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Abstract

Objectives: Obstructive sleep apnea (OSA) is a common sleep disorder with numerous clinical
correlates. Although effective treatments abound, patient acceptance and adherence is low.
Hypoglossal nerve stimulation (HNS) is a surgical treatment alternative for the treatment of OSA,;
however, the demographic and clinical characteristics of individuals seeking HNS are not well
categorized. This study sought to determine the clinical characteristics of older adults seeking
HNS for the treatment of OSA.

Methods: Self-report questionnaires were administered to all patients older than 50 years seeking
a HNS consultation at a large university medical center. Questionnaires included validated
National Institutes of Health Patient-Reported Outcomes Measurement Information System

(NIH PROMIS) measures of physical functioning, sleep-related impairment, cognitive abilities,
depression, anxiety, and anger along with the Information extracted from electronic medical
records included age, sex, race, and apnea—hypopnea index (AHI).

Results: Patients included 113 adults (mean age 63.30 years, 57% male, 79% white) with
severe OSA (AHI = 33.91, standard deviation = 20.63). Overall, 88% of patients reported
elevated insomnia symptoms, 30% reported mild difficulty with physical functioning, and 36%
indicated that they had experienced moderate-severe daytime impairments attributed to poor
sleep. Additionally, we found 28% of sampled individuals reported moderate-severe depressive
symptomology, over 19% reported moderate-severe anxiety, and over 17% reported moderate to
severe anger issues. Approximately, 38% of the sample reported moderate to severe cognitive
difficulties.

Conclusions: The aim of the study was to better understand the clinical characteristics of older
patients with OSA seeking HNS treatment. Utilizing NIH PROMIS questionnaires, we identified
unique clinical and psychosocial correlates in this sample, which included higher rates of insomnia
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symptoms, physical dysfunction, cognitive deficits, and depressive symptoms than the general
population. Future studies will be needed to investigate these relationships more thoroughly and
throughout the course of the treatment.
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Introduction

Obstructive sleep apnea (OSA) is characterized by repeated episodes of upper airway
obstruction, hypoxemia, and fragmented sleep.! Continuous positive airway pressure
(CPAP) has traditionally been the preferred treatment modality for OSA, although adherence
is a well-known limiting factor. Hypoglossal nerve stimulation (HNS) first gained Food and
Drug Administration (FDA) approval in 2014 as an alternative treatment option; however,
little is known regarding the clinical characteristics of those presenting for possible HNS
treatment for OSA.

In the general population, moderate-to-severe sleep apnea (apnea—hypopnea index [AHI] =
15) is suspected to occur at alarming high prevalence rates of 49.7% of men and 23.7%

of women.2 Sleep apnea is more common in older adults.3 This increased prevalence along
with sleep apnea’s role in exacerbating many age-related disorders including cardiovascular
disease,* stroke,? heart failure,® and cognitive deficits’ highlights the importance of
assessing and treating sleep apnea, especially in older adults.

Multiple strategies exist for the management and treatment of OSA symptoms. Currently,
CPAP is one of the most successful and commonly employed strategies. Continuous
positive airway pressure adherence is an important component of the overall therapy.
Continuous positive airway pressure adherence generally translates into improved sleep
quality, increased daytime alertness, reduced daytime sleepiness, and improved overall
mood/attitude. Medically, treatment adherence often translates into decreases in blood
pressure and improvements in cardiovascular abnormalities, such as atrial fibrillation and
congestive heart failure. Continuous positive airway pressure adherence is often defined as
utilization of therapy for an average of 4 hours a night for at least 70% of the nights.8
Studies have shown a wide range of CPAP compliance, ranging between 29% and 83%
compliance.® Given the low adherence, alternative OSA treatments are needed.

Hypoglossal nerve stimulation is an FDA-approved implantable neurostimulation system
(Inspire Medical Systems) used to treat select CPAP-intolerant patients with OSA by
stimulating the distal branches of the hypoglossal nerve. The stimulation leads to selective
activation of the genioglossus muscle, resulting in airway enlargement at the level of

the palate and tongue base.1%-17 Large multicenter trials have demonstrated the efficacy

of this therapy showing improvement in AHI and quality-of-life measures. Furthermore,
this therapy has a durable response with studies showing stable outcomes at 60 months
postprocedure. Although patients undergoing HNS are intolerant of CPAP, adherence, even
among this difficult group, is excellent with an average of 6.5 hours of use per night.
Despite this, some individuals struggle to maintain good adherence due to a variety of issues
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including stimulation discomfort, insomnia, and cognitive impairment limiting proper use
of the device. Currently, the clinical characteristics of patients seeking HNS therapy are
unknown. Additionally, the effect of HNS on daytime functioning is largely unknown. To
work toward answering these important questions, it is necessary to first establish baseline
characteristics for this population.

The aim of the present investigation was to begin to fill this void by characterizing

the functioning of older adults seeking consultation for HNS for the treatment of OSA.
Specifically, we aimed to determine the clinical characteristics of these patients across
the domains of insomnia symptoms, physical functioning, cognitive abilities, depression
and anxiety symptoms, and anger. We hypothesized that the current patient sample
would display higher rates of dysfunction across these domains compared to the general
population.

Patients and Methods

Procedures

All patients seen for HNS consultation who were older than 50 years were presented with a
questionnaire packet that assessed insomnia symptoms, sleep-related impairment, cognitive
functioning, depression and anxiety symptoms, and anger. The local institutional review
board deemed this activity to be exempt. The following measures were collected from each
study participant.

Demographics

Information regarding participant age, race, sex, and severity of sleep apnea was abstracted
from electronic medical records.

Insomnia Severity Index

Insomnia symptoms were measured using the Insomnia Severity Index (I1SI). The ISl is a
7-item self-report measure that assesses the nature, severity, and impact of insomnia over the
past month.18 These 7 items are scored utilizing a 5-point Likert scale from 0 (none) to 4
(very severe) to form a total score for insomnia symptomatology. The ISI has demonstrated
high reliability (Cronbach a = 0.91) in clinical samples.1®

Patient-Reported Outcomes Measurement Information System (PROMIS) Physical

Function

Self-reported capability was measured using the Patient-Reported Outcomes Measurement
Information System (PROMIS) Physical Function v2.0 4-item short form. This measure
assesses the ability to perform activities of daily living (ADL) and instrumental ADL, but
not whether the activity was actually performed.2? These items are scored on a Likert scale
from 1 (unable to do) to 5 (without any difficulty) to form a total score of physical function.
The PROMIS Physical Function v2.0 4-item short form has demonstrated acceptable
reliability (ie, Cronbach a = 0.92) in a large scale sample of varied race and age-groups.?!
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PROMIS Sleep-Related Impairment

Alertness, sleepiness, tiredness, and functional impairments associated with sleep problems
during waking hours were measured using the PROMIS Sleep-Related Impairment v1.0
4-item short form.22 The 4 items on this measure are scored on a Likert scale from 1 (not at
all) to 5 (very much) to form a total score of sleep-related impairment. The reliability of the
PROMIS SRI short form is acceptable (Cronbach a. = 0.90).23

PROMIS Cognitive Functioning Abilities

Cognitive deficits were measured using the PROMIS Cognitive Function Abilities v2.0
6-item short form. The items on this measure assess different facets of cognitive functions,
such as mental acuity, thought processes, concentration, and memory. The 6 items on this
measure are scored on a Likert scale from 1 (not at all) to 5 (very much) to form a total score
of cognitive functioning. The PROMIS Cognitive Functioning Abilities has demonstrated
good reliability (ie, Cronbach a = 0.95).24:25

PROMIS Depression

Depressive symptoms were measured using the PROMIS Depression v1.0 4-item short
form. This measure assesses self-reported negative mood, self-worth, social cognition, and
decreased levels of positive affect.28 It is important to note this measure strictly addresses
depressed mood and not somatic symptoms associated with depression. The 4 items on this
measure are scored on a Likert scale from 1 (never) to 5 (always) to form a total score of
depressed mood. The PROMIS depression short form demonstrated acceptable reliability,
Cronbach a of >0.90, in a large racially/ethnically diverse sample.2’

PROMIS Anxiety

Emotional distress and anxiety were measured using the PROMIS Anxiety v1.0 4-item short
form. This measure assesses self-reported fear, anxiety, hyperarousal, and somatic symptoms
associated with anxiety.26 The 4 items on this measure are scored on a Likert scale from 1
(never) to 5 (always) to form a total score of anxiety. The PROMIS anxiety short form has
demonstrated Cronbach a of 0.91 across numerous demographic characteristics.28

PROMIS Anger

Self-reported facets of anger were measured using the PROMIS Anger v1.1 5-item short
form. This measure assesses angry mood, negative interpersonal cognitions, and ability to
control ones’ anger.2% The 5 items on this measure are scored on a Likert scale from 1
(never) to 5 (always) to form a total score of anger. PROMIS anger scale has demonstrated a
Cronbach a. of 0.96.26

Data Analyses

Sample characteristics were described through means and frequency distributions. Scores on
all PROMIS measures were converted to £scores using published PROMIS procedures that
align raw scores with their equivalent #scores. These #scores can be used to assign clinical
characteristics by thresholds based on published normative data that were developed through
large scale calibration testing data.29:30
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The final sample included 113 individuals older than 50 years (Mge = 63.30, standard
deviation [SD] = 7.87) who were seeking consultation for HNS treatment for OSA. On
average, the sample had severe OSA, as noted by an AHI (or respiratory event index if AHI
was unavailable) of 33.91 (SD = 20.63).

In terms of clinical characteristics, the sample reported elevated levels of insomnia
symptoms, as indicated by the ISI. The average ISI score was 12.63 (SD = 6.70). Notably,
when using a cut point of greater than or equal to 10,19 nearly 88% of the sample scored at
or above this level. In terms of PROMIS-rated sleep-related impairment, the sample average
tscore was 54.83 (SD = 11.65). Although approximately 20% of the general population
scores at or above a #score of 60 on this measure, approximately 36% of the current sample
scored at these elevated levels.

Regarding physical function, average ¢score of the sample was 46.73 (SD = 8.92). Although
20% of the general population will score at or below a #score of 40 on this measure, roughly
30% of the current sample scored at these elevated levels. In terms of PROMIS-rated
cognitive function, average ¢score of the sample was 44.14 (SD = 11.12). Although 20% of
the general population will score at or below a #score of 40 on this measure, approximately
38% of the current sample scored at these elevated levels.

In terms of PROMIS-rated depressive symptoms and anxiety symptoms, the sample average
tscore was 51.48 (SD = 10.30) and 49.70 (SD = 9.35), respectively. Again, approximately
20% of the general population score at or above a #score of 60 on these measures; however,
28% and 19% of the current sample scored at these elevated levels for depressive symptoms
and anxiety symptoms, respectively. Lastly, in terms of PROMIS-rated anger symptoms,
the sample average #score was 50.24 (SD = 11.87). Although approximately 20% of the
general population score at or above a #score of 60 on this measure, approximately 17% of
the current sample scored at these elevated levels. Refer to Figure 1 for detailed graphical
representation of functioning across biopsychosocial domains in older adults seeking HNS
consultation.

Discussion

In a sample of older adults seeking HNS for the treatment of OSA, we found rates of
insomnia, sleep-related impairment, and depression symptoms much higher than those
observed in the general population. We also observed self-reported physical and cognitive
functioning that were significantly lower than the general population. However, anxiety
symptoms and anger were consistent with levels from the general population.

The current study demonstrated that older patients seeking HNS treatment had elevated
levels of disturbed sleep and mental health problems. Comorbid sleep disorders and
psychological comorbidities have recently been identified as key factors in successful patient
selection.3! The present study found 88% of patients reported elevated insomnia symptoms.
This is higher than earlier studies examining the coexistence of OSA and insomnia, which
reported comorbidity rates of 39% to 58% in a general cohort of patients with OSA.32
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Elevated ISI scores such as seen in this study have previously been linked to poorer PAP
adherence.33 A study of veterans undergoing HNS found that 56.6% met diagnostic criteria
for comorbid insomnia and OSA.34 In contrast to what may be expected based on the PAP
literature, compliance among the comorbid insomnia and OSA group was not statistically
different than the OSA only group (5.6 vs 6.4 hours).34 Meleca and Kominsky examined
60 patients undergoing HNS and found that 19 required awake endoscopy due to issues

of stimulation discomfort, awakening due to stimulation, or lack of benefit. The need for
awake endoscopy was much more likely in those with comorbid insomnia and OSA (52.6%)
versus those with OSA only (2.4%).3% Cumulatively, these data suggest the importance of
considering comorbid insomnia in individuals seeking HNS therapy for the treatment of
OSA. Whether such associations remain in older, nonveterans is yet to be determined.

In line with previous studies, the current sample had elevated depressive symptomology.
Previous investigations have also reported elevated depressive symptomology in samples
undergoing HNS therapy.38 Meta-analysis has revealed a positive impact of PAP on
depression.37 Our findings of the high prevalence of moderate to severe cognitive complaints
align with previous findings that older individuals with untreated moderate-severe OSA also
demonstrate high rates of neurocognitive impairment.38 Importantly, treatment of OSA with
PAP has shown positive gains in cognitive functioning for older adults.38 Importantly, the
effects of HSN on depression or cognitive outcomes are not yet know.

HNS therapy has been shown to be a well-tolerated and effective modality for both
improving quality of life and AHI in patients with OSA. However, the demographic

and clinical characteristics of individuals seeking HNS are poorly categorized at this
time. Based on our clinical data, it appears as though older adults seeking HNS therapy
are characterized by a significant burden of insomnia and neurocognitive dysfunction.
Understanding each patient’s biopsychosocial profile allows a better sense of the challenges
that may be encountered in the care pathway before and after HNS, but such information
is, unfortunately, largely missed in the traditional history and physical performed as part
of a surgical workup. This study highlights the extent to which OSA, generally, and
treatment resistant OSA, specifically, are associated with psychosocial burden in those
without dramatic clinical characteristics.

The aim of our study was to determine the clinical characteristics of individuals seeking
HNS for the treatment of OSA. Although our results were based on validated self-reported
questionnaires, there is an inherent potential for recall bias in survey data. Our sample size
was relatively large for a preliminary study of this kind, although further investigations will
need to draw on a large cohort for more thorough analyses, longitudinal data collections,
more diverse samples in terms of age and race/ethnicity, and examination of HNS therapy
effects. Future studies will be well-suited to investigate whether HNS treatment normalizes
any of the elevations in insomnia, mood, or cognitive functioning observed in the present
sample.

This study sought to establish preliminary clinical, psychological, and social characteristics
in older patients seeking HNS therapy for the treatment of OSA through administration
and examination of several validated NIH PROMIS measures. The current findings indicate
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that older patients seeking HNS treatment tend to report elevated insomnia symptoms,
sleep-related disturbances, depressive symptoms, and cognitive deficits. Routine clinical
evaluation of patients seeking HNS therapy should include brief assessment of these
important facets of daytime functioning to allow for future investigation of predictors of
HNS compliance as well as potential HNS therapy effects.
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Clinical characteristics of older individuals seeking consultation for HNS treatment for
obstructive sleep apnea. Notes: solid dots represent individual data points. Bold vertical
line indicates mean level of functioning. Vertical dashed lines demarcate various suggested

clinical cut points.
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