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Abstract
Sleep disturbances including excessive daytime sleepiness (EDS) are encountered in frontotemporal dementia (FTD). To investigate
the relationship between the plasma orexin-A levels and sleep disturbance patterns, we measured the plasma orexin-A levels and
performed sleep studies in patients with FTD. The orexin-A levels were measured in 10 consecutive patients with FTD and controls
by enzyme-linked immunosorbent assay. Nocturnal polysomnography (PSG) and Multiple Sleep Latency Test (MSLT) were
performed in 2 patients with FTD. The orexin-A levels were significantly lower in patients with FTD compared to controls. The
PSG revealed increased rapid eye movement (REM) latency in patients, whether or not they reported EDS. Mean sleep latency
in MSLT was less than 10 minutes in both the patients, being shorter in patient without EDS, but none of them had REM sleep onset.
Some patients with FTD may develop narcolepsy-like involuntary sleep attacks, even without complaining of EDS. Involvement of
hypothalamus and a subsequent alteration in the orexin levels might be one of the determining factors in this sleep disturbance.
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Introduction

Sleep–wake cycle disturbances are common in elderly patients

with dementia.1 Especially, the presence of excessive daytime

sleepiness (EDS) may be an early indicator of cognitive impair-

ment and onset of dementia.1,2 The neurodegenerative diseases,

most frequently represented by Alzheimer’s disease (AD),

Parkinson’s disease (PD), and other parkinsonian disorders, are

often accompanied by altered sleeping patterns and EDS.3-7

Frontotemporal dementia (FTD) is characterized by progres-

sive deterioration in cognition, language, behavior, and person-

ality associated with focal atrophy of frontal and temporal

regions. Sleep disturbances are also commonly encountered

in patients with FTD.8-11 Although sleep problems of patients

with PD have been widely studied,12-17 there are much less data

available about sleep disturbances and sleep recording studies

in FTD. In an actigraphy study, patients with FTD showed

increased nocturnal activity and decreased morning activity,

lower sleep efficiency, and total sleep time (TST) when com-

pared to patients with AD.8 Other sleep studies have shown

rest/activity disturbances and disturbed sleep continuity in

patients with both AD and FTD.9,18

The hypothalamic hypocretin–orexin system plays a critical

role in the regulation of sleep and wakefulness.19 The under-

standing of the physiological roles of the orexin system in sleep

disturbances came forward with the discovery of the hypocretin

gene/ligand, and subsequently, decreased plasma and cere-

brospinal fluid (CSF) orexin-A levels were found to be predic-

tive of narcolepsy–cataplexy syndrome.20 By contrast, the CSF

orexin-A levels were reported to be within the normal limits

in the majority of patients with chronic neurologic diseases.21

In this study, we investigated the plasma orexin-A levels in

patients with FTD in relation to sleep disturbances.

Materials and Methods

Patients

The study was performed in a group of 10 consecutive patients

with FTD followed in our outpatient clinic. A control group
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included 50 patients with PD and 27 patients with AD that

statistically matched the FTD group by means of age, gender,

and disease duration. Data regarding medical history and

demographic characteristics were collected for each patient.

All patients were diagnosed according to the revised Lund and

Manchester criteria for FTD,22,23 the international criteria for

PD,24,25 and National Institute of Neurological and Communi-

cative Disorders and Stroke, and the Alzheimer’s Disease and

Related Disorders Association criteria for AD.26 Patients or

caregivers (in case patients were not able to) gave informed

consent for the study, which had been approved by our local

ethics committee.

Patients with FTD were described in detail. Comorbid disor-

ders and the present pharmacological therapy were evaluated.

Cranial magnetic resonance imaging (MRI) was performed in all

patients. The Mini-Mental State Examination (MMSE)27 and

clinical dementia rating (CDR)28 were used to stage the severity

of disease in the FTD group. The MMSE is a 30-point brief

cognitive rating screen. The CDR rates performance in 6 areas

of function (memory, orientation, judgment and problem sol-

ving, community affairs, home and hobbies, and personal care)

based on a semistructured interview with an informant. A global

score ranging from 0 (no dementia) to 3 (severe dementia) was

computed. Staging of dementia was assessed by means of the

global deterioration scale (GDS).29 Based on the GDS scores,

the patients were categorized into 3 subgroups according to

dementia severity: normal (GDS stage 1), age-associated mem-

ory impairment (GDS stage 2), minimal cognitive impairment

(GDS stage 3), mild (GDS stage 4), moderate (GDS stages 5),

and severe or very severe (GDS stages 6 and 7) dementia.29 Data

from the Neuropsychiatric Inventory (NPI) were analyzed.30

This is a validated, caregiver-based behavioral rating system

developed for the assessment of dementia that evaluates the

presence or absence of 12 major behavioral disorders, including

delusions, hallucinations, aggression/agitation, depression, anxi-

ety, elation/euphoria, apathy, disinhibition, irritability/liability,

aberrant motor behavior, sleep disturbances, and eating disorders.

Measurement of the Orexin-A Levels

Blood samples of all patients and controls were collected at

8 AM before breakfast. The plasma orexin-A levels were mea-

sured with a commercially available EIA kit (Peninsula

Laboratories, San Carlos, California) as per manufacturer’s

instructions.

Sleep History and Recordings

Two patients with FTD (case 1 and 2) gave consent for sleep

studies. They were evaluated with Epworth Sleepiness Score

(ESS)31 and Pittsburgh Sleep Quality Index (PSQI),32 and a

medical history regarding other sleep disorders was taken in

detail. But the ESS and PSQI could not be performed in other

patients either due to lack of consent or severe cognitive distur-

bance. Higher ESS scores indicated increased likelihood of

falling asleep during passive activities. In a range of scores

between 0 and 24, the score of 11 to 18 indicated ‘‘sleepy’’ and

>18 indicated ‘‘very sleepy.’’ In the evaluation of PSQI, lower

scores (<5) indicate good sleep quality, whereas higher scores

(>5) indicate poor sleep quality. Full night polysomnography

(PSG) recordings (Grass software) were performed by 2 sleep

specialists who were blinded for the clinical characteristics of

the patients. The PSG included 16-channels electroencephalo-

graphy (placed according to the 10 to 20 international electrode

placement system), right and left electrooculography, chin

electromyography, and electrocardiography. Leg movements

were recorded by left and right tibial electromyography.33 The

following PSG parameters were evaluated: time in bed, TST,

sleep efficiency index (TST per time in bed), sleep continuity

index (TST per total sleep period), sleep latency, rapid eye

movement (REM) latency (time from sleep onset to the first

REM sleep epoch), percentages of each sleep stage, wake time

after sleep onset, and periodic leg movements in sleep (PLMS)

index. Following PSG, multiple sleep latency test (MSLT) was

performed, which consists of 4 daytime naps with 2-hour inter-

vals. In MSLT, mean sleep latency (MSL) and the presence of

REM sleep onset were examined.

Statistical Analysis

Comparison of the plasma orexin-A levels among 3 groups was

established by both analysis of variance (ANOVA, multiple

group comparison) and Student’s t test for pairwise compari-

sons (FTD vs AD; FTD vs PD, AD vs PD). Data were presented

as mean + standard deviation or as percentages. A P value of

<.05 was regarded as statistically significant.

Results

Demographic Characteristics

In all, 10 patients (4 women, 6 men) with FTD were studied.

The mean age of the FTD group was 59 + 14 years (range:

38-83 years), and the mean disease duration of the FTD group

was 10 + 4 years (range: 5-16 years). The patients with FTD

had a mean disease duration of 5 years (range: 0.5-8 years)

during the time of initial diagnosis. All patients were only

followed in our outpatient clinic and were diagnosed during the

early stages of disease (mean CDR ¼ 1 + 0.3; mean GDS ¼
4 + 0.5).

In all, 27 patients (11 women, 16 men) with AD and 50

patients (20 women, 30 men) with PD were included as control

groups. The mean age of the patients with AD and PD was,

respectively, 54 + 10 years (range: 35-91 years) and 55 +
15 years (range: 38-86 years). The mean disease durations

were 12 + 3 years (range 6-17 years) and 11 + 4 years (range:

5-15 years) for AD and PD groups, respectively.

Of patients with FTD, 5 had comorbid disorders including

parkinsonism, hypertension, diabetes, hyperlipidemia, or ane-

mia. Patients with parkinsonism were receiving moderate doses

of antiparkinsonian drugs (levodopa or levodopa þ carbidopa

þ entacapone). Sleep studies were not performed in these
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patients. Relevant medications were used for other medical

problems. Of patients with FTD, 9 were taking standard med-

ications for dementia (galantamine, memantine, rivastigmine,

or donepezil), and 6 patients with FTD were on psychiatric drugs

(2 with only antidepressants, 2 with only antipsychotics, and 2

with antidepressants and antipsychotics).

In the FTD group, MRI showed prominent bilateral sym-

metrical or unilateral atrophy in the frontotemporoparietal

regions. Detailed demographic and neuropsychological data

(mean MMSE, CDR, and GDS) of the FTD group are shown

in Table 1. The proportion of patients with evidence for each

behavioral disorder included in the NPI is summarized in

Table 2.

Orexin-A Levels

The mean levels of plasma orexin-A were 106 + 29 pg/mL

(70-167 pg/mL) in FTD, 154 + 74 pg/mL (60-324 pg/mL)

in AD, and 135 + 92 pg/mL (43-499 pg/mL) in PD. The

orexin-A levels in the patients with FTD were statistically

lower than both the patients with AD and patients with PD

(FTD vs AD, P ¼ .003; FTD vs PD, P ¼ .030 by Student’s

t test). There was no statistically significant difference in the

orexin-A levels between the patients with AD and patients with

PD (P ¼ .100 by Student’s t test). Multiple group comparison

also showed a statistical difference in the orexin-A levels

among 3 groups (P ¼ .042 by ANOVA; Figure 1). In the FTD

group, the plasma orexin-A level of case 1 was 88 pg/mL and

that of case 2 was 167 pg/mL.

Sleep History and Recordings

Detailed sleep history was obtained from 2 patients with FTD.

One of them was a 62-year-old woman (case 1), who had EDS.

Other patient was a 58-year-old man (case 2), who was bedrid-

den for 10 years, but had no complaints of EDS. He had forget-

fulness and apathy (first MMSE 20, CDR 1, GDS 4) and then

slowly progressed and became bedridden (last MMSE 1, CDR

3, GDS 6).

The ESS of both the patients was within the normal limits (6

and 8), while PSQI indicated slightly poor sleep quality in both

the patients (6 for each).

Table 1. Detailed Demographic and Neuropsychological Data for the FTD Group.a

Patients Age, year Disease duration, year Diagnosis time,b year MMSE CDR GDS

FTD (n ¼ 10) 59 + 14 (38-83) 10 + 4.1 (5-16) 5 + 3.1 (0.5-8) 13 + 12 (1-22) 2 + 1.2 (1-3) 5 + 1.3 (4-6)

Abbreviations: FTD, frontotemporal dementia; MMSE, Mini-Mental State Examination; CDR, clinical dementia rating; GDS, Global deterioration scale; SD,
standard deviation; min, minimum; max, maximum.
a Values are mean + SD (min–max).
b Disease durations during the initial diagnosis.

Table 2. Number of Patients (%) in Each Diagnostic Group With
Behavioral Disorders on the NPI.

Feature FTD

Delusions 2 (20)
Hallucinations 2 (20)
Aggression/agitation 3 (30)
Depression 1 (10)
Anxiety 0 (0)
Elation/euphoria 1 (10)
Apathy 4 (40)
Disinhibition 1 (10)
Irritability/lability 2 (20)
Aberrant motor behavior 0 (0)
Sleep disturbances 1 (10) EDS

1 (10) insomnia
1 (10) irregular sleep
1 (10) frequent awakening

Eating disorders 3 (30)

Abbreviations: NPI, neuropsychiatric inventory; FTD, frontotemporal
dementia; EDS, excessive daytime sleepiness.

Figure 1. Comparison of plasma orexin-A levels among the disease
groups. AD indicates Alzheimer’s disease; FTD, frontotemporal
dementia; PD, Parkinson’s disease. * indicates P < .05 and vertical lines
indicate mean values.

608 American Journal of Alzheimer’s Disease & Other Dementias® 28(6)



The PSG and MSLT data are given in Table 3. None of the

patients had obstructive or central sleep apnea syndrome or

PLMS. Case 1 had longer sleep latency than case 2. Sleep

efficiency index was slightly lower in case 1 although sleep

continuity index was higher. In MSLT, MSL of 4 daytime naps

was short in both the patients; case 2 showed a very short

latency of 2.8 minutes. Sleep onset REM period (SOREMP)

was not observed in any of the patients.

In addition to case 1, we learned from the caregivers that

additionally 3 patients had sleep disorders including insomnia,

irregular sleep, and frequent awakening. However, ESS and

PSQI could not be performed in these patients due to severe

dementia. When the orexin levels of patients with or without

reported sleep problems were compared, no significant differ-

ence could be found (P ¼ .318 by Student’s t test).

Discussion

Our results showed significantly reduced orexin-A levels in

patients with FTD when compared to patients with AD and

PD. Moreover, PSG studies revealed increased REM latency,

and MSLT showed reduced MSL in 2 patients with FTD

whether or not they reported EDS. Although we could obtain

very limited data in 2 of our patients with FTD, the PSG findings

of these patients were more or less compatible with those

obtained in the previous studies.18 Alternatively, sleep efficiency

indices were higher in our patients and REM sleep latency was

prolonged with high REM period percentages in comparison

with previously reported patients with FTD. The remarkable

variability of polysomnographic data between the studies

indicates the heterogeneity of sleep status in patients with FTD.

The relationship between narcolepsy–cataplexy syndrome

and the CSF orexin-A levels is well known. Decreased CSF

orexin-A levels are often seen in symptomatic narcolepsy–

cataplexy cases and also in other EDS cases with various etiol-

ogy.19,20,21,34,35-37 The MSLT has been widely used for the

diagnosis of narcolepsy syndrome, often yielding abnormal

findings (MSL < 5 minutes and >2 SOREMPs) that were

correlated with low orexin-A levels.20,37 Patients with narco-

lepsy show reduced sleep and REM sleep latency and increased

REM period percentage on nocturnal PSG studies.38,39 The

PSG results of our patients, with or without clinical complaints

of EDS, were not strictly compatible with those obtained in

patients with narcolepsy. Particularly, REM sleep latencies and

REM period percentages were increased in our patients. Never-

theless, in a manner similar to patients with narcolepsy, sleep

latencies were reduced in both of our FTD cases. Moreover,

narcolepsy-like sleep attacks were observed in MSLT studies

of our patients.

Patients with neurodegenerative diseases have usually been

reported to have normal CSF orexin-A levels; most of these

studies are related to AD and PD.4,5,7,12-14,16,21,40,41 By con-

trast, 2 studies have shown low CSF orexin levels in ventricular

CSF of patients with PD.42,43 In a recent study, reduced CSF

orexin levels have been reported in dementia with Lewy bodies

(DLB).3 In another study, reduced neocortical orexin immunor-

eactivity has been shown in patients with DLB correlating with

hypersomnolence and a-synuclein levels.44 Similarly, low CSF

orexin-A levels associated with short MSL or increased SOR-

EMPs were also reported in patients with PD.12,17 In a study by

Friedman et al, lower CSF orexin-A levels in 15 patients with

AD were significantly correlated with increased fragmentation

of sleep.5 In a recent study, the CSF orexin-A levels were found

to be lower in patients with AD compared with controls, and 2

patients with AD with documented EDS showed the lowest

CSF orexin-A concentrations.6 Overall, previous studies, in

addition to our data given in Figure 1, demonstrate a significant

heterogeneity in the orexin-A levels of patients with AD and

PD, which presumably indicate the involvement or preserva-

tion of sleep-related structures in different patient subgroups

with or without sleep problems. In general, neurodegenerative

processes are known to affect hypothalamic orexin neurons in

association with disease severity. Although the orexin system is

affected by AD, the neurodegeneration seen in this disorder

does not specifically target the hypocretin system but damages

other neuronal systems involved in sleep–wake regulation,

such as the circadian system, to an even greater extent.45 Thus,

it is likely that other factors play a more principal role in the

disturbed sleep–wake rhythm of patients with AD.6 As in

AD, the neurodegenerative processes in PD do not selectively

target the orexin system.43 The CSF hypocretin-1 levels only

drop when the hypothalamic hypocretin neurons are reduced

above 70% even in advanced disease stages.46 Since a wide-

spread neurodegeneration occurs in advanced PD, impairment

of other sleep-related structures other than the orexin system

may account for sleep disturbances in PD.15,43 Similarly, some

studies have examined the CSF levels of orexin in DLB;

however, the results have been inconclusive, with a study

reporting reduction3 and others finding no alterations 4,40 in

DLB. These inconsistencies may be related to disease severity

Table 3. Sleep Parameters of Patients With FTD.

PSG data Case 1 Case 2

Time in bed, min 487.2 558.6
Total sleep time, min 387 458
Sleep efficiency index, % 79.4 82
Sleep continuity index, % 92.9 82.6
Sleep latency, min 65 1
REM sleep latency, min 124 132.5
Percentages of sleep stages, %

N1 7.7 21.6
N2 54.7 41.6
N3 12.7 0.2
REM 17.8 19.2

Wake time after sleep onset, min 35.2 99.6
PLMS index, hours 11.8 0
MSLT data

Mean sleep latency, min 9.6 2.8
Number of SOREMP (n) 0 0

Abbreviations: FTD, frontotemporal dementia; PSG, polysomnography; REM,
rapid eye movement; N, nonREM; PLMS, periodic leg movements during sleep;
MSLT, multiple sleep latency test; SOREMP, sleep onset REM period.
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and methodological issues regarding different kits or methods of

measurement.44 To our knowledge, neurodegeneration of orexin-

producing neurons in FTD has not been reported. However, since

our patients with FTD had long disease durations and mostly

moderate to severe dementia, reduced orexin levels might plausi-

bly be the result of widespread loss of neurons including those

located in hypothalamus.

The measurement of the plasma orexin-A levels was

performed in a number of cases, mostly associated with narco-

lepsy, showing decreased or normal levels.47,48 However, to

our knowledge, there are no reports regarding the plasma

orexin-A levels in neurodegenerative disorders such as FTD.

Our study showed for the first time that the remarkable hetero-

geneity of the plasma orexin-A levels observed in patients with

AD and PD was not present in patients with FTD, and the

plasma orexin-A levels of all patients with FTD showed trends

toward lower values. Furthermore, 2 of these patients with FTD

had narcolepsy-like daytime sleep attacks. These results

suggest that, in patients with FTD, the plasma orexin-A levels are

within a certain range that may cause EDS, and the orexin-A lev-

els might be one of the causal factors behind sleep problems

encountered in patients with FTD.

An important limitation of our study is the low number of

patients and the absence of CSF orexin measurements. The

CSF orexin levels are known to be more sensitive and reliable

in diagnosis of sleep problems. However, the measurement of

the CSF orexin levels is not indicated in diagnosis of FTD or

related sleep disorders, especially when patients do not report

narcolepsy-like sleep problems. Therefore, we could not obtain

the CSF samples with which to measure the CSF orexin-A

levels in our groups. Elucidation of the clinical implications

of the plasma and CSF orexin-A levels in a greater number

of patients with FTD is thus warranted. Also, the analysis of the

association between the plasma and the CSF orexin-A levels in

future studies might give important clues on the pathogenesis

of FTD. Whether the plasma orexin-A levels can be used as

a simple method to diagnose sleep problems in patients with

FTD and whether orexin agonists might be utilized in future

treatment trials targeting sleep problems in neurodegenerative

disorders remains to be clarified in future studies.
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