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Study Objectives: Persistent insomnia disorder (pID) is linked to neurocognitive decline and increased risk of Alzheimer’s Disease (AD) in
later life. However, research in this field often utilizes self-reported sleep quality data - which may be biased by sleep misperception - or uses
extensive neurocognitive test batteries - which are often not feasible in clinical settings. This study therefore aims to assess whether a simple
screening tool could uncover a specific pattern of cognitive changes in pID patients, and whether these relate to objective aspect(s) of sleep
quality.

Methods: Neurocognitive performance (Montreal Cognitive Assessment; MoCA), anxiety/depression severity, and subjective sleep
quality (Pittsburgh Sleep Quality Index: PSQI; Insomnia Severity Index: ISI) data were collected from 22 middle-aged pID patients
and 22 good-sleepers. Patients underwent overnight polysomnography.

Results: Compared to good-sleepers, patients had lower overall cognitive performance (average: 24.6 versus 26.3 points, Mann—Whitney
U=136.5, p =<0.006), with deficits in clock drawing and verbal abstraction. In patients, poorer overall cognitive performance correlated
with reduced subjective sleep quality (PSQI: #(42) =—0.47, p = 0.001; and ISI: #(42) = —0.43, p = 0.004), reduced objective sleep quality
(lower sleep efficiency: 7(20) = 0.59, p = 0.004 and less REM-sleep: 7#(20) = 0.52, p = 0.013; and increased sleep latency: #(20) =—-0.57, p =
0.005 and time awake: #(20) = —0.59, p = 0.004). Cognitive performance was not related to anxiety/depression scores.

Conclusion: Using a simple neurocognitive screening tool, we found that pID patients showed cognitive deficiencies that related to
both subjective/self-reported and objective/polysomnographic measures of sleep quality. Furthermore, these cognitive changes
resembled those seen in preclinical non-amnestic AD, and thus could indicate incumbent neurodegenerative processes in plD.
Interestingly, increased REM-sleep was correlated with better cognitive performance. However, whether REM-sleep is protective
against neurodegeneration requires further investigation.
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Plain Language Summary

Neurodegeneration and sleep quality influence one another. Consequently, patients with neurodegenerative/dementing diseases often
have poor sleep. Conversely, sleep disorders - like insomnia - increase a patient’s risk of developing dementias, making early
identification of at-risk patients vital. We compared the performance of patients with insomnia to that of healthy peers using
a simple screening tool. Patients not only had a lower overall cognitive status, but had particular difficulties in abstract thinking
and clock drawing. When we compared the patients’ performance to their objective sleep quality, we found that patients who fell
asleep faster, spent less of the night awake, and spent longer in “dream sleep” showed better performance on the cognitive screening
test. These results are interesting for two reasons. Firstly, the cognitive difficulties faced by patients with insomnia are similar to those
seen in mild cognitive impairment, a pre-stage of Alzheimer’s. This supports the idea that poor sleep quality, if left untreated, can
cause similar cognitive difficulties as those found in dementing diseases. Secondly, dream sleep may be protective, possibly slowing
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down the rate of cognitive decline. Taken together, insomnia patients - and particularly those with reduced dream sleep - may benefit
greatly from preventative intervention strategies.

Introduction

Changes in sleep patterns are closely linked to neurodegenerative processes,’ and are a common comorbidity in patients
with dementing illnesses like Alzheimer’s disease (AD).? This relationship between sleep quality and neurodegeneration
is bi-directional,® and several brain regions involved in regulating the sleep-wake cycle are important for cognitive
functions.' Consequently, poor sleep quality increases cognitive decline and dementia risk,** making early identification
of at-risk patients vital. One such risk state is insomnia, affecting 6-10% of adults.’ Indeed, meta-analyses indicate that
patients with persistent insomnia disorder (pID) have a 1.5-fold higher risk of developing AD in later life.®®
Furthermore, extensive neuropsychological testing shows that patients with pID show decline in similar cognitive
domains”™'® to those in patients with amnestic mild cognitive impairment (aMCI), a transitional stage between normative
aging and AD.

Using short screening tools, rather than extensive test batteries, to identify at-risk patients would be ideal in clinical
settings. However, it remains unclear whether these are sensitive enough in this context. Previous studies utilizing
screening tools to test for cognitive impairments in insomnia patients either did not directly examine how cognitive
deficits related to polysomnographic data,'' or used self-reported measures of sleep quality to assess this relationship.'*'?
Such self-reported questionnaires may yield unreliable sleep quality estimates due to sleep misperception (a frequently
seen discrepancy between subjective estimates and objective measurements of sleep duration).'* Thus, objective
polysomnographic data is vital in examining whether potential cognitive alterations observed through screening tools
relate to sleep quality in patients with pID.

In summary, despite the importance of early identification of at-risk patients, research examining the relationship
between early cognitive alterations in patients with pID, measured through screening tools, and specific aspect(s) of sleep
quality, measured via polysomnography, is lacking. The aims of this study are therefore twofold. Firstly, we assessed
whether a cognitive screening test could identify specific subdomains that were especially vulnerable in patients. For this,
we utilized the Montreal Cognitive Assessment (MoCA),"> a short screening which measures of seven cognitive
domains, and which is sensitive enough to detect relatively mild cognitive deficits, for example in aMCL'>'®
Secondly, we evaluated the relationship between patients’ cognitive performance and their objective sleep quality,
obtained by polysomnography.

Materials and Methods

Demographic Data

We recruited 22 patients with pID and 22 matched healthy controls. The patients were diagnosed according to DSM
V criteria,'® and had a disease duration of >1 year. Patients with comorbid insomnia, occurring in the presence of other
medical/mental disorders, were excluded. Exclusion criteria in both groups included comorbid sleep disorders, inade-
quate sleep hygiene, alcohol/substance abuse, a history of neurological/psychiatric diseases, and intake of sleep-altering
medication (stimulants/anti-depressants/sedatives). Eligibility was assessed through questionnaires and structured
interviews.

Study Protocol

All participants completed the MoCA, obtaining an extra point if they had <12 years of education, as per guidelines.'® The
Hospital Anxiety and Depression Scale (HADS-A/D)'” was used to quantify anxiety/depression symptoms. Premorbid
intellectual functioning estimates were obtained using the German “Mehrfachwahl Wortschatz Intelligenz Test-B”.'®

Sleep Quality
The Pittsburgh Sleep Quality Index (PSQD)'" and the Insomnia Severity Index (ISI)*® were used to assess self-reported
sleep quality. All patients underwent one night of polysomnography (SOMNOmedics),”' sleeping ad libitum, at least one
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week prior to neuropsychological testing, ensuring that sleeping in a laboratory environment did not adversely impact test
performance. An experienced staff member, who was blind to the study, scored the polysomnographic data according to
the American Academy of Sleep Medicine Scoring Manual guidelines.”

Statistical Analysis

Means and standard deviations are given for normally distributed data, and medians and interquartile ranges for non-normally
distributed data. The difference in overall cognitive performance was calculated with a one-tailed #-test, with an alpha of 0.05.
Due to low variance in each subdomain, resulting in non-parametric data, intergroup differences for each subdomains were
calculated with one-tailed Mann—Whitney U-tests. Multiple comparisons were controlled for using the Benjamini-Hochberg
method, as this controls for false discoveries whilst avoiding being overly conservative.” A false positive rate of 5% was used
to calculate the critical values (g). Both objective and subjective sleep data were correlated to cognitive performance data,
again corrected for multiple comparisons. To ensure psychological well-being did not confound cognitive performance in the
patient group, the overall MoCA score was correlated to anxiety/depression scores using Pearson’s correlation coefficients.
Confidence intervals were reported for all correlations. No data was missing or excluded from analysis, outlier analysis

revealed no outliers, and all analyses were run with IBM SPSS, version 26.0.*

Results
There were no significant group differences in age, gender, education, and estimated intelligence (see Table 1). As

expected, patients had worse subjective sleep quality (PSQI: #(42) =—10.53, p = <0.001) and insomnia severity (ISI: #(42)

Table 1 Demographic and Sleep Quality Data of Patients with pID and Healthy Controls

pID Patients Healthy Controls p-value

Sociodemographics:

Age (years) 58.1 (12.2) 55.3 (10.0) p=0.19

Gender (n. male/ female) 19/3 16 /6 p=0.13

Education (n. low/medium/high) 3/12/17 1/15/6 p=0.25

Estimated intelligence quotient (MWTB) 112.6 (12.7) 118.4 (14.2) p = 0.08
Self-assessment of anxiety and depression:

HADS Anxiety (max. 2| points) 8.9 (5.1) 3.7 (2.5) p = <0.01*

HADS Depression (max. 21 points) 7.5 (4.5) 3.3 (26) p = <0.01*
Subjective sleep quality:

PSQI (max. 21 points) 14.3 (3.2) 4.8 (2.8) p = <0.01*

ISl (max. 28 points) 18.5 (4.8) 4.0 (4.1) p = <0.01*

Objective polysomnographic sleep quality:
Sleep Efficiency (%)
Sleep-onset latency (minutes)

58.9 (17.8); Cl: 50.97, 66.73
52.2 [86.3]; Cl:41.57, 96.11
132.4 (52.0); CI:109.33, 1554
145 [6.6]; Cl: 13.8, 20.22

18.9 [14.9]; Cl: 15.5, 25.13
2.4 [4.3]; Cl: 1.17, 829

24 [6.1] Cl: 2.21,7.23

Wake after sleep onset (minutes)
Sleep-stage transition index (/hour)
Arousal index (/hour)
Apnea/Hypopnea index (/hour)
Periodic Limb Movement index (/hour)
Sleep stage distribution (% of Time In Bed):

Time Awake 41.2 (17.8); Cl:33.24, 49.06

Light sleep 34.2 (14.6); Cl:27.76, 40.64
Deep sleep 13.9 (7.4); CI:10.60, 17.18
REM sleep 10.4 (5.6); Cl:7.98, 12.90

Notes: Mean and standard deviation (in parentheses) given for normally distributed data. Medians and interquartile ranges (in square brackets) and are
presented for non-normally distributed data. Cl: 95% Confidence Intervals are given for polysomnographic data. Gender and education expressed as
number of participants. An asterisk marks significant differences.

Abbreviations: n., number of; pID, persistent Insomnia Disorder; MWTB, Mehrfachwahl Wortschatz Intelligenz Test B; PSQ, Pittsburgh Sleep Quality
Index; ISI, Insomnia Severity Index; HADS, Hospital Anxiety and Depression Scale; REM, Rapid Eye Movement.
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Table 2 MoCA Scores of Patients with pID and Good Sleepers

Patients with pID | Good Sleepers p value q value
Overall score (Max 30) 24.6/2.2/20-28 26.3/2.4/20-30 p = <0.006* 0.006
Subdomains:
Visuospatial/executive (Max 5) 4 (0.0) 5(1.0) p = 0.006* 0.013
Abstraction (Max 2) 1 (0.8) 2 (1.0) p = 0.009* 0.019
Attention (Max 6) 5(1.0) 6 (1.0 p=0.123 0.025
Recall (Max 5) 4 (2.0 4 (2.0 p = 0.309 0.031
Naming (Max 3) 3 (0.0) 3 (0.0) p = 0401 0.038
Language (Max 3) 2 (1.0) 2 (1.0 p=0413 0.044
Orientation (Max 6) 6 (0.0 6 (0.0) p = 0.496 0.050

Notes: Mean, standard deviation, and range of overall scores, and median and interquartile range (in parentheses) for each subdomain, as
well as the maximum number of points possible on each subsection of the MoCA for both the healthy control group as well as for
patients with pID. An asterisk marks significant differences. q values represent the significance threshold established using the Benjamini-
Hochberg correction for multiple comparison.

= —10.83, p = <0.001). Additionally, patients reported significantly higher anxiety (#(42) = —4.32, p = <0.001) and
depression (#42) = —3.80, p = <0.001) symptoms.

Neurocognitive Performance

MoCA performance is presented in Table 2. In total, five participants from each group qualified for an additional point.
Using a cut-off of <23 points, which has better specificity for detecting MCI than the previously used <26,> we identified
two good sleepers and seven patients with scores indicative of MCI.

Patients had worse overall cognitive performance (Mann—Whitney U = 136.5, nl = 22, n2 = 22, p = <0.006, g =
0.006), and showed specific deficits in verbal abstraction (Mann—Whitney U = 141.5, nl =22, n2 =22, p = 0.009, g =
0.019) and visuospatial/executive function (Mann—Whitney U = 134.5, nl =22, n2 = 22, p = 0.006, ¢ = 0.013), mainly
related to clock drawing. Naming, attention, language, memory, and orientation subdomains showed no intergroup
differences. Patients’ overall cognitive performance was not related to their anxiety (#(20) = 0.07, p = 0.38, 95% C.L
[-0.36, 0.48], ¢ = 0.03) or depression (r(20) = —0.13, p = 0.28, 95% C.1. [-0.52, 0.31], g = 0.05) scores.

Sleep Quality

To assess whether cognitive performance related to sleep quality, overall MoCA scores were correlated to patients’ sleep
quality measures. Poorer MoCA scores were linked to worse objective polysomnographic measures, namely with lower
sleep efficiency (#(20) = 0.59, p = 0.004, 95% C.1. [0.22, 0.81], ¢ = 0.007), higher amounts of wake (% of time in bed) (»
(20) = —0.59, p = 0.004, 95% C.I. [-0.81, —0.22]; ¢ = 0.014), higher sleep latency (»(20) = —0.57, p = 0.005, 95% C.I.
[-0.80, —0.20]; ¢ = 0.021), and lower amounts of REM-sleep (#(20) = 0.52, p = 0.013, 95% C.1. [0.13, 0.77]; ¢ = 0.029;
see Figure 1). However, overall MoCA score did not correlate with the remaining polysomnographic parameters (see
Supplementary Materials and Supplementary Figure 1). Due to low sub-score variability, correlations between MoCA

sub-scores and sleep parameters were not calculated.

Finally, worse overall MoCA performance was linked to poorer subjective sleep quality (PSQI: #(42) = —0.47, p =
0.001, 95% C.I. [-0.66, —0.18], ¢ = 0.025 and ISI: #(42) = —0.43, p = 0.004, 95% C.I. [-0.66, —0.18], ¢ = 0.050), where
higher PSQI and ISI scores reflect poorer sleep quality; see Figure 2.

Discussion
Using a screening tool, we found lower cognitive performance in pID patients compared to good sleepers, which was
mainly attributable to deficiencies in verbal abstraction and clock drawing. These cognitive changes were significantly
related to polysomnographic indices of insomnia severity and amount of REM-sleep in patients with pID.

Lower cognitive status in patients with insomnia, assessed via screenings, has been reported in some,'*° but not in
all studies.?” The overall MoCA score has been found to be significantly lower in pID patients, although differences in
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A. Correlation between overall MoCA score and sleep latency (r=-.57,p = <.01) B. Correlation between overall MoCA score and amount of wake after sleep onset (r=-.59, p = <.01)
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C. Correlation between overall MoCA score and amount of REM sleep (r=.52, p = .01) D. Correlation between overall MoCA score and sleep efficiency (r = .59, p = <.01)
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Figure | Correlation between overall MoCA score and sleep latency (A); wake after sleep onset (B); REM sleep (C); and sleep efficiency (D) in patients with pID.
Abbreviation: TIB, Time in Bed.

Correlation between overall MoCA score and PSQI score (r=-.47, p =<.01
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Correlation between overall MoCA score and ISI score (r=-.43, p = <.01)
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Figure 2 Distribution of overall MoCA scores relative to scores on subjective, self-reported sleep quality measures. (A) PSQI: Pittsburgh Sleep Quality Inventory; (B) ISI:
Insomnia Severity Index. Note that due to overlapping scores, some points in the scatterplot represent multiple data points.

sub-scores were not assessed.''?® Studies addressing domain-specific cognitive constraints have used extensive neurop-
sychological test batteries,' ¢ although have failed to find a consistent pattern of results, likely due to the diversity of
tests used. Nevertheless, given that insomnia patients are at higher risk for Alzheimer’s disease, the finding of specific
deficiencies in clock drawing and verbal abstraction in this study seem noteworthy. Clock drawing, a singular screening
test in its own right, can detect patients with an elevated risk of dementia.”” Moreover, in a 22-year prospective study,
verbal abstract reasoning was one of the strongest predictors for the development of Alzheimer’s disease in the pre-
clinical phase.3° Thus, this specific pattern of deficits observed here could be indicative of an incipient neurodegenerative
process.

Lower cognitive performance has been linked to poorer subjective sleep.®® However, our results go beyond this by
demonstrating that cognitive performance was also linked to objective polysomnographic sleep measures in patients with
pID. Several different aspects sleep disturbances could account for this cognitive decline. For example, sleep fragmenta-
tion leads to an accelerated deposition of amyloid p.* Conversely, animal models suggests that reduced slow-wave sleep
lowers glymphatic system activity, leading to a build-up of amyloid B.>! Concurrently, elderly subjects with less slow-
wave sleep showed increased brain atrophy at autopsy.>> Conversely, data on healthy older adults implicates REM-sleep
duration as being predictive of cognitive decline.*>** Consequently, different aspects of sleep quality reduction could
lead to pathological cerebral processes, which may predispose people to neurocognitive decline.

However, we found no evidence linking cognitive performance and both deep (slow-wave) sleep, and arousal/sleep-
stage transition indices (reflective of sleep fragmentation). Instead, increased REM-sleep was related to better cognitive
performance, suggesting a protective role against cognitive decline. This supports similar findings in healthy older
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3336 with REM-sleep amount being predictive of cognitive outcome at a three-year follow-up.** Nevertheless, our

adults,
study is the first - to the best of our knowledge - to show this in pID patients. Given that our patients had no objective
memory deficits, and that REM-sleep is vital for the integrity of episodic memory function,?’ then it seems possible that
some patients may be at a “pre-amnestic-MCI” neurodegenerative stage. Although speculative, longitudinal studies
assessing whether the pattern of deficits observed in patients with pID later develops into one resembling aMCI are
needed.

One alternative explanation for our results could be that cognitive difficulties resulted from chronic sleep deprivation.
However, neither chronic nor acute sleep deprivation studies have shown negative effects on abstraction, executive
functions, and visuospatial capabilities.*** Thus, our results are not explainable through mere reduction of sleep
quantity. Nevertheless, experimental studies may not completely reflect sleep deprivation experienced in chronic
disorders like insomnia. However, reduced sleep quantity could not explain why the amount of REM-sleep, but not slow-
wave-sleep, is related to cognitive performance.

One limitation is that polysomnographic data were not collected from controls, and thus, intergroup differences in
sleep quality could not be quantified. However, given group differences in cognition, and the correlations of these
cognitive deficits with not only subjective but also objective measures of sleep quality in the patient group, the results of
the current study support the conclusion that impaired sleep quality is related to a decline in cognitive abilities.
Furthermore, patients did not have an acclimatization night, and may have experienced poorer sleep due to the “first-
night-effect”. Another potential confound is the patients’ higher anxiety/depression scores, commonly seen in patients
with pID.> However, in our study, these scores did not correlate with cognitive performance, suggesting that psycholo-
gical distress was not linked to cognitive deficits. Nevertheless, an indirect, mediating role is possible.*' Finally, the
sensitivity and specificity of the MoCA in the context of insomnia needs further elucidation.

Conclusion

Taken together, neurocognitive deficits can be identified in patients with pID using a simple screening tool. Furthermore,
insomnia severity and the amount of REM-sleep are closely related to these deficits. Whilst these results demonstrate that
a screening tool may be sufficient in identifying patients at risk, this would nevertheless need verification through
a longitudinal study.

Abbreviations

AD, Alzheimer’s disease; aMCI, amnestic mild cognitive impairment; PID, persistent insomnia disorder; DSM V,
Diagnostic and statistical manual of mental disorders, 5th edition; HADS-A/D, Hospital anxiety and depression scale,
Anxiety/Depression; ISI, Insomnia severity index; MCI, mild cognitive impairment; MoCA, Montreal cognitive assess-
ment tool; PSQI, Pittsburgh sleep quality index; TIB, Time in bed; REM, rapid eye movement.
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