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Long Objective Sleep Duration is a Marker
of Cognitive Impairment in Older Adults:
Findings from the Cretan Aging Cohort
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Abstract. We examined associations between objective sleep duration and cognitive status in older adults initially categorized
as cognitively non-impaired (CNI, n=157) or diagnosed with mild cognitive impairment (MCI, n = 53). On follow-up, 8 years
later, all participants underwent neuropsychiatric/neuropsychological evaluation and 7-day 24-h actigraphy. On re-assessment
62.7% of participants were cognitively declined. Patients who developed dementia had significantly longer night total sleep
time (TST) than persons with MCI who, in turn, had longer night TST than CNI participants. Objective long sleep duration
is a marker of worse cognitive status in elderly with MCI/dementia and this association is very strong in older adults.
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INTRODUCTION

The demographic shift towards an older popula-
tion is a defining characteristic of modern Western
societies. By 2050, estimates suggest that more than
20% of the population will be in the 65 or older
age group [1]. Human aging is inevitably associated
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try, University Hospital of Heraklion, Heraklion, Crete, 71500,
Greece. Tel.: +302810392402; Fax: +302810392859; E-mail:
mpasta@uoc.gr.

with a decline in physiological reserves and increased
inflammation known as “inflammaging”, which in
turn leads to various chronic diseases, such as cardio-
vascular disease, dementia, and increased mortality
[2].

Dementia is a highly prevalent syndrome char-
acterized by the loss in cognitive functioning that
exceeds the natural aging process [3, 4], impacting
one’s capacity for independent daily activities [5].
Mild cognitive impairment (MCI) is considered as
a transitional phase between normal cognitive aging
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and dementia [6]. While MCI does not significantly
impede daily activities and independence of older
adults, approximately 40% of individuals with MCI
will eventually develop dementia [7].

The risk of dementia and cognitive impairment
varies greatly within a uniform age group, under-
scoring the importance of accurate predictors to
characterize the progression of dementia [8]. There
is evidence to suggest that dementia may be influ-
enced by a range of modifiable factors, including
obesity, sleep duration and quality, levels of physical
activity, diet, social interactions, and the presence of
co-morbidities [9]. Given that approximately 40% of
dementia risk factors are modifiable, there is a strong
potential for prevention [10].

Importantly, a significant association has been
observed between poor sleep and cognitive impair-
ment in elderly individuals [11]. Evidence further
indicates that sleep complaints serve as powerful
predictors of excessive daytime cognitive fatigue,
which has detrimental effects on multiple aspects
of cognition [12]. Nonetheless, there are gaps in
the current body of literature exploring associations
between sleep and cognition, as most of the stud-
ies conducted in older adults rely on self-reported
sleep data [13-15], which may differ from objec-
tive sleep measures [ 16]. Moreover, previous research
on cognitive function and sleep mainly studied cog-
nitively healthy older individuals [17] and did not
confirm these findings in people with MCI. A number
of studies examining the associations between multi-
ple facets of objective sleep measures and cognitive
performance in these patients have yielded incon-
clusive results [18-25], probably due to variations
in methodological approaches, such as differences
in age range, sample sizes, and the specific cogni-
tive domains assessed [26]. Therefore, the long-term
impact of sleep on cognitive impairment yet remains
unclear. The scarcity of relevant literature is particu-
larly evident in Mediterranean countries like Greece.
With a Greek population where over 20% are aged
60 years or older [27], it is estimated that 5% of indi-
viduals 65 and above are affected by dementia [28].
Our previous findings from the Cretan Aging Cohort
study (CAC) indicate that, even though sleep duration
is similar between cognitively non-impaired (CNI)
elders and patients with MCI, long sleep duration is
linked to greater disease severity in patients with MCI
and dementia [29]. Furthermore, longitudinal find-
ings suggest that prolonged sleep and/or poor sleep
quality in elderly predicts poor memory outcomes in
this population [30]. To our knowledge, up to now no

studies have examined the associations between cog-
nitive status and objective sleep in older adults with
or without cognitive deficits. To fill in the gap in the
existing literature, the objective of the current study
was to investigate the association between sleep dura-
tion and cognitive status in adults in a more advanced
age (=68 years old) in a community-dwelling sub-
sample of the CAC, both in CNI and in those with
MCI who were followed-up 8 years after the ini-
tial assessment. We hypothesize that objective long
sleepis associated with worse cognitive status in older
adults.

MATERIALS AND METHODS
Study design

In this cross-sectional study, we analyzed, a sub-
set of 110 participants from the CAC (Phase III), a
large cohort study conducted on the island of Crete,
Greece, who had undergone follow-up within a period
of 7-9 years from the initial evaluation (phase I & II).
All participants underwent comprehensive neuropsy-
chological and neuropsychiatric assessment, along
with actigraphy recording during baseline (Phase I
and II) and follow-up (Phase III). The current study
protocol (Phase III) was approved by the Ethics Com-
mittee of the University of Crete (approval number:
61/9-3-2020).

A comprehensive overview of Phases I, II, and III
can be found in previous publications [29, 31, 32]
(Fig. 1 and Supplementary Material).

Sociodemographic and medical information

Comprehensive records were maintained for
anthropometric measurements, comorbidities, use of
SSRIs, benzodiazepines, and other anxiolytics. Pres-
ence of at least one insomnia-type symptom (i.e.,
difficulty initiating/maintaining sleep and/or early
morning awakening) and sleep apnea was estimated
based on the Penn State Sleep Questionnaire [33].

Objective sleep measures

Objective sleep variables were estimated by ana-
lyzing consecutive 7-days actigraphy recording at
follow-up [30, 32]. The sleep variables estimated
were night sleep efficiency (SE), night wake after
sleep onset time (WASO), night and 24-h total sleep
time (TST) and finally, night and 24-h time spent in
bed (TiB). Following our previous publication [34],
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we categorized the sample into quartiles. We then fur-
ther divided it into two groups: the long sleep duration
group, consisting of the top 25% of individuals with
sleep times above the median, and the normal sleep
duration group, consisting of the remaining 75% in
the lower half.

Statistical analysis

Statistical analysis was conducted using SPSS 29
(IBM SPSS, Version 29.0, Armonk, NY: IBM Corp).
Continuous variables at follow-up are depicted as
means and standard deviations, while categorical
variables are displayed as frequencies and percent-
ages. To analyze group differences in demographic
characteristics, we employed a two-tailed #-test for
continuous variables and the Chi-square test for
categorical variables. The three groups were com-
pared on sleep indices at follow-up using Analysis
of Covariance (ANCOVA) controlling for gender,
age, education, depression, and psychotropic medica-
tions. We followed the standard step-wise approach
in order to control for type I error, which involved
performing omnibus tests evaluated at p=0.008 to
control for the number of ANOVAs (k=6). Only

significant omnibus ANOVAs were followed up by
pairwise comparisons which were in turn evaluated
at p=0.05/3=0.017 to control for family-wise error
rate.

RESULTS

As previously described in detail [32], during
Phase III in total, 103 participants were deceased,
56 could not be located and 63 refused to par-
ticipate in the study. A total of 155 individuals
completed the evaluation in phase III (response rate
55%). Among those a sub-sample of 110 partici-
pants (77.3% women) with complete sleep data were
included in the current analysis.

The participants were initially classified (Phase I
and II) as CNI (n=57) or MCI (n=53), with a mean
baseline age of 72.7 years. The patients were followed
up 7-9 years later, with an average age at follow-up of
80.3 (SD=6.6) years. Upon re-evaluation, cognitive
decline was observed in 62.7% of the participants.
Specifically, 29 (26%) individuals were diagnosed
with CNI, 49 (45%) with MCI, and 32 (29%) with
dementia (probable Alzheimer’s disease except for
two patients who were diagnosed with probable Lewy
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Fig. 1. Flow diagram depicting the study protocol (Phase I, II, and III). Clinical categorization of the current sample (n=110) in Phase II

and III is also provided.



930 M. Basta et al. / Long Objective Sleep Duration as a Marker of Cognitive Impairment

Table 1
Sociodemographic, clinical characteristics, and sleep indices of the three groups at Phase III (follow-up)

A.CNI (n=29) B. MCI (n=49) C. Dementia (n=32) AvsC AvsB BvsC
Demographics
Age (y) 76.8 (6.0) 79.7 (6.2) 85.0 (5.5) 0.04 <0.001 <0.001
Education (y) 6.4 (3.5) 4.6 (2.9) 44 @3.1) 0.01 0.03 0.8
Females (%) 724 83.7 71.9 0.2 0.8 0.1
Psychotropic Medications (%)’ 48.3 46.9 714 0.9 0.08 0.02
>5 Physical Comorbidities (%) 20.7 22.4 19.0 0.9 0.9 0.7
Depression Diagnosis (%) 20.7 40.8 52.9 0.09 0.01 0.3
Objective sleep indices
Sleep efficiency 865 86+6 86+7 0.9 0.4 0.8
Night TST (min) 415 +£58 451 £ 68 503+93 <0.001 0.01 0.03
24-h TST (min) 435 £61 469 +78 522+ 106 0.001 0.02 0.06
Night TiB (min) 482+ 58 52272 580+ 82 <0.001 0.006 0.01
24-h TiB (min) 506 + 60 545+83 608 £+ 94 <0.001 0.02 0.03
WASO (min) 61+£22 65+31 73+£38 0.1 0.8 0.5
Subjective sleep complaints
>2 insomnia symptoms (%) 27.6 28.6 23.1 0.9 0.7 0.6

Data are presented as mean values £ SD unless otherwise indicated, adjusted for age, education, gender, and psychotropic medications.

1SSRIs, anxiolytics, benzodiazepines. TST, Total Sleep Time; TiB, Time in Bed; WASO, Wake after sleep onset time.

body dementia) (Fig. 1). In the MCI group, 11 patients
met criteria for the pure amnestic type (22.4%), 21
for the amnestic-multidomain type (42.9%) and 17
(34.7%) for the non-amnestic MCI type. The demo-
graphic, clinical data, and sleep metrics at follow-up
for each diagnostic group are presented in Table 1.
Patients with dementia were significantly older fol-
lowed by those in the MCI group who were in turn
older than the CNI group. MCI and dementia groups
had comparable education attainment, which was sig-
nificantly lower than the CNI group. The three groups
were comparable on gender, physical comorbidities
and frequency of insomnia-type symptoms (p >0.1)
although, as expected, patients with dementia were
more likely to receive psychotropic medications than
the CNI group (p =0.02).

One-way ANCOVAs revealed significant group
differences on all sleep duration and time in bed
indices (Night TST: p=0.001, 24-h TST: p=0.006,
Night TiB: p <0.001, 24-h TiB: p=0.001, adjusting
for age, education, gender, and psychotropic med-
ications (Fig. 2). As shown in Table 1, individuals
with dementia had significantly prolonged, adjusted
night total sleep time (503 = 93 min) in comparison
to those with MCI (451 &£ 68 min, p =0.03), who, in
turn, had longer night TST than CNI participants
(415 £ 58 min, p=0.01). Similar trends were found
for 24 h sleep and time in bed times. In addition, there
was a significantly higher prevalence of long night
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Fig. 2. Average sleep duration values across clinical groups.
*corresponds to statistically significant differences between
groups.

sleep duration in the dementia (67.7%) as compared
to the MCI (36.7%, p=0.01) and CNI groups (10.3%,
p <0.001). Long night sleep duration was also more
frequent in the MCI as compared to the CNI group
(p=0.016).

DISCUSSION

The current study aimed to investigate the potential
correlation between objective sleep duration and cog-
nitive status in older adults initially diagnosed with
CNI and MCI, after a follow-up period of 8 years.
The main findings of our study indicated that among
older adults, patients with dementia had significantly
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longer night TST than persons with MCI who in turn
had longer night TST than cognitively non-impaired
participants. In addition, the prevalence of long sleep
duration during the night was significantly higher
among dementia patients and individuals with MCI
as compared to CNI individuals in this age group.

The novel finding of this study is the robust and
consistent over time negative correlation between
objective long sleep duration and cognitive per-
formance in elderly with or without cognitive
impairment. Our study confirms and expands prior
evidence, indicating that long objective sleep dura-
tion is linked to cognitive impairment among elderly
with dementia and MCI. Studies in the past have
reported prolonged sleep among patients with demen-
tia with sleep duration becoming longer in more
severe stages of the disease [29, 35, 36, 37]. How-
ever, previous literature examining objective sleep
duration in MCI patients and its associations with
cognitive performance is very limited. While earlier
studies in small samples have yielded inconsistent
findings, a previous cross-sectional study from the
CAC found a correlation between long sleep dura-
tion and worse cognitive performance among elderly
individuals with MCI [29]. Interestingly, in that
study, mean sleep duration was similar between MCI
patients and cognitively intact elders. The current
study replicated associations between sleep and cog-
nitive status in participants older than 75 years old.
Additionally, these associations became more robust
since, in this more advanced age group, sleep duration
was significantly longer in MCI compared to cogni-
tively intact elderly. Finally, based on our findings,
it appears that objective long sleep is an index of
cognitive function consistent over a rather long-term
period. Some, but not all, longitudinal studies have
also confirmed the role of objective sleep as a pre-
dictor of cognitive decline among elderly. Findings
from a large community-based study among older
women revealed that objective long sleep at baseline
predicted cognitive decline at follow-up [24], while
other studies failed to find such associations [38,
39]. Also, a recent study from our group confirmed
that prolonged sleep and/or poor sleep quality pre-
dict unfavorable long-term memory outcomes in old
participants from the CAC after an 8-year follow-up
[30].

There are a number of potential explanations for
the relationship between long sleep duration and
the risk of dementia and MCI. To begin with, there
is strong evidence linking sleep disturbances to
amyloid-B (A ) deposition, tau pathology, and APOE

&4 allele genotype, all of which have the potential
to be biomarkers for dementia [40-42]. Interest-
ingly, research conducted on older adults without
cognitive impairments demonstrated that sleep dis-
ruptions influenced the relationship between A and
cognitive function, potentially due to disruptions in
non-rapid eye movement (NREM) slow wave sleep
[43—45]. On the other hand, disturbance in NREM
sleep may also lead to increased accumulation of
ApB, and the deposition of A in the cortex has been
linked to memory consolidation deficits [46]. Addi-
tionally, there appears to be an association between
chronic, low-grade inflammation characterized by
higher levels of interleukin (IL)-6 and C-reactive
protein (CRP) and an increased likelihood of devel-
oping all-cause dementia [47, 48]. Considering the
results of Irwin et al. meta-analysis, which showed
that longer sleep duration is associated with higher
levels of CRP and IL-6, it reinforces the potential
association between long sleep duration, increased
inflammation, and dementia also previously con-
firmed in elderly with or without cognitive decline
from our sample [34, 49, 50]. Finally, individuals
who consistently sleep for longer periods may have
other underlying health conditions, such as depres-
sion and sleep apnea, that could potentially contribute
to cognitive deficits. Despite adjusting for multiple
co-morbidities, including depression and sleep apnea
in our analysis, there is a possibility that other dis-
eases or under-recognized health-related conditions
were not accounted for.

The outcomes of the current study shed light on
the significant association between sleep duration and
cognitive performance. A prolonged duration of sleep
in older adults could potentially serve as an early
warning sign for cognitive decline, such as the devel-
opment of MCI and later dementia. Therefore, based
on our findings, in elderly with prolonged sleep, pre-
vention of controlling modifiable factors associated
with cognitive decline should be considered. Also,
based on the association between inflammation and
cognitive performance, treatments targeting inflam-
matory pathways, as well as interventions known
to decrease inflammatory levels, such as diet, and
physical activity, may be useful [50]. Finally, since
long sleep is associated with worse cognitive per-
formance, restricted use of sedative psychotropics
during the pre-clinical or early stage of the disease as
well as throughout its progression, is suggested. At
the same time, addressing key factors that may nega-
tively impact sleep, such as multiple co-morbidities,
emotional or anxiety disorders, chronic pain, and
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sleep-related breathing disorders is crucial.

The strengths of the study include a well-
characterized sample based on thorough neuropsy-
chiatric/neuropsychological evaluation, objective
sleep assessment for a rather long period (7-24-h
actigraphy), and naturalistic design. Limitations of
the study that should be pointed out are the rather
small sample size, its cross-sectional design, use of
actigraphy and not PSG to assess objective sleep,
and a rather low response rate compared to the pre-
vious evaluation related to the advanced age of our
participants.

In conclusion, our study confirms and expands pre-
vious findings that objective long sleep duration is a
marker of worse cognitive status in elderly with or
without cognitive decline in a dose-response man-
ner and that this association is more evident in older
adults. Therefore, in elderly who sleep long, early
interventions targeting on potential modifiable fac-
tors, may improve or delay cognitive decline.
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