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Abstract- Alzheimer’s disease (AD) is the most common cause of dementias. Mild cognitive impairment
(MCI) indicates the situation that a person has memory complaints and mild objective cognitive impairment
but no evidence of dementia. Sleep disturbance, one of the behavioral and psychological symptoms of
dementia (BPSD), frequently occurs in patients with AD or MCI. The alteration of sleep architectures in
AD patients remains inconclusive. In this study, we conducted the polysomnography (PSG) examination
among patients with mild AD with cholinesterase inhibitors (N=10) or MCI (N=12) and age-matched non-
demented controls (N=13). The results showed sleep efficiency, which was one of the important parameters
for sleep quality was significantly lower in patients with MCI and AD (N=22), 79.14 11.06 % vs. 67.07
19.10 %, p=0.046. There were no statistic differences of sleep architecture but a trend of REM insufficiency
in patients with MCI or AD. The mean scores of geriatric depression score (GDS) and Epworth sleepiness
scale (ESS) did not differ among the three groups. Our study implicated maintenance of sleep was impaired
in patients with cognitive impairment and it was independent with depressive symptoms.
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INTRODUCTION 

Alzheimer’s disease (AD) is a neurodegenerative

disease, characterized by insidious onset, memory deter-

ioration, cognitive functions impairment, behavioral dis-

turbances and various kinds of psychiatric manifesta-

tions(1). AD is the most common cause of dementias.

The etiology of AD is still obscure. The neuropathologi-

cal landmarks of AD include neuritic senile plaques,

neurofibrillary tangles, and neuronal loss. Only a few

drugs are approved for AD therapy. One group is

cholinesterase inhibitor and the other group is N-methyl

D-aspartate (NMDA) receptor inhibitor. Unfortunately,

these medications only could slow down the progression
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of AD so their cost-effective is still controversial(2). 

Mild cognitive impairment (MCI) usually defines a

transitional stage between normal ageing and dementia,

usually in terms of AD. MCI indicates the clinical situa-

tion of subjective memory complaints and objective evi-

dence of mild cognitive impairment but no evidence of

dementia(3). The disease validity of MCI has been sup-

ported by conversion rates to AD of about 12% annually

and 80% at 6 years follow-up(4,5). MCI could be the pre-

clinical or very early stage of AD. But, the diagnosis cri-

teria for MCI are still controversial(6).

Sleep disturbance and circadian disarrangement are

both common manifestations of behavioral and psycho-

logical symptoms of dementia (BPSD)(7). BPSD also

commonly occurs in patients with MCI(8). During sleep,

there usually are one or few cycles containing rapid eye

movement (REM) sleep and non-REM sleep in each

cycle. REM sleep is linked to dreaming and it is with

characteristic physiological presentations, including

rapid eye movement, generalized hypotonia and alter-

ation of autonomic nervous tone(9). Recent researches

have raised the association between REM sleep and

some specif ic forms of memory, especially in sleep

deprivation studies(10). Sleep disturbance could be an

indicator for poor outcome of dementia and it usually

causes a heavy burden for care-givers of dementia(8,11). In

AD animal models, sleep disturbance was found to be

associated with the brainstem cholinergic neurons

degeneration. These implicate that sleep disturbance is

an important manifestation of AD(12,13). The compelling

evidence supports memory consolidation during sleep.

Especially, rapid eye movement (REM) stage is crucial

for some visual-spatial memory and specific task-learn-

ing(14). The initiation of REM sleep is mainly acetyl-

choline-dependent(15). Cholinesterase inhibitors which

can increase intracerebral acetylcholine levels have

become the standard therapy of Alzheimer’s disease

(AD) for improving cognitive function(16). Therefore, the-

oretically, REM sleep should be insufficient in AD or

MCI patients. However, the changes of sleep architec-

tures among AD or MCI patients are still inconclusive(17-

19). In this study, we conducted polysomnography exami-

nations for age-matched controls and patients with cog-

nitive impairment, in terms of AD and MCI to explore

whether sleep disturbed in the patients with cognitive

impairment. 

METHODS

Patients and controls
Ten AD patients with mild dementia, whose mini-

mental status examination (MMSE) scores between 18

and 22, 12 MCI patients with MMSE scores 27-29 and

13 controls without cognitive impairment were recruited

(Table). This study was approved by the Interstitial

Review Board of Taipei Medical University Hospital

(TMUH) and all the participants gave written informed

consents. The diagnosis of AD is according to the crite-

ria of NINCDS-ADRDA for probable AD(20). All the AD

patients were taking cholinesterase inhibitors. None of

them had sleep complaints at the study time. The diagno-

sis of MCI was made by the consensus of neurologists

(H.C. Liu and C.J. Hu) according to the diagnostic crite-

ria including: (1) the person is neither normal nor

demented; (2) there is evidence of cognitive deterioration

shown by either objectively measured decline over time

and/or subjective report of decline by self and/or infor-

mant in conjunction with objective cognitive deficits;

and (3) activities of daily living are preserved and com-

plex instrumental functions are either intact or minimally

impaired(21). In summary, the MCI patients were diag-

nosed if their Clinical Dementia Rating (CDR) was 0.5

(memory box 0.5-1) and minimal mental status examina-

tion (MMSE) ≥24. All the AD and MCI patients took

laboratory tests to exclude other dementia causes,

including complete blood count, folic acid, vitamin B12,

VDRL, thyroid function test and CT of brain(4). Thirteen

healthy volunteers who received routine health examina-

tions at TMUH were subjects for controls. Each control

was given clinical, mental, and neurological examina-

tions, and none of them showed any cognitive defects or

sleep complaints. None of them was taking hypnotics. 

Questionnaires associated with day time sleepiness
and depression

To understand the day time activities and mood situ-
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ation, the questionnaires of Geriatric depression scale

(GDS) and Epworth sleepiness scale (ESS) were per-

formed before the polysomnography(22,23).

Polysomnography (PSG)
All the participants took PSG in the Sleep Center of

TMUH by use of Sandman Elite (Tyco Healthcare,

Canada). The scoring of PSG examination was based on

the Rechtschaffen & Kales rules(24). 

Statistical analyses 
SPSS 13.0 for Windows was used for all statistical

analyses. Descriptive statistics were expressed as mean

standard deviations as well as frequencies in the AD,

MCI and control groups. Multiple comparisons among

AD, MCI and control groups were examined using the

Kruskal-Wallis test. AD and MCI groups are merged

into a group of cognitive impairment to compare with

control group by using two-tailed values of the Mann-

Whitney U test. P values below 0.05 were considered

statistically significant.

RESULTS

Demographics
A total of 22 patients with cognitive impairment (AD

10, MCI 12) and 13 healthy controls were included

in this study. Mean age of the patients was 77.14 8.93

years (range 63-90 years). Controls were age-matched

with the mean age of 76.38 8.31 years. Further charac-

teristics of the patients are listed in Tables.

Polysomnographic results
The data of total sleep time, time in bed, sleep effi-

ciency, sleep onset (latency), REM onset (latency), per-

centage of REM, periodic limbs movement index

(PLMI), and number of REM obtained from PSG and

subjective questionnaire data, including ESS and GDS

are summarized in Tables. The PSG parameters in the

three groups, in terms of controls, MCI and AD, are not

statistically different from each other (Table 1). The

patient group showed a disturbed sleep efficiency (67.07

19.10 ). Time in bed was 436.82 29.21 minutes.

Total sleep time was 293.45 86.52 minutes. Sleep onset

was 1061.68 1428.00 seconds. REM onset was 149.45

72.67 minutes. The percentage of REM sleep was

13.52 7.37 . PLMI was 30.77 35.87/h. Number of

REM sleep was 2.68 1.36. In the Control group, sleep

efficiency was 79.14 11.06 %. Time in bed was 421.00

48.95 minutes. Total sleep time was 333.54 61.40

minutes. Sleep onset was 803.31 997.65 seconds. REM

onset was 134.38 73.04 minutes. The percentage of

REM sleep was 15.33 7.77 . PLMI was 30.77

35.87/h. Number of REM sleep was 2.85 0.80. Only

the sleep efficiency was significantly different among all

the sleep variables between cognitive impairment group

and control group. There were no statistically significant

differences in the scores on the ESS and GDS. 

There were no differences in sleep architecture

between controls and patients with cognitive impairment,

in terms of MCI and mild AD. Sleep efficiency, which

was one of the important parameters for sleep quality

was significantly lower in patients with cognitive impair-

ment than in controls. Low sleep eff iciency usually

results from poor maintenance of sleep and it was proba-

bly associated with depression neurosis. However, the

geriatric depression scores (GDS) were not different

between controls and patients. These results implicate

maintenance of sleep was impaired in patients with cog-

nitive impairment and it was independent from depres-

sive symptoms.  

DISCUSSION 

In a meta-analysis of quantitative sleep parameters,

among adults, total sleep time, sleep efficiency, percent-

age of slow-wave sleep, percentage of REM sleep, and

REM latency significantly decreased with age. Sleep

latency, percentage of stage 1 sleep, percentage of stage

2 sleep, and wake after sleep onset signif icantly

increased with age. Only sleep efficiency continued to

significantly decrease after 60 years of age(25). Sleep effi-

ciency which represents the ratio of total sleep time to

the total time in bed, is a parameter of sleep mainte-

nance. Sleep efficiency of lower than 85% usually indi-

cates one of the diagnostic criteria of insomnia(26).

Although low sleep efficiency has been associated with

excessive day time sleepiness in Parkinson’s disease, the
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clinical consequence of low sleep efficiency in other

neurodegenerative diseases still lacks detailed studies(27).

On the other hand, decreased sleep efficiency has been

found in many mental diseases, such as depression, psy-

chosis and alcoholism(28-30). In this study, sleep efficiency

of patients with cognitive impairment was significantly

lower than that of controls. There was no increase of day

time sleepiness based on the Epworth sleepiness scale.

These results implicates that sleep maintenance might be

impaired in the patient group but the impairment did not

impact their day time sleepiness. Since depression is

common in patients with cognitive impairment, geriatric

depression scale questionnaire (GDS), which is feasible

even in mild dementia population, was performed to

explore the role of mood in the decrease of sleep effi-

ciency(7,31). The study found depression was not associat-

ed with the decrease of sleep efficiency. Therefore, the

causes and the consequences of decreased sleep efficien-

cy in patients with cognitive impairment need further

investigation. 

Table 1.  Comparison of means of sleep variables between MCI, AD and control group

Variable Controls (n=13) MCI (n=12) AD (n=10) 2 or KW test p

Age (yrs.) 76.38 8.31 75.08 10.66 79.60 5.87 2.433 .469

Gender
Male 9 (69.2) 7 (41.7) 5 (50.0) .892
Female 4 (30.8) 5 (58.3) 5 (50.0) .640

Time spend in bed (min.)  421.00 49.00 426.58 33.27 449.10 18.17 3.417 .190

Total sleep time (min.) 333.54 61.40 279.67 79.24 310.00 96.10 3.725 .245

Stage I ( ) 18.57 9.59 26.16 13.92 21.54 11.90 1.596 .207

Stage II ( ) 61.70 11.56 54.24 12.94 59.26 11.15 1.157 .282

Stage III ( ) 4.35 5.71 6.26 6.83 4.56 7.95 0.301 .583

Stage IV ( ) 0.10 0.28 0.71 1.54 0.33 1.04 0.010 .922

Sleep efficiency ( ) 79.14 11.06 65.70 18.16 68.71 21.04 4.168 .129

Sleep onset (min.) 13.47 16.62 14.85 19.60 21.11 28.78 .179 .914

REM onset (min.) 134.38 73.04 155.92 67.37 141.70 81.55 .859 .763

REM( ) 15.33 7.77 12.97 8.46 14.19 7.46 .690 .742

PLMI ( ) 15.09 19.18 27.62 27.70 34.56 45.12 1.512 .324

PLMAI (/h) 2.39 3.31 10.77 14.36 8.22 11.72 3.21 .201

RERAI (/h) 21.24 17.91 10.68 9.60 22.88 24.26 2.51 .286

Number of REM (/h) 2.85 0.80 2.42 0.90 3.00 1.76 1.180 .324

AHI (/h) 27.27 19.62 14.01 12.42 26.52 28.30 2.726 .256

Arousal Index (/h) 27.71 15.13 22.54 7.21 33.57 18.54 1.815 .404

Geriatric Depression Scale (0-15) 7.09 4.28 6.25 4.17 5.00 2.73 .939 .377

Epworth Sleepiness Scale (0-24) 7.23 6.11 5.27 6.62 6.60 5.04 1.233 .692

Mini Mental State Exam (0-30) 29.46 0.97 27.80 2.04 20.80 2.49 23.249 .000*

Education (year) 12.00 4.27 9.60 7.46 8.00 5.06 1.854 .396

Data are presented as mean Standard deviation (SD). Significance was determined by nonparametric statistics (Kruskal-Wallis

(KW) test for three groups). PLMI: Periodic limbs movement index; AHI: Apnea hypopnea index; PLMA: PLM arousal index;

RERAI: Respiratory arousal index. *P < 0.05.
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There have been many polysomnographic (PSG)

reports about changes of sleep architectures in AD

patients with or without cholinesterase inhibitors(17-19).

The initiation of REM sleep depends on the activation of

cholinergic neurons in lateral dorsal tegmental nuclei

(LDT) and pedunculo-pontine tegmental nuclei

(PPT)(13,15,32). The acetylcholine (ACh) levels are relatively

low in patients with AD and deficiency of ACh is con-

sidered to be symptomatic for AD(33). Based on these

findings, it is speculated that REM sleep is suppressed in

AD. This study did show a tendency that the number or

percentage of REM decreased and REM latency

increased in patients with cognitive impairment but not

reaching the significance. These results might support

the defects of acetylcholine-REM axis in AD. Because

of the consideration of ethical issue and the compliance

of PSG examination, the AD participants of this study

were all at mild degree of severity and all of them were

Table 2. Comparison of means of sleep cariables between cognitive impairment group and control group

Variable
Control group Cognitive Impairment  

Z P
(n=13) group (n=22)

Age (yrs.) 76.38 8.31 77.14 8.93 -  .188 .851

Gender .311
Male 9 (69.2) 12 (54.5)
Female 4 (30.8) 10 (45.5)

Time in bed (min.) 421.00 48.95 436.82 29.21 -1.007 .314

Total sleep time (min.) 333.54 61.40 293.45 86.52 -1.417 .157

Stage I (%) 18.57 9.59 24.06 12.95 -1.263 .216

Stage II (%) 61.70 11.56 56.52 12.14 -1.076 .287

Stage III (%) 4.35 5.71 5.49 7.23 -0.549 .601

Stage IV (%) 0.10 0.28 0.54 1.32 -0.098 .960

Sleep efficiency (%) 79.14 11.06 67.07 19.10 -1.997 .046*

Sleep onset (min.) 13.47 16.63 17.69 23.80 -  .171 .864

REM onset (min.) 134.38 73.04 149.45 72.67 -  .597 .550

REM (%) 15.33 7.77 13.52 7.37 -  .632 .528

PLMI (%) 15.09 19.18 30.77 35.87 -1.200 .230

PLMAI (/h) 2.39 3.31 9.68 13.04 -1.677 .094

RERAI (/h) 21.24 17.91 15.91 18.01 -1.347 .178

Number of REM 2.85 0.80 2.68 1.36 -  .733 .464

AHI (/h) 27.27 19.62 19.70 21.56 -1.434 .152

Arousal index (/h) 27.71 15.13 27.23 14.05 -  .301 .763

Geriatric depression scale (0-15) 7.09 4.28 5.38 3.78 -  .870 .366

Epworth sleepiness scale (0-24) 7.23 6.11 5.45 5.57 -  .733 .384

Mini mental state exam (0-30) 29.46 0.97 24.30 4.22 -3.821 .000*

Education (year) 12.00 4.72 9.00 6.52 -1.317 .188

Data are presented as mean Standard deviation (SD). Significance was determined by nonparametric statistics (Mann-Whitney

U test for two groups) as a result of data that were not normally distributed. PLMI: Periodic limbs movement index; AHI: Apnea

hypopnea index; PLMA: PLM arousal index; RERAI: Respiratory arousal index. *P < 0.05.
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taking cholinesterase inhibitors. Those factors might

mask or underestimate the REM changes in cognitive-

impaired patients. 

One-night PSG is always challenged by the first

night effect. Although it has been questioned and the

studies showed no difference of sleep efficiency between

the first night and second night, the first night effect

obviously is a limitation of this study(34). In AD, sleep

disordered breathing (SDB) occurred less frequently

than in non-demented elderly subjects. The causal rela-

tionship between AD and SDB remains controversial(35).

The mean apnea-hyponea-indexes (AHI) were 27.27

19.62, 19.70 21.56 in control, and cognitive impair-

ment groups respectively (p=0.152). These results

demonstrate SDB is a common disorder among the aged

population. The gender distributions in the controls and

cognitive impairment group were not the same in this

study. However, the differences did not reach statistic

significance and the gender effect on sleep architecture,

especially in the elder populations, is largely unknown(36).

Arousal index and causes of arousals roughly reflex the

impacts of SDB, periodic limb movement and arousal

status on the sleep. The arousal patterns in controls and

cognitive impairment group need further analysis.

Without statistic significance, the mean education years

in controls were higher than it in the cognitive impair-

ment group. This phenomenon might result from that the

people with higher education year are easier to become a

volunteer for the clinical study. There was a tendency

that the PLMI of cognitive impairment group was higher

than it of the control group. High PLMI usually reflexes

the deficiency of dopamine levels in the brain and that

could occur in the AD brain(37,38). PLMI might be a pre-

dictor of total sleep time in cognitive impaired elders.

Therefore, further investigation by larger sample size

might be warranted. 

In summary, the number and percentage of REM

decreased and REM latency increased at borderline

degree in patients of cognitive impairment. That might

reflect the low brain ACh levels in these patients. The

sleep efficiency significantly reduced but was without

significant impacts on day time sleepiness and that was

not associated with depressive symptoms. These results

might imply that the patients with cognitive impairment

could be under the hyper-arousal status. The causes and

consequences of low sleep efficiency among patients

with cognitive impairment need further investigation.     
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