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Objective: To identify self-reported sleep-wake disturbances that increase the risk of

cognitive decline over 1-year follow-up in frail participants.

Background: Risk factors for cognitive impairment need to be better identified

especially at earliest stages of the pathogenesis. Sleep-wake disturbancesmay be critical

factors to consider and were thus being assessed in this at-risk population for cognitive

decline.

Methods: Frail elderly participants aged ≥70 years were selected from a subsample

of the Multi-domain Alzheimer Preventive Trial (MAPT) for a sleep assessment

(MAPT-sleep study) at 18-month follow-up (M18). Sleep-wake disturbances were

evaluated using a clinical interview (duration of daytime and nighttime sleep, time in

bed, number of naps, and presence of clinically-defined sleep disorders) and numerous

validated questionnaires [Epworth Sleepiness Scale for excessive daytime sleepiness

(EDS), Insomnia Severity Scale and Berlin Questionnaire]. Cognitive decline was defined

as a difference between the MMSE and cognitive composite scores at M24 and M36

that was ranked in the lowest decile. Multivariate logistic regression models adjusted for

several potential confounding factors were performed.

Results: Among the 479 frail participants, 63 developed MMSE-cognitive decline and

50 cognitive composite score decrease between M24 and M36. Subjects with EDS

had an increased risk of MMSE decline (OR = 2.46; 95% CI [1.28; 4.71], p = 0.007).

A longer time spent in bed during night was associated with cognitive composite

score decline (OR = 1.32 [1.03; 1.71], p = 0.03). These associations persisted when

controlling for potential confounders. Patients with MMSE score decline and EDS

had more naps, clinically-defined REM-sleep Behavior Disorder, fatigue and insomnia

symptoms, while patients with cognitive composite score decline with longer time in

bed had increased 24-h total sleep time duration but with higher wake time after onset.

http://www.frontiersin.org/Aging_Neuroscience
http://www.frontiersin.org/Aging_Neuroscience/editorialboard
http://www.frontiersin.org/Aging_Neuroscience/editorialboard
http://www.frontiersin.org/Aging_Neuroscience/editorialboard
http://www.frontiersin.org/Aging_Neuroscience/editorialboard
https://doi.org/10.3389/fnagi.2017.00312
http://crossmark.crossref.org/dialog/?doi=10.3389/fnagi.2017.00312&domain=pdf&date_stamp=2017-09-28
http://www.frontiersin.org/Aging_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Aging_Neuroscience/archive
https://creativecommons.org/licenses/by/4.0/
mailto:a-gabelle@chu-montpellier.fr
mailto:y-dauvilliers@chu-montpellier.fr
https://doi.org/10.3389/fnagi.2017.00312
http://journal.frontiersin.org/article/10.3389/fnagi.2017.00312/abstract
http://loop.frontiersin.org/people/165432/overview
http://loop.frontiersin.org/people/460972/overview
http://loop.frontiersin.org/people/164850/overview
http://loop.frontiersin.org/people/210187/overview
http://loop.frontiersin.org/people/9647/overview


Gabelle et al. Sleep Troubles Increase Cognitive Decline

Conclusions: The risk of cognitive decline is higher in frailty subjects with EDS and

longer nighttime in bed. Early detection of sleep-wake disturbances might help identifying

frail subjects at risk of cognitive decline to further propose sleep health strategies to

prevent cognitive impairment.

http://www.clinicaltrials.gov NCT00672685; Date of registration May, 2nd 2008.

Keywords: sleep, Alzheimer disease, cognitive decline, frailty and cognitive impairment, excessive daytime

sleepiness, amyloid

INTRODUCTION

Age-related cognition and sleep-wake pattern changes vary
considerably across individuals (Virta et al., 2013; Yaffe et al.,
2014). Cross-sectional studies highlighted that poor sleep quality
and excessive daytime sleepiness (EDS) are associated with
cognitive impairment (Yaffe et al., 2007;Waller et al., 2016). Some
longitudinal population-based and clinical-based cohort studies
also confirmed these associations with disturbed nighttime
sleep, shorter or longer nighttime sleep duration and EDS
being all predictors of cognitive decline (Foley et al., 2001;
Jaussent et al., 2012; Keage et al., 2012; Benito-Leon et al.,
2013). However, other studies failed to validate some of these
associations (Tworoger et al., 2006; Johar et al., 2016; Ramos
et al., 2016). These contrasting findings could be explained
by differences in the targeted populations (size, sex and age),
follow-up period duration, cognitive tests, baseline cognitive
status, sleep-wake assessment, sleep profile of participants, and
control of potential confounders. Emerging evidence suggest the
existence of a bidirectional role or at least a mechanistic interplay
between disrupted sleep-wake cycle and Alzheimer’s disease
(AD) pathophysiology (Lucey and Holtzman, 2015; Cedernaes
et al., 2017). Sleep-wake pattern alterations progressively increase
with age, especially in elderly individuals with mild cognitive
impairment (MCI), AD or at risk of AD (APOEε4 allele carriers)
(Spira et al., 2013; Osorio et al., 2014; Sprecher et al., 2015;
Branger et al., 2016; Drogos et al., 2016). Moreover, patients in
early AD and in MCI cohorts often report sleep disorders such as
sleep apnea syndrome (Emamian et al., 2016). Among cognitively
normal elderly people, reduced and fragmented slow wave sleep
has been associated with higher cerebrospinal fluid amyloid-β42
levels (Varga et al., 2016). However, only few studies prospectively
confirmed using validated sleep questionnaires the presence of
sleep disorders and determined precisely the spectrum of sleep-
wake profiles at risk factor for cognitive impairment.

To our best knowledge, little is known about the potential
relationship between cognitive decline and sleep profile in frail
elderly populations. We wanted to assess both clinical and sleep
profiles of frail elderly people whose cognitive performances
declined over 1 year of follow-up. We hypothesized that
among the frail elderly individuals enrolled in the Multi-domain
Alzheimer Preventive Trial (MAPT), the presence of sleep-wake
disturbances was independently associated with an increased risk
of cognitive decline. To this aim, we evaluated the association
between self-reported sleep-wake disturbances and cognitive
status assessed with the Mini Mental State Examination (MMSE)
test and a cognitive composite score in frail subjects aged 70 years

and older over 1-year follow-up by taking into account many
confounding factors.

MATERIALS AND METHODS

Participants
Participants for the sleep ancillary study were selected among the
people enrolled in the MAPT (n= 1,680) (www.clinicaltrials.gov
NCT00672685, date of registration May, 2nd 2008), a multi-
center, randomized, placebo-controlled study designed to
evaluate the efficacy of a multi-domain intervention (nutritional
counseling, physical exercise and cognitive stimulation) in
combination with omega-3 fatty acid supplementation in frail
elderly individuals at risk of cognitive decline (Vellas et al., 2014).
MAPT included ≥70-year-old community dwellers with good
functional status and with at least one frailty criterion such as
reporting spontaneous memory complaints to their primary care
physician, limitation in one instrumental activity of daily living
or slow walking gait (<0.8 m/s). Exclusion criteria were diagnosis
of dementia (by a multidisciplinary committee based on the
National Institute of Aging diagnostic criteria), baseline MMSE
score<24/30, and/or dependency for one or more basic activities
of daily living. Neuropsychological examination was carried out
at baseline, andmonth 6 (M6),M12,M24, andM36 of theMAPT.
Sleep assessment was proposed at M18 during a follow-up visit
without neuropsychological assessment and 556 subjects agreed
to complete the sleep evaluation and were included in the sleep
ancillary study (Figure 1). To evaluate the association between
sleep profile and cognitive status variations over 1 year, only
subjects with cognitive evaluation at both M24 and M36 were
finally retained. Moreover, participants who developed dementia
or had MMSE<24 between baseline and M24 and with missing
data for at least one cognitive test or adjustment co-variables
were also excluded. Finally, 479 subjects were selected for the
sleep ancillary study. The MAPT and the sleep ancillary study
were approved by the Toulouse ethics committee (CPP SOOM
II, reference number 2-07-27). Written informed consent was
obtained from all participants.

Neuropsychological Tests
For the sleep ancillary study, the MMSE score and the cognitive
composite score (i.e., the MAPT primary cognitive outcomes)
were used (Vellas et al., 2014). The MMSE was selected because it
is routinely used in memory clinics. However, in frail individuals,
cognitive decline may be subtle and the MMSE alone may
not be precise enough to monitor changes in cognitive status.
Therefore, a cognitive composite score was created. This score
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FIGURE 1 | Study flow chart.

was calculated based on the z-scores of the 10-item MMSE
orientation scale, Free and Cued Selective Reminding Test
(FCSRT; sum of free recall and total recall), Digit Substitution
Symbol Test (DSST) from the Wechsler Adult Intelligence Scale-
revised (WAIS-R) and Category Naming Test (2 min). The
mean and standard deviations of the baseline scores were used
to calculate the z-score of each cognitive test. For this study,
cognitive decline was defined as a difference between the M24
andM36 cognitive scores ranked in the lowest decile. Specifically,
cognitive decline corresponded to a 2-point reduction of the
MMSE total score and to a 0.55-point reduction of the cognitive
composite score.

Self-Reported Sleep Parameters
With the help of the medical staff when required, participants
were invited to complete sleep questionnaires and answer
questions on their sleep-wake pattern such as duration of daytime
and nighttime sleep, nighttime spent in bed (defined as the total
time in bed with or without sleep during the night), presence and
duration of naps (no nap, nap <1 h, nap ≥1 h). The medical
staff assessed the presence of restless leg syndrome (RLS) based
on the presence of the four minimal diagnostic criteria, and of
possible rapid eye movement sleep behavioral disorder (RBD)
clinically defined by the presence of violent nighttime agitation
accompanied by shouting often at the end of the night and
associated with dreamlike memories. The self-reported quantity
of total sleep time was evaluated as the sum of daytime and
nighttime sleep. The self-reported quality of sleep was measured
as sleep efficiency (i.e., total sleep time divided by the time spent
in bed, expressed as a percentage), and wake time after sleep onset
(WASO). Sleep questionnaires included the Epworth Sleepiness
Scale (ESS) to evaluate EDS with a cut-off score >10. Insomnia
was assessed with the 7-item self-report Insomnia Severity Index
(ISI) (score >7: low insomnia and score≥15: moderate to severe
insomnia). The risk of sleep apnea was evaluated with the Berlin
Questionnaire that includes questions on daytime sleepiness,
snoring, obesity and hypertension.

Other Clinical Characteristics
The standardized interview included questions on
sociodemographic characteristics, health status and medication
use. Drugs were coded according to the World Health
Organization Anatomical Therapeutic Chemical Classification.
Hypnotics were classified as benzodiazepine (BZD), BZD-
like compounds (zolpidem, zopiclone), and miscellaneous
medications (including barbiturates, antihistamines, and
other categories such as neuroleptics). Height and weight
were measured to calculate the body mass index (BMI).
Cerebro-cardiovascular and metabolic diseases were defined
as self-reported history of stroke and cardiovascular events,
diabetes, or hypertension (defined by a measured systolic blood
pressure ≥140 mmHg or diastolic blood pressure ≥95 mmHg
or current antihypertensive treatment). Depressive symptoms
were evaluated using the Beck Depression Inventory (BDI) scale
dichotomized in four validated clinical categories (0–11: no
depressive symptoms; 12–19: mild symptoms; 20–27: moderate
symptoms; 28–63: severe symptoms) and fatigue symptoms
using the Chalder Fatigue Scale with scores reported in tertiles
(1st: 0–4; 2nd–3rd: 5–14).

Statistical Analysis
The MMSE and cognitive composite scores were mostly skewed
according to the Shapiro-Wilk test. Consequently, cognitive
tests were categorized according to the cut-off described above.
Associations between cognitive decline and sleep characteristics
were analyzed using logistic regression models. The results were
described with odds ratios (OR) and their 95% confidence
intervals (CI). Randomization arm, sociodemographic and
clinical variables associated with cognitive decline (p < 0.15)
were included in the multivariate logistic regression models to
estimate the adjusted ORs for sleep parameters. The p-value
cut-off choice of 0.15 was based on the recommendations to
use a significance level as high as 0.15 for variable selection
in the univariate analysis as 0.05 can fail to identify variables
known to be important. The assumption of linearity to the logit
was tested for each continuous variables before their inclusion
in the models and was significant. Participants with MMSE
score reduction between M24 and M36 with and without EDS
were compared using the Chi-2 or Fisher’s exact test (discrete
variables) and the Mann Whitney test (continuous variables).
The same methodology was used to compare participants with
cognitive composite score reduction between M24 and M36 with
short and long nighttime spent in bed. For all analyses the
significance level was set at p < 0.05. Analyses were performed
using the SAS statistical software (version 9.4; SAS Inc., Cary,
North Carolina).

RESULTS

Baseline Demographic and Clinical
Characteristics
The median age of the 479 participants in the sleep ancillary
study was 74 years [range: 70–88] with a predominance of
women (67.85%) and intermediate education level (between 8
and 12 years of education). The APOEε4 allele was found in
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21% of participants. Moreover, 41.5% were overweight (BMI
[25–30]), 13.8% obese (BMI >30) and 62.6% reported cerebro-
cardiovascular and/or metabolic disorders. The BDI score was
higher than 11 in 28.0% of participants and the presence of
fatigue symptoms found in 70.7% (score >5 at the Chalder
Fatigue Scale).

Evaluation of Self-Reported Sleep Profile
The risk of apnea evaluated clinically with the Berlin
Questionnaire was detected in 40% of participants, RLS in
15.9%, clinically-defined RBD in 10.7%, and EDS (ESS score
>10) in 20.6% including 3.8% with ESS >16. Moreover, 11.2%
of participants had moderate to severe insomnia (ISI score ≥15),
but less than 20% took hypnotic drugs. The median [min-max]
self-estimated sleep duration was 7 h [3.5–10] for nighttime
and 20 min [0–180] for daytime periods, although 12.1% had
naps that lasted longer than 1 h. The median sleep efficiency
was 87.5% [33–100]. Among participants with MMSE score
decline between M24 and M36 (n = 63), 35.3% had EDS, fewer
than 10% had moderate to severe insomnia (ISI score ≥15) and
8.1% RLS. Among participants with cognitive composite score
decline between M24 and M36 (n = 50), 20% had EDS, 10%
had moderate to severe insomnia (ISI score ≥15) and 14.3%
had RLS.

Risk Factors of Cognitive Decline
The baseline demographic and clinical characteristics were
not significantly different between participants with and
without cognitive decline, based on the reduction of the
MMSE score (n = 63) or the cognitive composite score
(n = 50) between M24 and M36 (Table 1). Only fatigue
symptoms were more frequently reported by participants
with MMSE score reduction (p < 0.02). Age tended
to be higher and cerebro-cardiovascular and metabolic
disorders more frequent (p < 0.10) among participants
with cognitive composite score decline compared to those
without.

Participants with EDS had increased risk of MMSE score
decline (p = 0.006). This risk remained significant after
controlling for age, sex, education level, randomization arm,
cerebro-cardiovascular and metabolic diseases (p = 0.007), and
additional adjustments for the Chalder fatigue scale score and
APOEε4 status (OR = 2.73 95% CI = [1.30; 5.72]; p = 0.008)
(Table 2). No other sleep-wake disturbances were significantly
associated with MMSE score decline in unadjusted and adjusted
associations.

Participants with cognitive composite score reduction
between M24 and M36 stayed longer in bed (>8.5 h) than those
without (p = 0.02). This association remained significant after
adjustment for potential confounders (p = 0.03) and also after
additional adjustments for the Chalder fatigue scale score and
APOEε4 status (OR = 1.40 95% CI = [1.04; 1.88]; p = 0.03)
(Table 2). No further associations were found between cognitive
composite score decline and other sleep-wake disturbances such
as total sleep time or EDS.

Self-Reported Sleep Profile of Frail
Patients with Cognitive Decline
Participants with MMSE score decline and EDS had more fatigue
symptoms, slept longer during daytime, took more naps, had
more insomnia and clinically-defined RBD than those without
EDS (p < 0.05 for all these comparisons) (Table 3). Participants
with cognitive composite score decline who spent longer time in
bed (>8.5 h) reported increased nocturnal and 24-h total sleep
time duration, but also higher WASO than those with shorter
time in bed (p < 0.05 for all these comparisons).

DISCUSSION

This study highlights the association between self-reported sleep-
wake disturbances and risk of cognitive decline in a cohort
of frail elderly individuals, a targeted at-risk population to
better understand how cognitively normal subjects may develop
prodromal/preclinical AD. Frail participants with EDS or longer
nighttime in bed had increased risk of cognitive decline (MMSE
and cognitive composite scores decline, respectively) during
the 1-year follow-up, independently of potential confounding
factors (demographic variables, cerebro-cardiovascular and
metabolic diseases, fatigue and APOEε4 status). The clinical sleep
assessment and numerous validated sleep questionnaires used
in this study allowed a comprehensive description of the sleep
profile and related sleep-wake disturbances of this population.
Participants with MMSE score decline and EDS had more naps,
longer daytime sleep, more clinically-defined RBD, fatigue and
insomnia symptoms. Participants with cognitive composite score
decline and longer time in bed had longer 24-h and nighttime
sleep duration but also higher frequency of WASO.

We found a relationship between EDS and MMSE score
decline over 1 year in frail elderly individuals older than 70
years. Associations between EDS and increased risk of cognitive
decline in community-dwelling elderly subjects have been already
described (Jaussent et al., 2012; Keage et al., 2012) as also between
EDS and cognitive impairment (Ohayon and Vecchierini, 2002),
and EDS and MCI or dementia (Foley et al., 2001; Merlino
et al., 2010). Other studies did not confirm these associations
despite a large aged population included (Johar et al., 2016)
or when comparing cognitively stable to impaired participants
in late midlife (Waller et al., 2016). Recently, a community-
based elderly study using a standardized assessment of daytime
sleepiness and sleep duration and a neuropsychological battery
of tests showed that EDS and longer sleep duration predict
worse cognitive performances and decline in executive functions
(Ramos et al., 2016). The discrepancies between all these studies
could be partly explained by variations in the sleep profile
and sleep-wake disturbances (e.g., presence of an underlying
sleep disorder), sleep assessments (e.g., isolated questions,
validated questionnaires or scales, objective measurement by
sleep actigraphy or polysomnography), populations investigated
(e.g., elderly controls, frail individuals, at risk or at different
stages of AD), sample size, study design (e.g., cross-sectional
vs. longitudinal), cognitive decline (e.g., global or specific
neuropsychological tests considered as continuous variables or
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TABLE 3A | Description of the clinical and sleep profile of MMSE score decliners.

N Modality Among MMSE decliners Among non MMSE decliners

No EDS EDS No EDS EDS

N = 33 N = 18 p N = 299 N = 68 p

Age (Years) 75 [70–85] 74 [70–87] 0.65** 74 [70–88] 73 [70–86] 0.55

Sex Women 20 (60.6%) 10 (55.6%) 0.73 210 (70.2%) 41 (60.3%) 0.11

Men 13 (39.4%) 8 (44.4%) 89 (29.8%) 27 (39.7%)

BMI Normal 14 (42.4%) 6 (33.3%) 0.53 134 (45.1%) 26 (38.2%) 0.30

Overweight or obese 19 (57.6%) 12 (66.7%) 0.46 163 (54.9%) 42 (61.8%) 0.49

CV and metabolic

diseases

Absence 13 (39.4%) 9 (50.0%) 110 (36.8%) 22 (32.3%)

Presence 20 (60.6%) 9 (50.0%) 189 (63.2%) 46 (67.6%)

Hypnotics intake No 29 (87.9%) 16 (88.9%) 0.99* 235 (78.6%) 58 (85.3%) 0.21

Yes 4 (12.1%) 2 (11.1%) 64 (21.4%) 10 (14.7%)

Fatigue scale T1: [0–4] 18 (56.3%) 4 (22.2%) 0.02 91 (31.5%) 12 (17.9%) 0.03

T2+T3: [5–14] 14 (43.8%) 14 (77.8%) 198 (68.5%) 55 (82.1%)

Depression (BDI scale) Non-depressed : <11 26 (81.25%) 9 (60.0%) 0.16* 208 (73.8%) 39 (59.09%) 0.02

Depressed: >11 6 (18.75%) 6 (40.0%) 74 (26.2%) 27 (40.91%)

Night-time sleep (hour) 7 [5–9] 7 [3.5–10] 0.97** 7 [4–10] 7 [3.5–10] 0.49**

Day-time sleep (hour) 10 [0–90] 35 [0–180] 0.006** 15 [0–120] 30 [0–180] <0.0001**

Naps Yes 11 (35.5%) 12 (70.6%) 0.02 149 (52.5%) 48 (75.0%) 0.001

No 20 (64.5%) 5 (29.4%) 135 (47.5%) 16 (25.0%)

Total sleep duration Day+night 7.1 [5.0–9.5] 7.6 [4.2–10.5] 0.25** 7.5 [4.2–11.0] 7.7 [4.1–11.0] 0.39**

Time in bed (Hour) 8 [6–9] 8 [6–10] 0.99** 8 [5–12.5] 8 [5–12] 0.42**

Sleep efficiency (%) 87.5 [62.5–100] 88.2 [43.8–100] 0.80** 87.5 [33.3–100] 87.5 [53.8–100] 0.92**

WASO (Hour) 1 [0–3] 1 [0–4.5] 0.45** 1 [0–8] 1 [0–4] 0.84**

Insomnia severity <7 26 (78.8%) 8 (44.4%) 0.013 165 (55.6%) 26 (38.8%) 0.013

>7 7 (21.2%) 10 (55.6%) 132 (44.4%) 41 (61.2%)

RLS 4 signs 3 (9.4%) 1 (5.6%) 0.99* 46 (15.6%) 16 (23.5%) 0.12

Less than 4 signs 29 (90.6%) 17 (94.4%) 248 (84.4%) 52 (76.5%)

RBD No 26 (96.7%) 9 (69.2%) 0.03* 201 (88.2%) 46 (83.6%) 0.37

Yes 1 (3.7%) 4 (30.8%) 27 (11.8%) 9 (16.4%)

Risk of apnea No 16 (66.7%) 10 (58.8%) 0.61 122 (59.8%) 28 (54.9%) 0.52

Yes 8 (33.3%) 7 (41.2%) 82 (40.2%) 23 (45.1%)

*Fisher exact test.

**Wilcoxon rank test.

The bold values mean that the result is significant with a p-value < 0.05.

with cut-offs) and potential underlying confounding factors (e.g.,
depression, drug-free or not, medication type, cardiovascular
disorders) (Jaussent et al., 2011, 2013; Blachier et al., 2012).
Here, we found that 20% of subjects had EDS, as expected for
this age group (Slater and Steier, 2012). EDS is a multifactorial
symptom that may be triggered by sleep-disordered breathing,
poor sleeping habits, cardiovascular diseases, obesity, drug intake
or depression (Slater and Steier, 2012). As each of these factors
could also increase the risk of cognitive impairment, we added
these potential confounding factors in our different models.
However, none modified the association strength. We also
found that compared with participants without EDS, those with
MMSE score decline and EDS slept longer during the day, had
more naps but without any change on the total sleep time or

nighttime sleep duration. In this group, EDS was not related to
sleep deprivation, RLS, risk of apnea, hypnotic drugs intake or
depression. However, these participants reported more clinically-
defined RBD and fatigue and insomnia symptoms, thus strongly
suggesting significant alterations in both sleep continuity and
quality.

We also found a relationship between the risk of cognitive
decline assessed by the composite cognitive score already
validated in this frail elderly population (Donohue et al., 2014)
and nighttime in bed, but not with nighttime or daytime sleep
duration or sleep efficiency. Another study showed that cognitive
decline assessed by MMSE score variation was worse in older
adults with poor sleep quality after controlling for potential
confounders (Niu et al., 2016). The question of whether sleep
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TABLE 3B | Description of the clinical and sleep profile of composite score decliners.

N Modality Among composite score decliners Among composite score non-decliners

Time in bed

<8.5 h

Time in

bed >8.5 h

P-Chi2 Time in

bed < 8.5 h

Time in

bed >8.5 h

P-Chi2

N = 24 N = 25 N = 264 N = 160

Age (Years) 75.0 [70–84] 74.0 [70–87] 0.53** 74.0 [70–88] 74.0 [70–88] 0.28**

Sex Women 17 (70.8%) 16 (64.0%) 0.61 182 (68.9%) 106 (66.3%) 0.57

Men 7 (29.2%) 9 (36.0%) 82 (31.1%) 54 (33.8%)

BMI Normal 10 (41.7%) 11 (44.0%) 0.87 124 (47.1%) 65 (40.9%) 0.21

Overweight or obese 14 (58.3%) 14 (56.0%) 139 (52.9%) 94 (59.1%)

CV and metabolic

diseases

Absence 8 (33.3%) 5 (20.0%) 0.29 96 (36.4%) 67 (41.9%) 0.26

Presence 16 (66.7%) 20 (80.0%) 168 (64.6%) 93 (58.1%)

Hypnotics intake No 20 (83.3%) 17 (68.0%) 0.21 221 (83.7%) 123 (76.9%) 0.08

Yes 4 (16.7%) 8 (32.0%) 43 (16.3%) 37 (23.1%)

Fatigue scale T1: [0–4] 6 (28.6%) 3 (13.6%) 0.28* 71 (28.1%) 48 (31.6%) 0.45

T2+T3: [5–14] 15 (71.4%) 19 (86.4%) 182 (71.9%) 104 (68.4%)

Depression (BDI scale) Non-depressed: <11 12 (66.7%) 17 (73.9%) 0.61 181 (73.0%) 105 (70.0%) 0.52

Depressed: >11 6 (33.3%) 6 (26.1%) 67 (27.0%) 45 (30.0%)

Night-time sleep (Hour) 7 [3.5–8.25] 8 [5–10] 0.02** 6.5 [3.5–8] 8 [4–10] <0.0001**

Day-time sleep (Hour) 20 [0–60] 20.0 [0–120] 0.84** 15.0 [0–180] 20 [0–140] 0.13**

Naps No 9 (40.9%) 8 (33.3%) 0.59 119 (48.0%) 63 (40.9%) 0.17

Yes 13 (59.1%) 16 (66.7%) 129 (52.0%) 91 (59.1%)

Total sleep Day+night (hour) 7.1 [4.1–8.5] 8.3 [5.0–10.5] 0.009** 7.0 [4.0–11.0] 8.3 [4.0–11.0] <0.0001**

Sleep efficiency (%) 87.5 [50–100] 80 [52.6–100] 0.21** 87.5 [43.8–100] 88.9 [33.3–100] 0.04**

WASO (Hour) 1 [0–4] 2 [0–4.5] 0.02** 1 [0–4.5] 1 [0–8] <0.0001**

EDS <10 18 (78.3%) 17 (80.9%) 0.99* 175 (78.1%) 117 (80.7%) 0.55

>10 5 (21.7%) 4 (19.1%) 49 (21.9%) 28 (19.3%)

Insomnia severity <7 17 (70.8%) 13 (52.0%) 0.18 130 (49.8%) 88 (56.1%) 0.22

>7 7 (29.2%) 12 (48.0%) 131 (50.2%) 69 (44.0%)

RLS 4 signs 4 (17.4%) 3 (12.0%) 0.70* 47 (17.9%) 21 (13.3%) 0.21

Less than 4 signs 19 (82.6%) 22 (88.0%) 215 (82.1%) 137 (86.7%)

RBD No 13 (81.2%) 19 (79.2%) 0.99* 162 (85.3%) 122 (91.7%) 0.08

Yes 3 (18.8%) 5 (20.8%) 28 (14.7%) 11 (8.3%)

Risk of apnea No 9 (50.0%) 9 (42.9%) 0.66 105 (58.7%) 721(66.4%) 0.2

Yes 9 (50.0%) 12 (57.1%) 74 (41.3%) 36 (33.6%)

*Fisher exact test.

**Wilcoxon rank test.

The bold values mean that the result is significant with a p-value < 0.05.

duration is linked to cognitive decline is still debated. Several
prospective studies highlighted that either long (Benito-Leon
et al., 2009; Loerbroks et al., 2010; Devore et al., 2014) or short
(Tworoger et al., 2006; Sterniczuk et al., 2013) sleep durations
were associated with a greater risk of cognitive impairment and
dementia. The KORA-Age study recently showed that the risk
of cognitive decline increased in subjects with prolonged sleep
duration and particularly in those already cognitively impaired
(Johar et al., 2016). In our study, participants with composite
cognitive score reduction over 1 year and longer nighttime in
bed had longer 24-h and nighttime sleep duration but also a
higher WASO than subjects with time spent in bed <8.5 h.
This result suggests that cognitive decline may be associated

with both long sleep duration and disturbed nighttime sleep.
Accordingly, we proposed that time spent in bed and the
related cut-off of 8.5 h, never reported in the literature so
far, may be considered as potential risk factors for cognitive
decline.

Recent evidences from the general population suggested
spontaneous fluctuations over time of sleep symptoms including
EDS (Fernandez-Mendoza et al., 2015). Sleep-wake changes are
often predicted by lifestyle and psychological factors that are
potentially modifiable. We could ask whether EDS and nighttime
duration in bed represent stable conditions in a frail population
that might help to further individualize a homogeneous group
of subjects at major risk for neurodegenerative disorders.
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Although sleep deprivation and fragmentation negatively
affect neuropsychological performances, little is known about
the mechanisms underlying the association between chronic
sleep-wake alterations and cognitive decline. Recent data suggest
that EDS and nighttime sleep alteration may share common
neurobiological changes and play a role in AD pathophysiology,
especially in amyloid β (Aβ) brain burden (Spira et al., 2013;
Sprecher et al., 2015; Varga et al., 2016). In elderly subjects,
extreme sleep duration, poor sleep quality and EDS were
associated with increased brain Aβ deposits (Spira et al.,
2013; Sprecher et al., 2015; Branger et al., 2016). Among the
several neurotransmitters involved in the regulation of the
sleep-wake pattern, orexin-A/hypocretin-1 which promotes
wakefulness could directly modulate Aβ metabolism (Slats
et al., 2013; Dauvilliers et al., 2014; Roh et al., 2014). Other
biological mechanisms could be involved such as α-synuclein
alterations (as suggested by the higher frequency of clinically-
defined RBD in patients with reduced MMSE score and EDS),
and hypothalamic-pituitary axis impairment with increased
cortisol, oxidative stress, low-grade inflammation, and metabolic
changes that could be linked to cerebrovascular damages and
abnormal sleep-related Aβ clearance (Xie et al., 2013; Lucey
and Holtzman, 2015). Further follow-up studies using sleep
questionnaires but also objective sleep/wake measurements,
amyloid PET scan and volumetric MRI assessment might
help monitoring sleep profile changes, brain amyloid load
and neuronal injury in frail elderly participants with cognitive
decline.

The strengths of the study are the prospective design, the
well-characterized population with frailty criteria at baseline,
the use of a large neuropsychological test battery, the extensive
clinical and self-reported sleep evaluations, and the large
number of potential confounding factors. Even taken into
account a wide range of risk factors for cognitive decline,
the possibility remains that unmeasured confounders may
explain part of the association observed. The present study
also has some limitations. The assessment of the sleep-wake
disturbances was based on clinical interviews and questionnaires
completed by the patients (with the caregiver/clinical team’s help
when required) and did not include objective measurements
such as actigraphy or polysomnography. Due to the self-
reporting nature of the questionnaires, recall biases and lack of
accuracy in the responses might have occurred, with potential
misunderstandings. However, the use of questionnaires to
detect individuals with poor sleep quality or who complain
of sleep disturbances is particularly relevant in the routine
clinical practice, easier and less expensive than polysomnography
in a sleep laboratory. Moreover, we are fairly confident
concerning the self-reported sleep data in frail subjects
without cognitive troubles (MMSE >24). The design of the
study cannot disentangle the discrepancies in the association
between sleep-wake disturbances (namely EDS and longer
time in bed) and cognitive decline whether assessed by
the MMSE or the composite cognitive score. Finally, the
short follow-up period (1 year) may not identify all subjects
in whom cognitive impairment could have progressed to
dementia.

CONCLUSION

Our results indicate that EDS and longer nighttime in bed are
associated with cognitive decline in frail patients, independently
of major confounding factors. Our findings may suggest the
importance of early detection of abnormal sleep-wake pattern
in frail elderly participants at risk of neurodegenerative diseases
to further propose sleep health strategies to prevent cognitive
impairment.
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