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Objective: People with Alzheimer’s disease (AD) dementia have impaired sleep. However, the
characteristics of sleep in the early stages of AD are not well known, and studies with the aid of
biomarkers are lacking. We assessed the subjective sleep characteristics of non-demented older
adults and compared their amyloid profiles.
Methods: We enrolled 30 participants aged X 60 years, with no dementia or major clinical and
psychiatric diseases. They underwent [11C]PiB-PET-CT, neuropsychological evaluations, and com-
pleted two standardized sleep assessments (Pittsburgh Sleep Quality Inventory and Epworth Sleep
Scale).
Results: Comparative analysis of subjective sleep parameters across the two groups showed longer
times in bed (p = 0.024) and reduced sleep efficiency (p = 0.05) in individuals with positive amyloid.
No differences in other subjective sleep parameters were observed. We also found that people with
multiple-domain mild cognitive impairment (MCI) had shorter self-reported total sleep times (p = 0.034)
and worse overall sleep quality (p = 0.027) compared to those with single-domain MCI.
Conclusions: Older adults testing positive for amyloid had a longer time in bed and lower sleep
efficiency, regardless of cognitive status. In parallel, individuals with multiple-domain MCI reported
shorter sleep duration and lower overall sleep quality.

Keywords: Sleep; mild cognitive impairment; pre-clinical Alzheimer’s disease; positon emission
tomography

Introduction

Recently, researchers have shifted their attention to
preclinical phases of Alzheimer’s disease (AD). Studies
addressing interactions between sleep and AD have
brought evidence on the specific sleep characteristics of
people with mild cognitive impairment (MCI)1-4 and sub-
jective cognitive decline (SCD).5,6 However, the diagnosis
of AD guided by clinical criteria alone has low agreement
with pathologic diagnosis, especially in people with milder
cognitive disturbances. The use of biomarkers improves
diagnostic accuracy for AD dementia, and enables a
better diagnosis of prodromal and preclinical AD.

Although some studies have explored the sleep
characteristics of people with MCI and SCD using sub-
jective and objective methods, few of them have
assessed such characteristics after ascertaining the
AD biomarker profiles of the subjects.7-9 This study aims
to investigate the association between subjective sleep
characteristics and amyloid profile in people with MCI
and SCD as opposed to cognitively unimpaired older
adults.

Methods

Setting and participants

This is a cross-sectional study, part of a Brazilian
community-based cohort.

We included 30 participants aged X 60 years.
Exclusion criteria were: functional impairment, history of
major psychiatric disorders, major neurologic diseases,
decompensated clinical diseases, use of sleep inducers
or antipsychotic drugs, and brain magnetic resonance
imaging showing vascular lesions or a score 4 2 on the
Fazekas scale.10

Study design

All participants underwent a throughout clinical evalua-
tion for assessment of demographics, previous medical
history, cognitive complaints, and socioeconomic classi-
fication. In the first interview, they underwent cognitive
screening and completed the Hospital Anxiety and
Depression Scale (HAD)11 and Functional Activities
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Aguiar, 255, Departamento de Neurologia, 5o andar, Cerqueira
César, CEP 05402-000, São Paulo, SP, Brazil.
E-mail: conradoborges@outlook.com
Submitted Jul 01 2020, accepted Sep 28 2020, Epub Dec 09 2020.

How to cite this article: Borges CR, Piovezan RD, Poyares DR,
Busatto Filho G, Studart-Neto A, Coutinho AM, et al. Subjective
sleep parameters in prodromal Alzheimer’s disease: a case-
control study. Braz J Psychiatry. 2021;43:510-513. http://dx.doi.org/
10.1590/1516-4446-2020-1503

Braz J Psychiatry. 2021 Sep-Oct;43(5):510-513
doi:10.1590/1516-4446-2020-1503

Brazilian Psychiatric Association
00000000-0002-7316-1185

https://orcid.org/0000-0003-3220-7746
https://orcid.org/0000-0003-2537-8766
https://orcid.org/0000-0003-0664-0968
https://orcid.org/0000-0003-4749-4602
https://orcid.org/0000-0003-2260-5986
https://orcid.org/0000-0002-5555-4583
https://orcid.org/0000-0002-3804-8865
https://orcid.org/0000-0002-5721-1525
https://orcid.org/0000-0002-8303-6732
mailto:conradoborges@outlook.com
http://dx.doi.org/10.1590/1516-4446-2020-1503
http://dx.doi.org/10.1590/1516-4446-2020-1503
http://dx.doi.org/10.1590/1516-4446-2020-1503
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Questionnaire.12 Sleep quality was assessed with the
Pittsburgh Sleep Quality Index (PSQI),13 and excessive
daytime sleepiness by the Epworth Sleepiness Scale
(ESS).14

Neuropsychological assessment

After this first interview, the participants underwent
a comprehensive neuropsychological assessment. The
cognitive domains evaluated were executive functions,
attention, verbal and nonverbal memory, language, and
visuospatial function.

Group allocation

Group allocation was based on the clinical evaluation and
the neuropsychological assessment. The individuals were
classified as MCI if they remained functionally indepen-
dent and had a performance worse than one standard
deviation (SD) below the mean15 in two tests of the same
cognitive domain. They were subclassified as MCI-single
domain (MCI-SD) if only one domain was affected and as
MCI-multiple domain (MCI-MD) if two or more domains
were affected. Participants were classified as SCD if they
had cognitive complaints but a normal neuropsychological
evaluation, and as cognitively unimpaired (CUn) if they
had a normal neuropsychological evaluation without
cognitive complaints.

[11C]PiB-PET categories

All subjects had undergone a positron emission tomography
with Pittsburgh compound ([11C]PiB-PET-CT) no more than
1 year before the study. Production of the [11C]PiB-PET
radiochemical has been described in detail elsewhere.16

Two certified nuclear medicine physicians with more
than 5 years of experience evaluated the [11C]PiB-PET
images, blinded to clinical diagnosis and to the other’s
interpretation. They independently rated the individual
images as ‘‘positive’’ (A+) and ‘‘negative’’ (A-). At a
second time point, each physician performed a semi-
quantitative analysis with the aid of the 3D-SSP method to
confirm the qualitative analysis. Our group has described
this procedure in further detail elsewhere.17

Subjective Sleep Questionnaires

During sleep evaluations, participants were assessed with
the PSQI.13 As measures of sleep quality, we extracted

data from the PSQI’s sub-items: sleep onset latency
(SOL), subjective report of total sleep time (sr-TST), time
in bed (TIB), and sleep efficiency (SE), besides the PSQI
total score (PSQI). The ESS – a questionnaire that
classifies subjective daytime sleepiness – was used as a
measure of daytime sleepiness.18

Statistical analysis

We described the characteristics of participants using
means/standard deviations, medians/interquartile ranges,
or counts and percentages, as appropriate. We used the
Mann-Whitney test to compare sleep variables across
the amyloid A+ and A- groups and the Kruskal-Wallis
test, followed by Bonferroni’s test, to compare the sleep
variables across the four clinically classified groups.
Differences were considered as statistically significant if
a two-tailed p p 0.05.

Ethics statement

The local ethics committee approved this study, and all
participants provided written informed consent.

Results

Thirty subjects were evaluated, of whom 21 (67.7%)
were female. The mean age was 73 years (SD = 5.92),
and the mean educational level was 13 years (SD =
4.93).

Nine individuals (31%) were amyloid-positive on PiB-
PET. They had fewer years of schooling and more
depressive symptoms (HAD-D) than their amyloid-nega-
tive peers. The groups did not differ in age, sex, BMI,
vascular risk factors, hypothyroidism, anxiety scores
(HAD-A), or socioeconomic status.

Comparative analysis of subjective sleep parame-
ters between the A+ and A- groups revealed longer TIB
(p = 0.024) and lower SE (p = 0.05) in A+ individuals,
and no differences in SOL, sr-TST, PSQI, or ESS
(Table 1).

Comparison of subjective sleep parameters across the
clinical categories (CUn, SCD, MCI-SD and, MCI-MD)
revealed between-group differences in sr-TST and PSQI-
s, but not in the other sleep variables. Post-hoc analysis
showed lower sr-TST and higher PSQI in MCI-MD com-
pared to MCI-UD (Table 2).

Table 1 Comparison of sleep parameters between the amyloid-positive (A+) and amyloid-negative (A-) groups

A+ (n=9) A- (n=20) p-value

SOL 23.3 (18.5) 11.9 (13.3) 0.74
Sr-TST 6.1 (1.3) 6.4 (1.1) 0.57
TIB 8.2 (1.0) 7.2 (1.1) 0.024*
SE 75.7 (14.9) 90.9 (16.5) 0.05*
PSQI 5.8 (3.0) 4 (2.2) 0.11
ESS 5.9 (2.6) 4.8 (4.2) 0.25

*Significant two-tailed p p 0.05.
ESS = Epworth Sleep Scale (total score); PSQI = Pittsburgh Sleep Quality Index (total score); SE = sleep efficiency; SOL = sleep onset
latency; sr-TST = self-reported total sleep time; TIB = time in bed.
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Discussion

To our knowledge, this is the first study to assess
subjective sleep parameters in individuals with MCI,
according to amyloid status and single- or multiple-
domain cognitive impairment. In this sample, A+ subjects
showed longer TIB and lower SE.

Few similar studies do exist. One study with [11C]PiB-
PET found higher amyloid loads in several brain areas of
old adults with shorter self-reported sleep duration and
impaired sleep quality.7

Another study found that middle-aged and older adults
with reduced amyloid levels in the cerebrospinal fluid had
low SE and a trend toward increased TIB on actigraphy,8

corroborating our data. According to this hypothesis,
increased amyloid loads would disrupt normal sleep
physiology, leading to more fragmented sleep, demand-
ing longer times in bed as compensation for decreased
sleep quality.

Amyloid positivity was not associated with increased
ESS scores in our sample, which would be more likely.
Two recent studies have shown similar results in this
test, but more somnolence in A+ individuals in another
test.9,19 One possible explanation is that ESS asks about
the propensity of the subject falling asleep during the day,
which is less sensitive than questionnaires that ask
specifically about daytime sleepiness.

According to our review of the literature, this is the
second study to highlight sleep differences between
individuals with multiple-domain versus single-domain
MCI. Most of the studies that included MCI subgroups
divided them into amnestic and non-amnestic, and did
not take into account whether there was a multidomain
disorder.4

Studies have diverged concerning the total sleep time
of individuals with MCI. Differently from our results, some
of them have associated longer sleep times with reduced
cognitive performance.3,20

The use of a subjective sleep assessment could
explain the lower sleep duration shown by our MCI-MD
participants. One study found that people with MCI
reported shorter sleep times and worse sleep quality
when compared with data obtained by objective
methods.21

The sleep quality reduction in people with MCI-MD
shown by our study, as measured by the PSQI score,
corroborates the current literature.2,4,22

In our study, individuals with an SCD diagnosis
did not differ from CUn in the subjective sleep measures;
this diverges from recent studies that found worse sleep
quality in people with subjective cognitive complaints.5,6

We did not find reduced educational attainment in
individuals with MCI, which disagrees with previous studies
showing an association of worse overall sleep quality with
lower educational levels.2 However, we found that A+
subjects had lower educational levels than their A- peers.
We intend to address this matter in future research.

In this study, A+ participants had significantly higher
HAD-D scores in comparison to A- subjects, despite
not crossing the thresholds of normality. One possible
explanation is that people in the earlier stages of AD
exhibit depressive symptoms more frequently.23,24 Also,
some studies have associated early-life depressive
symptoms with an increased risk of cognitive impairment
and AD later in life.25

This study’s strengths are the determination of amyloid
profiles with PiB-PET to classify groups, the use of widely
disseminated, standardized sleep scales to assess sleep,
and the classification of MCI by the number of domains
instead of into amnestic/non-amnestic.

Some limitations must also be discussed. We evaluated
a small number of subjects, which prevented the subdivi-
sion of clinical categories according to the amyloid profile.
The characteristics of the sample diverge from the overall
population of the city where it was conducted, which can
limit the validity of the study to one specific population
segment. Finally, the cross-sectional design prevents the
establishment of causal relationships.

In conclusion, older adults with positivity for amyloid
had a longer time in bed and lower sleep efficiency,
regardless of cognitive status. Likewise, individuals with
MCI-MD subjectively reported shorter sleep duration and
lower overall sleep quality. More extensive, prospective
studies using objective sleep measurements to accurately
characterize the sleep of individuals in the preclinical
stages of AD – defined by biomarkers, clinical indicators,
or both – are welcome. The identification of more severe
MCI phenotypes may involve detection of poor sleep.

Table 2 Comparison of subjective sleep parameters among the groups CUn, SCD, MCI-SD, and MCI-MD

CUn (n=7) SCD (n=8) MCI-SD (n=8) MCI-MD (n=7) p-value

SOL 16.0 (19.8) 7.5 (6.3) 15.0 (10.0) 24.6 (20.3) 0.16
sr-TST 6.4 (0.9) 6.6 (0.9) 7.2 (0.9)* 5.3 (1.2)* 0.03=

TIB 7.3 (1.1) 7.4 (1.2) 7.9 (1.2) 7.6 (1.5) 0.81
SE 87.6 (9.1) 89.5 (9.7) 93.0 (18.0) 73.5 (23.7) 0.06
PSQI 3.9 (1.1) 3.6 (2.3) 3.4 (1.8)w 7.4 (2.7)w 0.03=

ESS 5.5 (4.5) 5.6 (4.8) 3.1 (2.6) 6.7 (2.0) 0.21

CUn = cognitively unimpaired; ESS = Epworth Sleep Scale (total score); MCI-MD = mild cognitive impairment- multiple domain; MCI-SD = mild
cognitive impairment-single domain; PSQI = Pittsburgh Sleep Quality Index (total score); SCD = subjective cognitive decline; SE = sleep
efficiency; SOL = sleep onset latency; sr-TST = self-reported total sleep time; TIB = time in bed.
Analysis showed:
*A difference in sr-TST between the MCI-UD and MCI-MD groups (adjusted two-tailed p = 0.021)
wA difference in PSQI between the MCI-MD and MCI-SD groups (adjusted two-tailed p = 0.038).
=Significant two-tailed p p 0.05.
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