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Abstract
BACKGROUND: Sleep disturbances as well as cortisol 
hypersecretion are increasingly acknowledged as risk factors 
for Alzheimer ’s disease (AD). However, the mechanisms 
underlying the association, and the interplay with cortisol 
abnormalities, remain unclear. 
OBJECTIVES: This study aims to identify how self-reported 
sleep disturbances are associated with structural brain measures 
and diurnal cortisol dysregulation among memory clinic 
patients.
DESIGN: A cross-sectional study performed at Karolinska 
University Hospital Memory Clinic, Sweden.
PARTICIPANTS: The study was based on 146 memory clinic 
patients diagnosed with either subjective cognitive impairment 
or mild cognitive impairment. 
MEASUREMENTS: Self-reported sleep was measured using 
the Karolinska Sleep Questionnaire. MRI or CT was used to 
quantify structural brain measures using four visual rating 
scales (Scheltens, Pasquier, Koedam, and Fazekas scales), and 
salivary cortisol was sampled to measure diurnal cortisol 
patterns through measures of cortisol immediately after 
awakening, cortisol awakening response, bedtime cortisol, total 
cortisol from awakening to bedtime, and the AM/PM cortisol 
ratio.
RESULTS: Increased sleep apnea index (OR=1.20, 95% 
CI=1.04:1.39, p=0.015) was associated with greater odds of 
posterior brain atrophy, measured by the Koedam visual rating 
scale, and reduced awakening cortisol (β=-0.03, 95% CI=-
0.07:0.00, p=0.045). Increased daytime sleepiness was associated 
with both reduced awakening cortisol (β=-0.03, 95% CI=-
0.06:0.00, p=0.025) and a reduced AM/PM cortisol ratio (β=-
0.04, CI=-0.08:-0.01, p= 0.021). 
CONCLUSION: In a memory clinic cohort self-reported sleep 
disturbances are associated with both worse structural brain 
tissue integrity and altered diurnal cortisol profiles. These 
findings may add insights into possible mechanisms behind 
sleep disturbances in aging with subjective and cognitive 
impairment.

Key words: Self-reported sleep, neuroimaging, cortisol, cognitive 
impairment. 

Introduction

Sleep disturbances are increasingly acknowledged 
as a risk factor for Alzheimer’s disease (AD) (1). 
A meta-analysis of 18 longitudinal studies found 

that overall sleep problems, insomnia, sleep-disordered 
breathing (SDB), sleep-related movement disorder, sleep 
pattern change, and nonspecific sleep problems, all are 
associated with an increased risk of developing AD 
in older adults (2). However, sleep was not included 
in the latest report on dementia prevention stating 12 
potentially modifiable risk factors that may account 
for 40% of all dementia incidents (1). Thus, while sleep 
disturbances are increasingly acknowledged as a risk 
factor for AD, the underlying mechanisms remain unclear 
(1, 3–6).   

Sleep is important for brain homeostasis and 
neuroplasticity (7). This has led several cross-sectional 
studies to investigate the association between sleep 
disturbances and brain structure. It is well established 
that sleep is important for memory (8), and the 
hippocampus is therefore a highly investigated brain 
structure in sleep research. An early study by Riemann 
and colleagues found that insomnia patients had lower 
hippocampal volume compared to participants without 
insomnia (9). While some studies have also found lower 
hippocampal volume in insomnia patients (10) and in 
people with excessive daytime sleepiness and fatigue 
(11), other studies failed to reproduce this association 
in insomnia patients (12–16). Furthermore, insomnia 
patients have lower grey matter volume (GMV) in 
various areas of the frontal lobe (12, 17–19), parietal lobe 
(12, 17) and the cingulate cortex (17), while GMV is larger 
in the cingulate cortex (16, 20). 

Obstructive sleep apnea (OSA) has also been heavily 
researched for its associations with brain measures (21, 
22). Both insomnia patients (17, 19) and patients with 
OSA (22, 23) show lower GM in the temporal lobe. For 
OSA patients, the oxygen desaturation upon OSA is 
associated with reduced cortical thickness in the temporal 
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lobe, whereas the sleep disturbance component of OSA is 
associated with increased cortical thickness in the parietal 
and frontal lobe (22). Further, It has been found that OSA 
is associated with lower white matter diffusivity (i.e. 
white matter integrity) and that this is already found 
upon mild OSA compared to healthy controls (21). Lastly, 
poor sleepers without a sleep diagnosis have reduced 
GMV in the parietal lobe (24). 

Overall, much uncertainty still exists about the relation 
between sleep and brain morphological changes, and 
while many studies have been conducted among younger 
and middle-aged patients with sleep disorders, especially 
insomnia and OSA, less is known about how general 
sleep disturbances associate with brain morphology in 
older memory clinic participants. 

Sleep disturbances have been reported to be associated 
with cortisol dysregulation (25–27). The stress hormone 
cortisol is the end product of the Hypothalamic-Pituitary-
Adrenal (HPA) axis, and the interaction between the 
HPA-axis and sleep are both highly complex and 
bidirectional (26, 28). Hyperactivity of the HPA axis has 
been linked to decreased sleep duration/quality (27, 28). 
However, findings on the associations between sleep and 
HPA-axis diverge highly due to differences in sampling 
method of cortisol (urine, blood, or saliva), the time of 
sampling (27), and severity of sleep disturbances. A meta-
analysis found insomnia patients to have moderate higher 
cortisol levels both during the night and day compared 
to controls of good sleepers (27). Insomnia patients had 
higher levels of cortisol before bedtime (samples between 
20:00 – 23:00) and during the night (samples between 
23:30 – 06:30) compared to good sleepers (27). This link 
between sleep and HPA hyperactivity is further shown 
in observational studies where insomnia patients have 
increased 24h cortisol levels (29), increased evening and 
nocturnal cortisol levels (30), and increased awakening 
cortisol upon short sleep duration (total sleep time 
<5h) (31). In older adults (62-90 years) greater sleep 
fragmentation and increased wakening-after-sleep-onset 
have been associated with higher daytime cortisol levels 
(32). Furthermore, high cortisol levels are, besides being 
associated with sleep, also associated with worse memory 
and smaller hippocampal volume (33). A study by Basta 
and colleagues found that older adults living with mild 
cognitive impairment (MCI) have higher morning cortisol 
levels compared to cognitively healthy older adults (34). 
Additionally, Basta and colleagues found that participants 
with MCI, who also experience insomnia, have even 
higher morning cortisol levels than those without 
insomnia (34). However, some studies have shown no 
difference in cortisol levels between patients with and 
without insomnia (35, 36), while others have shown 
decreased awakening cortisol in insomnia patients (37). 
In summary, sleep and the HPA-axis have a bidirectional 
relationship that is still not fully understood. 

Evidence on the interplay between sleep disturbances, 
cortisol dysregulation and AD development have been 

inconclusive across studies. There is a large variety of 
sleep disturbances and assessment procedures, cortisol 
sampling methods and timing, which together with 
different cohort characteristics, lead to divergent results. 
Also, previous studies have primarily involved diagnosed 
insomnia patients, even though a meta-analysis showed 
that various types of sleep disturbances are associated 
with a higher risk of dementia, including AD (2). 

The aim of this study is to investigate the association 
between self-reported sleep disturbances, diurnal cortisol 
profiles, and their interplay, and how they associate with 
neuroimaging correlates, in a memory clinic cohort of 
middle aged to older adults. Based on previous studies 
we expect that poor sleep is associated with lower brain 
tissue integrity (measured through scales of atrophy 
and white matter hyperintensities) and dysregulation of 
diurnal cortisol (using five measures reflecting diurnal 
cortisol profiles). 

 
Methods

Subjects

The study sample is based on the cohort study 
Cortisol and Stress in Alzheimer’s Disease (Co-STAR)
at the Karolinska University Hospital memory clinic 
in Huddinge, Sweden, from 2014 to 2017. The cohort 
was previously described by Holleman and colleagues 
(38). To be included in the study, participants had to 
be above 45 years of age and not have any condition 
affecting the HPA-axis. Of the invited participants, a 
total of 233 subjects fulfilled the inclusion criteria and 
wished to participate in the study, and 188 participants 
provided sufficient data to be included in the cohort. At 
baseline, participants were diagnosed with subjective 
cognitive impairment (SCI), MCI, or AD. Due to the use 
of self-reported sleep measures, which rely on memory 
capacities, only participants diagnosed with SCI and MCI 
were included in the current analysis. This provided a 
final sample size of 146 participants. 

Procedure 

All participants underwent a clinical assessment that 
included, among others, a neuropsychological test battery 
at baseline, sleep questionnaire, MRI or CT brain imaging, 
and saliva cortisol measures, as part of a baseline 
assessment.

Clinical assessment

For the clinical assessment, all participants met 
with neuropsychologists at the Karolinska University 
Hospital memory clinic in Huddinge for a comprehensive 
cognitive assessment. The cognitive tests performed 
were similar to standard clinical practice and covered the 
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cognitive domains; memory, working memory, processing 
speed, perceptual reasoning and overall cognition. 
For more information see the article by Holleman and 
colleagues (38) where each cognitive test is presented in 
more detail. Participants were diagnosed with MCI, SCI 
or AD based on commonly used diagnostic criteria. AD 
was diagnosed based on the International Classification 
of Diseases-10 (ICD-10) dementia criteria (39), and MCI 
was diagnosed according to the criteria of Winblad 
and colleagues (40). Lastly, participants who had been 
referred to the memory clinic by the general practitioner 
for reporting subjective cognitive impairments, but did 
not reach the criteria of Winblad and colleagues nor the 
ICD-10 dementia criteria, were diagnosed with SCI. The 
criteria for SCI is consistent with common practice, which 
includes two major features (41). First, a self-experienced 
decline in cognitive capacity, compared with a previously 
normal cognitive status, and second, normal performance 
on standardized cognitive tests used to classify MCI, 
adjusted for age, sex, and education (41). 

Sleep questionnaire

Self-reported sleep measures were obtained using the 
Karolinska Sleep Questionnaire (KSQ) (42). The KSQ is 
a commonly used and validated questionnaire for self-
reported sleep (42). The questionnaire is composed of 
18 items (items a – r) that reflect both nocturnal sleep 

disturbances and daytime sleepiness (42). For each item, 
the question asked is “have you had this sleep problem 
during the last three months”. Participants then rate the 
questions with a score between 0 and 5, where 0 = Never, 
1 = Seldom (few times/year), 2 = Sometimes (several 
times/month), 3 = Often (1-2 times/week), 4 = mostly 
(3-4 times/week) or 5 = Always (+5 times/week). Thus, a 
high score depicts worse sleep. Several sleep disturbances 
were identified using the full KSQa-r (Table 1). For some 
sleep parameters we were able to use individual KSQ 
items, while for others the parameter consists of several 
KSQ items. Secondly, in line with previous research 
(42) on the KSQ, we have used the four sleep indexes; 
daytime sleepiness (only in leisure time), sleep quality, 
non-restorative sleep, and sleep apnea index. All sleep 
disturbance parameters and sleep indexes are displayed 
in Table 1 with their KSQa-r items and their ordinal scale. 

Neuroimaging scales

Four neuroimaging visual rating scales were used 
to determine structural brain measures, based on brain 
scans, acquired by either CT or MRI, of each participant. 
Each imaging scale is sensitive to different brain regions 
where changes are known to occur during the course of 
dementia (43). All the scales are validated and commonly 
used both in research and in clinical settings (43, 44). 
The four scales used are: Medial Temporal Atrophy 

Table 1. Sleep disturbance parameters and sleep index measures used in the study
Sleep disturbances KSQ item Range Theoretically Range In cohort

Total insomnia a + c + i [0-15] [0-15]
Sleep quality h + j + m [0-15] [0-15]
Sleep apnea e + f [0-10] [0-10]
Daytime sleepiness (during work time) n + p [0-10] [0-10]
Global sleep All 18 [0-90] [0-73]
Initial insomnia a [0-5] [0-5]
Middle insomnia c [0-5] [0-5]
Terminal insomnia i [0-5] [0-5]
Insufficient sleep l [0-5] [0-5]
Difficulties waking up b [0-5] [0-5]
Nightmares g [0-5] [0-5]
Restless leg k [0-5] [0-5]
Snoring d [0-5] [0-5]
General sleep u * [0-4] [0-4]
Sleep indexes
Daytime sleepiness o + q + r [0-15] [0-15]
Sleep quality index a + c + I + j [0-20] [0-20]
Non-restorative sleep index b + h + m [0-15] [0-15]
Sleep apnea index d + e + f [0-15] [0-15]
All sleep variables are based on the Karolinska Sleep Questionnaire (KSQ). u* = Question: “how is your sleep in general?”. Higher scores indicate more sleep disturbances.  
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(MTA), Cortical Global Atrophy (GCA), White Matter 
Hyperintensities (WMH) and Posterior Atrophy (PA). 
The MTA scale, also referred to as the Scheltens scale, 
is a 5-point (0-4) scale measuring the atrophy in the 
temporal lobe by assessing the height of the hippocampus 
and the width of the temporal horns and the choroid 
fissure (44, 45). The GCA scale by Pasquier assesses 
global cerebral atrophy (46). It is a 4-point (0-3) scale that 
visually measures the loss of gyral volume and widening 
of the sulci in 13 different brain regions (44). The PA scale, 
also known as the Koedam scale, measures the extent 
of posterior atrophy in the posterior cingulate sulcus, 
precuneus, parieto-occipital sulcus and the parietal cortex 
with a 4-point (0-3) rating scale (47). Lastly, WMH, the 
Fazekas scale, rates deep white matter hyperintensities 
and periventricular hyperintensities using a 4-point (0-3) 
scale (48). All four scales can be assessed on both CT and 
MRI (44, 49), and for both WMH, MTA, and GCA the 
intramodality agreement between CT and MRI is high 
(mean weighted κ from three observers; GCA=0.83, MTA 
= 0.88, WMH = 0.79) (49). Further, no systematic trend to 
rating one modality higher than the other was found (49). 
Lastly, all are imaging scales are ordinal, where higher 
scores indicate greater atrophy (or lower tissue integrity 
in cross-sectional studies) (44). 

Cortisol measures

Each participant received a home kit to self-measure 
salivary cortisol. Participants were instructed to sample 
saliva on 2 non-consecutive weekdays, at 6 exact times 
points during the day: Immediately after awakening 
in the morning (T1), 30 minutes post-awakening (T2), 
1-hour post awakening (T3), at 14.00 o’clock (T4), at 16.00 
o’clock (T5), and right before bedtime (T6). Participants 
documented the exact sampling time point and kept the 
samples in their freezer until sending them to the clinic 
for analysis. Subsequently, the clinic sent all samples to 
Dresden LabService GmbH for analyses. Further details 
are described in previous work (38). 

For analyses, all six daily cortisol samples were first 
checked to see if they were collected at the instructed time 
points. The diurnal pattern of cortisol varies greatly in the 
morning post awakening, giving great importance to the 
sampling time (50). Therefore, we constricted the morning 
samples at T1, T2, and T3 to have a maximum offset of 
±15 minutes from the instructed time of measurement. 
This restriction led to dismissal of the T3 measure, due to 
a large proportion of participants who had invalid data 
for the T3 measurement on both sampling days. Secondly, 
all cortisol measures on both sampling days were 
combined by averaging the measures of the two sampling 
days. The combined scores were then winsorized such 
that values were limited to 3 SD from the mean, to reduce 
the influence of outliers (50). Based on the five daily 
cortisol measures, we computed the following measures 
to estimate the diurnal cortisol pattern: awakening 

cortisol, cortisol awakening response (CAR), bedtime 
cortisol, total daily cortisol, and the AM/PM cortisol 
ratio. For awakening and bedtime cortisol levels, we then 
used the combined T1 and T6 measures, respectively, 
winsorized at ±3SD. Therefore, awakening cortisol reflects 
the cortisol levels immediately after awakening. The 
CAR measure reflects the increase in cortisol levels from 
awakening to 30 minutes post awakening, measured by 
the area under the curve with respect to increase (AUCi) 
from T1 to T2 (51). The total daily cortisol output was 
calculated as the area under the curve with respect to 
ground (AUCg) for all five timepoints (51). Lastly, the 
AM/PM cortisol ratio was calculated by dividing the 
winsorized T1 by T6. To account for non-normality both 
the awakening and bedtime cortisol measures were log 
transformed, and the daily cortisol and AM/PM cortisol 
ratio have been zero-skewness ln transformed. 

Statistical analysis

Descriptive statistics are reported as proportions (N,%) 
for categorical data and means±SD for continuous and 
ordinal data. Assessment of the data distribution was 
performed both graphically and by using the Shapiro-
Wilk test of normality. For groupwise comparisons of 
continuous data following a normal distribution, student 
t-tests were performed to detect mean differences 
between the SCI and MCI groups. For ordinal data and 
continuous data not following a normal distribution, 
non-parametric Wilcoxon rank sum tests were performed. 
For categorical data (sex, smoking and sleep medication) 
chi-squared tests (χ2) or Fisher´s exact test (alcohol 
consumption) was performed. All tests were two-sided 
and with a significance level of 0.05. 

Ordinal logistic regressions were performed to explore 
the relationship between sleep measures and structural 
brain measures. Each imaging scale (MTA, GCA, WMH, 
and PA) was treated as an ordinal outcome variable in the 
regression models, and each KSQ item was treated as a 
numeric predictor. All regression models were controlled 
for age, sex, education, and alcohol consumption, as 
these factors are associated with sleep and dementia 
risk (5, 52). Results are presented as odds ratios (OR), 95 
% confidence intervals (CI), and p-values. Secondly, all 
significant associations between sleep and visual rating 
scales were modeled with cortisol (Morning, Bedtime, 
Total cortisol, CAR and AM/PM ratio) as an interaction 
term. 

A series of linear regression models were carried out 
to explore the relationship between sleep measures and 
the diurnal cortisol pattern. All models were controlled 
for age, sex, education and alcohol consumption, and 
results were presented as β-coefficients, 95 % CI, and 
p-value. Both the ordinal logistic regressions and linear 
regressions were adjusted for age, sex, education, and 
alcohol consumption.
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Table 2.  Sample characteristics of selected variables in the Co-STAR study
N Whole sample (N=146) SCI (N=68) MCI (N=78) p-value

Demographics
Sex (Female ratio; N,%)a 146 84 (58%) 41 (60%) 43 (55%) 0.529
Age (years, mean (SD))b 146 61 (7) 60 (6) 62 (8) 0.261
Range 47 - 86 47 - 75 47 – 86
Education (years, mean (SD))c 146 14.1 (3.3) 14.6 (3.3) 13.8 (3.3) 0.151
Range 7 – 26 8 – 26 7 - 22
Alcohol consumption (N,%)d 144 0.194
Abstaining 12 (8.3%) 4 (5.9%) 8 (11%)
Normal consumption 127 (88%) 60 (88%) 67 (88%
(history of) Alcohol abuse 5 (3.5%) 4 (5.9%) 1 (1.3%)
Smoking (N, %)a 140 0.765
Never smoked 50 (36%) 24 (37%) 26 (35%)
Previous smoker 73 (52%) 32 (49%) 41 (55%)
Current smoker 17 (12%) 9 (14%) 8 (11%)
Depressive symptoms (mean, SD)b 126 5.9 (4.0) 5.1 (3.5) 6.5 (4.4) 0.105
Sleep medication (N,%)a 145 0.313
Do not take medication 121 (83%) 59 (87%) 62 (81%)
Take medication 24 (17%) 9 (13%) 15 (19%)
AD Biomarkers (mean, SD)b [ng/L] 124
Amyloid beta 801 (216) 862 (184) 746 (229) 0.002
Total tau 292 (147) 272 (112) 310 (172) 0.389
Phosphor tau 42 (18) 40 (14) 44 (20) 0.575
Neuroimaging correlates (mean, SD)c

MTA [0-4] 143 0.76 (0.64) 0.63 (0.48) 0.86 (0.74) 0.134
GCA [0-3] 140 0.61 (0.50) 0.52 (0.44) 0.69 (0.54) 0.098
PA [0-3] 73 0.34 (0.49) 0.31 (0.43) 0.38 (0.55) 0.865
WMH [0-3] 133 0.73 (0.72) 0.71 (0.59) 0.75 (0.82) 0.603
Cortisol (mean, SD)c

Awakening cortisol (nmol/l) 124 8.66 (4.88) 8.25 (4.47) 9.07 (5.24) 0.376
Bedtime cortisol (nmol/l) 124 2.34 (3.68) 1.96 (2.70) 2.71 (4.43) 0.213
Cortisol awakening response (nmol/l time) 123 0.64 (1.29) 0.69 (1.41) 0.60 (1.18) 0.663
Total daily cortisol output (nmol/l time) 123 83.43 (65.38) 75.53 (46.05) 90.96 (79.22) 0.298
Cortisol AM/PM ratio 124 8.45 (7.27) 9.55 (8.71) 7.39 (5.39) 0.376
Sleep (mean, SD)b

Sleep disturbances
Total insomnia [0-15] 124 6.67 (3.51) 6.61 (2.86) 6.72 (3.99) 0.856
Sleep quality [0-15] 127 6.79 (3.87) 7.19 (3.39) 6.46 (4.21) 0.255
Sleep apnea [0-10] 114 1.46 (2.30) 1.25 (1.92) 1.64 (2.58) 0.510
Daytime sleepiness (during work time) [0-10] 118 2.86 (2.51) 2.83 (2.31) 2.89 (2.69) 0.842
Global sleep score [0-90] 93 28.84 (14.30) 30.69 (10.04) 26.76 (16.93) 0.113
Initial insomnia [0-5] 131 2.01 (1.49) 1.88 (1.28) 2.11 (1.64) 0.580
Middle insomnia [0-5] 129 2.26 (1.48) 2.22 (1.31) 2.28 (1.61) 0.975
Terminal insomnia [0-5] 126 2.30 (1.44) 2.43 (1.26) 2.19 (1.58) 0.290
Insufficient sleep [0-5] 128 2.01 (1.41) 2.07 (1.24) 1.96 (1.54) 0.535
Difficulty waking up [0-5] 130 1.32 (1.45) 1.50 (1.42) 1.17 (1.47) 0.089
Nightmares [0-5] 129 1.29 (1.22) 1.05 (1.01) 1.40 (1.36) 0.209
Restless leg [0-5] 128 1.02 (1.30) 0.88 (1.10) 1.13 (1.45) 0.673
Snoring [0-5] 124 1.52 (1.55) 1.43 (1.34) 1.61 (1.72) 0.971
General sleep [0-4] 130 1.83 (1.14) 1.82 (1.02) 1.84 (1.24) 0.923
Sleep indexes
Daytime sleepiness [0-15] 126 5.30 (3.66) 5.41 (3.32) 5.21 (3.94) 0.603
Sleep quality [0-20]c 123 8.92 (4.65) 8.98 (3.90) 8.87 (5.21) 0.890
Non-restorative sleep [0-15] 127 5.87 (3.82) 6.34 (3.49) 5.46 (4.06) 0.115
Sleep apnea [0-15] 114 2.84 (3.29) 2.55 (2.77) 3.10 (3.68) 0.711

Group comparisons are analyzed with a=chi-squared test (sex, smoking behavior and sleep medication), b= Wilcoxon rank sum test (age, depressive symptoms, AD 
biomarkers, imaging score, cortisol measures, and sleep measures except sleep quality index), c= t-test for education and sleep quality index, and d=fisher exact test 
(alcohol consumption). MTA = medial temporal atrophy (Scheltens scale), GCA = Global Cortical Atrophy (Pasquier scale), PA = Posterior atrophy (Koedam scale), WMH 
= White-matter Hyperintensities (Fazekas scale). Depressive symptoms are evaluated with GDS-15 (Geriatric Depression Scale).
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Previous studies show that females and males have 
different sleep disturbances (53), therefore all significant 
associations were additionally examined for sex 
differences by stratifying for sex. For the ordinal logistic 
regression we only controlled for age and education due 
to the reduced sample size upon stratification. 

All significant regression models (non-stratified) were 
further adjusted for depressive symptoms evaluated by 
GDS-15 (Geriatric Depression Scale) and if the participant 
took any sleep medication. 

All statistical analyses were performed in R (4.2.1) 
statistical software, using the MASS package.

 
Results

Participants

Characteristics of the Co-STAR cohort are shown 
in Table 2. The SCI and MCI groups did not differ 
significantly in demographic factors, structural brain 
measures (measured by four visual rating scales), 
diurnal cortisol (measured by five computed cortisol 
measurements), or in sleep parameters (measured by 
the KSQ) (all p≥0.05, Table 2). The total sample analyzed 
comprises 146 participants of whom 58 % were female 
(N=84). The mean age of the whole sample was 61±7 
years (mean ± SD), ranging from 47 to 86 years of age. 

Associations between sleep disturbances and 
visual rating scales

Each sleep variable (Table 1) was modeled against 
each visual rating scale using ordinal logistic regression. 

Results for all sleep indexes are presented in Table 3, see 
supplementary S1 for analysis of all sleep disturbances 
parameters. Regression analysis showed that increased 
sleep apnea index was associated with significantly 
higher odds of increased posterior brain atrophy 
measured by the Koedam scale (OR = 1.20, 95% CI = [1.04 
– 1.39]). No sex differences were observed (Females: OR = 
1.25, p = 0.095, Males: OR = 1.14, p = 0.180). Following the 
addition of depressive symptoms and sleep medication 
as covariates to the models, this association remained 
significant (OR = 1.24, p = 0.007). All other associations 
were not significant (p≥0.05, see Table 3 and S1). 

Associations between sleep disturbances and 
diurnal cortisol levels

Linear regressions showed some signif icant 
associations between sleep indexes and cortisol levels 
(Table 4). See supplementary S2 for regression analysis 
of all sleep disturbance parameters. Higher sleepiness 
index (β = -0.03; 95% CI = [-0.06 - 0.00]) and increased 
sleep apnea index (β = -0.03; 95% CI = [-0.07 - 0.00]) were 
both associated with reduced awakening cortisol. The 
association between sleepiness index and awakening 
cortisol was only significant in females [Females: β = 
-0.05, p = 0.025, Males: β = -0.01, p = 0.598], whereas the 
association between apnea index and awakening cortisol 
was non-significant in both sexes, although closer to 
significance for males [Females: β = -0.02, p = 0.428, 
Males: β = -0.04, p = 0.061]. Increased sleepiness index 
was also associated with a reduced AM/PM cortisol 
ratio (β = -0.04; 95% CI = [-0.08 – -0.01]), reflecting a 
flatter diurnal cortisol pattern. No sex difference was 
found when stratifying [Females: β = -0.04, p = 0.136, 

Table 3. Associations between sleep difficulties and structural brain measures 
MTA (N=143) GCA (N=140) PA  (N=73) WMH  (N=133)

OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p

Sleep indexes 

Daytime sleepiness 0.93 0.85 – 1.02 0.108 1.02 0.93 – 1.12 0.601 0.99 0.83 – 1.16 0.861 1.03 0.93 – 1.13 0.598

Sleep quality 0.99 0.92 – 1.06 0.717 1.01 0.93 – 1.09 0.864 1.00 0.87 – 1.13 0.945 1.03 0.95 – 1.11 0.522

Non-restorative sleep 0.96 0.87 – 1.05 0.324 0.95 0.87 – 1.05 0.321 0.92 0.79 – 1.08 0.323 1.02 0.93 – 1.12 0.669

Sleep apnea 0.95 0.85 – 1.05 0.332 0.96 0.85 – 1.08 0.510 1.20 1.04 – 1.39 0.015 0.97 0.85 – 1.11 0.673

Ordered logistic regression models controlled for age, sex, education, and alcohol consumption. MTA = medial temporal atrophy (Scheltens scale), GCA = Global Cortical 
Atrophy (Pasquier scale), PA = Posterior atrophy (Koedam scale), WMH = White-matter Hyperintensities (Fazekas scale). 

Table 4. Associations between sleep disturbances and computed cortisol levels.
Awakening cortisol Bedtime cortisol CAR Total cortisol Cortisol AM/PM ratio

β 95% CI p β 95% CI p β 95% CI p β 95% CI p β 95% CI p

Sleep indexes

Daytime sleepiness -0.03 -0.06 – 0.00 0.025 0.02 -0.03 – 0.07 0.479 0.00 -0.07 – 0.07 0.998 -0.01 -0.04 – 0.03 0.682 -0.04 -0.08 - -0.01 0.021

Sleep quality -0.01 -0.04 – 0.01 0.304 0.02 -0.02 – 0.07 0.296 -0.01 -0.07 – 0.04 0.657 -0.01 -0.04 – 0.02 0.537 -0.03 -0.06 – 0.01 0.106

Non-restorative sleep -0.03 -0.05 - 0.00 0.074 0.02 -0.03 – 0.07 0.524 -0.01 -0.07 – 0.05 0.766 -0.01 -0.04 – 0.03 0.662 -0.03 -0.07 – 0.01 0.090

Sleep apnea -0.03 -0.07 – 0.00 0.045 -0.02 -0.08 – 0.05 0.599 -0.01 -0.09 – 0.07 0.794 -0.02 -0.06 – 0.03 0.460 -0.01 -0.06 – 0.03 0.521

Linear regression models controlled for age, sex, education, and alcohol consumption. CAR = Cortisol awakening response. 
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Males: β = -0.03, p = 0.410]. Following the addition of 
depressive symptoms and sleep medication as covariates 
to the models, both associations with awakening cortisol 
remained significant [Sleepiness index: β = -0.03, p = 
0.045, Apnea index = β = -0.04, p = 0.045], while the 
association with AM/PM cortisol ratio remained negative 
but was slightly attenuated [β = -0.04, p=0.055]. None 
of the sleep items showed significant associations with 
bedtime cortisol, CAR, or total daily cortisol output 
(p≥0.05, see Table 4 and S2).  

Interactions between sleep and cortisol when 
predicting structural brain measures 

The significant association between the KSQ sleep 
apnea index and posterior atrophy (Table 3) was 
further analyzed with cortisol as an interaction term, 
to investigate a potential interaction between sleep and 
cortisol for predicting neuroimaging correlates. The 
association did not have a significant interaction with 
cortisol (p>0.05).

 
Discussion 

This study revealed associations between distinct 
self-reported sleep parameters with increased PA and 
altered diurnal cortisol patterns among memory clinic 
participants. The sleep apnea index was associated with 
higher odds of PA, and the sleepiness and sleep apnea 
index were both associated with reduced awakening 
cortisol, and sleepiness was further associated with 
a lower AM/PM cortisol ratio. No other investigated 
associations were significant.  

Our results showed that increased sleep apnea index 
is associated with greater odds of PA. Sleep apnea was 
expected to be associated with neuroimaging correlates in 
a memory clinic cohort, as objective measures of SDB are 
associated with earlier onset of cognitive decline (54), and 
widespread structural brain changes (22). For older adults 
at-risk of dementia, two OSA severity components were 
associated with widespread structural brain correlates; 
OSA oxygen desaturation was associated with reduced 
thickness of the temporal lobe, whereas OSA related 
sleep disturbances were associated with increased 
thickness in the postcentral gyrus and pericalcarine (22). 
Our KSQ sleep apnea index and their OSA related sleep 
disturbances are both associated with pathology in the 
parietal lobe. However, our results of PA may reflect 
more sulci widening, whereas previous study results (22) 
reflect hypertrophy.  Together with previous results, this 
suggests that apnea results in widespread brain changes, 
which might be explained by different apnea components 
affecting the brain differently (22). Furthermore, apnea 
severity and duration are also suggested to affect the 
neuroimaging outcomes (55). 

Intermittent hypoxia and reoxygenation occurring in 
apnea leads to several maladaptive processes, such as 

increased activation of astroglia and microglia, increased 
glia proliferation, increased phosphorylated and total tau, 
and amyloid β (55). Regarding AD, which is characterized 
by amyloid genesis and tau phosphorylation, these latter 
maladaptive processes become particularly interesting. 
This implies that sleep apnea could possibly be associated 
with increased AD risk though such pathologies. While 
we did not find associations between sleep apnea index 
and MTA, dementia with posterior cortical atrophy (PCA) 
is considered a posteriorly shifted variant of AD (56). 
Therefore, sleep apnea and its association with increased 
odds of PA, resembles the pathology seen in PCA.  

Furthermore, in OSA there are changes in both macro- 
and micro-level sleep architecture (55). People with OSA 
tend to have altered proportions of sleep stages, including 
an increased proportion of N2 stage, and less N1, N3 and 
REM sleep (55). Microlevel sleep architecture changes 
are also observed, as there is a decay of slow-wave sleep 
activity upon even mild OSA (55). Therefore, there are 
widespread effects happening upon sleep apnea that 
potentially could explain the underlying association 
between increased KSQ sleep apnea index and increased 
odds of PA. However, with the current data it is not 
possible to examine the underlying mechanisms. 

OSA is a highly prevalent condition that has strong 
associations with older age (55). As treatment options 
for OSA do exist, it is important to understand the 
association with neurodegenerative pathology and AD, 
such that we potentially can prevent or delay further 
pathology and AD incidence. 

No significant associations were found between 
sleep apnea and MTA, GCA or WM, and no other sleep 
difficulties were found to associate with any of the 4 
visual rating scales.  A previous meta-analysis showed 
that, besides SDB, a variety of sleep disturbances 
(insomnia, excessive daytime sleepiness, sleep-
related movement disorder, sleep pattern change, and 
nonspecific sleep problems) are associated with an 
increased risk of developing dementia in older adults 
(2). When studying the association between sleep 
disturbances and neuroimaging correlates, several 
different associations have been found. Insomnia was 
associated with reduced hippocampal volume (9), and 
reduced GM in areas of the frontal (12, 18) and parietal 
lobe (12, 17), in individuals living with insomnia. This 
study did not find such relationships for MTA, GCA, 
nor PA, which could have resembled neuroimaging 
outcomes found in previous studies. This could indicate 
that sleep disturbances resembling insomnia must be 
more severe to show associations with structural brain 
changes visible on visual rating scales. A previous study 
in participants without a sleep diagnosis found that more 
self-reported early awakenings, a symptom of terminal 
insomnia, were associated with reduced GM density 
in the frontal lobe (57). Therefore, the differences in 
findings could also partly be explained by the difference 
in cohort characteristics as previous studies investigated 
cognitively heathy adults (mean age ~60 years (12), ~56 
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years (17), ~40 years (18, 57)), which is in contrast to 
our memory clinic cohort (mean age 61 years). Sleep 
duration has also been previously associated with 
structural brain changes, as self-reported short sleep (<6h 
(58) and <7h (59)) was associated with increased WMH 
in middle-aged adults (58) and in young adults with 
cortical thinning (59), in cognitively healthy participants. 
Poor sleep quality, based on the Pittsburgh Sleep Quality 
Index (PSQI), has been associated with decreased GM in 
frontal cortex (60) and increased GCA (61), in cognitively 
healthy adults (age: 20 – 84 (60); age: 61-95 (61)). Lastly, 
self-reported measures of excessive daytime sleepiness 
were associated with cortical thinning and reduced 
hippocampal volume in cognitively healthy older adults 
(11). 

With our cohort and methods, we did not find 
significant associations between sleep disturbances, other 
than apnea symptoms, and structural brain measures. 
However, when comparing our study to previous studies 
investigating the association between sleep disturbances 
and brain imaging correlates, this study cohort differs 
as it includes memory clinic participants with either SCI 
or MCI, compared to cognitively healthy participants. 
Further, this and previous studies differ in how structural 
brain measures are quantified. All previous studies, 
except one (61), used volumetric measures to quantify 
structural brain measures. By contrast, this clinical study 
utilized visual rating scales, which is a more accessible 
approach to quantify structural brain measures in clinical 
settings (62). There are several studies that report good 
comparison between visual rating scales and MRI 
segmentation upon AD diagnosis (62, 63). However, 
it may be that the visual rating scales are not sensitive 
to the mechanistic changes happening due to sleep 
disturbances. Lastly, this study examines the association 
of neuroimaging correlates with sleep disturbances that 
have not reached a severity of a sleep disorder. It may 
be that the duration and severity of sleep disturbances 
are important in their potential associations with brain 
imaging correlates. 

Sleep disturbances and diurnal cortisol patterns

The memory clinic participants who were sleepier 
during daytime and those who reported more sleep apnea 
symptoms, had reduced awakening cortisol levels. This 
could be explained by participants having lighter or more 
disrupted sleep, meaning that at awakening the cortisol 
had already been elevated for a while, such that at the 
measurement time cortisol was already in the declining 
phase. The association for sleepiness index was seen to 
be driven by females, as only female participants showed 
significant association between sleepiness index and 
awakening cortisol upon stratification analysis. Further, 
the association for apnea index was stronger in males 
compared to females, which may derive from the fact that 
sleep apnea has a higher prevalence in males than females 

(53). Secondly, the memory clinic participants who 
reported higher daytime sleepiness had a significantly 
reduced AM/PM cortisol ratio, reflecting a flattened 
diurnal cortisol pattern. Aging may be associated with 
a reduced variation in the diurnal cortisol rhythm, and 
aging accompanied by AD is seen to have an even greater 
reduction in the amplitude of the diurnal cortisol rhythm 
(25). It is reported that a flattening of the cortisol rhythm 
might be secondary to the changes in receptor activity in 
the hippocampus, as specific receptors (mineralocorticoid 
receptors) are the target of a negative feedback loop for 
cortisol (25). Thus, seeing a flatter daily cortisol rhythm 
upon higher daytime sleepiness could indicate that poor 
sleep is associated with an unhealthy diurnal cortisol 
profile, similar to what is observed among individuals 
with AD (25). However, besides hippocampal atrophy, a 
flatter diurnal cortisol profile could also be explained by 
increased napping, which is known to increase with aging 
(64). As, we do not have any data on napping, thus this 
could not be examined further. 

We found increased daytime sleepiness and apnea to 
be associated with reduced awakening cortisol. This is in 
line with a previous study by Backhaus et al. who found 
that insomnia patients have reduced awakening cortisol 
(saliva) compared to healthy sleepers (37), and that, for 
both patients and controls, low awakening cortisol was 
associated with a reduced “feeling of recovery” after 
sleep (37). Such associations between reduced awakening 
cortisol and a lower “feeling of recovery”, are similar 
to our results showing associations between reduced 
awakening cortisol and increased daytime sleepiness. 
These consistent results are found despite differences 
in cohort characteristics, as Backhaus et al. studied 
cognitively healthy insomnia participants in the age range 
32-61 years (37). On the other hand, Basta et al. found that 
within a group of participants with MCI, those who had 
insomnia and short sleep, had higher morning cortisol 
(blood), compared to participants with MCI without 
sleep disturbances (34). This study is in line with the 
theory of sleep disturbances being linked with HPA-axis 
hyperactivation (28). In the study by Basta et al. blood 
samples were collected between 10:00 AM and 12:00 
PM, whereas this study uses saliva samples collected 
immediately after awakening. The diurnal cortisol pattern 
varies greatly in the morning (50), and thus the difference 
in sampling time and source may explain the different 
associations found.  

We did not find any association between sleep 
measures and evening cortisol, even though a previous 
study has found that male insomnia patients (mean age 
40 years) had increased evening cortisol compared to 
healthy sleepers (30). This inconsistency may be due to 
differences in the study populations, including age, sex, 
cognitive status, and presence of insomnia diagnosis. 
Furthermore, this study did not find any relation between 
self-reported sleep parameters and total daily cortisol 
levels, which is in line with previous studies that only 
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found such associations when using objective sleep 
measures (29, 32). Lastly, no interactions were found 
between cortisol and sleep, upon associations with 
neuroimaging correlates. This cannot be compared with 
previous studies, as this study, to our knowledge, is the 
first to perform such analyses in a memory clinic cohort. 

Limitations and strengths of the study

First, this study has, due to its sample size and 
exploratory nature, not performed corrections for 
multiple comparisons, and therefore all associations 
should be interpreted with caution. Second, this is a cross-
sectional study which is unable to infer the directionality 
between sleep and structural brain changes, and between 
sleep and cortisol dysregulation. Third, this study used 
visual rating scales for quantifying brain measures. 
Further the visual rating scales are based on either CT 
or MRI. The sample size of this cohort did not allow for 
separate analysis of MRI and CT. Previous studies (11, 
57–59) indicate the value of performing volumetric MRI 
measures when investigating the associations between 
structural brain measures and sleep disturbances. 
Visual rating scales represent simpler methods, but they 
also have their strengths as they are more applicable 
in clinical settings (43). However, future studies 
would benefit from controlling for imaging modality. 
Fourth, this study uses self-reported sleep, in contrast 
to objective sleep measures. By using questionnaires 
to quantify sleep disturbances we might not capture 
all sleep disturbances when studying participants 
with either SCI or MCI, potentially masking possible 
associations between sleep disturbances, structural brain 
measures and cortisol in a memory clinic cohort. There 
is still not a well characterized relationship between 
self-reported and objective sleep (65), and these 
measures may reflect different underlying biological and 
physiological outcomes (66). However, previous studies 
(29, 32) have highlighted the necessity to use objective 
measures when investigating associations between 
sleep and cortisol levels. Also, sleep studies measures 
sleep using a variety of questionnaires (1, 65), which 
further complicates comparisons of results. Fifth, due to 
sample size and data availability, none of the analyses 
have controlled for cardiometabolic risk factors, even 
though these are known to have great impact on sleep 
(67). Further research is needed to identify the role of 
cardiometabolic factors in these associations. Sixth, this 
study combines participants with SCI and MCI without 
additional analyses to account for AD biomarkers. With 
the exploratory nature of this study, it did not have 
the power to control or stratify for amyloid pathology. 
However future studies with larger sample sizes would 
benefit from including AD biomarkers and/or cognitive 
status in the regression models. Lastly, this study did not 
have data on napping, which could have an influence on 
the diurnal cortisol profile. On the other hand, this study 

has several strengths as it provides important insights 
to understanding the role of sleep disturbances in adults 
with cognitive impairment, a topic that is timely and 
clinically relevant. Firstly, the study included multiple 
validated measures of structural brain measures, and all 
are well implemented in the clinic. Secondly, the study 
included high temporal sampling of saliva, allowing 
us to measure the diurnal cortisol profile using several 
indicators. Thirdly, the study measures overall sleep 
problems, in comparison to focusing on specific sleep 
diagnoses, which is in line with research showing that 
various sleep disturbances are associated with higher 
risk of AD (2, 68). Fourth, the study investigates sex 
differences, which are important considering both the sex 
differences in the prevalence of dementia and AD, as well 
as the sex differences in sleep disturbances. Further, this 
study is based on a memory clinic cohort without sleep 
diagnosis, enabling us to investigate participants with 
some cognitive impairment who have subclinical sleep 
disturbances. Sleep studies on memory clinic participants 
are sparse, and thus this study sheds light on sleep in this 
population. 

This study holds great relevance for clinical practice 
and dementia prevention. Assessments of certain 
sleep parameters in memory clinic patients may help 
in identifying risk factors that contribute to cognitive 
impairment and can promote the inclusion of sleep 
interventions and treatments to prevent further cognitive 
decline. Further, this study holds great importance 
for dementia prevention initiatives, as it adds to our 
understanding of the role of sleep as an emerging risk 
factor (1). The first multidomain interventions for 
dementia, the FINGER study (69), did not include sleep 
as an intervention, whereas later FINGER-based studies, 
such as the Netherlands FINGER (FINGER-NL) study 
(70) have included sleep counseling as an additional 
intervention component. This study further strengthens 
the evidence on the importance of sleep for cognitive 
health among older adults, and especially among 
individuals with subjective impairment or MCI.

Conclusion 

In conclusion, this study shows that increased self-
reported sleep apnea symptoms are associated with 
neuroimaging correlates of posterior atrophy, and that 
increased daytime sleepiness and apnea symptoms are 
associated with cortisol dysregulation, in memory clinic 
participants. Sleep is considered an emerging risk factor 
for dementia (1), however further evidence is needed on 
the underlying mechanisms. This study contributes to 
knowledge about which sleep parameters are associated 
with MRI and cortisol measures among individuals with 
subjective and mild cognitive impairment. However, 
future longitudinal studies with a larger number of 
participants using volumetric measures for quantifying 
structural brain measures and sleep disturbances, 
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are needed to further understand the underlying 
mechanisms. Furthermore, additional research is needed 
to better understand the factors underlying the sex 
differences observed. 
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