

Conclusions Sleep problems such as prolonged sleep duration, sleep latency, and poor sleep
efficiency in AD patients were correlated with cognitive dysfunction, and especially frontal ex-
ecutive and visuospatial functions, and BPSD. These findings suggest that treatment of night-
time sleep problems might improve cognition and behavioral symptoms in AD patients.
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Introduction

Sleep problems are common in Alzheimer’s disease (AD) pa-
tients as well as cognitively normal elderly. Rebok et al.' re-
ported that 21% of 108 patients with AD experienced sleep

@ This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (http:/creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the ori-
ginal work is properly cited.

disturbances, including frequent awakening, excessive day-
time sleepiness, and napping. Community-based cross-sec-
tional studies have found sleep problems in up to 40% of AD
patients,>* and Moran et al.* reported that 24.5% of AD pa-
tients experienced sleep problems and suffer from delusions,
aggression, and other behavioral symptoms during the night.
Furthermore, sleep disturbances and nighttime behavior chang-
es are the most important factors in institutionalization of de-
mentia patients.*’

It is well known that sleep affects memory and other cog-
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nitive functions. Therefore, sleep problems are one of the
important factors underlying cognitive decline not only in the
normal elderly but also in AD patients.® In a study of normal-
ly cognitive Italian elderly that used patient interviews and
the multiple sleep latency test (MSLT) to evaluate nighttime
sleep problems and excessive daytime sleepiness (EDS), a sig-
nificant association was found between these parameters and
both dementia and cognitive decline.” Several reports have
been published on the association between sleep problems
and cognitive functions in AD.? A study that administered the
Epworth Sleepiness Scale and the Mini-Mental State Exami-
nation (MMSE) found that AD patients with greater EDS had
lower MMSE scores.'® In another study, shortening of mean
daytime sleep latency, identified by the MSLT, was found to
be significantly associated with poor MMSE performance,
frontal executive function, and verbal memory in both mild
and moderate AD."

The influence of sleep problems on the behavioral and psy-
chological symptoms of dementia (BPSD) in AD has also
been studied. One study concluded that sleep disturbance is a
predictive factor of depressive symptoms in AD, and another
study (that used actigraphy) revealed an association between
apathy and sleep problems in AD.'*"* Furthermore, a study
performed using the Behavioral Pathology in AD Scale ques-
tionnaire found that sleep disturbance in AD was correlated
with aggressiveness.*

However, many previous studies on cognitive functions in
AD have focused on EDS as the key sleep problem, and not
sleep problems at night.”"" Actually, few studies have ad-
dressed the effects of nighttime sleep problems on cognitive
functions in AD. Furthermore, the previous studies that have
been published on this topic used insufficient neuropsycho-
logical tests, such as only the Clinical Dementia Rating Scale
and/or MMSE, or non-validated patient interview question-
naires.*™!316 Therefore, in the present study we investigated
associations between nighttime sleep problems, and cogni-
tion and BPSD using detailed neuropsychological tests and a
validated sleep questionnaire-comprising the Seoul Neuropsy-
chological Screening Battery (SNSB), the Neuropsychiatric
Inventory (NPI), and the Pittsburgh Sleep Quality Index (PSQI)
in AD patients.

Methods

Participants

The study population was recruited at the dementia clinic of a
South Korean university. The 117 subjects who were enrolled
comprised 63 AD patients and 54 age- and sex-matched non-
demented elderly (NDE) subjects. AD was diagnosed as de-
scribed by the National Institute of Neurological and Com-
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municative Disorders and Stroke and the Alzheimer’s Disease
and Related Disorders Association.'” The NDE subjects in-
cluded 42 subjects with mild cognitive impairment (MCI)
and 12 normal healthy elderly. Diagnostic evaluations includ-
ed detailed medical history-taking, physical and neurological
examinations, neuropsychological tests, and blood tests. The
following exclusion criteria were applied: history of signifi-
cant head trauma, history of neurological disorders, major psy-
chiatric disorders, use of psychoactive medication, and history
of abuse of alcohol or another substance. This study was ap-
proved by the institutional review boards of all participating
hospitals, and written informed consent was obtained after
providing a complete description of the study to the subjects
and their caregivers.

Global sleep quality

The detailed profiles of nighttime sleep problems experience
by AD patients were investigated using the PSQI. This index,
which was first introduced in 1988, is a widely used validated
sleep scale and is based on a self-assessment questionnaire
that assesses sleep problems that have been present during the
previous month.'® The Korean version of the PSQI (PSQI-K)
used in this study was validated and shown to be reliable in
2012." The PSQI consists of 19 items, which generate a 7-com-
ponent score for subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of
sleeping medication, and daytime dysfunction. The total PSQI
score can range from 0 to 21, where a higher score indicates
a worse sleep quality, and a patient with a total score of =5 is
considered a poor sleeper.'® We estimated time in bed (TIB)
using PSQI subitems. When subjects completed the question-
naire, they were asked to provide the usual times that they
went to bed at night and woke up in the morning during the
previous month, from which we calculated the usual average
TIB of the subjects.

Neuropsychological tests

All study subjects underwent neuropsychological testing using
the SNSB.? This is a standardized neuropsychological bat-
tery that contains tests for attention, language, praxis, parietal
function, visuospatial function, verbal and visual memory,
and frontal executive function. The SNSB consists of digit
span (forward and backward), the Korean version of the Bos-
ton Naming Test (K-BNT), ideomotor praxis, the Rey-Oster-
rieth Complex Figure Test (RCFT; composed of copying, im-
mediate and 20-min delayed recall, and recognition), the
Seoul Verbal Learning Test (SVLT; 3 learning-free recall trials
involving 12 words, a 20-min delayed recall trial of these 12
items, and a recognition test), the phonemic and semantic
Controlled Oral Word Association Test (COWAT), and the



Stroop test (word and color reading of 112 items over a 2-min
period). General cognitive indices were determined using the
Korean version of the MMSE.*' The Geriatric Depression Scale
was administered to assess depressive symptoms.”* BPSD in
AD was assessed using the Korean version of the NPI (NPI-K).**

Activities of daily living scales

The Barthel Activities of Daily Living Index (B-ADL) and the
Seoul-Instrumental Activities of Daily Living Scale (SI-ADL)
were used to evaluate basic activities and instrumental activi-
ties of daily living, respectively.*?” A lower B-ADL score means
greater impairment of physical ADL, whereas a higher SI-
ADL score means greater impairment of instrumental ADL.

Statistics

Statistical analysis was performed using SPSS version 17.0
(SPSS Inc., Chicao, IL, USA) for Windows. Differences be-
tween the baseline characteristics of the AD patients and NDE
were assessed using the unpaired, two-tailed Student’s #-test.
Pearson’s correlation coefficients and significance levels were
used to evaluate correlations between cognitive function,
BPSD, and sleep problems. The level of statistical significance
was set at p<0.05. A multivariate general linear model ad-
justed for age and education duration was used to analyze re-
lationships between cognition, BPSD, and sleep problems.

Table 1. Demographic characteristics
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Results

Demographic factors

No significant differences were observed between the AD and
NDE groups in terms of age, sex, education duration, or total
PSQI-K score (Table 1). Poor sleepers (PSQI-K total score
=5) constituted 40.2% of the AD group and 48.1% of the
NDE group. In AD, PSQI-K total scores were not significantly
correlated with MMSE-K, B-ADL, or SI-ADL scores. No sig-
nificant intergroup differences were observed in the compo-
nents of the PSQI-K between the two groups, except for sleep
duration (p=0.002) and TIB (p=0.01) being significantly lon-
ger in AD patients than NDE subjects.

Eight of the 64 AD patients reported that they were taking
sleeping medications; 5 were taking these 3 or more times a
week, and 3 were taking them less than once a week. In the
NDE group, four subjects were taking sleep medications three
or more times a week, one subject was taking them once or
twice a week, and one subject was taking them less than once
a week.

Sleep parameters and cognition

In AD patients, sleep latency was negatively correlated with
praxis and visuospatial functions (Table 2). Sleep efficiency
was positively correlated with K-BNT, praxis, and RCFT
scores. Sleep duration also influenced praxis in AD patients.
After adjusting for age and education, sleep latency was sig-

AD (n=63) NDE (n=54) p-value
Sex, female (n, %) 46 (73%) 32 (59.3%) 0.118
Age (yr) 74.83£6.155 72.81+£4.782 0.054
Education duration (yr) 4.40+4.633 6.11+5.795 0.083
MMSE 16.7314.451 23.85£3.877 0.000
CDR 0.74+0.400 0.45+0.176 0.000
GDS 3.5610.642 2.66+0.586 0.000
NPI total score 14.27£21.226 3.91+8.605 0.001
SI-ADL 14.90+£11.260 4.11+£5.599 0.000
B-ADL 18.32+£3.257 19.72+0.940 0.003
Time in bed (min) 510.00£93.527 461.63+95.816 0.010
PSQI total score 5.4413.897 6.6114.433 0.194
Sleep quality 0.76+0.893 1.13£0.991 0.036
Sleep latency (min) 32.83+37.136 32.37+30.650 0.949
Sleep duration (min) 440.54+£108.597 375.10+£103.880 0.002
Sleep efficiency (%) 87.18%£11.715 82.06+17.607 0.080
Sleep disturbance (raw score) 6.32+4.772 6.43+4.913 0.904
Use of sleeping medication 0.29+0.831 0.28+0.841 0.986
Daytime dysfunction 0.71£1.497 1.00+1.427 0.295

Data were presented as meantstandard deviation.

AD: Alzheimer's disease, B-ADL: Barthel Activities of Daily Living Index, CDR: Clinical Dementia Rating, GDS: Geriatric Depression
Scale, SI-ADL: Seoul-Instrumental Activities of Daily Living Scale, MMSE: Mini-Mental State Exam, NDE: non-demented elderly, PSQI:

Pittsburgh Sleep Quality Index.
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Table 2. Correlation between sleep parameters and cognition in Alzheimer’s disease (AD) and non-demented elderly (NDE)

Sleep Sleep . . Sleep Day time PSQI total
latency duration fime in bed efficiency dysfunction score
AD NDE AD NDE AD NDE AD NDE AD NDE AD NDE

Repetition 0.075 0.13  0.091 -0.114 0.091 -0.188 0.086 -0.017  -0.066 -0.118 -0.174  -0.038
K-BNT -0.214 0.258 0.153 -0.001 0.084 -0.237 0.267*  0.14 0.144  -0.101 -0.139  -0.123
Praxis -0.323* 0.097  0.288* -0.165 0.187 -0.228 0.319*  -0.009 0.11 -0.197 -0.141 -0.119
Calculation -0.216 0.29  0.141 0.044 0.085 -0.218 0.219 0.185 0.082  0.103 -0.057  -0.028
SVLT

Recall total -0.197 0.185  0.089 -0.064  -0.005 -0.225 0.238 0.114 0.001  -0.095 -0.149  -0.02

Delayed -0.212 0.145 -0.15 -0.278  -0.105 -0.371**  0.056 -0.007  -0.062  0.021 -0.075 0.106

Recognition -0.03 0.055 -0.123 -0.192  -0.062 -0.219 -0.064 -0.036  -0.165 -0.015 -0.064 0.028
RCFT

Immediate -0.352* 0.202  0.121 -0.135 0.048 -0.282*  0.269*  0.089 0.107  -0.106 0.026 -0.144

Delayed -0.311* 0.222 0.015 -0.204  -0.134 -0.331*  0.287*  0.036 0.125 -0.121 0.062  -0.033

Recognition -0.423**  0.002  0.096 -0.113 0.044 -0.428** 0.197 0.223 0.246  0.032 -0.01 -0.148
Contrasting -0.174 0.075  0.089 -0.009  -0.022 -0.448** 0.168 0.266 0.212  0.15 -0.005 -0.131

program

Go/No-go -0.165 0.23  0.064 0.129 0.1 -0.26 0.091 0.278 0.043 -0.008 0.062  -0.096
COWAT

Animal -0.087 0.227  0.041 -0.161 0.115 -0.360*  0.087 0.053 0.276 -0.153 0.116 -0.016

Supermarket 0.026 0.056 -0.14 -0.053  -0.046 -0.292*  0.043 0.188 0.044 -0.299* 0.224 -0.129

Phonemic -0.105 0.286  0.057 -0.274 0.097 -0.369*  0.139 -0.036 0.19 -0.007 0.201 0.149
Stroop test

Word -0.261 0.304  0.099 -0.23 0.023 -0.14 0.287 -0.165 0.146 -0.301* -0.095 0.153

Color 0.005 0.313  0.035 -0.145 0.122 -0.276 -0.039 0.051 0.022 -0.141 0.113 0.081

*5<0.05, **p<0.01.

COWAT: Controlled Oral Word Association Test, K-BNT: Korean version of the Boston Naming Test, PSQI: Pittsburgh Sleep Quality Index,
RCFT: Rey-Osterrieth Complex Figure Test, SVLT: Seoul Verbal Learning Test.

nificantly associated with praxis, immediate recall, and rec-
ognition of the RCFT (Table 3), and sleep duration and effi-
ciency were correlated with praxis in AD patients. Although
sleep efficiency appeared to be correlated with K-BNT and
RCEFT scores, the correlations did not reach statistical signifi-
cance. The TIB was longer in the AD group than in the NDE
group, but no correlation was found between TIB and cogni-
tion in AD. No significant difference was found for any cog-
nitive test when the AD group was dichotomized according
to TIB (>6 hours vs. <6 hours).

In the NDE group, TIB and daytime dysfunction were
negatively correlated with SNSB performance (Table 2). In
particular, a longer TIB was associated with worse perfor-
mance at delayed recall of SVLT, contrasting program, all
RCFT components, and COWAT. Daytime dysfunction was
also negatively correlated with the COWAT supermarket and
Stroop tests. The correlations between TIB, daytime dysfunc-
tion, and performance of SNSB were statistically significant
in multiple regression analyses controlling for age and edu-
cation (Table 4).
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Sleep parameters and BPSD

In AD, although no significant correlation was observed be-
tween PSQI-K total scores and NPI-K scores, sleep distur-
bance and PSQI-K total scores were significantly associated
with apathy/indifference in AD (Table 5). Furthermore, the
significant associations between sleep disturbance, PSQI-K
total score, and apathy/indifference were preserved after con-
trolling for age and education (Table 6).

Discussion

In this study, poor sleepers (defined by PSQI >5)'® constitut-
ed 40.2% of the AD group and 48.1% of the NDE group. Not
all of the NDE subjects were cognitively normal elderly; there
were also some subjects with MCI and subjective cognitive
impairment. Thus, the higher prevalence of poor sleepers in
the NDE group than in the AD group might have been due to
the heterogeneous composition of the NDE group. Based on
our data, the prevalence of sleep problems among AD pa-
tients was similar or slightly higher than has been reported
previously. A community-based study found that 40% of pa-



Table 3. Multiple regressing analysis of the sleep parameters and
cognition in Alzheimer’s disease

B p value
Sleep latency
Praxis -0.008 0.041
RCFT
Immediate -0.029 0.041
Delayed -0.028 0.071
Recognition -0.025 0.008
Sleep duration
Praxis 0.003 0.034
Sleep efficiency
K-BNT 0.237 0.067
Praxis 0.026 0.025
RCFT
Immediate 0.071 0.097
Delayed 0.090 0.062

Multiple linear regression model: Independent variables are
sleep latency, sleep duration, sleep efficiency and cognitive
tests are dependent variables, controling age and education
duration.

B: regression coefficient, K-BNT: Korean version of the Boston
Naming Test, RCFT: Rey-Osterrieth Complex Figure Test.

Table 4. Multiple regression analysis of sleep parameters and
cognition in non-demented elderly

6] p value
Time in bed
SVLT delayed -0.012 0.009
RCFT
Immediate -0.019 0.053
Delayed -0.026 0.025
Recognition -0.010 0.003
Contrasting program -0.011 0.002
COWAT
Animal -0.018 0.013
Supermarket -0.023 0.042
Phonemic -0.076 0.019
Daytime dysfunction
COWAT supermarket -1.724 0.013
Stroop test word -5.434 0.041

Multiple linear regression model: Independent variables are
time in bed, daytime dysfunction and cognitive tests are de-
pendent variables, controlling age and education duration.

B: regression coefficient, COWAT: Controlled Oral Word Asso-
ciation Test, RCFT: Rey-Osterrieth Complex Figure Test, SVLT: Seoul
Verbal Learning Test.

tients with moderate AD have a sleep problem.? In another re-
port, 35% of AD patients experienced disrupted sleep more
than once a week,* and a recent study of 215 AD patients found
that the prevalence rate for sleep disturbance was 24.5%.*
These variations in the reported prevalence rates of sleep
problems in AD might be due to methodological differences
between studies, such as the types of assessment tools and
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Table 5. Correlation of sleep parameters and BPSD in AD

Sleep PSQI
disturbance total score

Delusions -0.07 0.07
Hallucinations -0.02 0.173
Agitation/aggression 0.025 0.0
Dysphoria/depression 0.103 0.137
Anxiety 0.168 0.057
Euphoria/elation 0.117 0.116
Apathy/indifference 0.382* 0.373*
Disinhibition 0.125 0.049
Irritability/lability 0.112 0.125
Aberrant motor 0.127 0.093
Nighttime disturbance 0.122 0.013
Appetite/eating disturbance 0.0 0.09
NPI total score 0.134 0.149

*p<0.01.

AD: Alzheimer's disease, BPSD: behavioral and psychological
symptoms of dementia, NPI: Neuropsychiatric Inventory, PSQI:
Pittsburgh Sleep Quality Index.

Table 6. Multiple regression analysis of sleep parameters and
BPSD in AD

B p value
Sleep disturbance Apathy/ 0.218 0.002
indifference
PSQI total score Apathy/ 0.275 0.006

indifference

Multiple linear regression model: Independent variables are
sleep disturbance, PSQI total score and apathy/indifference
are dependent variables, controlling age and education du-
TS?Z.Izheimer’s disease, PB: regression coefficient, BPSD: be-
havioral and psychological symptoms of dementia, PSQI: Pittfs-
burgh Sleep Quality Index.

questionnaires used for evaluating sleep disturbance. In addi-
tion, some patients could not complete the questionnaires on
their own due to the characteristics of the disease, and thus
needed the help of caregivers. We observed that the TIB was
longer in AD patients than in the NDE. A similar finding has
been reported previously, whereby AD patients had earlier
bedtimes and later wake-up times compared to those of a nor-
mal control group.'® These differences were considered to be
caused by disturbances of sleep/wake rhythms in AD patients.?**

The main findings of this study were as follows: 1) sleep
problems are significantly correlated with cognition in AD, 2)
sleep problems are associated with BPSD, and especially ap-
athy/indifference in AD, and 3) TIB is a significant factor
that affects cognitive function in NDE but not in AD.

Several studies have produced relatively consistent results
regarding sleep duration and cognition, which concur with
our results. In a study of elderly subjects with normal cogni-
tive function, Ohayon and Vecchierini.*® reported an associa-
tion between short sleep duration and both attention-concen-
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tration deficits and disorientation in older subjects. In another
study conducted on cognitively normal elderly women, the
group with <5 hours of sleep had lower cognitive functions
than the group with >7 hours.'® That study assessed cognitive
functions using a telephone adaptation of the MMSE, verbal
memory, category fluency, working memory, and attention
tests. In addition, a recent study involving an elderly popula-
tion aged over 65 years showed that sleeping for less than 6.5
hours/day increased the risk of cognitive decline within a 10-
year period.*!

While several studies have evaluated associations between
sleep profile and cognitive functions in normal elderly popu-
lations, few have addressed associations between detailed
nighttime sleep profiles and individual cognitive domains.
This is due to most studies using daytime sleepiness as a pa-
rameter for sleep problems in AD. Lee et al.”® reported that
AD patients with severe EDS have lower MMSE scores and
a worse functional status as assessed using the Lawton and
Brody scale. A study of patients with mild-to-moderate AD
using the MSLT concluded that a shorter mean sleep latency
was associated with greater impairment of cognitive functions,
such as general intellectual and abstractive abilities, verbal
memory, language, and praxis, and with lower MMSE scores. "

The findings of the present study show that in AD, longer
sleep duration, better sleep efficiency, and shorter sleep laten-
cy are correlated with good praxis. Furthermore, a longer sleep
latency was found to be associated with impaired visuospatial
function. In addition, although sleep efficiency was not sig-
nificantly related to language function (as assessed using the
K-BNT), there was a tendency toward a positive correlation.
These results are similar to those of previous studies on sleep
problems and cognition. However, the previous studies of AD
focused on EDS as a sleep problem, and were thus limited in
terms of their abilities to assess nighttime sleep problems.”!!
Even studies that used objective tools such as polysomnogra-
phy assessed the sleep pattern only during a single night.” In
addition, most previous studies used relatively simple tests to
assess cognitive functions, whereas in the present study we
used detailed and extensive neuropsychological tests.

In the present study, sleep disturbance and total PSQI-K
scores were correlated with apathy/indifference in AD pa-
tients. Similar results have been reported previously for apathy
and sleep problems in AD. One study found that the degree
of sleep disturbance was greater in AD patients with apathy
than in those without apathy."”* Furthermore, in that study,
which used actigraphy, it was found that the AD patients with
apathy had a higher percentage of wake after sleep onset, a
longer TIB, and decreased daytime motor activities than those
without apathy. Another study that used actigraphy found that
the daytime mean motor activities were significantly worse in
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AD patients with apathy than in patients without apathy.'®
These previous findings, which are based on the use of objec-
tive tools, strengthen the results of our present research.

In the present study, TIB was longer in AD patients than in
NDE subjects; however, there was no relationship between
cognition and TIB in AD. These results differ from those of a
previous study in which a longer TIB was associated with
worse cognitive function in AD, but not in NDE.* That study
observed a negative association between TIB and MMSE in
AD patients, and that the patients with a TIB of >6 hours per-
formed worse in the MMSE and ADL tests than patients with
a TIB of <6 hours. However, this difference could have been
due to the patients with a TIB of >6 hours being older. On the
other hand, there was no age difference between the AD and
NDE groups in the present study, and we found no such dif-
ferences when we dichotomized AD patients about a TIB of
6 hours. A particular interesting finding in the present study
was of a significant negative correlation between cognition
and TIB in the NDE group. It is possible that an association
exists between nighttime insomnia and daytime cognitive de-
cline, because a longer TIB means insomnia at night, which
could influence daytime cognition among NDE.** On the
other hand, it could be that the TIB effect was masked by ex-
isting cognitive decline in AD. However, TIB was calculated
based on the results of a subjective questionnaire and not ob-
jectively using, for example, actigraphy, and our NDE group
included MCI patients. This topic clearly requires further in-
vestigation.

The interpretation of our results is limited by the modest
size of our study population. Furthermore, although all of the
study subjects were instructed to complete a questionnaire on
their own, it is likely that AD patients received help from care-
givers because of the characteristics of the disease. It is pos-
sible that the caregivers did not report sleep problems unless
their own sleep was disturbed, and that the answers given
were influenced by the caregivers’ perceptions. This consti-
tutes a major weakness of questionnaire-based studies on
sleep disturbance in AD. In addition, even though no specific
difference was observed in the sleep/cognition relationship
between MCI and normal elderly in our preliminary analysis,
some of the NDE subjects in this study had MCI. Therefore,
further studies are required using large healthy normal con-
trol groups.

In conclusion, the findings of this study suggest that night-
time sleep is important for cognitive function and BPSD in
AD. Therefore, sleep problems should be considered when
treating AD patients because their treatment might improve
both cognitive function and BPSD.
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