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Abstract

Adults with Mild Cognitive Impairment (MCI) and Alzheimer’s disease (AD) have increased rates
of Obstructive Sleep Apnea (OSA). Positive Airway Pressure (PAP) is the first-line treatment

for OSA and may have potential benefits for slowing cognitive decline in these individuals.
However, adherence is low in PAP users overall and those with cognitive impairment may have
unique challenges. Furthermore, there has been little systematic study of the use of PAP or
strategies to enhance PAP adherence among those with AD or MCI. The aim of this review is

to examine existing observational, quasi-experimental and experimental studies of the effects of
PAP on cognitive function. In addition, our goal was to gather evidence about the adherence

rates, and support for PAP among adults with MCI and mild to moderate AD. Through searches
of electronic databases (University of Utah Library, SAGE Publishing, PubMed, Wiley, EBSCO,
Science Direct, ProQuest, and NCBI), we identified 11 articles that fit our study inclusion criteria.
Synthesis of data was performed with a focus on cognitive outcomes of PAP interventions and
adherence. Findings from the studies showed that multiple indices of memory improved with PAP
use. Adherence in MCI and AD populations was largely comparable to adherence reported in
general adult populations, but more research is needed to optimize systems for providing support
for PAP users and caregivers. Results support PAP as a promising intervention in this population
but more research is needed to make definitive conclusions about the relationship between PAP
use and improved cognitive function. Furthermore, research is needed to determine if additional
interventions are needed to support patients and caregivers.
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1. INTRODUCTION

Mild Cognitive Impairment (MCI) is characterized by decline in cognition (e.g., memory,
executive functioning, language) but with preservation of daily function (e.g., driving,
managing medications, handling finances, completing household chores). MCI is present
among 12-18% of individuals over 60 years of age [1] and predicts a 7-fold increase in

risk for development of Alzheimer’s Disease [2]. Emerging evidence demonstrates that OSA
is common in individuals with MCI, with prevalence up to 40% [3] and that OSA may be
linked mechanistically to the development of AD via tau and amyloid clearance [4]. Studies
demonstrate that OSA may worsen symptoms of MCI [3,5]. Therefore, there is increasing
interest in whether treating OSA can potentially stabilize or improve cognitive deficits seen
in MCI and AD [6].

There are a growing number of studies that have examined positive airway pressure

(PAP) treatment among individuals with MCI and AD [7]. However, little is known about
adherence in this population. In studies conducted in the adult population with OSA and

no MCI or AD diagnosis, PAP is effective at improving the symptoms of OSA, yet 46—
83% of individuals are non-adherent to treatment, reducing its potential benefits [8,9].
Common reasons for OSA non-adherence in the general population include multiple factors,
such as low motivation, low self-efficacy and claustrophobia [10]. Patients with OSA

may experience additional challenges to PAP, related to problems with attention, memory
and executive function needed to remember, set up and use PAP. In the broader medical
literature, it is well known that cognitive decline affects patients’ ability to plan and execute
treatments, such as remembering to take oral medications [11]. Because of these reasons,
patients with cognitive decline and where relevant, their caregivers, may need additional
resources/support to enhance treatment adherence and treatment outcomes. However, to
date, there has been little systematic investigation of PAP adherence among individuals with
MCI or AD or understanding of efforts to enhance PAP adherence in this population.

Therefore, the purpose of the current paper is to: 1) Summarize the research examining the
effects of PAP adherence on cognitive function in populations with OSA and MCI/AD; 2)
Examine PAP adherence among participants with MCI/AD; and 3) identify current practices
for providing support for PAP for individuals with MCI/AD.

2. METHODS
2.1 Search Strategy

Our literature search began on July 15t, 2021 and completed on January 17t, 2023 and was
updated again in June 2023. The authors used the following electronic databases to conduct
the research: University of Utah Library, SAGE Publishing, PubMed, Wiley, EBSCO,
Science Direct, ProQuest, and NCBI. The terms searched include “CPAP Adherence or
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CPAP usage”, “Obstructive Sleep Apnea or Sleep Apnea or OSA”, “Mild Cognitive
Impairment or MCI or Mild Alzheimer’s Disease or Alzheimer’s Disease”, and “Sleep
intervention or treatment or effect”, all commonly followed by “and” to connect the

search terms. To identify additional articles, citations within other published reviews of
similar topics were examined for relevant literature [3-5,7,12—-28,29-38]. Each article was
examined by a second reviewer to eliminate duplicates and ensure they fit within the criteria
of the research.

2.2 Inclusion and Exclusion Criteria

Avrticles were included if they were peer-reviewed and studies met the following criteria:
PAP interventions (including CPAP and auto-PAP), enrolled participants selected for aging-
related cognitive decline, including MCI or AD who were diagnosed with obstructive sleep
apnea, randomized and non-randomized quasi-experimental study designs, observational
study designs and published in English.

2.3 Chart of Exclusion

42 articles identified through database
search

31 articles excluded
16 did not fit study design critenia
6 did not require an OSA diagnosis
9 did not require an MCI/AD diagnosis

11 peer-reviewed articles included

2.4 Data Extraction & Analysis

Data extracted from the articles include participant demographics, diagnosis and
comorbidity status, study type, interventions, treatment dosage and control group, outcome
measures, main findings, and PAP adherence. Synthesis of data was performed focusing on
sleep interventions, differences in experimental groups and control groups, adherence, and
outcomes.

3. RESULTS

3.1 Study and Participant Characteristics

A total of 11 articles met our inclusion criteria. Table 1 summarizes our data extraction
and synthesis. Of the included articles, three were retrospective studies [39-41], four were
quasi-experimental [42—-45], one was a single-blind observational study [46] and three were
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randomized controlled trials (RCT) [47,48,49]. Six studies were conducted in the United
States [40,43-45,47,48]. The other five were conducted in the following countries: China
[42], one in France [46], Canada [39], Italy [41], and Australia [49]. The sample sizes
ranged from 10 through 179 participants. The age for participants ranged from 40 to 92
years. Studies ranged in their demographic characteristics, but the majority of participants
were White (59% to 90% White) and the percentage of men ranged from 47% to 89%. Six
articles did not report racial demographics [39,41,42,46,47,49] and of those six, one did
not report gender [47]. The method of classifying individuals as MCI or AD also differed
across studies. For example, Zimmerman et al. enrolled participants who were “memory
impaired” [43] defined as a T score at least one standard deviation below the mean (T score
less than or equal to 40) on a cognitive evaluation conducted at baseline, whereas Wu et

al. enrolled cognitively impaired participants [42] based on scores from neuropsychological
tests administered at the inclusion phase. Costa et. al enrolled participants with cognitive
impairment attributed to an underlying neurodegenerative or vascular etiology according to
standard diagnostic guidelines published by the National Institute on Aging-Alzheimer’s
Association (NIA-AA) and the National Institute of Neurological Disorders and Stroke in
contribution with the Association Internationale pour la Recherche et I’Enseignement en
Neurosciences (NINDS-AIREN) [40]. In addition to measuring cognitive function, Wu et
al. [42] measured plasma C-reactive protein (CRP) concentration, and Cooke et al. [48]
measured participants’ moods to determine potential contributors to PAP adherence. Table 1
describes the varying criteria for defining cognitive impairment across studies. Participants
in five studies were diagnosed with mild to moderate OSA (AHI>=10) [43-45,47,48] and
three studies enrolled patients with moderate to severe OSA (AHI >15) [42,46,49]. One
study enrolled OSA participants with an AHI =5 with a significant oxygen desaturation of
88%, otherwise the inclusion was AHI>15 [39]. Another study enrolled OSA participants
with an AHI 5-30 [40]. One study did not clearly state their OSA inclusion criteria [41].
There was also considerable variation with regard to length of treatment follow-up: two
studies conducted follow-ups at approximately 3 years [40,46]. Four studies conducted
follow-ups after one year [41,44,45,48]; one study conducted follow-ups after 6 months
[42], while one study followed up between 2-12 months [40], and two others conducted
follow-up assessments after 3 months [43,49]. The shortest follow-up time was three weeks
[47].

3.2 Cognitive Assessments

Studies used a variety of cognitive assessment tools. Objective cognitive assessments
included: Hopkins Verbal Learning Test — Revised (HVLT-R) [43-45,47,48], subtests

from the Wechsler Adult Intelligence Scale-Revised or -111 (WAIS-R/WAIS-I11): Digit
Symbol [44,45,47,48], Digit Span [47,48], and Symbol Search [47,48], Montreal Cognitive
Assessment (MoCA)[39,42,44], Mini-Mental State Examination (MMSE) [39,41,42,45,46],
Stroop Color and Word Test [45,47,48,49], Psychomotor Vigilance Task[45], Digit
Cancellation tasks [47,48], Trail Making Test Part A [40,47,48,49], Trail Making Test Part
B [40,47,48,49], 64-card version of the Wisconsin Card Sorting Test (WCST) [47,48], Letter
fluency (FAS) and Category fluency (Animals) [47,48], Digit Symbol Modalities Test [50],
Rey Auditory Verbal Learning Test [49], Rey—Osterrieth and Taylor Complex Figure Test
[49], and Logical Memory immediate/delayed recall [49]. Self-reported or clinician-rated
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measures of cognition included: Everyday Cognition Scale (ECog) [29,30], Alzheimer’s
Disease Cooperative Study - Clinical Global Impression of Change (ADCS-CGIC) Scale)
[44,45], and Clinical Dementia Rating (CDR) Scale [40,43,47]. In addition to reviewing
CDR scores, one study reviewed Annual Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) scores [40]. This modified CERAD included subsets of orientation, clock
drawing, verbal fluency, phonemic fluency, Boston Naming Test, word list learning, recall
and recognition, constructional praxis learning and recall, simple and complex visuospatial
praxis (Rey—Osterrieth Complex Figure Test), simple calculations, and Trail Making Test
Parts A and part B.

Most studies (8 out of 11) reported significant improvements in one or more cognitive
outcome measures. Three studies reported improved scores in the HVLT-R, signifying an
increase in learning and memory with sustained PAP use compared to non-adherent users
[44,45,47]. Zimmerman et al. found that “optimal PAP users” (defined as using PAP >6
hours a night), had 7.9 times greater odds of experiencing normalization of delayed recall
memory than poor PAP users who wore their PAPs for less than two hours a night [43].
Similarly, one study found that after six months of PAP use, MoCA scores significantly
improved among participants with moderate to severe OSA, showing improvement in global
cognition [42]. In one of the only randomized designs, Ancoli-Israel et al. observed that
neuropsychological composite scores improved after three weeks of PAP use in a small
sample of adults with mild AD [47]. Cooke et al. [48] examined the longer-term outcomes
of participants from Ancoli-Israel et al. [47] and compared participants who continued to
use PAP (n=5) to participants who discontinued use (n=5). Cooke et al. found improvements
in executive function among the PAP group as shown by the effect size of the WCST (ES
=0.7), Stroop Color-Word Score (ES=-0.8), Trail Making Test Part B (ES=-0.3), and FAS
(ES=-0.7), as well as positive effects on psychomotor speed with sustained PAP use [31].
Results were not statistically significant for this study due to the small sample size, but the
effect sizes were moderate. Costa et al. performed multiple analyses with their participants
test scores and found improvements in visuospatial and executive functioning in participants
with good PAP adherence. Additionally, they found higher MoCa scores in participants
with MCI and vascular MCI who were adherent to PAP compared to non-users and found
improved MMSE scores among PAP users [39]. One study found alternative results among
MMSE scores. Liguori et al. found a significant decrease in MMSE and an increase in

CDR among their entire study sample, however, a mean change in follow-up scores found
that MMSE scores did not differ among PAP users and non-PAP users, but there was a
significant difference among CDR scores [41]. In the study conducted by Troussiere et al.,
the median annual MMSE decline was significantly slower in PAP users than non-PAP users
[46]. Two studies did not find significant differences between PAP users and non-PAP users
for Trails A and Trails B scores or other cognitive measures [40,49]. Hoyos et. al reported
significance in some scales of the RAVLT as well as in the Rey-Osterrieth and Taylor
Complex Figure Test 3 min recall score, which suggests this study observed improvements
in verbal and visual learning and memaory [49].
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3.3 PAP Adherence

All 11 articles reported adherence data, although there was considerable variability in how
adherence was assessed and defined. Ten studies reported percentage of participants who
used their PAP four or more hours per night, which varied from 35.6% to 73%. Four studies
reported hours of adherence. In the study by Zimmerman et al. [43], 33% of participants
wore their PAP from 6.1 to 8.4 hours, 43% of participants used from 2.3 to 5.9 hours, and
24% of participants wore their PAP 0 to 1.9 hours each night. Ancoli-Israel et al. reported
that the PAP group used their PAP for 5.8 hours a night and used for 73% of the nights
throughout the duration of the study [47]. Hoyos et. al reported an average of 3.2 hours

of CPAP use per night with a standard deviation of 2.8 hours per night [49]. Skiba et al.
reported a median PAP use of 3.88 hours, as 42 participants were PAP compliant (44%),
30 were non-compliant (31%), and 24 had no PAP use (25%) [40]. One study defined
adherence as a weekly goal of 20 hours per week [42]. Most studies that used a cut-point
used an average of 4 hours per night [39-41,44-46] as the criteria to define adherent vs.
non-adherent use.

3.4 Support for PAP

Five out of the 11 studies provided information about efforts to support PAP use; however,
studies varied greatly on the amount of detail reported about how patients were supported

in using PAP, and support provision was rarely the primary focus of the investigations.
Wang et al. reported providing staff-delivered education to their participants on OSA health
risks, motivation, and ways to minimize barriers but did not report the number of sessions
[44]. Wu et al. offered free telephone consultations to the patients by medical staff when
needed [42]. Similarly, CPAP therapists followed up with participants at the one- and
four-week mark with an in-person visit or phone call in the Hoyos et. al study [49].
Richards et al. [45] provided the most comprehensive support for participants, including
phone and face-to-face interactions with trained project staff 12—-14 hours over the year-long
project, an educational video, and motivational interviewing by staff, where they reiterated
participants’ health related goals and used a troubleshooting guideline to discuss participants
concerns. Follow-up visits were conducted every three months to discuss PAP adherence,
PAP hygiene, and for participants to share their experiences [45]. In the randomized study
by Ancoli-Israel et al., participants and caregivers attended an orientation session, including
hands-on instructions on using PAP [47]. The study by Cooke et al. reported long term
follow-up of this trial, and the caregivers remained relevant to the evaluation. The caregivers
in this study assisted participants by filling out questionnaires with them [48]. Additionally,
caregivers in this study reported better sleep quality and stabilized psychopathology for their
respective participants. [48]. Richards et al. included participants’ partners in the education
sessions and follow-up phone calls [45]. In addition, their partners assisted with the use of
the PAP and provided moral support. It is notable that these three studies were the only
studies to include the caregiver, despite the prominent role of caregivers in both PAP and
MCI [45,47,48]. None of the studies specifically examined the impact of support for PAP or
behavioral interventions.
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4. DISCUSSION

In this review, we examined studies that tested PAP use among patients with OSA and
cognitive disorders, including MCI or AD. Overall, only 11 studies were identified that

met inclusion criteria. Nevertheless, the limited studies reported suggest that PAP treatment
may have potential for improving cognitive function in this population. Across studies,

PAP users showed more cognitive improvement than suboptimal users over the follow-up
period that ranged from 3 weeks to 3 years. Together, several studies showed improvement
in memory and composite scores across several measures, for example: HVLT-R, MMSE,
MoCA, and other neuropsychological scores with increased PAP use. This suggests potential
for improvement in psychomotor speed, visuospatial function, executive function, recall,
and attention. Despite these promising findings, more studies are needed and there is

a need to improve methodological rigor including increasing the number of randomized
studies, studies with larger sample sizes with more diverse participants and improving

the standardization of cognitive criteria for study entry. Furthermore, although studies
showed statistically significant improvement in cognition, they did not specify whether such
improvements were clinically significant.

In terms of adherence, rates ranged from 35.6—73% but on average, about half of participants
with MCI were adherent to PAP. Importantly, these rates, while low, are within a similar
range of PAP adherence reported in the adult and older adult populations (30-60%) [51].
Due to differences in study design, rates cannot be truly compared across studies, and they
also do not reflect a true prevalence of adherence because participants were not randomly
assigned to PAP in most of the studies in our review. However, the finding that adherence
rates are largely in the range of other adult samples without MCI/AD has important clinical
implications as providers may be hesitant to prescribe PAP to individuals experiencing
cognitive impairment, due to concerns about their ability to adhere to treatment. They also
suggest there is an opportunity to improve PAP adherence among MCI/AD patients. Most
studies defined moderate PAP use as ‘4 hours per night’ [39-41,44-46]. This may be due
to a Medicare rule that states individuals must use their PAP for at least 4 hours a night

in order to be compliant and have the cost of the PAP covered. It is important to consider
that previous studies conducted in non-MCI/AD samples of adults have reported additional
benefits of PAP use beyond 4 hours, and improvements in outcomes such as sleepiness and
quality of life continued to improve up to 7 hours of use [52]. Therefore, if use is defined
at 4 hours, it may underestimate the potential of PAP treatment among optimally adherent
patients.

Our review also identified a gap in the understanding of how to support patients with MCI
and AD in promoting PAP adherence. Although it is well-established that interventions
such as education, Cognitive Behavioral Therapy (CBT), and motivational interviewing can
improve PAP adherence [4], little is known about the effect of these interventions among
patients with MCI/AD. We also specifically evaluated caregiver support among the studies
in our review and found that only 3 studies formally included caregiver in the orientation
or PAP set up session [45,47,48]. It is highly likely that caregivers were involved even if
not specifically detailed in the articles (e.g., with the patient when he or she needed phone
support). Although we cannot compare directly between studies, the Ancoli-lsrael et al.
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study [47] had a robust caregiver support element to their study and reported the highest
adherence of the studies review, which supports the importance of caregiver support. Out
of the four observational studies summarized in this review, none of them reported having
support for PAP [39-41,46]. Costa et al., who reported the lowest adherence rate among
compliant PAP users (35.6%) out of all the studies, hypothesizes that their low adherence
rates were likely due to the absence of a caregiver, but the authors did not provide details
on how this was assessed [39]. Similarly, Skiba et al. reported increased PAP use among
participants with amnestic MCI than non-amnestic MCI participants, which they attribute to
these patients and family members being more motivated to slow progression of dementia
[40]. In studies involving the general population, partner involvement has shown to play

an integral role in PAP adherence [53-55]. Various types of involvement may influence
PAP use, and partners provide strong incentive to continue treatment [55]. For patients with
cognitive decline, additional instruction or reminders may be needed to improve adherence
and including the caregiver/partner may be especially important to compensate for memory
difficulties in the patient.

Results of our review highlight the importance of conducting more research to understand
the unique challenges of patients with cognitive disorders who are starting PAP and how to
support patients with their treatment, including strategies to better incorporate and support
the caregiver’s role in PAP treatment. These challenges may include difficulties using the
equipment, due to lapses in memory or difficulty with executive function. In addition,

older patients with PAP treatment are likely to have other medical treatments to attend to,
including oral medication, blood pressure monitoring etc., which increase the burden of
care for the patient and caregiver. Our group has recently developed a couples-based PAP
adherence and sleep health intervention for patients with OSA and their partners, called
We-PAP [53]. This intervention is based on the strong research supporting relationship
quality and partner support for PAP [54,56], and awareness that partner sleep problems are
interdependent with the patient [57]. For couples who have one partner who has OSA and
cognitive decline, partner support may be even more impactful on adherence, to compensate
for cognitive decline. Further, there is a critical need to develop sleep interventions

that target a variety of sleep challenges beyond OSA, that are highly prevalent among
individuals living with MCI and their partners/caregivers, as sleep problems can predict
poorer quality of life in both partners and poorer treatment outcomes in the individual with
MCI [55,58,59]. The results of this review demonstrate that understanding caregiver support
for PAP is an understudied but important area for future research.

4.1 Limitations

Results of our review are limited by a small number of studies (only three randomized
studies) and relatively short follow-up periods (3 weeks to 3 months). The generalizability of
this review is also limited by the focus on MCI and AD, rather than a broader focus on other
neurological disorders with potential cognitive impairment such as Parkinson’s Disease and
stroke. Our team focused on patients with MCI or AD in this initial review because of the
growing are of mechanistic research in this area and large body of research in AD caregiver
research [60-62]; however, understanding the impact of PAP treatment and adherence
among patients with other neurological disorders, as well as the potential mechanisms, is
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an important area of future research. In preparation for this submission, we also tested the
search term “dementia” rather than Alzheimer’s disease or MClI and identified only two
additional two articles on PAP use and stroke [63—64], which demonstrates an opportunity
to conduct further research in vascular and other dementia populations. There were also
limitations to the studies included in this review such as vague definitions of memory

or cognitively impaired, rather than formal diagnoses (e.g., amnestic MCI, mild AD)

and utilized global cognitive screening tests (e.g., MoCA, MMSE), rather than focused
neuropsychological tests that could identify changes in specific cognitive processes. In
addition, there was limited consideration of comorbidities, which are important because
psychiatric and medical comorbidities such as depression and chronic pain are common in
normal aging and patients with OSA but were rarely accounted for in the analyses. Although
studies were conducted in a number of countries, most patients were largely non-Hispanic
White or Asian, and there is limited data in Black or Hispanic populations. The strength of
our review is that we identified promising areas of cognitive improvement and this review
allowed us to highlight gaps in the literature that can drive future research priorities aimed
at the questions of whether PAP can improve cognitive function in MCI/AD and how to best
support patients with MCI/AD in using PAP.

5. CONCLUSION

A limited but growing number of studies have examined PAP treatment for patients with
OSA and MCI, and studies suggest PAP is a promising intervention for slowing cognitive
decline in this population. This review demonstrates that randomized controlled trials with
standardized and comprehensive cognitive batteries are needed to determine the clinical
utility of PAP treatment among individuals with MCI/ AD. Results also highlight the need
for further research on how to optimally support patients with MCI and AD to promote
optimal PAP adherence and whether such treatment may prevent or delay further cognitive
decline.
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HIGHLIGHTS
. PAP shows promise for slowing cognitive decline in populations with OSA
and MCI or mild/moderate AD, largely with evidence from non-randomized
studies.
. Existing studies among individuals with MCI or mild/ moderate AD show

PAP adherence rates are largely similar to rates reported in studies conducted
among adults without cognitive impairment and about half of patients are
non-adherent.

. Randomized studies with larger and more racially and ethnically diverse
samples are needed to identify causal relationships between CPAP treatment
and cognition among more representative samples with MCI or mild/
moderate AD.
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