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Abstract

Objective. In patients undergoing hypoglossal nerve stimulation
(HGNS), we examined the Insomnia Severity Index (ISI) to
understand how baseline sleep onset insomnia (SOI), sleep
maintenance insomnia (SMI), and early morning awakening
(EMA) affected postsurgical outcomes.

Study Design. Observational.
Setting. Multicenter registry.

Methods. We included patients from the Adherence and
Outcomes of Upper Airway Stimulation for Obstructive
Sleep Apnea International Registry (ADHERE) with a baseline
ISI from 2020 to 2023. Regression analysis examined the
association of ISI question scores for SOI, SMI, and EMA and
outcomes: Apnea-Hypopnea Index (AHI) reduction, device
usage, changes in the Epworth Sleepiness Scale (ESS) and
overall ISI score, final visit (FV) completion, and satisfaction.

Results. No relationship was noted between insomnia subtypes
and AHI reduction or FV completion. In the subgroup of
patients with baseline moderate/severe insomnia, patients with
major impairment for SOI used their device 64 min/day longer
than those with minimal impairment. Among all patients, those
with baseline major impairment for SOl had a 2.3 points
greater improvement in ISI from baseline to FV compared
to patients with minimal impairment, while patients with
baseline major impairment for SMI had a 2.0 and 3.5 points
greater improvement in the ESS and ISI than those with
minimal impairment. Patients with EMA and moderate/severe
baseline insomnia had decreased odds of being satisfied after

surgery.

Conclusion. In ADHERE, nocturnal symptoms of insomnia did
not limit HGNS efficacy or therapy use. Conversely, those
with worse insomnia subtype impairments at baseline had
improved outcomes related to adherence, sleepiness, and
insomnia at the FV.
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he importance of adequate, restful sleep is

increasingly recognized as critical to an individual's

overall health. Common disorders such as
obstructive sleep apnea (OSA) and insomnia result in
decreased sleep time and quality, leading to impairments in
cognition and emotional health as well as increased risk for
stroke, obesity, diabetes, and hypertension.! OSA affects 9%
to 38% of the population and is associated with excessive
daytime sleepiness (EDS).* Insomnia, which affects 35% of
the general population in any given year and 10% to 15%
chronically, significantly impacts quality of life.>® Subtypes of
insomnia are categorized as sleep onset insomnia (SOI), sleep
maintenance insomnia (SMI), and early morning awakening
(EMA).” Given insomnia's impact on daily functioning and
overall sleep health, tools have been developed to estimate
impairment caused by insomnia, including the Insomnia
Severity Index (ISI); its first 3 “nocturnal” questions
specifically measure difficulties related to SOI, SMI, and
EMA.® (Figure I).
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OSA and insomnia commonly co-occur in an entity
coined comorbid insomnia and sleep apnea (COMISA),
with studies demonstrating 38% to 55% of individuals
with OSA also complained of insomnia symptoma-
tology.”"® OSA and insomnia act synergistically in
COMISA, worsening mental health (MH), physical, and
sleep-related outcomes.™'* The insomnia subtype most
commonly associated with OSA is SMI, which may be
related to sleep fragmentation with repeated arousals in
OSA.>!315 While positive airway pressure (PAP) is
typically first-line treatment for OSA, treatments such as
pharyngeal surgery have also been mainstays of treatment
for the past several decades. More recently, hypoglossal
nerve stimulation (HGNS) has emerged as a dynamic
surgical treatment for OSA, with multiple studies
confirming its efficacy and adherence.'¢"

HGNS may be a promising therapy for patients with
COMISA who face additional challenges of mask-related
anxiety and discomfort that can in turn worsen insomnia
symptoms and the ability to tolerate PAP. Although
recent studies of HGNS in patients with COMISA and

Name:

PAP intolerance demonstrated similar device adherence
between patients with and without COMISA, these study
sample sizes were small and multiple tools to report
insomnia were used, prompting the need for larger studies
to confirm this finding.?>* As HGNS becomes more
commonplace, it remains incumbent on the sleep surgeon
to measure overall baseline insomnia and delineate each
patient's insomnia subtype to counsel patients and set
expectations.

To track outcomes after HGNS, the Adherence and
Outcomes of Upper Airway Stimulation for OSA
International Registry (ADHERE) has provided data
on efficacy, adherence, and patient-reported outcomes
(PROMs) since 2016. In light of the importance of
comorbid insomnia, the ISI was added to registry data in
2020. In this study, we utilized ADHERE to investigate if
scores for SOI, SMI, and EMA predicted device efficacy,
adherence, final visit (FV) completion, changes from
baseline to FV in insomnia and sleepiness scores, and
satisfaction scores. We hypothesized: (1) Increasing
severity of baseline nocturnal insomnia subtypes was not

Date:

1.  Please rate the current (i.e., last 2 weeks) SEVERITY of your insomnia problem(s).

None Mild Moderate Severe Very
Difficulty falling asleep: 0 1 2 3 4
Difficulty staying asleep: 0 1 2 3 4
Problem waking up too early: 0 1 2 3 4

2. How SATISFIED/dissatisfied are you with your current sleep pattern?

Very Satisfied

Very Dissatisfied

0 1 2

3 4

3. To what extent do you consider your sleep problem to INTERFERE with your daily
functioning (e.g. daytime fatigue, ability to function at work/daily chores, concentration,

memory, mood, etc.).

Not at all AlLittle  Somewhat Much Very Much
Interfering Interfering
0 1 2 3 4

4. How NOTICEABLE to others do you think your sleeping problem is in terms of

impairing the quality of your life?

Not at all Barely Somewhat Much Very Much
Noticeable Noticeable
0 1 2 3 4

5. How WORRIED/distressed are you about your current sleep problem?

Not at all A Little

Somewhat

Much Very Much

0 1 2

Guidelines for Scoring/Interpretation:

Add scores for all seven items (lat+1b+1c+ 2+3+4+5) =

Total score ranges from 0-28

3 4

0-7 = No clinically significant insomnia
8-14 = Subthreshold insomnia
15-21 = Clinical insomnia (moderate severity) .
22-28 = Clinical insomnia (severe)

Figure |. Insomnia Severity Index (Copyright, Charles M. Morin, I993).8
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associated with HGNS efficacy as measured by post-
operative Apnea-Hypopnea Index (AHI) reduction and
response at the FV; (2) increasing severity of baseline
nocturnal insomnia subtypes was associated with de-
creased nightly adherence, decreased levels of FV
completion, and decreased satisfaction; and (3) increasing
severity of baseline nocturnal insomnia subtypes was
associated with decreasing levels of improvement in the
Epworth Sleepiness Score (ESS) and overall ISI score.

Methods

Study Design

ADHERE (NCT02907398) is an observational, multi-
center, industry-sponsored registry of patients with HGNS
(Inspire Medical Systems) since 2016, including data from
baseline (preoperative), posttitration visit (within 12
months of implantation), and FV (within 12-24 months
of implantation) entered retrospectively or prospectively.
The ADHERE protocol was approved by the participating
centers' Institutional Review Boards and all patients
provided written informed consent.

Baseline Data and Outcome Measurements

Patients' data were included if they completed a baseline
ISI and their postoperative 24-month window ended
before the close of the study period (March 11, 2020 to
May 26, 2023). Baseline data included demographic
information, comorbid MH conditions (anxiety, depres-
sion, and PTSD), body mass index (BMI), AHI, ESS, and
ISI. These data were compared between patients with
overall baseline ISI <15 (no/subthreshold insomnia) or
ISI>15 (moderate/severe insomnia). FV data included
device efficacy (AHI, response rate), adherence, ESS, ISI,
and patient satisfaction. Sleep study data at FV were
obtained from a full-night, nontitration study (in-lab PSG
or home sleep test [HST]). AHI was classified as mild
(25 but <15 events/h), moderate (215 but <30 events/h),
and severe (230 events/h). Adherence data were recorded
as hours of usage/day from device download. The
response rate was defined as AHI < 15.

The ESS, an 8-question instrument that assesses
sleepiness, was scored from 0 to 24 with 211 representing
EDS. The ISI, a 7-question instrument that assesses sleep
quality in relation to insomnia, was scored from 0 to 28
(0-7 classified as no insomnia, 8-14 subthreshold insomnia,
15-21 moderate insomnia, and 22-28 severe insomnia).
Question 1 (“Difficulty falling asleep”), Question 2
(“Difficulty staying asleep”), and Question 3 (“Waking
up too early”) represented “nocturnal” question scores and
impairment related to SOI, SMI, and EMA, respectively,
although they did not directly denote a “diagnosis” of these
insomnia subtypes. Scores for Questions 1 to 3 were
classified as minor impairment (0-1) and major impairment
(2-4) for purposes of discussion (Figure 1). Patient
satisfaction was represented by “Overall, how satisfied

are you with Inspire therapy?” with responses of “Strongly
dissatisfied”/“Dissatisfied”/“Neither satisfied nor dissatis-
fied” classified as Not Satisfied, and “Satisfied”/“Strongly
satisfied” classified as Satisfied.

Statistical Analysis

t Tests at a significance level of 5% were used to compare
normally distributed numeric values between groups. For
nonnormally distributed values, Wilcoxon rank sum tests
were used. Chi-square tests with a significance level of 5%
compared categorical variables between groups, unless
otherwise noted. Numeric results were presented as
mean * standard deviation and categorical variables pre-
sented as total sample size and percentages. Additionally,
multiple linear regression and logistic regression were
performed to assess association between outcome measures
and ISI Questions 1 to 3. All analyses were performed
using R (R Core Team, 2022).

Results

Baseline Data

This study included 475 patients with a baseline ISI who
completed the 24-month postimplantation window for
FV data entry within the study period. (Figure 2) They
were primarily male (71.1%), white (92.1%), with mean
baseline values: 62.1 years, body mass index 29.2 kg/m?,
AHI 33.1events/h, and ESS 11.0. Patients with baseline
ISI>15 (n=315, 66.3%) were younger and had a
significantly higher AHI, ESS, and ISI than ISI<15
(P <.05). Scores for each of the nocturnal Questions 1 to
3 of the ISI revealed higher scores for those with baseline

Number of Patients

10 20

Baseline IS| Score
Figure 2. Distribution of baseline Insomnia Severity Index (ISI)
scores in Adherence and Outcomes of Upper Airway Stimulation for
Obstructive Sleep Apnea International Registry (ADHERE) patients
enrolled between March 2020 and May 2023. All patients enrolled in
ADHERE between March 11, 2020 and May 26, 2023 with a baseline
ISl and a 24-month postimplant window for follow-up data entry
within the study period are included in this figure, N =475.
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ISI > 15 than ISI < 15 (P <.001). The overall prevalence of
comorbid MH conditions at baseline was: anxiety
(21.1%), depression (28.2%), and PTSD (4.2%). Anxiety
and depression were more common with ISI>15 com-
pared to ISI <15 (P <.05) (Table I).

Outcomes at FV

At least partial completion of FV data collection was
accomplished in 231/475 patients (48.6%). In particular,
baseline and FV data were available for the following
outcomes: AHI and response rate (175/475, 36.8%),
adherence (188/475, 39.6%), ESS (202/475, 42.5%), and
overall ISI score (191/475, 40.2%) and is summarized by
baseline categorized nocturnal ISI question scores in
Table 2.

Device Efficacy

There was no association between categorical scores
(major vs minimal impairment) for baseline ISI Questions

1 to 3 and device efficacy (AHI improvement and
response rate) for all patients as well as the subgroup of
patients with baseline ISI > 15 (Tables 3 and 4).

Adherence

There was no association between categorical scores
(major vs minimal impairment) for baseline ISI
questions 1-3 and device adherence at FV when
including all patients. However, for baseline ISI>15,
those with major impairment for SOI used their device
64 minutes longer per night than those with minimal
impairment (Table 5).

Sleepiness

The improvement in ESS score from baseline to FV for
patients with baseline major impairment for SMI (n = 151)
was 2 points higher compared to patients with minimal
impairment (n = 51). This association did not persist when
analyzing patients with baseline ISI > 15 (Table 6).

Table |. Baseline Demographic, Mental Health, and Sleep-Related Information in Patients Undergoing Hypoglossal Nerve Stimulation

Variable All patients ISI<15 ISI2 15 P value®
N 475 160 (33.7%) 315 (66.3%)

Male 71.1% (335) 75% (120) 69.1% (215) 221
Female 28.9% (136) 25% (40) 30.9% (96)

Age 62.12£10.6 (62), N=475 64.2+10.95 (65), N=160 61.06£10.28 (61), N=315 .003
White 92.1% (432) 93.6% (147) 91.3% (285) 494
Non-white 7.9% (37) 6.4% (10) 8.7% (27)

Black 3.8% (18) 2.5% (4) 4.5% (14) 437
Not black 96.2% (451) 97.5% (153) 95.5% (298)

Other race 4.1% (19) 3.8% (6) 4.2% (13) |
Hispanic or Latino 3.9% (18) 3.8% (6) 3.9% (12) |
Not Hispanic or Latino 96.1% (447) 96.2% (151) 96.1% (296)

Anxiety 21.1% (100) 15% (24) 24.1% (76) .029
Depression 28.2% (134) 18.8% (30) 33% (104) .002
PTSD 4.2% (20) 2.5% (4) 5.1% (16) .28
Baseline BMI 29.18 £3.67 (29.68), N=451 29.07 £3.78 (29.53), N=157 29.24 3.6l (29.76), N=294 .654
Baseline ESS 1097 £5.6 (1), N=472 8.79+495 (8), N=157 12.06 +5.59 (13), N=315 <.001
Baseline AHI? 33.08 £ 15.15 (30.1), N=471 30.65*13.89 (27.25), N=158 343+15.62 (31.4), N=3I3 014

Polysomnogram®
Home sleep test®

58.7% (272)
41.3% (191)
16.25+5.72 (17), N =475
135+ 1.21 (1), N =475
2.11+123 (2), N=475
18413 (2), N=475

Baseline ISI
Sleep onset insomnia®
Sleep maintenance insomnia®
Early morning awakening®

57.8% (89)
42.2% (65)

59.2% (183) 846
40.8% (126)

9.76 +3.71 (1), N=160 19.54+3.18 (19), N=315 <00l
0.81 £0.93 (1), N= 160 162+ 124 (2), N=315 <001
1.04+0.94 (1), N=160 2.65+0.98 (3), N=315 <001
0.88+0.91 (1), N=160 227+122 (2), N=315 <001

Format for numerical values Mean + SD (median).

P values were derived using a Student's t test for numeric variables and a y* test for categorical variables unless otherwise specified.

ISI < 15: No/subthreshold Insomnia, ISI 2 15: moderate/severe insomnia.

All patients enrolled into ADHERE between March |1, 2020 and May 26, 2023 with a baseline ISl and a 24-month postimplant window for follow-up data entry

within the study period are included in this table.

Abbreviations: AHI, Apnea-Hypopnea Index; BMI, body mass index; ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity Index; PTSD, posttraumatic stress

disorder.
?P value derived using Wilcoxon test.

PPatients whose sleep test type was marked as “Unknown” are excluded from these numbers.
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Table 3. Multiple Linear Regressions for Decrease in Apnea-Hypopnea Index (AHI) From Baseline to Final Visit by Baseline Categorized

Nocturnal Insomnia Severity Index (ISI) Question Scores

Estimate Standard error t Value P value N
All patients with a baseline IS and completed baseline and final AHI
Intercept 18.762 2.812 6.672 3.4e—-10 175
Sleep onset insomnia: Major Impairment 0.733 3.122 0.235 8.1e—01
Sleep maintenance insomnia: Major Impairment —4.762 3.759 —1.267 2.1e—0I
Early morning awakening: Major Impairment 0.975 3.346 0.291 7.7e—01
Patients with an ISI = 15 at baseline and completed baseline and final AHI
Intercept 22.420 5.744 3.903 |.6e—04 19
Sleep onset insomnia: Major impairment 3.047 3.892 0.783 4.4e—01
Sleep maintenance insomnia: Major impairment —10.223 6.571 —1.556 |.2e—01
Early morning awakening: Major impairment 1.696 4.805 0.353 7.2e—01
ISI 2 15 = moderate/severe insomnia.
Major impairment = individual ISI question score 2 to 4.
Table 4. Multiple Logistic Regressions for Surgical Response (AHI < |5) by Baseline Categorized Nocturnal ISI Question Scores
Estimate Standard error OR (95% ClI) z Value P value N
All patients with a baseline ISI and AHI at the final visit
Intercept 0.047 0.291 1.048 (0.59, 1.86) 0.160 8.7e—01 177
Sleep onset insomnia: Major impairment 0.000 0.325 I (0.53, 1.9) 0.000 1.0e+00
Sleep maintenance insomnia: Major impairment —0.104 0.392 0.901 (0.41, 1.94) —0.266 7.9e—01
Early morning awakening: Major impairment 0.144 0.350 1.155 (0.58, 2.3) 0412 6.8e—01
Patients with an ISI 2 15 at the baseline and AHI at the final visit
Intercept 0.217 0.563 1.242 (0.41, 3.93) 0.385 7.0e—01 120
Sleep onset insomnia: Major impairment 0.256 0.378 1.292 (0.62, 2.73) 0.677 5.0e—0I
Sleep maintenance insomnia: Major impairment —0.413 0.645 0.662 (0.18, 2.33) —0.640 5.2e—0I
Early morning awakening: Major impairment 0.060 0.468 1.062 (0.42, 2.69) 0.128 9.0e—01

ISI 2 |5 = moderate/severe insomnia.
Major impairment = individual ISI question score 2 to 4.

Abbreviations: AHI, Apnea-Hypopnea Index; Cl, confidence interval; ISI, Insomnia Severity Index; OR, odds ratio.

Table 5. Multiple Linear Regressions for Final Usage by Baseline Categorized Nocturnal Insomnia Severity Index (ISI) Question Scores

Estimate Standard error t Value P value N

All patients with a baseline isi and documented final nightly usage

Intercept 6.016 0.322 18.685 2.3e—44 188

Sleep onset insomnia: Major impairment 0.333 0.352 0.946 3.5e—0I

Sleep maintenance insomnia: Major impairment 0.212 0.447 0.475 6.4e—0I

Early morning awakening: Major impairment —0.268 0.387 —0.691 4.9e—01
Patients with an ISI 2 |5 at baseline and documented final nightly usage

Intercept 4817 0.604 7.979 7.8e—13 130

Sleep onset insomnia: Major impairment 1.058 0.406 2.607 1.0e—02

Sleep maintenance insomnia: Major impairment 1.009 0.739 1.366 1.7e—01

Early morning awakening: Major impairment —0.350 0.505 —0.694 4.9e—01

ISI 2 15 = moderate/severe insomnia.
Major impairment = individual ISI question score 2 to 4.

Insomnia

The improvement in overall ISI score from baseline to FV
for patients with major impairment for SOI (n = 82) was
2.3 points higher as compared to patients with minimal

impairment (n =109). In addition, the improvement in
overall ISI score from baseline to FV for patients with
major impairment for SMI (n = 142) was 3.5 points higher
compared to those with minimal impairment (n=49).



Patil et al. 7 of |1

Table 6. Multiple Linear Regressions for Decrease in Epworth Sleepiness Scale (ESS) From Baseline to Final Visit by Baseline Categorized
Nocturnal Insomnia Severity Index (ISI) Question Scores

Estimate Standard error t Value P value N

All patients with a baseline ISI and documented baseline and final ESS

Intercept 3.026 0.742 4.078 6.6e—05 202

Sleep onset insomnia: Major Impairment —0.755 0.761 —0.992 3.2e—0I

Sleep maintenance insomnia: Major Impairment 2.020 0.947 2.133 3.4e—-02

Early morning awakening: Major Impairment 0.143 0.812 0.177 8.6e—01I
Patients with an ISI = 15 at baseline and documented baseline and final ESS

Intercept 5.836 1.347 4332 2.8e—05 141

Sleep onset insomnia: Major impairment —0.731 0.880 —0.831 4.1e—01

Sleep maintenance insomnia: Major impairment 0.403 1.523 0.265 7.9e—0I

Early morning awakening: Major impairment —0.838 1.043 —0.804 4.2e—01

ISI 2 |5 = moderate/severe insomnia.
Major impairment = individual ISI question score 2 to 4.

Table 7. Multiple Linear Regressions for Decrease in Insomnia Severity Index (ISI) From Baseline to Final Visit by Baseline Categorized

Nocturnal ISI Question Scores

Estimate Standard error t Value P value N

All patients with a documented baseline and final ISI

Intercept 3.502 1.026 3414 7.9e—04 191

Sleep onset insomnia: Major Impairment 2.301 1.073 2.145 3.3e—02

Sleep maintenance insomnia: Major Impairment 3.459 1.323 2615 9.7e—03

Early morning awakening: Major Impairment 0.937 1.124 0.833 4.1e—01
Patients with an ISI 2 |5 at baseline and documented final ISI

Intercept 9.267 1.731 5.354 3.8e—07 133

Sleep onset insomnia: Major Impairment 2210 1.166 1.895 6.0e—02

Sleep maintenance insomnia: Major Impairment 0.444 1.961 0.226 8.2e—01

Early morning awakening: Major Impairment —1.660 1.349 —1.230 2.2e—0I

ISI 2 15 = moderate/severe insomnia.
Major impairment = individual IS| question score 2 to 4.

These associations did not persist for patients with
baseline ISI > 15 (Table 7).

FV Completion and Patient Satisfaction

There was no association between categorical scores
(major vs minimal impairment) for baseline ISI questions
1-3 and FV completion as well as overall satisfaction for
all patients. However, for baseline ISI>15, those with
major impairment scores for EMA (n=87) were asso-
ciated with a 76% decrease in odds of having a satisfied
rating than those with minimal impairment scores
(n=233) (Tables 8 and 9).

Discussion

In this study, we utilized data from the ADHERE registry
to better understand the relationship between baseline
impairment from insomnia subtypes of SOI, SMI, and
EMA, and outcomes with HGNS at the FV within 12-24
months after implantation. We proved our first hypoth-
esis by demonstrating that worse baseline nocturnal

insomnia symptoms were not linked with decreased device
efficacy in terms of AHI reduction, which was expected
given that HGNS efficacy has been shown to be
consistently high over many studies and with longer
duration of follow-up.'®'® However, our findings refuted
our other hypotheses and instead demonstrated that
worse baseline scores for nocturnal insomnia subtypes
were not associated with worsened adherence and FV
completion; they also were not associated with decreased
levels of improvements of PROMs such as sleepiness and
insomnia at the FV.

Our findings with regard to nocturnal insomnia
symptoms and HGNS adherence were unexpected and
ran counter to studies in the PAP literature showing that
insomnia decreased PAP adherence.!>**2° In our study,
the opposite was true for the smaller subgroup of patients
with IST > 15 (moderate/severe insomnia) at baseline whose
score for SOI was classified as major impairment—at the
FV, these patients used their device over an hour longer
than patients with minimal impairment. Possible factors
include:
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Table 8. Multiple Logistic Regressions for Final Visit Compliance by Baseline Categorized Nocturnal ISI Question Scores

Estimate Standard error OR (95% CI) z Value P value N

All patients with a documented baseline ISI and final visit expected

Intercept —0.143 0.181 0.867 (0.61, 1.23) —0.793 4.3e—0I 475

Sleep onset insomnia: Major Impairment —0.131 0.198 0.877 (0.59, 1.29) —0.662 5.1e—01

Sleep maintenance insomnia: Major Impairment 0.268 0.235 1.307 (0.83, 2.08) 1.141 2.5e—0I

Early morning awakening: Major Impairment —0.075 0.208 0.928 (0.62, 1.39) —0.360 7.2e—0I
Patients with an ISI 2 |5 at baseline and final visit expected

Intercept 0.049 0.373 1.05 (0.5, 2.2) 0.132 9.0e—01 315

Sleep onset insomnia: Major Impairment —0.065 0.230 0.937 (0.6, 1.47) —0.285 7.8e—01

Sleep maintenance insomnia: Major Impairment 0.048 0.398 1.049 (0.48, 2.3) 0.120 9.0e—0I

Early morning awakening: Major Impairment —0.084 0.273 0.92 (0.54, 1.57) —0.307 7.6e—01

The final visit was expected for a patient if the date of implant was greater than 2 years prior to the close of the study period (5/26/23).

ISI 2 15 = moderate/severe insomnia.
Major impairment = individual ISI question score 2 to 4.

Abbreviations: Cl, confidence interval; ISI, Insomnia Severity Index; OR, odds ratio.

Table 9. Multiple Logistic Regressions for Overall Satisfaction at the Final Visit by Baseline Categorized Nocturnal ISI Question Scores

Estimate Standard error OR (95% ClI) z Value P value N

All patients with a baseline IS| and overall satisfaction rating at the final visit

Intercept 1.398 0419 4.047 (1.87, 9.82) 3.337 8.5e—04 167

Sleep onset insomnia: Major impairment 0.324 0.423 1.383 (0.61, 3.24) 0.766 4.4e—01

Sleep maintenance insomnia: Major impairment 0414 0.506 1.513 (0.55, 4.08) 0817 4.1e—01

Early awakening insomnia: Major impairment —0.678 0.462 0.508 (0.2, 1.22) —1.465 |.4e—01
Patients with an ISI 2 |5 at baseline and overall satisfaction rating at the final visit

Intercept 1.675 0.770 5.336 (1.37, 30.75) 2.174 3.0e—02 120

Sleep onset insomnia: Major Impairment 0.354 0.476 1.425 (0.56, 3.67) 0.743 4.6e—01

Sleep maintenance insomnia: Major Impairment 0.745 0.812 2.107 (0.38, 10.44) 0918 3.6e—0I

Early morning awakening: Major Impairment —1.420 0.722 0.242 (0.05, 0.86) —1.967 4.9e—02

Question for overall satisfaction rating: “Overall, how satisfied are you with Inspire therapy?”
Possible answers were: “Strongly Satisfied,” “Satisfied,” “Strongly dissatisfied,” “Neither dissatisfied or satisfied,” or “Dissatisfied” which were grouped
as Satisfied: “Strongly Satisfied” or “Satisfied”; Dissatisfied: “Strongly dissatisfied,” “Neither dissatisfied or satisfied,” or “Dissatisfied.”

ISI 2 |5 = moderate/severe insomnia.
Major impairment = individual IS| question score 2 to 4.

Abbreviations: Cl, confidence interval, ISI, Insomnia Severity Index; OR, odds ratio.

Comfort

While PAP users contend with mask and equipment
discomfort that contributes to low reported adherence in
the sleep literature,”’” HGNS users benefit from no
external apparatus during the critical period of sleep
onset. Patients with COMISA who were still attempting
nightly usage with PAP before HGNS may have reported
SOI when completing their baseline ISI. These same
patients may have noted improvement with SOI after
implantation due to a less obtrusive start of therapy with
HGNS, contributing to increased usage.

Habituation

The phenomenon of habituation is defined as a psycholo-
gical learning process whereby an individual experiences a
progressively decreasing response to repetitive stimulation.?®
With HGNS, habituation occurs as patients gradually

achieve comfort with tongue protrusion at increasing device
voltages. It is possible that patients with baseline SOI who
had substantial experience with HGNS at FV tolerated
awake periods when HGNS switched on prior to sleep
onset, contributing to elevated device usage.

MH

Sleep onset disturbances are included in diagnostic
criteria for anxiety, depression, and PTSD.” In our
study, patients with ISI > 15 more commonly reported all
3 MH conditions than those with ISI<15. When
examining the subgroup of patients with ISI>15 and
major impairment from SOI, it is possible that improved
quality of sleep with HGNS over many months globally
improved MH issues and their effect on SOI, ultimately
contributing to increased device usage at the FV.

With regard to PROMSs, worse insomnia subtype
scores were surprisingly not associated with decreased
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improvements in sleepiness and overall insomnia symp-
toms as measured by the ESS and ISI at FV. Instead,
patients with baseline major impairment for SOl had a 2.3
points greater improvement in the ISI score from baseline
to FV compared to patients with minor impairment, while
patients with baseline major impairment for SMI had a
2.0 and 3.5 points greater improvement in the ESS and
ISI score than those with minor impairment. Possible
factors include.

Comfort

A high level of comfort with HGNS may have allowed for
improved ability to stay asleep in patients with SMI,
especially if certain patients were still attempting PAP
usage at the time of baseline data collection. For example,
the elimination of frequent awakenings due to mask
slippage or entanglement with tubing with HGNS usage
may have contributed to better sleep consolidation and
increased sleep time, which subsequently improved
subjective sleepiness and insomnia scores at the FV.

MH

Patients with comorbid MH issues may also experience
SMI, whether due to racing thoughts and nighttime
perseveration with anxiety, or claustrophobia and night-
mares with PTSD.*!!3%3! The elimination of apneas and
other respiratory events that contribute to arousals and
frequent awakenings with HGNS may have assisted
sensitive patients in our population, whose baseline scores
for SMI were the highest for the 3 subtypes and consistent
with previous studies demonstrating that SMI is the most
common insomnia subtype in COMISA.>'*!5 For
example, patients whose anxiety might have prevented
them from falling back asleep after an apnea-related
arousal may have been helped by a decrease in respiratory
events with HGNS usage. Similarly, improved sleep
consolidation with HGNS in patients with PTSD may
have decreased awareness of and awakenings from
nightmares.’! These mechanisms that positively affect
sleep quality over time may have improved PROMs in
our population at the FV.

Insomnia subtypes were not associated with overall
satisfaction scores in all patients, but we did note that
patients with ISI>15 and major impairment from EMA
had a 76% decrease in the odds of being classified as
Satisfied. This data point should be interpreted with
caution given its small sample size, but it is a reminder to
pay attention to EMA as an important subtype of
insomnia common in older individuals.*> This will be
relevant for our patients (median age of 62 years at
implantation) as they continue to age and EMA
potentially becomes more impactful to their sleep. To
better understand these patients' satisfaction with HGNS
in future, it may be helpful to measure sleep-related QOL
using tools such as the Functional Outcomes of Sleep
Questionnaire.>!

Lastly, there was no association between insomnia
subtypes and FV completion, which refuted our hypoth-
esis that patients with worse baseline impairment from
nocturnal insomnia symptoms would be more prone to
being lost to follow-up. This finding may reflect the
improvements in adherence and PROMs described above.
However, we must also consider that approximately half
of patients whose 24-month postoperative window closed
within the study period did not return for any portion of
FV data collection; in particular only 40% had both
baseline and FV ISI values. This drop-off could reflect
favorable outcomes such that patients and/or providers
did not feel the need to continue return appointments and
obtain sleep studies after the posttitration PSG; however,
it could also be a consequence of device nonusage in those
with a suboptimal response. We also note that the study
period encompassed the time of restrictions due to the
COVID-19 pandemic which may have contributed to
fewer in-person visits that were necessary for certain
elements of ADHERE data collection.

Despite this relatively low rate of FV completion, data
that was collected provided valuable information regarding
longer-term outcomes after HGNS, particularly in almost
200 patients with baseline and FV ISI scores. Most
importantly, our findings from ADHERE suggest that
sleep impairment from baseline nocturnal symptoms of
insomnia should not preclude consideration for HGNS.
We should also interpret our results as representative of the
efforts of ADHERE centers that contributed to the
registry. These centers are typically high-volume, experi-
enced with patient selection, and may be more likely to
work within a multidisciplinary care team that includes
MH providers. For example, cognitive behavioral therapy
for insomnia or pharmacotherapy might be more acces-
sible in a busy ADHERE site with its resources for care of
complex patients with COMISA. Additionally, ADHERE
centers might be poised to offer fine-tuning of HGNS with
awake endoscopy and adjustment of start delay settings.
All these interventions that might ameliorate discomfort
and anxiety with one's ability to fall and stay asleep could
have positively affected our results for adherence, PROMs,
and satisfaction.

Limitations of this study included the drop-off in data
collection for patients who did not return for FV follow-
up as described above. Additionally, selection bias may
have skewed our results toward more favorable outcomes
if patients with greater satisfaction were more likely to
return at the FV. Also notable is the heterogeneity of
retrospective and prospective data within ADHERE. A
majority of patients had retrospective data entry, such
that they were enrolled in ADHERE after surgery while
their centers may not have used the ISI as the standard of
care at baseline, in effect limiting more complete
collection of ISI information. Additionally, variability in
sleep study information at baseline and FV was of
concern, as data represented a mix of in-lab studies and
HSTs. For example, sleep studies at FV were more
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commonly HSTs than PSGs, which might create bias
toward a lower AHI and a false impression of greater
AHI reduction after surgery given that HSTs may
underestimate AHI compared to in-lab PSG.* Also,
our use of AHI < 15 as a measure of HGNS success aimed
to include patients who benefited from the improved
quality of life and decreased health risks of having no or
mild OSA. However, it may have also included patients
with only a small degree of AHI improvement from the
moderate range to the mild range, although this would
likely be a small effect given that our mean preoperative
AHI = 33 was in the severe range. Finally, the ADHERE
sample we examined was homogeneous, being predomi-
nantly male (71%) and white (92%), which limits general-
izability of our results to more diverse populations.
Future studies should focus on social determinants of
health that may limit access to HGNS, particularly in
non-white populations.

Conclusion

In the ADHERE registry, nocturnal symptoms of
insomnia did not limit HGNS efficacy or therapy use.
Conversely, those with worse insomnia impairments at
baseline had improved outcomes with regard to adher-
ence, sleepiness, and insomnia. Future research should
focus on insomnia subtypes (SOI, SMI, EMA) and strive
to understand how these conditions impact longitudinal
care of COMISA patients using HGNS.

Acknowledgments

The authors would like to thank Anna Matzke, MS, and Lauren
Makey, MS, for biostatistical support in completing this manuscript.

Author Contributions

Reena Dhanda Patil, literature search, coordination of all research
activities, writing of manuscript; Maria V. Suurna, data analysis,
editing and revising of manuscript; Armin Steffen, editing and
revising of manuscript; Ryan Soose, editing and revising of
manuscript; James Coxe, data analysis, editing and revising of
manuscript; Teresa Chan, editing and revising of manuscript;
Stacey L. Ishman, data analysis, editing and revising of manuscript.

Disclosures

Competing interests: Reena Dhanda Patil is supported by the
Cincinnati Veterans Affairs Health Care System. Maria V.
Suurna: Inspire Medical—consultant, medical advisory board;
Nyxoah—consulting; Medtronic—consulting, medical advisory
board. Armin Steffen: Inspire Medical—consultant. The con-
tents do not represent the views of the US Department of
Veterans Affairs or those of the US government.

Funding source: This study was sponsored by Inspire Medical
Systems.

ORCID iD
Reena Dhanda Patil
Maria V. Suurna
Armin Steffen

http://orcid.org/0000-0001-8464-4644
http://orcid.org/0000-0002-7032-0902
http://orcid.org/0000-0002-1044-492X

Ryan Soose (@ http://orcid.org/0000-0001-5200-1505
Teresa Chan (2 http://orcid.org/0000-0002-2231-441X
Stacey L. Ishman (2 http://orcid.org/0000-0003-0997-9692

References

1. Khot SP, Taylor BL, Longstreth, Jr WT, Brown AF. Sleep
health as a determinant of disparities in stroke risk and
health outcome. Stroke. 2023;54(2):595-604.

2. Smith ML, Ory MG. Sleep and health: views about sleep as
a health determinant, symptom, and outcome. Fam
Community Health. 2014;37(4):249-251.

3. Yang CM, Liao YS, Lin CM, Chou SL, Wang EN.
Psychological and behavioral factors in patients with comorbid
obstructive sleep apnea and insomnia. J Psychosom Res.
2011;70(4):355-361.

4, Senaratna CV, Perret JL, Lodge CJ, et al. Prevalence of
obstructive sleep apnea in the general population: a
systematic review. Sleep Med Rev. 2017;34:70-81.

5. Kirell SB, Kapur VK. Insomnia complaints in patients evaluated
for obstructive sleep apnea. Sleep Breath. 2005;9(3):104-110.

6. Roth T. Insomnia: definition, prevalence, etiology, and
consequences. J Clin Sleep Med. 2007;3(5 suppl):S7-S10.

7. American Academy of Sleep Medicine.
Classification of Sleep Disorders. American Academy of
Sleep Medicine; 2014.

8. Bastien C, Vallieres A, Morin CM. Validation of the
Insomnia Severity Index as an outcome measure for
insomnia research. Sleep Med. 2001;2(4):297-307.

9. Sweetman AM, Lack LC, Catcheside PG, et al. Developing
a successful treatment for co-morbid insomnia and sleep
apnoea. Sleep Med Rev. 2017;33:28-38.

10. Krakow B, Melendrez D, Ferreira E, et al. Prevalence of
insomnia symptoms in patients with sleep-disordered
breathing. Chest. 2001;120(6):1923-1929.

11. Luyster FS, Buysse DJ, Strollo, Jr PJ. Comorbid insomnia
and obstructive sleep apnea: challenges for clinical practice
and research. J Clin Sleep Med. 2010;6(2):196-204.

12. Al-Jawder SE, Bahammam AS. Comorbid insomnia in
sleep-related breathing disorders: an under-recognized
association. Sleep Breath. 2012;16(2):295-304.

13. Zhang Y, Ren R, Lei F, et al. Worldwide and regional
prevalence rates of co-occurrence of insomnia and insomnia

International

symptoms with obstructive sleep apnea: a systematic review
and meta-analysis. Sleep Med Rev. 2019;45:1-17.

14. Lack L, Sweetman A. Diagnosis and treatment of insomnia
comorbid with obstructive sleep apnea. Sleep Med Clin.
2016;11(3):379-388. doi:10.1016/j.jsmc.2016.05.006

15. Wickwire EM, Smith MT, Birnbaum S, Collop NA. Sleep
maintenance insomnia complaints predict poor CPAP adher-
ence: a clinical case series. Sleep Med. 2010;11(8):772-776.

16. Strollo, Jr PJ, Soose RJ, Maurer JT, et al. Upper-airway
stimulation for obstructive sleep apnea. N Engl J Med.
2014;370(2):139-149.

17. Thaler E, Schwab R, Maurer J, et al. Results of the
ADHERE upper airway stimulation registry and predictors
of therapy efficacy. Laryngoscope. 2020;130(5):1333-1338.


http://orcid.org/0000-0001-8464-4644
http://orcid.org/0000-0002-7032-0902
http://orcid.org/0000-0002-1044-492X
http://orcid.org/0000-0001-5200-1505
http://orcid.org/0000-0002-2231-441X
http://orcid.org/0000-0003-0997-9692
https://doi.org/10.1016/j.jsmc.2016.05.006

Patil et al.

Il of I

18.

19.

20.

21.

22.

23.

24.

25.

Certal VF, Zaghi S, Riaz M, et al. Hypoglossal nerve
stimulation in the treatment of obstructive sleep apnea: a
systematic review and meta-analysis. Laryngoscope. 2015;
125(5):1254-1264.

Woodson BT, Strohl KP, Soose RJ, et al. Upper airway
stimulation for obstructive sleep apnea: 5-year outcomes.
Otolaryngol Head Neck Surg. 2018;159(1):194-202.
Dhanda Patil R, Hong MP, Ishman SL. Hypoglossal nerve
stimulation in veterans with comorbid insomnia and sleep
apnea. Otolaryngol Head Neck Surg. 2021;164(6):1345-1353.
Steffen A, Baptista P, Ebner EM, Jeschke S, Konig IR,
Bruchhage KL. Insomnia affects patient-reported outcome
in sleep apnea treated with hypoglossal nerve stimulation.
Laryngoscope Investig Otolaryngol. 2022;7(3):877-884.
Jomha M, Dabboussi T, Parker NP, Manchanda S, Chernyak
Y, Stahl SM. Prevalence of insomnia and restless legs syndrome
in patients with upper airway stimulation therapy and effects on
treatment outcomes. Sleep Med. 2022;98:121-126.

Huyett P. Early objective adherence to hypoglossal nerve
stimulation therapy. J Clin Sleep Med. 2022;18(2):631-636.
Wallace DM, Sawyer AM, Shafazand S. Comorbid
insomnia symptoms predict lower 6-month adherence to
CPAP in US veterans with obstructive sleep apnea. Sleep
Breath. 2018;22(1):5-15.

Pieh C, Bach M, Popp R, et al. Insomnia symptoms influence
CPAP compliance. Sleep Breath. 2013;17(1):99-104.

26.

27.

28.

29.

30.

31.

32.

33.

Bahr K, Camara RJA, Gouveris H, Tuin I. Current
treatment of comorbid insomnia and obstructive sleep
apnea with CBTI and PAP-therapy: a systematic review.
Front Neurol. 2018;9:804.

Rotenberg BW, Murariu D, Pang KP. Trends in CPAP
adherence over twenty years of data collection: a flattened
curve. J Otolaryngol Head Neck Surg. 2016;45(1):43.
Schmid S, Wilson DA, Rankin CH. Habituation mechan-
isms and their importance for cognitive function. Front
Integr Neurosci. 2014;8:97.

American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders: DSM-5-TR. American
Psychiatric Association Publishing; 2022.

El-Solh AA, Ayyar L, Akinnusi M, Relia S, Akinnusi O.
Positive airway pressure adherence in veterans with post-
traumatic stress disorder. Sleep. 2010;33(11):1495-1500.
Krakow BJ, Ulibarri VA, Moore BA, Mclver ND.
Posttraumatic stress disorder and sleep-disordered breathing:
a review of comorbidity research. Sleep Med Rev. 2015;
24:37-45.

Patel D, Steinberg J, Patel P. Insomnia in the elderly: a
review. J Clin Sleep Med. 2018;14(6):1017-1024.

Masa JF, Corral J, Pereira R, et al. Therapeutic decision-
making for sleep apnea and hypopnea syndrome using home
respiratory polygraphy: a large multicentric study. Am J
Respir Crit Care Med. 2011;184(8):964-971.



	Relationship of Nocturnal Insomnia Symptoms and Outcomes After Hypoglossal Nerve Stimulation
	Methods
	Study Design
	Baseline Data and Outcome Measurements
	Statistical Analysis

	Results
	Baseline Data
	Outcomes at FV
	Device Efficacy
	Adherence
	Sleepiness
	Insomnia
	FV Completion and Patient Satisfaction


	Discussion
	Comfort
	Habituation
	MH
	Comfort
	MH

	Conclusion
	Acknowledgments
	Author Contributions
	Disclosures
	Competing interests
	Funding source

	ORCID iD
	References




