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Abstract

We aim to investigate the frequency and type of sleep problems in memory clinic

patients with subjective cognitive decline (SCD) and their association with cognition,

mental health, brain magnetic resonance imaging (MRI), and cerebrospinal fluid (CSF)

biomarkers. Three hundred eight subjects (65 ± 8 years, 44% female) were selected

from the Subjective Cognitive Impairment Cohort (SCIENCe) project. All subjects

answered two sleep questionnaires, BerlinQuestionnaire (sleep apnea) andPittsburgh

SleepQuality Index (sleep quality) and underwent a standardizedmemory clinic work-

up. One hundred ninety-eight (64%) subjects reported sleep problems, based on 107

(35%) positive screenings on sleep apnea and 162 (53%) on poor sleep quality. Sub-

jects with sleep problems reported more severe depressive symptoms, more anxiety,

andmore severe SCD.Cognitive tests,MRI, andCSFbiomarkers did not differ between

groups.Our results suggest that improvementof sleepquality andbehaviors arepoten-

tial leads for treatment inmany subjects with SCD to relieve the experienced cognitive

complaints.
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1 INTRODUCTION

Sleep problems are frequent in adults, especially in the elderly. In the

Netherlands,>20% of people aged ≥50 years report to have had sleep

problems in the previous 2 weeks.1 A growing body of evidence sug-

gests that sleep problems are associated with cognitive impairment

and progression to Alzheimer’s disease (AD) dementia.2,3 Sleep distur-

bances are common in patients with AD dementia; among two-thirds

of AD dementia patients report sleep problems, and it is associated

with poorer daily functioning.4 Sleep disturbances have even been sug-

gested as an early symptom of AD.4 A meta-analysis estimated that

sleep problems (including poor sleep quantity, poor sleep quality, cir-

cadian rhythm abnormality, insomnia, and sleep apnea) are associated

with a 1.65-fold higher risk of cognitive decline and dementia, com-

pared to individuals without sleep problems.5 The different sleep com-

plaints that comprised sleep problems had pooled relative risk esti-

mates ranging between 1.38 and 2.36. For instance, poor sleep qual-

ity has been associated with a 1.62 higher risk and obstructive Sleep

Apnea Syndrome with a 2.37 times higher risk of cognitive decline and

dementia.5 Preventivemeasures to improve sleep have therefore been

suggested as putative targets for the prevention of dementia.

Persons that seek help because of self-experienced cognitive

decline, in the absence of objective cognitive deficits, are labeled as

having subjective cognitive decline (SCD).6 Causes of SCD include

mood disorders, personality traits, or systemic illnesses.7 In addi-

tion, SCD may herald the onset of neurodegenerative diseases such

as AD.6,8 Sleep problems have also been associated with SCD. In a

population-based cohort, higher scores on a sleep complaints ques-

tionnaire were related to severity of cognitive complaints.9 Recently,

Ettore et al.10 showed that in 68 participants of the INSIGHT-pre-AD

cohort, subjects with SCD and positive AD biomarkers showed more

sleep disturbances such as a longer sleep latency, more frequent awak-

enings, andworse sleep efficiency compared to subjects with SCDwho

had negative AD biomarkers. However, in a memory clinic study, per-

sons with SCD who reported sleep problems (not further specified)

were less likely to experience cognitive decline during follow-up com-

pared to those without sleep problems.11 Unfortunately, the type of

sleep problems (e.g. poor sleep quality, sleep apnea etc.) was not spec-

ified, while this could provide clinical leads in persons with SCD pre-

senting at amemory clinic.

We aimed to assess the frequency and type of sleep problems in a

large sample of memory clinic patients with SCD and investigated if

the presence of self-reported sleep problems was associated with cog-

nitive performance, self-reported cognitive decline, depressive symp-

toms, anxiety, and/or biomarkers for AD.

2 METHODS

2.1 Subjects

We included 308 subjects from the ongoing Subjective Cognitive

Impairment Cohort (SCIENCe) at Alzheimer Center Amsterdam.12 In

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the existing

literature on sleep problems in patients with subjective

cognitive decline (SCD). A few previous studies have

associated sleep problems with SCD. Additionally, in the

current SCD guidelines, sleep disorders arementioned as

a potentially reversible cause of SCD. However, the type

of sleep problems in memory clinic patients with SCD

and their association with cognition, mental health, brain

magnetic resonance imaging (MRI), and cerebrospinal

fluid (CSF) biomarkers has not been described.

2. Interpretation: Our findings show robust relationships

among sleep and anxiety, depressive symptoms, and self-

reported cognitive decline, amongmemory clinic patients

with SCD. Sleep problems were not associated with MRI

markers and CSF AD biomarkers in these patients.

3. Future directions: Overall, our findings imply that

improvement of sleep quality and hygiene are potential

leads for treatment in SCD.

short, subjects received a standardized diagnostic assessment includ-

ing an interview on cognitive complaints and medical history, medica-

tion use (verified through current pharmacy listings), and educational

level.13 Physical examination included blood pressure measurement,

height (centimeters), and weight (kilograms). Body mass index (BMI)

was calculated as kg/m2. They all underwent a neuropsychological

evaluation, and brain magnetic resonance imaging (MRI). The label

SCD was given by consensus in a multidisciplinary meeting when

clinical and cognitive testing were normal and criteria for mild cogni-

tive impairment (MCI), dementia, or any psychiatric or neurological

disorderwere notmet. After inclusion in the SCIENCeproject, subjects

are invited for annual follow-up visits consisting of clinical evaluation,

extensive neuropsychological assessment, and questionnaires. Sleep

questionnaires were introduced ≈3 years after the start of the SCI-

ENCe project. For the current study, we included subjects if they had

completed both sleep questionnaires at baseline. The research is in

accordance with ethical consent by VUUniversity and the Declaration

of Helsinki.Written informed consent was available for all patients.

2.2 Identification of sleep problems

We used two questionnaires to assess different aspects of sleep. A

Dutch translation of the Berlin questionnaire was used to identify

patients likely to have sleep apnea.14 This questionnaire contains three

categories related to the risk of having sleep apnea: snoring (range 0–6,

positive ≥2), daytime sleepiness (range 0–3, positive ≥2), and the his-

tory of high blood pressure or BMI > 30 (positive when at least one of
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the two is present). Subjects are at high risk of sleep apnea if ≥2 cate-

gories are positive.14

ADutch translationof thePittsburghSleepQuality Index (PSQI)was

used to assess sleep quality in the past month.15 The questionnaire

consists of 19 questions that are combined to form seven component

scores, each ofwhich has a range of 0 to 3 points. The seven component

scores are: subjective sleep quality, sleep latency, sleep duration, habit-

ual sleep efficiency, sleep disturbances, use of sleepingmedication, and

daytime dysfunction. The seven component scores together form one

global score, with a range of 0 to 21 points, “0” indicating no difficulty

and “21” indicating severedifficulties in all areas.Aglobal score≥5 indi-

cates a high risk of reduced sleep quality.15,16

We classified subjects as having a sleep problem when the score on

at least one sleep questionnairewas above the cut-off (Berlin question-

naire≥2 categories positive and/or PSQI score≥5).

2.3 Self-reported cognitive decline and mental
health assessment

We used the self-report section of the Dutch translation of the

Cognitive Change Index (CCI self; range 20–100) to assess subjec-

tive cognitive functioning compared to 5 years ago.17 We used the

Hospital Anxiety and Depression Scale-Anxiety subscale (HADS-A;

range 0–21)18 and Center for Epidemiological Studies Depression

Scale (CES-D, range 0–60)19 to evaluate (subclinical) anxiety and

depressive symptoms. Higher scores reflect more severe complaints/

symptoms.

2.4 Neuropsychological assessment

All subjects received a standardized neuropsychological

assessment.12,20 We used theMini-Mental State Examination (MMSE)

for global cognition. To assess memory, we used the total immediate

and delayed recall of the Dutch version of the Rey Auditory Verbal

Learning Test (RAVLT). For language, we used category fluency (ani-

mals). To assess attention, we used the Trail-Making Test A (TMT-A).

To assess executive functioning, we used the TMT-B. Raw test scores

for TMT were log transformed, because the data were right-skewed,

and subsequently inverted, such that a lower score implies worse

performance. The proportion of missing tests ranged from 2.3% for

the RAVLT (immediate) and category fluency (animals) to 0.3% for the

MMSE.

2.5 MRI

Two hundred eighty-three (92%) subjects underwent an MRI scan

of the brain. The protocol included 3D T1-weighted images, 3D T2-

weighted images, and 3D T2-weighted fluid attenuated inversion-

recovery (FLAIR) images.20 Visual rating of medial temporal lobe atro-

phy (MTA) was performed on coronal T1-weighted images averaging

scores for the left and right sides (range 0–4).21 Global cortical atrophy

(GCA) was rated using axial FLAIR images (range 0–3).22 The severity

of whitematter hyperintensities (WMH)was determined on the FLAIR

sequence using the Fazekas scale (range 0–3). An experienced neuro-

radiologist reviewed all scans.

2.6 Cerebrospinal fluid

Cerebrospinal fluid (CSF) was obtained from 206 (67%) subjects by

lumbar puncture between the L3/L4, L4/L5, or L5/S1 intervertebral

space by a 25-gauge needle and syringe and collected in polypropy-

lene tubes.23 The three biomarkers, 42 amino acid form of amyloid

beta (Aβ)1-42, total tau (t-tau), and tau phosphorylated threonine

181 (p-tau)weremeasuredusing sandwich enzyme-linked immunosor-

bent assays (Innotest β-amyloid1-42,n = 579; Innotest hTAU-Ag, and

Innotest PhosphoTAU-181p).24 CSF Aβ levels were adjusted for the

drift in CSF biomarker analyses that occurred over the years.25

For 43 subjects, we used Elecsys for analyses of Aβ. These val-

ues were transformed to the Innotest-equivalent values by the fol-

lowing formula: Elecsys Aβ (pg/mL) = −365 + 1.87 × Innotest Aβ
(pg/mL).24

2.7 Statistics

We compared demographic and clinical variables according to the

presence of any sleep problem. For continuous variables, we used

independent samples t-tests or Mann-Whitney U tests. Categorical

variables were compared using χ2 test. To assess potential influence of
the delay between the sleep questionnaire and CSF and MRI markers,

a sensitivity analysis was performed in the subset of subjects with

≤1 year interval between the sleep questionnaire and biomarkers.

The false discovery rate (FDR) procedure was applied to correct for

multiple testing, meaning p < 0.05FDR was considered statistically

significant.26 For exploratory comparative analyses, we stratified our

sample into four sleep groups: 1) positive on both sleep question-

naires (BQ+PSQI+), 2) positive on sleep apnea only (BQ+PSQI−), 3)

positive on reduced sleep quality only (BQ−PSQI+), and 4) negative

on both sleep questionnaires (BQ−PSQI−) (Supplementary material,

table 4–6). Comparison between groups were calculated with χ2,
Kruskal-Wallis or analysis of variance. All analyses were done using

SPSS version 26.

3 RESULTS

3.1 Demographics and clinical features

Baseline characteristics are shown in Table 1. Subjects were (mean ±

standard deviation) 65 ± 9 years old and 136 (44%) were female. The

MMSEwasonaverage29±1, and101 (35%) subjectswereapolipopro-

tein (APOE) ε4 carriers. One hundred ninety-eight (64%) participants
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TABLE 1 Sociodemographic and sleep questionnaire information

Demographic/clinical data

Total

n= 308

Any sleep problem

n= 198

No sleep problem

n= 110 P value

Female, n (%) 136 (44%) 93 (47%) 43 (39%) .190

Age 64.5± 8.3 63.8± 8.1 65.7± 8.5 .064

Education, median (IQR) 6 (5–7) 6 (5–7) 6 (5–7) .866

BMI (n= 304) 25.8± 3.9 25.9± 4.0 25.7± 3.8 .830

Waist circumference (cm, n= 301) 94.7± 11.6 94.4± 11.2 95.1± 12.3 .623

Orthostatic hypotension (n= 303), n (%) 45 (15%) 33 (17%) 12 (11%) .181

Systolic blood pressure (n= 303) 146± 19.3 145.8± 19.2 144.9± 19.5 .693

Diastolic blood pressure (n= 303) 85.8± 9.9 86.3± 9.6 84.8± 10.3 .218

APOE ε4 carriersa (n= 285) 101 (35%) 72 (40%) 29 (28%) .055

Sleep questionnaires

BQ high-risk (≥2 categories abnormal) 107 (35%) 107 (54%) 0 <.001

Category 1: snoring 162 (53%) 112 (57%) 50 (45%) .074

Category 2: daytime sleepiness 62 (20%) 62 (31%) 0 <.001

Category 3: High blood pressure/BMI> 30 135 (44%) 122 (62%) 13 (12%) <.001

PSQI poor sleeper (≥5, 0-21) 164 (53%) 164 (83%) 0 <.001

PSQI continuous, median (IQR) 5 (3–7) 7 (5–9) 2 (1–4) <.001

Time in bed (h) 8.2± 1.1 8.1± 1.1 8.3± 0.9 .107

Total sleep time (h) 7.1± 1.2 6.7± 1.2 7.7± 0.8 <.001

Sleep efficiency (%) 87± 13 83± 14 93± 7 <.001

Notes: Data are presented as mean ± SD or median (IQR) and comparison between any and no sleep problem were calculated with χ2, Mann-Whitney U or

independent samples t-test. Education is rated using the Dutch Verhage system, ranging from 1-7.13

aDefined as one or two ε4 alleles.
Abbreviations: APOE, apolipoprotein E; BMI, body mass index; BQ, Berlin questionnaire; IQR, interquartile range; PSQI, Pittsburgh Sleep Quality Index; SD,

standard deviation.

reported sleep problems, by scoring positive on the Berlin question-

naire and/or the PSQI (Figure 1).

3.2 Sleep problems versus no sleep problems

3.2.1 Demographics and clinical features

Subjects with sleep problems did not differ significantly in age (63.8 ±

8.1) nor sex (39% female) from subjectswithout sleep problems (65.7±

8.5, P= .064; 47% female, P= .19), see Table 1. The percentage ofAPOE

ε4 carriers (40% vs. 28%, P = .055) tended to be slightly higher in the

groupwith sleep problems.

3.2.2 Sleep details

The Berlin questionnaire identified 107 (35%) subjects at high risk of

having sleep apnea. AmongBerlin questionnaire categories, 57%of the

any sleep problem groupmet the criteria for snoring versus 45% of the

no sleep problem group. Roughly one third (31%) of the sleep prob-

lem group reported daytime sleepiness versus 0%of the no sleep prob-

lem group. The third Berlin questionnaire category, self-reported high

blood pressure or BMI> 30, was present in 62% of the any sleep prob-

lem group versus 12% of the no sleep problem group (P< .001).

According to the PSQI, 164 (53%) subjects met the criteria of hav-

ing reduced sleep quality (global score ≥5). There were differences in

total sleep time and sleep efficiency between the any sleep problem

(6.7 hours ± 1.2, 83 ± 14%) and no sleep problem group (7.7 hours ±

0.8, 93± 7%; all P< .001). There was no difference in time spent in bed

between these groups.

3.2.3 Cognitive performance and mental health

The results of the self-reported cognitive decline, mental health

assessment, and neuropsychological tests are reported in Table 2.

Subjects with sleep problems reported more depressive symptoms

(CES-D median [interquartile range (IQR)]: 10 [5—16] vs. 4 [2–7]) and

anxiety [HADS-A] 5 [2–10] vs. 2 [0.25–4]) than those without sleep

problems. They also experienced more SCD on the CCI (43 [31–56]

vs. 35 [25–47]). Objective cognitive performance did not differ accord-

ing to the presence of sleep problems. Neither performance on the

MMSE, nor any of the cognitive domains including memory, language,
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TABLE 2 Cognitive test performance and anxiety, depression, and complainingmeasures in subjects with any versus no sleep problem

Total

n= 308

Any sleep problem

n= 198

No sleep problem

n= 110 P value

Cognitive tests

Global cognition

MMSE (n= 307) 28.9± 1.1 28.9± 1.1 28.9± 1.2 .465

Attention

TMTA (seconds) (n= 303) 35.2± 13.4 35.3± 11.7 34.8± 16.1 .341

Memory

RAVLT immediate recall (n= 301) 47.7± 9.9 48.2± 10.1 46.7± 9.4 .218

RAVLT delayed recall (n= 302) 9.8± 2.9 9.9± 3.1 9.6± 2.7 .344

Language

Category fluency animals (n= 301) 24.4± 5.7 24.6± 6.1 24.0± 4.9 .405

Executive functioning

TMTB (seconds) (n= 303) 85.9± 46.6 85.4± 39.9 86.9± 58.0 .628

Questionnaires

HADS-A (n= 304), median (IQR) 3 (1–6) 4 (2–7) 2 (0.25–4) <.001

CES-D (n= 304), median (IQR) 8 (3–14) 10 (5–16) 5 (2–10) <.001

CCI (n= 273), median (IQR) 39 (28–52.5) 43 (31–56) 35 (25–47) .001

Notes: Data are presented as mean ± SD or median (IQR) and comparison between any and no sleep problem were calculated with Mann-Whitney U or

independent samples t-test. Higher scores on TMTA and B indicate worse performance.

Abbreviations: CCI, Cognitive Change Index; CES-D, Center for Epidemiologic Studies Depression scale; HADS, Hospital Anxiety and Depression Scale; IQR,

interquartile range;MMSE,Mini-Mental State Examination; RAVLT, ReyAuditory Verbal Learning Test; SD, standard deviation; TMTA, TrailMaking Test part

A; TMTB, Trail Making Test part B.

F IGURE 1 Reported sleep problems. Risk of sleep apnea (Berlin
questionnaire ≥2 categories positive), poor sleep quality (Pittsburgh
SleepQuality Index score≥5). Subjects were classified as having a
sleep problemwhen the score on at least one sleep questionnaire was
above the cut-off

attention, and executive functioning differed between groupswith and

without sleep problems. Explorative analyses showed that subjects

scoring positive on both sleep questionnaires reported more depres-

sive symptoms, anxiety and experienced more subjective cognitive

decline on the CCI than those reporting only one sleep problem or no

sleep problem. In addition, subjects positive on sleep apnea only, per-

formed loweronMMSEandverbal fluency compared to theother sleep

problem groups (Supplements table 5).

3.2.4 MRI measures and AD CSF biomarkers

MRI and CSF biomarkers are shown in Table 3. There were no signif-

icant differences in the MRI markers of atrophy and WMH between

subjects with and without sleep problems. The CSF biomarkers Aβ42,
t-tau, or p-tau did not differ between sleep groups.When we stratified

sleep problems into four sleep groups, we found no differences in MRI

markers and CSF biomarkers (Supplements table 6).

Finally, we performed sensitivity analyses in the subset of subjects

with ≤1 year interval between the sleep questionnaire and MRI and

CSF biomarkers (n= 40). Although these analyseswere underpowered

due to the small sample size, directions of the effects were similar.

4 DISCUSSION

Our results showed that in a cohort of subjects with SCD about

two-thirds reported a sleep problem. The presence of sleep problems

was associated with aspects of mental health, including more severe

depressive symptoms, anxiety, and self-reported cognitive decline.
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TABLE 3 Biomarkers in subjects with any versus no sleep problem

Total

n= 308

Any sleep problem

n= 198

No sleep problem

n= 110 P value

MRI n= 283 n= 179 n= 104

∆ time to sleep questionnaire (years) 2.4± 2.2 2.4± 2.1 2.5± 2.4 .560

Atrophy

MTA,median (IQR) 0 (0-1) 0 (0-1) 0 (0-1) .275

GCA, median (IQR) 0 (0-1) 0 (0-1) 0 (0-1) .478

Vascular findings

Fazekas, median (IQR) 1 (0-1) 1 (0-1) 1 (0-1) .477

CSF n= 206 n= 130 n= 76

∆ time to sleep questionnaire (years) 2.6± 2.4 2.4± 2.1 2.8± 2.7 .214

Aβ42 drift corrected (ng/L) 1014.0± 273.2 1019.2± 272.1 1005.1± 276.8 .722

Total tau (ng/L) 314.7± 229.3 327.8± 253.6 292.6± 180.9 .314

pTau (ng/L) 49.8± 24.3 51.6± 25.0 46.8± 23.0 .191

Notes: Data are presented as mean ± SD or median (IQR) and comparison between any and no sleep problem were calculated with Mann-Whitney U, inde-

pendent samples t-test or χ2.
Abbreviations: Aβ, amyloid beta; CSF, cerebrospinal fluid; GCA, global cortical atrophy; IQR, interquartile range; MRI, magnetic resonance imaging; MTA,

medial temporal lobe atrophy; pTau, phosphorylated threonine 181; SD, standard deviation.

The presence of sleep problems was associated with neither objec-

tive cognitive performance, nor with MRI or CSF biomarkers of AD

pathology.

Sleep problems were common (64%) in our cohort, about 53%

reported poor sleep quality and 35% categorized as high risk of sleep

apnea. These percentages are slightly higher compared to the gen-

eral population, while the reported time in bed, total sleep time, and

sleep efficiency in our total cohort are comparable to the general

population.27 Previous studies in the general population showed poor

sleep quality in elderly ranging from 30% to 50% (based on PSQI).28–30

About 30% of the elderly is categorized as at high risk of sleep apnea

(based on Berlin questionnaire).31 In a representative sample of the

Dutch population, about 30% of persons in the age category 55 to

70 years reports general sleep disturbances.32 By contrast, our fre-

quency of sleep problemswas in linewith an earliermemory clinic pop-

ulation study—among patients with MCI or dementia, 60% reported

sleep problems based on PSQI and/or Berlin questionnaire.33 More-

over, in a Swedish memory clinic study, among subjects with SCD, 58%

reported the presence of a sleep problem (not further specified).11 Our

study complements these findings, by showing that in memory clinic

patients with SCD 64% reported sleep problems based on PSQI and/or

Berlin questionnaire.

Sleep problems have consistently been shown to be associated with

depressive symptoms, anxiety, and self-reported cognitive decline.34

Moreover, poor sleep quality (measured by PSQI) and sleep apnea

(measured by Berlin questionnaire) have both been associated with

depressive symptoms and anxiety in the elderly.35–38 In our cross-

sectional study, causality is difficult to infer. Former studies have

found a bidirectional relationship between sleep disturbances, anxi-

ety, and depression, suggesting that each contributes to the develop-

ment and are a consequence of one another. A systematic review was

not able to draw definitive conclusions regarding bidirectionality due

to the small number and heterogeneity of cohort samples used across

studies.34 Nonetheless, our results suggest that sleep problems might

be an underrecognized cause of SCD, which—importantly—could be

amenable to treatment.

In the current cross-sectional study, we did not find a relation-

ship between self-reported sleep quality and cognitive test perfor-

mance nor AD biomarkers in subjects with SCD. Previous longitudinal

population based studies show that several measures of sleep prob-

lems are associated with cognitive decline in the subsequent years,

although these associations disappeared after adjustment for depres-

sive symptoms.39,40 In another large Dutch prospective population-

based cohort, self-reported sleep quality was not associated with

dementia risk during a mean follow-up time of 8.5 years.41 These find-

ings suggest that othermechanisms thanADpathology, suchasdepres-

sive mood, influence the subjective experience of cognitive decline in

patients with sleep problems. However, these studies did not report on

MRI and CSF biomarkers. A review byWennberg et al.4 describes that

sleep disturbances are associated with Aβ dynamics and deposition.

Community-based cohort studies showed that sleep disturbances are

associatedwith greater cerebral Aβ deposition, asmeasured by [11C]–

Pittsburgh compound B-positron emission tomography (PiB-PET)42

andCSFAβ levels.43 These former studies are all population based, and

findings may be different in individuals that visit a memory clinic with

SCD.

In the current SCD guidelines,6 sleep disorders are mentioned as

potentially reversible cause of SCD. Recommendations on how to

examine or quantify sleep problems in a memory clinic setting are

lacking. We have used standardized questionnaires, but in clinical
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practice completing two questionnaires might not be realistic. Regard-

ing the categories of the Berlin questionnaire, all components were

scored higher in the sleep problem group, except for snoring. This sug-

gests that inquiring after snoring alone would not assist in identifying

thepresenceof sleepproblems. This is in linewith thebodyof literature

showing only about 40% of subjects that report snoring have objective

measures of sleep apnea.44 Completing the other two categories, day-

time sleepiness and the presence of high blood pressure or BMI > 30,

will likely add to the discriminative ability to identify high risk of sleep

apnea. Regarding thePSQI,we found that subjectswith sleep problems

have a comparable time in bed to subjectswith no sleepproblems, how-

ever on average they sleep 1 hour shorter, resulting in a lower sleep

efficiency of 83 ± 14% (vs. 93 ± 7%). To sum up, based on our findings,

total sleep time, daytime sleepiness, and snoring in the presence of high

blood pressure or BMI > 30 would be clinically relevant sleep markers

to examine during the consultation.

Our results have important clinical implications, as they provide

evidence for the notion that sleep deserves attention as a potential

and treatable cause of self-experienced cognitive complaints in a

memory clinic. A considerable proportion of patients presenting at

a memory clinic has SCD.20,45 We showed that two-thirds of them

have sleep problems. In our cross-sectional study, we cannot demon-

strate causality between the self-reported sleep problems and the

experienced cognitive complaints. However it is worthwhile to

prospectively investigate whether people benefit from a sleep inter-

vention. Several studies have presented successful strategies to

improve sleep quality and behaviors, also in the elderly.46–52 For exam-

ple, exercise programs in generally healthy elderly can improve sleep

quality.47 Cognitive behavioral therapy has been shown to improve

both sleep quality and self-reported cognitive impairment.50,51

Furthermore, sleep apnea treatment by continuous positive airway

pressure (CPAP) has been shown to improve cognition in patients

with MCI.52 SCD patients might thus benefit from treatment focusing

on improving sleep as it could relieve the experienced cognitive

complaints.

A limitation of the current study is the use of subjectivemeasures of

sleep. Previous studies have shown that subjective measures of sleep

do not necessarily match with objective measures of sleep, especially

in subjects with cognitive impairment.48 Furthermore, previous liter-

ature suggests that females report more subjective sleep complaints

compared to males,27,32,49 whereas an objective (actigraphy) measure

indicates the opposite.27 These previous results are population based

and might not be applicable to a memory clinic context with patients

with SCD. In our cohort there was no difference in the percentage

of females and males reporting sleep problems. Another limitation is

the later introduction of the sleep questionnaires in the SCIENCe pro-

tocol, causing different time intervals between the measurement of

the biomarkers and sleep function. We expect this has not influenced

the results, because sensitivity analyses in the subset of subjects with

≤1 year interval showed comparable results, although with limited

power. A strength of the current study is the unique and detailedmem-

ory clinic work-up of subjects with SCD, including a brain MRI, neu-

ropsychological testing, and CSF analyses. Furthermore, two comple-

mentary sleep questionnaires, the PSQI and the Berlin questionnaire,

were used to measure sleep quality and to identify patients who are

likely to have sleep apnea.

5 CONCLUSION

In our memory clinic cohort with subjects with SCD, we did not find a

relationship between sleep problems and MRI or CSF markers of AD

pathology, nor with objective cognitive performance.We did, however,

find robust relationships between sleep and anxiety, depressive symp-

toms, and self-reported cognitive decline. These findings highlight the

relevance of sleep problems as a putative contributing factor to the

experience of cognitive complaints. This implies that improvement of

sleep quality and hygiene are potential leads for treatment in SCD.
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