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Abstract

INTRODUCTION: Subjective Cognitive Decline (SCD) is a risk factor for Mild Cognitive
Impairment (MCI) and Alzheimer Disease (AD). While sleep has been shown to be altered in
MCI and AD, little is known about sleep in SCD. METHODS: Seventy cognitively normal
community-dwelling participants were classified as SCD (32) or controls (38) using the
Subjective Cognitive Decline Questionnaire. Sleep was assessed using actigraphy and diaries.
FreeSurfer was used for performing Medial Temporal Lobes (MTL) and brain cortical
parcellation of 3T MRI images. Multiple regression models were used to assess the presence of
sleep, MTL or regional cortical differences between groups. RESULTS: Obijective sleep was
disrupted in SCD participants, which showed increased nighttime wakefulness and reduced
sleep efficiency. No group differences emerged in subjective sleep or MRI outcomes.
DISCUSSION: Obijective sleep resulted disrupted in community-dwelling SCD, without any
subjective sleep or cortical change. Sleep assessment/intervention in SCD might help

prevent/delay AD onset.

Keywords. Subjective cognitive decline, sleep, medial temporal lobe, MRI, actigraphy,

Alzheimer disease, risk factors
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Abbreviations

AD, Alzheimer Disease

CA, Cornus Ammonis

DG, Dentate Gyrus

ESS, Epworth Sleepiness Scale

eTlV, estimated Total Intracranial Volume
GDS, Geriatric Depression Scale

ISI, Insomnia Severity Index

MCI, Mild Cognitive Impairment

MEQ, Morningness Eveningness Questionnaire
MMSE, Mini Mental State Examination
MPRAGE, magnetization-prepared rapid acquisition gradient echo
MTL, medial temporal lobe

PSG, polysomnography

PSQI, Pittsburgh Sleep Quality Index

SE, Sleep Efficiency

SCD, Subijective Cognitive Decline (-Q, questionnaire)
SOL, Sleep Onset Latency

STAI, State Trait Anxiety Inventory

TIB, Time in Bed

TST, Total Sleep Time

WASO, Wake After Sleep Onset
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1. INTRODUCTION
Alzheimer disease (AD) develops along a continuum that begins with a long, asymptomatic
preclinical period (10-20 years), evolves into mild cognitive impairment (MCI) and culminates in
clinical dementia [1]. Subjective cognitive decline (SCD), a state in which a subjectively
perceived decline in cognition appears in the absence of an objective decline detected by
neuropsychological tests, tends to occur at the late phase of pre-clinical AD and has been
therefore recently proposed as a pre-MCI stage [2]. This pre-clinical condition has been studied
for many decades under a wide nomenclature (see [2]), but only recently the Subjective
Cognitive Decline Initiative working group (SCD-I) defined international research criteria and
established a common nomenclature for SCD [2]. Since this condition is very common among
older adults and increases the risk for developing MCI and AD [3, 4] many research studies
have focused on SCD, trying to find a linkage between this condition and AD biomarkers.

The relationship between AD and sleep is increasingly apparent. Previous studies have
demonstrated that sleep alterations, such as decreased total sleep time and sleep quality,
increased nighttime wakefulness and fragmented sleep are not only highly prevalent in MCI and
AD patients [5-7] but also increase the risk for future cognitive decline when present in normal
older adults [8, 9]. Moreover, sleep influences not only cognition [for a review, see 10] but also
several cortical regions early affected by AD pathology, such as the medial temporal lobes
(MTL) [11, 12] as well as other cortical regions [13]. The MTL consists of the hippocampus and
its adjacent cortices (e.g. entorhinal, parahippocampal and perirhinal) [14]. Differently from other
cortical areas, the hippocampal volume is a well-established and validated MRI marker of AD
[15], allowing predictions about progression from MCI to AD [for a review see 16].

Previous studies have investigated changes in the MTL in SCD, MCI and AD. While MCI and
AD patients show reliably reduced MTL thickness and volume [17-19], these findings are not as
consistent in SCD, with some studies showing group differences between SCD and controls

[20-27] and other failing to detect differences in MTL structures [20, 27, 28].

4
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Few studies to date have assessed sleep in SCD and how it is related to MTL

volume/thickness and/or other regional cortical changes. Therefore, the aims of the present

study were:

1.

2.

3.

To compare objective (actigraphy) and subjective (diary) sleep pattern between
community individuals with SCD and matched, non-complainer controls. We
hypothesized that individuals with SCD would show a more disrupted sleep pattern
compared to controls.

To compare MTL volume/thickness and cortical thickness between SCD and
controls. We hypothesized that SCD would display reduced hippocampal volume
and/or MTL/cortical thickness compared to controls.

To determine if objective sleep outcomes correlated with MTL volume/thickness or
regional cortical thickness. We hypothesized that worse sleep outcomes would

correlate with reduced hippocampal volume and MTL/brain cortical thickness.
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2. METHODS

2.1. Participants

Seventy 50-76 year-old volunteers (all Caucasians, 48 females) were recruited through
advertisements in the region of Abruzzo, Italy.

All participants underwent a screening interview that included a medical and
neuropsychological assessment, an actigraphic sleep study, an objective apnea screening and
an MRI scan of the brain. Exclusion criteria were: presence of MCI, dementia or any other
neurodegenerative and/or psychiatric disorders [29], history of alcohol or any substance abuse
[29], shift working, international travels within the previous 6 months, use of psychotropic and/or
sleep medications, diabetes, untreated systemic disorders (e.g. hypertension), vascular
problems (detected on MRI FLAIR and/or during the medical anamnesis), usual MRI exclusion
criteria and abnormalities on MRI. None of the participants self-reported having any sleep
disorder (e.g., breathing-related sleep disorders, leg movement disorders).

Participants were assigned to the SCD or control group based on 1) the SCD research
criteria [2] that are: normal cognition on standardized cognitive tests accompanied by self-
experienced decline in cognitive capacity in comparison with a previously status, unrelated to an
acute event and/or another medical/psychiatric condition and 2) their total score on the
Subjective Cognitive decline Questionnaire (SCD-Q score = 7 were classified as SCD, SCD-Q
scores <7 as controls) [30]. The SCD-Q is a novel validated questionnaire that assesses the
presence of subjective cognitive decline. It consists of two parts (MyCog and TheirCog): MyCog
is filled in by the subject, TheirCog by the subjects’ informant. Both parts have identical 24
dichotomous (yes/no) questions assessing decline in memory, language and executive
functions within the last two years. The SCD-Q score for both MyCog and TheirCog ranges from

0 to 24, with higher scores associated with greater perceived cognitive changes (cut off for
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being classified as SCD = 7). Considering that the confirmation of cognitive decline by an
informant is no longer a core feature for SCD research criteria [2], we here used only the MyCog
section. Both SCD and control participants underwent to a full neuropsychological assessment
(see below) and scored within normal ranges for age/education level.

32 (21 females) participants met criteria for SCD and 38 were included as controls (27
females) for the study. MRI was obtained on 61/70 participants (nine excluded due to contra-
indications).

All participants provided informed consent. The study was approved by the Institutional and
Ethical Committee of the University “G. d’Annunzio” of Chieti-Pescara.

Characteristics of the sample are provided in Table 1.

2.2. Neuropsychological and behavioral assessment

All participants underwent a complete neuropsychological assessment. The Mini Mental
State Examination (MMSE) was used as a global cognitive test. Several tests were also used to
investigate specific cognitive domains (the Rey’s Auditory Verbal Learning Test and the
Babcock Story Recall Test for verbal memory, the digit span forward for echoic memory, the
Corsi Cube Test for short term visuospatial memory, the Rey-Osterrieth Complex Figure Test
copy and recall for visuospatial skills and long term visuospatial memory, the Stroop Test , the
Trail Making Test A and B for attentional-executive functions, and finally the semantic and
phonemic fluency test for language).

The Geriatric Depression Scale (GDS) [31] and the State Trait Anxiety Inventory (STAI) [32]
were administered for measuring depressive and anxiety symptoms respectively. Finally, the
following subjective sleep questionnaires were administered: the Epworth Sleepiness Scale
(ESS) [33] to assess daytime sleepiness, the Pittsburgh Sleep Quality Index (PSQI) [34] to
investigate habitual sleep quality, the Insomnia Severity Index (I1SI) [35] and the Morningness

Eveningness Questionnaire (MEQ) for circadian typology [36].

7
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2.3. Apnea Screening
Objective apnea risk was assessed using ApneaLink™ Air (ResMed Corp, CA, USA), a

validated device to screen sleep apnea[37] . ApneaLink™

Air is a multichannel, in-home sleep
apnea test that measures nasal airflow and snoring (nasal cannula), respiratory effort (thoracic
belt) and blood oxygen saturation (digital probe). In five participants, Embletta™ (ResMed Corp,
CA, USA) another similar validated device for screening apnea [38], was used. Apnea data
were scored and reviewed by a sleep physiologist. Apnea (obstructive, central or mixed),
hypopnea, blood oxygen desaturation and snoring events were classified according to the latest
American Academy of Sleep Medicine rules [39]. Specifically, we used a desaturation of 4% for
calculating the AHI. We considered individuals at “high risk” of apnea if they had an AHI 215,
otherwise they were classified at “low risk” [37]. In six participants, objective apnea screening
was unavailable and we therefore classified them based on the output of the Berlin
questionnaire (“High Risk”/"Low Risk”) [40].

Overall, 7 controls and 10 SCD patrticipants showed high risk for apnea.

2.4. Actigraphic Sleep

Sleep/wake patterns were objectively measured using actigraphy (Cole-Kripke algorithm), a
reliable, non-invasive technique based on individuals’ motor activity [41]. Actigraphic data
(meanzSD: controls, 7.3t1.7days; SCD, 7.8+1.9days) were collected for each participant using
wActiSleep-BT monitors (ActiGraph, Pensacola, FL). Participants wore the device for at least 7
consecutive days on their non-dominant wrist. Data were sampled at 60Hz (1 minute epoch)
and analyzed off-line using ActiLife software (ActiGraph, Pensacola, FL). The following
parameters were calculated: total time in bed (TIB, min), total sleep time (TST, min), sleep onset

latency (SOL, min), wake after sleep onset (WASO, min), total number of awakenings, average



O©CO~NOOOTA~AWNPE

length of the awakenings (min), awakening index (number of awakening per hour of sleep

calculated as: total number of awakenings /TST * 60) and sleep efficiency (SE, TST/TIB*100).

2.5. Sleep Diaries

Sleep diaries were completed by participants before going to sleep and upon awakening
during each of the actigraphic recording days [42]. Self-reported sleep measures included
perceived/subjective WASO, SOL, time spent asleep (calculated by subtracting perceived SOL

and WASO minutes from perceived TIB minutes) and SE.

2.6. MRl data
MRI structural data were collected with a Philips Achieva 3T Scanner (Philips Medical Systems,
Best, The Netherlands). High resolution structural images were acquired through a 3D
magnetization-prepared rapid acquisition gradient echo (MPRAGE) sequence employing the
following parameters: matrix 256x256, FOV 240x240x170 mm, slice thickness 1 mm, no gaps,
in-plane voxel size 1 mmx1 mm, flip angle 12°, TR=8.2 ms, TE=3.8 ms. Structural T1 weighted
images were processed using FreeSurfer (http://ftp.nmr.mgh.harvard.edu/; version 5.3; cit). On
each participant, cortical and subcortical structures were classified using the Desikan-Killiany
Atlas [43] and automatic reconstruction and labeling was performed using the “recon all’
command line. Using “aparcstats2table” option, the mean thickness (mm) of each cortical area
and of the left and right hemispheres was calculated. Using the “hippo-subfields” option within
the “recon-all” command line the hippocampi were subdivided in left and right fimbria, fissure,
cornus ammonis (CA), presubiculum and subiculum. CA was further divided in CA1, CA2-3 and
CA4-dentate gyrus (DG). Estimated total intracranial volume (eTIV) was calculated by using the
“asegstats2table” command line and we used eTIV corrected data for the analysis. Total right

and left hippocampal volumes were obtained by summing right and left hippocampal subfields.
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The mean thickness of the enthorinal and parahippocampal was obtained using the
“aparcstats2table” command line, while perirhinal thickness was calculated using the

“mri_label2label” command line [44].

2.7. Statistical Analyses
Demographical and clinical features were compared between SCD and controls. Sleep
measures obtained by at-home diaries and actigraphy were averaged across the nights. As a
measure of within-participant night-to-night variability, standard deviations (SD) were also
calculated [45].
For assessing group differences in sleep (objective and subjective) pattern, multiple regression
models were used, with diary-derived subjective sleep and objective sleep outcomes as
dependent variables and Group (SCD, 1 and controls, 0), Sex (females, 1 and males, 0), Age,
Apnea Risk (high risk for apnea, 1 and no risk, 0), and depressive symptoms (GDS continuous
scores) as predictors.
We used t-tests to assess group differences in structural MRI between SCD and controls. When
a statistically significant group difference was found, we used multiple regression models to
determine if the group difference was maintained after accounting for confounding variables
(age, sex, apnea risk, GDS).
Finally, to determine whether sleep correlated with structural integrity of the MTL or other
cortical regions, we used Pearson correlations between the main objective sleep outcomes (SE,
WASO, SOL, TST, number and length of awakenings) and MTL/brain cortical measures.
Normality was checked for all variables. Not normally distributed variables were log-transformed
before analysis. Tolerance was greater than 0.89 in all models. P<0.05 was considered

significant in all the statistical analysis.

10
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3. RESULTS

3.1. Sample characteristics

As expected, SCD participants had higher SCD-Q than controls (p<0.001). Groups did not

differ for age, BMI, MMSE scores, education, anxiety, sleep quality, perceived symptoms of

insomnia, perceived sleepiness and circadian typology (see Table 1). We found a non-

significant trend for higher depressive symptoms in SCD patrticipants compared to controls

(p=0.057).

Table 1 Characteristics of the sample.

MeinC(DSD) +95%C| ,\feoann”(os'g) +95%CI  t p

Sample, No. 32 38

Males/Females, No. 11/21 11/27

Age, y 64.8 (6.3) 62.5-67.0 64.0(5.1) 62.4-65.7 -0.53 0.597
MMSE 29.2(1.6) 28.6-29.7 29.0(1.3) 28.6-29.4 -0.47 0.634
BMI, kg m™ 258 (3.4) 24.6-27.0 27.1(4.4) 25.7-286 141 0.162
Education, y 116 (4.2) 10.0-13.1 11.7(3.8) 10.5-13.0 0.181 0.857
SCD-Q 9.9 (2.4) 9.0-10.7 2.9(1.8) 2.3-35 -13.84 <0.001
GDS - depression 6.3 (5.5) 4.3-8.3 4.1 (4.2) 2.7-5.5 -1.93  0.057
STAI-Y2 - anxiety 36.6 (9.5) 33.2-40.1 37.1(9.3) 34.0-40.1 0.20 0.841
PSQI - sleep quality 6.1 (3.7) 4.7-7.4 6.3 (3.4) 5.2-7.4 0.24 0.813
ISI - insomnia 6.4 (4.6) 4.7-8.1 7.3 (5.9) 5.3-9.2 0.67 0.506
ESS - sleepiness 5.8 (3.4) 4.6-7-0 6.2 (3.0) 5.2-7.2 0.57 0.573
MEQ - circadian typology  63.7 (7.8) 60.9-66.5 62.8(5.4) 61.0-64.5 -0.61 0.544

BMI, Body Mass Index (self-reported); MMSE, Mini Mental State Examination; GDS, Geriatric Depression
Scale; STAI, State-Trait Anxiety Inventory; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity
Index; MEQ, Morningness—Eveningness Questionnaire; ESS, Epworth Sleepiness Scale.

11
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3.2. Sleep results

We were not able to detect any statistically significant difference in subjective sleep and/or
night-to-night variability parameters between SCD and controls (Table 2). The subjective
(diaries) sleep assessment showed that TIB and logWASO were positively correlated with age
(TIB: Beta=0.34, sr’=0.10, p=0.006; logWASO: Beta=0.30, sr’= 0.08, p=0.012), indicating that
the perceived time spent in bed and the amount of wakefulness increased with age.

In the objective (actigraphic) sleep assessment, SCD participants showed lower sleep
efficiency (Beta= -0.31, sr’= 0.08, p=0.012), higher amount of wakefulness within the sleep
period (Beta=0.28, sr’= 0.07, p=0.022) and greater variability in the length of the awakenings at
night (Beta=0.31, sr’=0.09 p=0.013) compared to controls, even controlling for age, sex,
depressive symptoms and apnea risk; objective TIB increased with age (Beta=0.35, sr’=0.11
p=0.005). Objective logSOL was positively correlated with both the amount of depressive
symptoms (Beta=0.29, sr>=0.07, p=0.015) and apnea risk (Beta=0.31, sr’=0.09, p=0.007).
Night-to-night variability in logSOL was positively associated with the amount of depressive
symptoms (Beta= 0.25, sr’=0.05, p=0.042). We also re-ran all models after excluding the 17
individuals (7 controls and 10 SCD) at high risk for apnea; all models but variability in the length
of the awakenings (p=0.070) at night remained significant with group being the only significant

factor.

12
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Table 2 Sleep diary assessment.

SCD Controls

0 0 2 ianifi i
Mean (SD) +95%ClI Mean (SD) +95%ClI F df R p Significant Predictors
TIB (min) 469 (50) 451-487 452 (51) 435-469 2.77 5,64 0.18 0.025 Age
Night-to-night variability 55 (28) 45-65 54 (23) 47-62 094 5,64 0.07 0.461 -
TST (min)® 394 (67) 370-419 379 (56) 360-397 0.98 5,63 0.07 0.437 -
Night-to-night variability® 63 (29) 52-73 64 (28) 54-73 1.05 5,63 0.07 0.394 -
SOL (min)*? 20 (19) 13-26 18 (15) 13-23 093 5,63 0.07 0.469 -
Night-to-night variability**” 8 (9) 5-12 13 (16) 8-19 234 5,62 0.16 0.053 -
WASO (min)*,° 50 (52) 31-69 60 (43) 46-74 3.20 5,63 0.20 0.012 Age
Night-to-night variability 28 (24) 19-37 43 (29) 3453 1.82 5,64 0.12 0.121 -
SE (%) 85 (15) 79-91 83 (12) 79-87 198 5,64 0.13 0.094 -
Night-to-night variability 7 (5) 5-9 10 (6) 8-12 2.04 5,64 0.14 0.085 -

* analysis based on log transformed data; ¢, 1 control participant has been excluded (value exceeding
3SD of the mean); ® 1SCD participant has been excluded (value exceeding 3SD of the mean). TIB, Time
in Bed; TST, Total Sleep Time; SOL, Sleep onset Latency, WASO, Wake After Sleep Onset; SE, Sleep

Efficiency.

13
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Table 3 Actigraphic assessment.

SCD o Controls 0 2 Significant
Mean (SD) £95%CI Mean (SD) £95%Cl F df R P Predictors
TIB (min) 486 (49) 468-503 480 (52) 463-497 2.43 5,64 0.16 0.044 Age
Night-to-night variability 45 (20) 38-53 53 (22) 46-61 2.27 5,64 0.15 0.058 -
TST (min) 405 (46) 388-421 418 (49) 402-434 1.07 5,64 0.08 0.383 -
Night-to-night variability” 44 (16) 38-49 49 (19) 4255 1.72 5,63 0.12 0.143 -
b i E Depressive symptoms,
SOL (min)*, 9 (6) 7-12 6 (4) 5-7 4.34 5,63 0.26 0.002 Apnea Risk
Night-to-night variability*® 9(7) 7-12 6 (5) 4-7 2.76 5,63 0.18 0.026 Depressive symptoms
WASO (min)* 69 (26) 60-79 55 (31) 45-66 2.42 5,64 0.16 0.044 SCD
Night-to-night variability 27 (15) 22-33 23 (15) 18-28 1.60 5,64 0.11 0.172 -
N awakenings 16.3(5.1) 14.5-182 15.0(5.8) 13.1-16.9 1.27 5,64 0.09 0.286 -
Night-to-night variability 4.5 (1.7) 3.8-5.1 4.5 (1.7) 4.0-5.0 0.71 5,64 0.05 0.620 -
Average length of the
awakenings (min) 4.9 (2.3) 4157 3.7 (1.0) 3.4-40 223 564 0.15 0.061 -
Night-to-night variability 2.3(1.9) 1.6-3.0 1.2 (0.7) 1.0-15 251 5,64 0.16 0.039 SCD
Awakening Index 2.4 (0.7) 2.2-2.7 2.2 (0.9 1.9-25 150 5,64 0.11 0.204 -
SE (%) 83 (5) 82-85 87 (6) 86-80 2.73 5,64 0.18 0.027 SCD
Night-to-night variability” 6 (3) 5-7 5(3) 4-5 1.80 5,63 0.13 0.125 -

* analysis based on log transformed data; ® 1SCD participant has been excluded (value exceeding 3SD
of the mean). TIB, Time in Bed; TST, Total Sleep Time; SOL, Sleep onset Latency, WASO, Wake After
Sleep Onset; SE, Sleep Efficiency.

14
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Figure 1 Increased nighttime wakefulness and decreased sleep efficiency are associated with higher

level of SCD complaints.
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3.3. MRI results

Group comparisons of MTL volumef/thickness and regional cortical thickness revealed a
statistically significant difference only in left medial orbitofrontal thickness, with SCD showing

smaller values compared to controls (t=2.199, p=0.032). This group difference, however, was

15
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not maintained accounting for apnea risk, GDS, age and sex. We were not able to detect any

other statistically significant group difference in the MRI data.

3.4. Correlations among sleep and MRI measures
We did not to find statistically significant correlations between the main objective sleep quality
measures (SOL, SE and WASO, number and length of awakenings) and any of the MRI brain

data.

16
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4. Discussion

The first objective of this study was to determine if there were differences in subjective or
objective sleep patterns between community-dwelling SCD patrticipants and non-complainer
controls. In this study, we found that objective, but not subjective habitual sleep was disrupted in
our SCD participants. In particular, SCD patrticipants showed reduced sleep quality, spent more
time awake during the night and had increased night to night variability in the length of
awakenings, and these results were not better explained by other factors known to interfere with
both sleep and cognition (e.g. depressive symptoms, age, apnea risk, sex).

One of the possible explanations for these findings would be that both SCD complaints and
poor sleep could be very early prodromal signs of underlying AD. In fact, SCD often precedes
MCI and AD [2] increasing the likelihood of developing both [3, 4]. However, though SCD can be
considered a possible early sign of AD, it is a non-modifiable risk factor that does not have a
causative role in AD pathology (beta amyloid and tau deposits).

Sleep, in contrast, is not only a modifiable risk factor, but seems to be mechanistically linked
to AD pathology. Current data, in fact, support the possibility that sleep disturbances may be an
early symptom associated with underlying AD pathology. For instance, a recent study of AD
transgenic mice showed that sleep disruptions appear immediately after amyloid beta (AB)
starts accumulating in brain tissue, prior to the evolution of cognitive impairment [46]. In
humans, similar findings have been reported in pre-clinical AD, in which cerebrospinal fluid
AB42 positive participants showed reduced sleep quality as assessed by actigraphy compared
to cerebrospinal fluid AB42 negative participants, prior to any other clinical symptom [47].
Moreover, in normal older adults increased AP levels in the medial pre-frontal cortex is
associated with reduced slow wave sleep which in turn is associated with impoverished

hippocampal-dependent memory consolidation [48].
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Interestingly, many studies suggest that sleep plays also an active, restorative role in the
prevention of AD pathogenesis. Potentially neurotoxic waste products, including AB deposits,
accumulate during wakefulness and sleep promotes the clearance of these harmful deposits
from the central nervous system [49]. In mice, sleep deprivation accelerates tau formation and
accentuates memory impairment [50]. Moreover, longitudinal studies show that sleep
disturbances increase the likelihood of developing both cognitive decline and AD [9, 51]. If we
consider SCD as part of the AD continuum, our findings are in line with current literature
regarding sleep disturbances in MCI and AD, in which decreased objective sleep quality or
efficiency (SE) and increased wakefulness during the night (WASQ) have been reported, with
more severe sleep disruptions as the disease progresses [52, 53]. Our results are also
consistent and similar to what has been found in pre-clinical AD by Ju and colleagues [47] who
found that objective sleep quality (SE) but not objective sleep quantity (TST) measured by
actigraphy differed between pre-clinical AD and controls (SE: 80% in pre-clinical AD, 83% in
controls; TST: 401 min in pre-clinical AD and 403 min in controls) suggesting that objective
sleep quality in pre-clinical AD changes prior to sleep quantity and appears before any other
clinical symptoms of AD [47].

However, it must be noted that poor objective sleep could occur in the absence of underlying
AD pathology in normal older adults [54], and therefore an alternate explanation for our results
may simply be that, in our sample, poor objective sleep could by itself explain SCD complaints.
In this case, a sleep intervention would be beneficial not only for improving sleep, but also for
reducing or eliminating subjective cognitive complaints.

Of note, our SCD patrticipants only differed from controls on the amount of SCD complaints
and we did not find any other statistically significant difference on any other self-reported
measure (see table 1). However, in line with other SCD studies [2, 27], we found a trend for
higher, subclinical depressive symptoms in our SCD participants. Therefore, another possible
explanation of our results could be that subclinical depression might have caused SCD
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complaints. One limitation of the SCD criteria, in fact, is that they partially overlap with clinical
criteria for depression, which also include cognitive complaints. Arguing against this possibility
to some degree, in the present study depressive symptoms did not correlate with the main
objective sleep quality outcomes (SE, WASO, number and length of awakenings), while SCD
complaints correlated with these measures after adjusting for GDS scores.

Aside from sleep data, in the current study we also collected topographical biomarkers of AD
(MRI MTL volumes/thickness and brain regional cortical thickness) that, even if insufficient to
identify preclinical AD, are useful for screening at risk populations [55]. In fact, many studies
suggest that SCD might be the expression of AD-related brain changes that have already
occurred in the MTL [20-27] or in other brain cortical regions [23, 27] . However, though some
MRI studies found MTL and/or cortical differences between SCD and controls [20-27], other
studies failed to find these differences [20, 27, 28]. In particular, in one study SCD was
significantly associated with both cross-sectional and longitudinal hippocampal volume changes
[20], while another study showed that hippocampal volumes in SCD participants were similar to
MCI, but not statistically different from control participants [28]. Another very interesting study
conducted by Perrotin, La Joie and colleagues (in press, [27]) showed that while community-
dwelling SCD did not show any brain regional volume change compared with controls, SCD
recruited from the clinic showed reduced volume in several brain regions, including the left
hippocampus. These inconsistent MRI findings are likely related to differences in: the
populations sampled (e.g. recruitment from the community vs clinic), the criteria used to define
SCD, and the approaches used for the MRI analysis across these studies.

There are several possible explanations for the fact that we were not able to find statistically
significant group differences between SCD and controls in MTL volume/thickness, as well as in
regional cortical thickness. First, our participants may not have underlying AD (and therefore no
AD-related brain structural changes) and SCD complaints might just have been caused by
disrupted sleep and/or subclinical depression. Second, our community-dwelling SCD
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participants showed “mild” SCD scores, while clinical recruitment of SCD participants may
identify individuals with more severe complaints and in a more advanced stage of preclinical
AD, in which brain structural changes have already occurred (e.g. preclinical stage 2 and 3) [27,
56]. For instance, in the SCD-Q validation study from Rami and colleagues [30] SCD-Q scores
in participants recruited within the community were very similar to our SCD participants’ scores
(Rami and colleagues: 9.145.1 vs this study: 9.9 +2.4), while the SCD score rose to 12+5.8 in
participants recruited from the clinic. In line with this assumption are the previously mentioned
findings of reduced cortical volume in SCD recruited from the clinic, but not in SCD from the
community (in press, [27]).

We may also have not found MTL or cortical group differences because of lack of statistical
power or because of the limitations of FreeSurfer automated methods in estimating
hippocampal volume and hippocampal subfields ‘volume [57].

Recognizing that not all individuals with SCD complaints have underlying AD, both disrupted
sleep and SCD complaints are known to increase the risk for future development of MCI and
AD, with sleep being a modifiable risk factor. Considering that we found disrupted habitual
objective sleep in our community-dwelling SCD participants, and considering that sleep affects
both cognition and brain structures, regular objective sleep monitoring and intervention
procedures may be helpful in at-risk populations of AD like SCD, before objective cognitive
decline and brain structural changes occur. These precautions could prevent or at least delay

the onset of AD, reducing both the clinical burden and costs associated with this disease.
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5. Limitations and future directions

Sleep studies that include molecular AD biomarkers in SCD (community and clinic) are
needed. The use of actigraphy in this study allowed the non-invasive assessment of habitual
objective sleep (multiple nights in an ecological setting). However, future polysomnographic
(PSG) studies are needed to characterize macro and micro sleep architecture in SCD and for
objectively assessing the presence of other sleep pathologies. The screening cognitive test
battery employed in this study was designed to detect MCI or dementia, but other cognitive
measures may be more sensitive to detect subtle deficits in patients with SCD and are therefore

needed.
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Abstract

INTRODUCTION: Subjective Cognitive Decline (SCD) is a risk factor for Mild Cognitive
Impairment (MCI) and Alzheimer Disease (AD). While sleep has been shown to be altered in
MCI and AD, little is known about sleep in SCD. METHODS: Seventy cognitively normal
community-dwelling participants were classified as SCD (32) or controls (38) using the
Subjective Cognitive Decline Questionnaire. Sleep was assessed using actigraphy and diaries.
FreeSurfer was used for performing Medial Temporal Lobes (MTL) and brain cortical
parcellation of 3T MRI images. Multiple regression models were used to assess the presence of
sleep, MTL or regional cortical differences between groups. RESULTS: Obijective sleep was
disrupted in SCD participants, which showed increased nighttime wakefulness and reduced
sleep efficiency. No group differences emerged in subjective sleep or MRI outcomes.
DISCUSSION: Objective sleep resulted disrupted in community-dwelling SCD, without any
subjective sleep or cortical change. Sleep assessment/intervention in SCD might help

prevent/delay AD onset.

Keywords. Subjective cognitive decline, sleep, medial temporal lobe, MRI, actigraphy,

Alzheimer disease, risk factors



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Abbreviations

AD, Alzheimer Disease

CA, Cornus Ammonis

DG, Dentate Gyrus

ESS, Epworth Sleepiness Scale

eTIV, estimated Total Intracranial Volume
GDS, Geriatric Depression Scale

ISI, Insomnia Severity Index

MCI, Mild Cognitive Impairment

MEQ, Morningness Eveningness Questionnaire
MMSE, Mini Mental State Examination
MPRAGE, magnetization-prepared rapid acquisition gradient echo
MTL, medial temporal lobe

PSG, polysomnography

PSQI, Pittsburgh Sleep Quality Index

SE, Sleep Efficiency
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1. INTRODUCTION
Alzheimer disease (AD) develops along a continuum that begins with a long, asymptomatic
preclinical period (10-20 years), evolves into mild cognitive impairment (MCI) and culminates in
clinical dementia [1]. Subjective cognitive decline (SCD), a state in which a subjectively
perceived decline in cognition appears in the absence of an objective decline detected by
neuropsychological tests, tends to occur at the late phase of pre-clinical AD and has been
therefore recently proposed as a pre-MCI stage [2]. This pre-clinical condition has been studied
for many decades under a wide nomenclature (see [2]), but only recently the Subjective
Cognitive Decline Initiative working group (SCD-I) defined international research criteria and
established a common nomenclature for SCD [2]. Since this condition is very common among
older adults and increases the risk for developing MCI and AD [3, 4] many research studies
have focused on SCD, trying to find a linkage between this condition and AD biomarkers.

The relationship between AD and sleep is increasingly apparent. Previous studies have
demonstrated that sleep alterations, such as decreased total sleep time and sleep quality,
increased nighttime wakefulness and fragmented sleep are not only highly prevalent in MCI and
AD patients [5-7] but also increase the risk for future cognitive decline when present in normal
older adults [8, 9]. Moreover, sleep influences not only cognition [for a review, see 10] but also
several cortical regions early affected by AD pathology, such as the medial temporal lobes
(MTL) [11, 12] as well as other cortical regions [13]. The MTL consists of the hippocampus and
its adjacent cortices (e.g. entorhinal, parahippocampal and perirhinal) [14]. Differently from other
cortical areas, the hippocampal volume is a well-established and validated MRI marker of AD
[15], allowing predictions about progression from MCI to AD [for a review see 16].

Previous studies have investigated changes in the MTL in SCD, MCI and AD. While MCI and
AD patients show reliably reduced MTL thickness and volume [17-19], these findings are not as
consistent in SCD, with some studies showing group differences between SCD and controls

[20-27] and other failing to detect differences in MTL structures [20, 27, 28].

4



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Few studies to date have assessed sleep in SCD and how it is related to MTL

volume/thickness and/or other regional cortical changes. Therefore, the aims of the present

study were:

1.

2.

3.

To compare objective (actigraphy) and subjective (diary) sleep pattern between
community individuals with SCD and matched, non-complainer controls. We
hypothesized that individuals with SCD would show a more disrupted sleep pattern
compared to controls.

To compare MTL volume/thickness and cortical thickness between SCD and
controls. We hypothesized that SCD would display reduced hippocampal volume
and/or MTL/cortical thickness compared to controls.

To determine if objective sleep outcomes correlated with MTL volume/thickness or
regional cortical thickness. We hypothesized that worse sleep outcomes would

correlate with reduced hippocampal volume and MTL/brain cortical thickness.
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2. METHODS

2.1. Participants

Seventy 50-76 year-old volunteers (all Caucasians, 48 females) were recruited through
advertisements in the region of Abruzzo, Italy.

All participants underwent a screening interview that included a medical and
neuropsychological assessment, an actigraphic sleep study, an objective apnea screening and
an MRI scan of the brain. Exclusion criteria were: presence of MCI, dementia or any other
neurodegenerative and/or psychiatric disorders [29], history of alcohol or any substance abuse
[29], shift working, international travels within the previous 6 months, use of psychotropic and/or
sleep medications, diabetes, untreated systemic disorders (e.g. hypertension), vascular
problems (detected on MRI FLAIR and/or during the medical anamnesis), usual MRI exclusion
criteria and abnormalities on MRI. None of the participants self-reported having any sleep
disorder (e.g., breathing-related sleep disorders, leg movement disorders).

Participants were assigned to the SCD or control group based on 1) the SCD research
criteria [2] that are: normal cognition on standardized cognitive tests accompanied by self-
experienced decline in cognitive capacity in comparison with a previously status, unrelated to an
acute event and/or another medical/psychiatric condition and 2) their total score on the
Subjective Cognitive decline Questionnaire (SCD-Q score = 7 were classified as SCD, SCD-Q
scores <7 as controls) [30]. The SCD-Q is a novel validated questionnaire that assesses the
presence of subjective cognitive decline. It consists of two parts (MyCog and TheirCog): MyCog
is filled in by the subject, TheirCog by the subjects’ informant. Both parts have identical 24
dichotomous (yes/no) questions assessing decline in memory, language and executive
functions within the last two years. The SCD-Q score for both MyCog and TheirCog ranges from

0 to 24, with higher scores associated with greater perceived cognitive changes (cut off for
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being classified as SCD = 7). Considering that the confirmation of cognitive decline by an
informant is no longer a core feature for SCD research criteria [2], we here used only the MyCog
section. Both SCD and control participants underwent to a full neuropsychological assessment
(see below) and scored within normal ranges for age/education level.

32 (21 females) participants met criteria for SCD and 38 were included as controls (27
females) for the study. MRI was obtained on 61/70 participants (nine excluded due to contra-
indications).

All participants provided informed consent. The study was approved by the Institutional and
Ethical Committee of the University “G. d’Annunzio” of Chieti-Pescara.

Characteristics of the sample are provided in Table 1.

2.2. Neuropsychological and behavioral assessment

All participants underwent a complete neuropsychological assessment. The Mini Mental
State Examination (MMSE) was used as a global cognitive test. Several tests were also used to
investigate specific cognitive domains (the Rey’s Auditory Verbal Learning Test and the
Babcock Story Recall Test for verbal memory, the digit span forward for echoic memory, the
Corsi Cube Test for short term visuospatial memory, the Rey-Osterrieth Complex Figure Test
copy and recall for visuospatial skills and long term visuospatial memory, the Stroop Test , the
Trail Making Test A and B for attentional-executive functions, and finally the semantic and
phonemic fluency test for language).

The Geriatric Depression Scale (GDS) [31] and the State Trait Anxiety Inventory (STAI) [32]
were administered for measuring depressive and anxiety symptoms respectively. Finally, the
following subjective sleep questionnaires were administered: the Epworth Sleepiness Scale
(ESS) [33] to assess daytime sleepiness, the Pittsburgh Sleep Quality Index (PSQI) [34] to
investigate habitual sleep quality, the Insomnia Severity Index (ISI) [35] and the Morningness

Eveningness Questionnaire (MEQ) for circadian typology [36].

7



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

2.3. Apnea Screening
Objective apnea risk was assessed using ApneaLink™ Air (ResMed Corp, CA, USA), a

validated device to screen sleep apnea[37] . ApneaLink™

Air is a multichannel, in-home sleep
apnea test that measures nasal airflow and snoring (nasal cannula), respiratory effort (thoracic
belt) and blood oxygen saturation (digital probe). In five participants, Embletta™ (ResMed Corp,
CA, USA) another similar validated device for screening apnea [38], was used. Apnea data
were scored and reviewed by a sleep physiologist. Apnea (obstructive, central or mixed),
hypopnea, blood oxygen desaturation and snoring events were classified according to the latest
American Academy of Sleep Medicine rules [39]. Specifically, we used a desaturation of 4% for
calculating the AHI. We considered individuals at “high risk” of apnea if they had an AHI 215,
otherwise they were classified at “low risk” [37]. In six participants, objective apnea screening
was unavailable and we therefore classified them based on the output of the Berlin
guestionnaire (“High Risk”/"Low Risk”) [40].

Overall, 7 controls and 10 SCD participants showed high risk for apnea.

2.4. Actigraphic Sleep

Sleep/wake patterns were objectively measured using actigraphy (Cole-Kripke algorithm), a
reliable, non-invasive technique based on individuals’ motor activity [41]. Actigraphic data
(meanzSD: controls, 7.3t1.7days; SCD, 7.8+1.9days) were collected for each participant using
wActiSleep-BT monitors (ActiGraph, Pensacola, FL). Participants wore the device for at least 7
consecutive days on their non-dominant wrist. Data were sampled at 60Hz (1 minute epoch)
and analyzed off-line using ActiLife software (ActiGraph, Pensacola, FL). The following
parameters were calculated: total time in bed (TIB, min), total sleep time (TST, min), sleep onset

latency (SOL, min), wake after sleep onset (WASO, min), total number of awakenings, average
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length of the awakenings (min), awakening index (number of awakening per hour of sleep

calculated as: total number of awakenings /TST * 60) and sleep efficiency (SE, TST/TIB*100).

2.5. Sleep Diaries

Sleep diaries were completed by participants before going to sleep and upon awakening
during each of the actigraphic recording days [42]. Self-reported sleep measures included
perceived/subjective WASO, SOL, time spent asleep (calculated by subtracting perceived SOL

and WASO minutes from perceived TIB minutes) and SE.

2.6. MRl data
MRI structural data were collected with a Philips Achieva 3T Scanner (Philips Medical Systems,
Best, The Netherlands). High resolution structural images were acquired through a 3D
magnetization-prepared rapid acquisition gradient echo (MPRAGE) sequence employing the
following parameters: matrix 256x256, FOV 240x240x170 mm, slice thickness 1 mm, no gaps,
in-plane voxel size 1 mmx1 mm, flip angle 12°, TR=8.2 ms, TE=3.8 ms. Structural T1 weighted
images were processed using FreeSurfer (http://ftp.nmr.mgh.harvard.edu/; version 5.3; cit). On
each participant, cortical and subcortical structures were classified using the Desikan-Killiany
Atlas [43] and automatic reconstruction and labeling was performed using the “recon all’
command line. Using “aparcstats2table” option, the mean thickness (mm) of each cortical area
and of the left and right hemispheres was calculated. Using the “hippo-subfields” option within
the “recon-all” command line the hippocampi were subdivided in left and right fimbria, fissure,
cornus ammonis (CA), presubiculum and subiculum. CA was further divided in CA1, CA2-3 and
CA4-dentate gyrus (DG). Estimated total intracranial volume (eTIV) was calculated by using the
“asegstats2table” command line and we used eTIV corrected data for the analysis. Total right

and left hippocampal volumes were obtained by summing right and left hippocampal subfields.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

The mean thickness of the enthorinal and parahippocampal was obtained using the
“aparcstats2table” command line, while perirhinal thickness was calculated using the

“mri_label2label” command line [44].

2.7. Statistical Analyses
Demographical and clinical features were compared between SCD and controls. Sleep
measures obtained by at-home diaries and actigraphy were averaged across the nights. As a
measure of within-participant night-to-night variability, standard deviations (SD) were also
calculated [45].
For assessing group differences in sleep (objective and subjective) pattern, multiple regression
models were used, with diary-derived subjective sleep and objective sleep outcomes as
dependent variables and Group (SCD, 1 and controls, 0), Sex (females, 1 and males, 0), Age,
Apnea Risk (high risk for apnea, 1 and no risk, 0), and depressive symptoms (GDS continuous
scores) as predictors.
We used t-tests to assess group differences in structural MRI between SCD and controls. When
a statistically significant group difference was found, we used multiple regression models to
determine if the group difference was maintained after accounting for confounding variables
(age, sex, apnea risk, GDS).
Finally, to determine whether sleep correlated with structural integrity of the MTL or other
cortical regions, we used Pearson correlations between the main objective sleep outcomes (SE,
WASO, SOL, TST, number and length of awakenings) and MTL/brain cortical measures.
Normality was checked for all variables. Not normally distributed variables were log-transformed
before analysis. Tolerance was greater than 0.89 in all models. P<0.05 was considered

significant in all the statistical analysis.
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3. RESULTS

3.1. Sample characteristics

As expected, SCD participants had higher SCD-Q than controls (p<0.001). Groups did not

differ for age, BMI, MMSE scores, education, anxiety, sleep quality, perceived symptoms of

insomnia, perceived sleepiness and circadian typology (see Table 1). We found a non-

significant trend for higher depressive symptoms in SCD participants compared to controls

(p=0.057).

Table 1 Characteristics of the sample.

SCD

Controls

Mean (SD) +95%Cl Mean (SD) +95%Cl t p

Sample, No. 32 38

Males/Females, No. 11/21 11/27

Age,y 64.8 (6.3) 62.5-67.0 64.0(5.1) 624-65.7 -053 0.597
MMSE 29.2(1.6) 28.6-29.7 29.0(1.3) 28.6-29.4 -0.47 0.634
BMI, kg m™ 258 (3.4) 24.6-27.0 27.1(4.4) 25.7-286 141 0.162
Education, y 116 (4.2) 10.0-13.1 11.7(3.8) 10.5-13.0 0.181 0.857
SCD-Q 9.9 (2.4) 9.0-10.7 2.9(1.8) 2.3-35 -13.84 <0.001
GDS - depression 6.3 (5.5) 4.3-8.3 4.1 (4.2) 2.7-5.5 -1.93  0.057
STAI-Y2 - anxiety 36.6 (9.5) 33.2-40.1 37.1(9.3) 34.0-40.1 0.20 0.841
PSQI - sleep quality 6.1 (3.7) 4.7-7.4 6.3 (3.4) 5.2-7.4 0.24 0.813
ISI - insomnia 6.4 (4.6) 4.7-8.1 7.3 (5.9) 5.3-9.2 0.67 0.506
ESS - sleepiness 5.8 (3.4) 4.6-7-0 6.2 (3.0) 5.2-7.2 0.57 0.573
MEQ - circadian typology  63.7 (7.8) 60.9-66.5 62.8(5.4) 61.0-64.5 -0.61 0.544

BMI, Body Mass Index (self-reported); MMSE, Mini Mental State Examination; GDS, Geriatric Depression
Scale; STAI, State-Trait Anxiety Inventory; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity
Index; MEQ, Morningness—Eveningness Questionnaire; ESS, Epworth Sleepiness Scale.
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3.2. Sleep results

We were not able to detect any statistically significant difference in subjective sleep and/or

night-to-night variability parameters between SCD and controls (Table 2). The subjective

(diaries) sleep assessment showed that TIB and logWASO were positively correlated with age
(TIB: Beta=0.34, sr’=0.10, p=0.006; logWASO: Beta=0.30, sr’= 0.08, p=0.012), indicating that
the perceived time spent in bed and the amount of wakefulness increased with age.

In the objective (actigraphic) sleep assessment, SCD patrticipants showed lower sleep
efficiency (Beta= -0.31, sr’= 0.08, p=0.012), higher amount of wakefulness within the sleep
period (Beta=0.28, sr’= 0.07, p=0.022) and greater variability in the length of the awakenings at
night (Beta=0.31, sr’=0.09 p=0.013) compared to controls, even controlling for age, sex,
depressive symptoms and apnea risk; objective TIB increased with age (Beta=0.35, sr’=0.11
p=0.005). Objective logSOL was positively correlated with both the amount of depressive
symptoms (Beta=0.29, sr’=0.07, p=0.015) and apnea risk (Beta=0.31, sr’=0.09, p=0.007).
Night-to-night variability in logSOL was positively associated with the amount of depressive
symptoms (Beta= 0.25, sr’=0.05, p=0.042). We also re-ran all models after excluding the 17
individuals (7 controls and 10 SCD) at high risk for apnea; all models but variability in the length
of the awakenings (p=0.070) at night remained significant with group being the only significant

factor.
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Table 2 Sleep diary assessment.

SCD o Controls o 2 L .
Mean (SD) +95%ClI Mean (SD) +95%ClI F df R p Significant Predictors
TIB (min) 469 (50) 451-487 452 (51) 435-469 2.77 5,64 0.18 0.025 Age
Night-to-night variability 55 (28) 45-65 54 (23) 47-62 094 5,64 0.07 0.461 -
TST (min)® 394 (67) 370-419 379 (56) 360-397 0.98 5,63 0.07 0.437 -
Night-to-night variability® 63 (29) 52-73 64 (28) 54-73 1.05 5,63 0.07 0.394 -
SOL (min)*? 20 (19) 13-26 18 (15) 13-23 0.93 5,63 0.07 0.469 -
Night-to-night variability**” 8(9) 5-12 13 (16) 8-19 234 5,62 0.16 0.053 -
WASO (min)*,° 50 (52) 31-69 60 (43) 46-74 3.20 5,63 0.20 0.012 Age
Night-to-night variability 28 (24) 19-37 43 (29) 34-53 182 5,64 0.12 0.121 -
SE (%) 85 (15) 79-91 83 (12) 79-87 198 5,64 0.13 0.094 -
Night-to-night variability 7 (5) 5-9 10 (6) 8-12 2.04 5,64 0.14 0.085 -

* analysis based on log transformed data; ¢, 1 control participant has been excluded (value exceeding

3SD of the mean); ® 1SCD participant has been excluded (value exceeding 3SD of the mean). TIB, Time

in Bed; TST, Total Sleep Time; SOL, Sleep onset Latency, WASO, Wake After Sleep Onset; SE, Sleep

Efficiency.
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Table 3 Actigraphic assessment.

SCD o Controls 0 2 Significant
Mean (SD) £95%CI Mean (SD) £95%Cl F df R P Predictors
TIB (min) 486 (49) 468-503 480 (52) 463-497 2.43 5,64 0.16 0.044 Age
Night-to-night variability 45 (20) 38-53 53 (22) 46-61 2.27 5,64 0.15 0.058 -
TST (min) 405 (46) 388-421 418 (49) 402-434 1.07 5,64 0.08 0.383 -
Night-to-night variability” 44 (16) 38-49 49 (19) 4255 1.72 5,63 0.12 0.143 -
b i E Depressive symptoms,
SOL (min)*, 9 (6) 7-12 6 (4) 5-7 4.34 5,63 0.26 0.002 Apnea Risk
Night-to-night variability*® 9(7) 7-12 6 (5) 4-7 2.76 5,63 0.18 0.026 Depressive symptoms
WASO (min)* 69 (26) 60-79 55 (31) 45-66 2.42 5,64 0.16 0.044 SCD
Night-to-night variability 27 (15) 22-33 23 (15) 18-28 1.60 5,64 0.11 0.172 -
N awakenings 16.3(5.1) 14.5-182 15.0(5.8) 13.1-16.9 1.27 5,64 0.09 0.286 -
Night-to-night variability 4.5 (1.7) 3.8-5.1 4.5 (1.7) 4.0-5.0 0.71 5,64 0.05 0.620 -
Average length of the
awakenings (min) 4.9 (2.3) 4157 3.7 (1.0) 3.4-40 223 564 0.15 0.061 -
Night-to-night variability 2.3(1.9) 1.6-3.0 1.2 (0.7) 1.0-15 251 5,64 0.16 0.039 SCD
Awakening Index 2.4 (0.7) 2.2-2.7 2.2 (0.9 1.9-25 150 5,64 0.11 0.204 -
SE (%) 83 (5) 82-85 87 (6) 86-80 2.73 5,64 0.18 0.027 SCD
Night-to-night variability” 6 (3) 5-7 5(3) 4-5 1.80 5,63 0.13 0.125 -

* analysis based on log transformed data; ® 1SCD participant has been excluded (value exceeding 3SD
of the mean). TIB, Time in Bed; TST, Total Sleep Time; SOL, Sleep onset Latency, WASO, Wake After
Sleep Onset; SE, Sleep Efficiency.

14



1 Figure 1 Increased nighttime wakefulness and decreased sleep efficiency are associated with higher

2 level of SCD complaints.
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not maintained accounting for apnea risk, GDS, age and sex. We were not able to detect any

other statistically significant group difference in the MRI data.

3.4. Correlations among sleep and MRI measures
We did not to find statistically significant correlations between the main objective sleep quality
measures (SOL, SE and WASO, number and length of awakenings) and any of the MRI brain

data.
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4. Discussion
The first objective of this study was to determine if there were differences in subjective or
objective sleep patterns between community-dwelling SCD patrticipants and non-complainer

controls. In this study, we found that objective, but not subjective habitual sleep was disrupted in

our SCD participants. In particular, SCD patrticipants showed reduced sleep quality, spent more

time awake during the night and had increased night to night variability in the length of
awakenings, and these results were not better explained by other factors known to interfere with
both sleep and cognition (e.g. depressive symptoms, age, apnea risk, sex).

One of the possible explanations for these findings would be that both SCD complaints and
poor sleep could be very early prodromal signs of underlying AD. In fact, SCD often precedes
MCI and AD [2] increasing the likelihood of developing both [3, 4]. However, though SCD can be
considered a possible early sign of AD, it is a non-modifiable risk factor that does not have a
causative role in AD pathology (beta amyloid and tau deposits).

Sleep, in contrast, is not only a modifiable risk factor, but seems to be mechanistically linked
to AD pathology. Current data, in fact, support the possibility that sleep disturbances may be an
early symptom associated with underlying AD pathology. For instance, a recent study of AD
transgenic mice showed that sleep disruptions appear immediately after amyloid beta (AB)
starts accumulating in brain tissue, prior to the evolution of cognitive impairment [46]. In
humans, similar findings have been reported in pre-clinical AD, in which cerebrospinal fluid
AB42 positive participants showed reduced sleep quality as assessed by actigraphy compared
to cerebrospinal fluid AB42 negative participants, prior to any other clinical symptom [47].
Moreover, in normal older adults increased AP levels in the medial pre-frontal cortex is
associated with reduced slow wave sleep which in turn is associated with impoverished

hippocampal-dependent memory consolidation [48].
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Interestingly, many studies suggest that sleep plays also an active, restorative role in the
prevention of AD pathogenesis. Potentially neurotoxic waste products, including AR deposits,
accumulate during wakefulness and sleep promotes the clearance of these harmful deposits
from the central nervous system [49]. In mice, sleep deprivation accelerates tau formation and
accentuates memory impairment [50]. Moreover, longitudinal studies show that sleep
disturbances increase the likelihood of developing both cognitive decline and AD [9, 51]. If we
consider SCD as part of the AD continuum, our findings are in line with current literature
regarding sleep disturbances in MCI and AD, in which decreased objective sleep quality or
efficiency (SE) and increased wakefulness during the night (WASQO) have been reported, with
more severe sleep disruptions as the disease progresses [52, 53]. Our results are also
consistent and similar to what has been found in pre-clinical AD by Ju and colleagues [47] who
found that objective sleep quality (SE) but not objective sleep quantity (TST) measured by
actigraphy differed between pre-clinical AD and controls (SE: 80% in pre-clinical AD, 83% in
controls; TST: 401 min in pre-clinical AD and 403 min in controls) suggesting that objective
sleep quality in pre-clinical AD changes prior to sleep quantity and appears before any other
clinical symptoms of AD [47].

However, it must be noted that poor objective sleep could occur in the absence of underlying
AD pathology in normal older adults [54], and therefore an alternate explanation for our results
may simply be that, in our sample, poor objective sleep could by itself explain SCD complaints.
In this case, a sleep intervention would be beneficial not only for improving sleep, but also for
reducing or eliminating subjective cognitive complaints.

Of note, our SCD patrticipants only differed from controls on the amount of SCD complaints
and we did not find any other statistically significant difference on any other self-reported
measure (see table 1). However, in line with other SCD studies [2, 27], we found a trend for
higher, subclinical depressive symptoms in our SCD patrticipants. Therefore, another possible
explanation of our results could be that subclinical depression might have caused SCD
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complaints. One limitation of the SCD criteria, in fact, is that they partially overlap with clinical
criteria for depression, which also include cognitive complaints. Arguing against this possibility
to some degree, in the present study depressive symptoms did not correlate with the main
objective sleep quality outcomes (SE, WASO, number and length of awakenings), while SCD
complaints correlated with these measures after adjusting for GDS scores.

Aside from sleep data, in the current study we also collected topographical biomarkers of AD
(MRI MTL volumes/thickness and brain regional cortical thickness) that, even if insufficient to
identify preclinical AD, are useful for screening at risk populations [55]. In fact, many studies
suggest that SCD might be the expression of AD-related brain changes that have already
occurred in the MTL [20-27] or in other brain cortical regions [23, 27] . However, though some
MRI studies found MTL and/or cortical differences between SCD and controls [20-27], other
studies failed to find these differences [20, 27, 28]. In particular, in one study SCD was
significantly associated with both cross-sectional and longitudinal hippocampal volume changes
[20], while another study showed that hippocampal volumes in SCD participants were similar to
MCI, but not statistically different from control participants [28]. Another very interesting study
conducted by Perrotin, La Joie and colleagues (in press, [27]) showed that while community-
dwelling SCD did not show any brain regional volume change compared with controls, SCD
recruited from the clinic showed reduced volume in several brain regions, including the left
hippocampus. These inconsistent MRI findings are likely related to differences in: the
populations sampled (e.g. recruitment from the community vs clinic), the criteria used to define
SCD, and the approaches used for the MRI analysis across these studies.

There are several possible explanations for the fact that we were not able to find statistically

significant group differences between SCD and controls in MTL volume/thickness, as well as in

regional cortical thickness. First, our participants may not have underlying AD (and therefore no

AD-related brain structural changes) and SCD complaints might just have been caused by
disrupted sleep and/or subclinical depression. Second, our community-dwelling SCD
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participants showed “mild” SCD scores, while clinical recruitment of SCD participants may
identify individuals with more severe complaints and in a more advanced stage of preclinical
AD, in which brain structural changes have already occurred (e.g. preclinical stage 2 and 3) [27,
56]. For instance, in the SCD-Q validation study from Rami and colleagues [30] SCD-Q scores
in participants recruited within the community were very similar to our SCD participants’ scores
(Rami and colleagues: 9.145.1 vs this study: 9.9 +2.4), while the SCD score rose to 12+5.8 in
participants recruited from the clinic. In line with this assumption are the previously mentioned
findings of reduced cortical volume in SCD recruited from the clinic, but not in SCD from the
community (in press, [27]).

We may also have not found MTL or cortical group differences because of lack of statistical
power or because of the limitations of FreeSurfer automated methods in estimating
hippocampal volume and hippocampal subfields ‘volume [57].

Recognizing that not all individuals with SCD complaints have underlying AD, both disrupted
sleep and SCD complaints are known to increase the risk for future development of MCI and
AD, with sleep being a modifiable risk factor. Considering that we found disrupted habitual
objective sleep in our community-dwelling SCD participants, and considering that sleep affects
both cognition and brain structures, regular objective sleep monitoring and intervention
procedures may be helpful in at-risk populations of AD like SCD, before objective cognitive
decline and brain structural changes occur. These precautions could prevent or at least delay

the onset of AD, reducing both the clinical burden and costs associated with this disease.
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5. Limitations and future directions

Sleep studies that include molecular AD biomarkers in SCD (community and clinic) are
needed. The use of actigraphy in this study allowed the non-invasive assessment of habitual
objective sleep (multiple nights in an ecological setting). However, future polysomnographic
(PSG) studies are needed to characterize macro and micro sleep architecture in SCD and for
objectively assessing the presence of other sleep pathologies. The screening cognitive test
battery employed in this study was designed to detect MCI or dementia, but other cognitive
measures may be more sensitive to detect subtle deficits in patients with SCD and are therefore

needed.
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*Response to Reviewers

We would like to thank the editor for the opportunity to ultimately revise our paper, and thank again
the reviewers for their additional, helpful comments. A point-by-point response to reviewer comments
follows below.

Reviewer #1

All my concerns have been addressed, the manuscript reads very well. Please include a very minor
change in page 8 row 11: delete 'Consistent with previous studies', the rest of the sentence can stay as
is. The definition of what represents high risk for apnea in healthy elderly is controversial, as well as the
equivalence of the different AHI indices and correlations between home and in-lab. It's a hornets nest
that | would not open. Finally, the authors are reporting negative results, which it's a good thing, but in
my opinion they should be more cautious and conservative in their statements. Page 16 line 2 is a good
example, language stating that 'they were not able to show statistical differences between group A and
B' is better writing than saying 'group A and B are not different'. The are several other statements that |
would tone down in a similar manner, but ultimately | would leave to the best judgement of the authors.

We agreed with the reviewer suggestion and deleted the 'Consistent with previous studies' part (page 8,
line 11). As suggested, we also modified the language style in some statements throughout the
manuscript (page 2, line 12; page 12, lines 2-3; page 15, lines 1-2; page 17, lines 5-6; page 19, lines 22-
24).

Reviewer #2

The authors have address my concerns adequately, and | think this manuscript is suitable for
publication. | look forward to reading it in print!

Thank you so much!



*Research in Context

Research in context

Systematic review: Several studies have revealed the bilateral relationship between sleep and
Alzheimer’s disease (AD). Sleep disruptions increase the risk for AD dementia and are present
not only in mild cognitive impairment (MCI) and AD, but also in preclinical AD, in the absence of
any other clinical symptoms. Sleep also influences cognition and cortical regions early affected
by AD pathology (e.g. the medial temporal lobes). Despite subjective cognitive decline (SCD)
often precedes MCl and AD, little is known about sleep in SCD.

Interpretation: Our findings support the idea of sleep as a possible early and objective
behavioral change in AD at risk populations like SCD. Regular sleep assessments and
interventions may help preventing or delaying AD onset in community-dwelling older adults
with SCD.

Future directions: Future studies that also include AD molecular biomarkers, a
polysomnographic assessment and experimental cognitive tests are needed to better investigate
the sleep-SCD-AD relationship.
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