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Background: Complex insomnia, the comorbidity of chronic insomnia and obstructive sleep apnea (OSA), is a
common sleep disorder, but theOSA component, whether presenting overtly or covertly, often goes unsuspected
and undiagnosed due to a low index of suspicion. Among complex insomniacs, preliminary evidence demon-
strates standard CPAP decreases insomnia severity. However, CPAP causes expiratory pressure intolerance or iat-
rogenic central apneas that may diminish its use. An advanced PAP mode—adaptive servo-ventilation (ASV)—
may alleviate CPAP side-effects and yield superior outcomes.
Methods: In a single-site protocol investigating covert complex insomnia (ClinicalTrials.gov identifier:
NCT02365064), a low index of suspicion for this comorbidity was confirmed by exclusion of 455 of 660 eligible
patients who presented during the study periodwith overt OSA signs and symptoms. Ultimately, stringent inclu-
sion/exclusion criteria to test efficacy yielded 40 adult, covert complex insomnia patients [average Insomnia Se-
verity Index (ISI) moderate–severe 19.30 (95% CI 18.42–20.17)] who reported no definitive OSA symptoms or
risks and who failed behavioral or drug therapy for an average of one decade. All 40 were diagnosed with OSA
and randomized (using block randomization) to a single-blind, prospective protocol, comparing CPAP (n =
21) and ASV (n = 19). Three successive PAP titrations fine-tuned pressure settings, facilitated greater PAP use,
and collected objective sleep and breathing data. Patients received 14 weeks of treatment including intensive bi-
weekly coaching and follow-up to foster regular PAP use in order to accurately measure efficaciousness. Primary
outcomes measured insomnia severity and sleep quality. Secondary outcomes measured daytime impact: OSA-
induced impairment, fatigue severity, insomnia impairment, and quality of life. Performance on these seven var-
iables was assessed using repeated measures ANCOVA to account for the multiple biweekly time points.
Findings: At intake, OSA diagnosis and OSA as a cause for insomnia were denied by all 40 patients, yet PAP signif-
icantly decreased insomnia severity scores (p= 0.021 in the primary ANCOVA analysis). To quantify effect sizes,
mean intake vs endpoint analysis was conducted with ASV yielding nearly twice the effects of CPAP [−13.2
(10.7–15.7), Hedges' g = 2.50 vs −9.3 (6.3–12.3), g = 1.39], and between mode effect size was in the
medium-large range 0.65. Clinically, ASV led to remission (ISI b 8) in 68% of cases compared to 24% on CPAP
[Fisher's exact p= 0.010]. Two sleep quality measures in the ANCOVA analysis again demonstrated superior sig-
nificant effects for ASV compared to CPAP (both p b 0.03), and pre- and post-analysis demonstrated substantial
effects for both scales [ASV (g = 1.42; g = 1.81) over CPAP (g = 1.04; g = 0.75)] with medium size effects be-
tween modes (0.54, 0.51). Measures of impairment, residual objective sleep breathing events, and normalized
breathing periods consistently demonstrated larger beneficial effects for ASV over CPAP.
Interpretation: PAP therapy was highly efficacious in decreasing insomnia severity in chronic insomnia patients
with previously undiagnosed co-morbid OSA. ASV proved superior to CPAP in this first efficacy trial to compare
advanced to traditional PAPmodes in complex insomnia. Future research must determine the following: patho-
physiological mechanisms to explain how OSA causes chronic insomnia; general population prevalence of this
comorbidity; and, cost-effectiveness of ASV therapy in complex insomnia. Last, efforts to raise awareness of com-
plex insomnia are urgently needed as patients and providers appear to disregard both overt and covert signs and
symptoms of OSA in the assessment of chronic insomnia.
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Research in context

Evidence before this study

Nearly 50-years of research in the field of sleep medicine have
been unable to discover a universally accepted theory on the etiol-
ogy and fundamental nature of themost common sleep complaint:
chronic insomnia. Numerous attempts to identify definitive causal-
ity have instead elucidated multiple and diverse precipitants for
chronic insomnia, leading to a consensusmodel defining unwanted
bouts of sleeplessness as a psychophysiological condition. Themost
effective treatment has been established with cognitive-behavioral
therapy for insomnia (CBT-I); yet, pharmacotherapy including OTC
remedies are selected or prescribed more frequently. Notwith-
standing, Guilleminault et al. (1973) published thefirst case reports
46 years ago describing chronic insomnia as a medical disorder
fueled by abnormal respiration during sleep (sleep-disordered
breathing). Currently, a PubMed search including terms “Insom-
nia”, “Sleep Apnea”, and “PAP” reveals more than a dozen review
articles describing relationships between co-morbid insomnia and
obstructive sleep apnea (aka “complex insomnia”) as well as four-
teen treatment studieswhere CPAP therapy andother sleepbreath-
ing treatments were associated with significant decreases in
insomnia severity. This evidence indicates chronic insomnia is
caused in part by chronic sleep fragmentation objectively induced
by underlying (and typically unrecognized) obstructive sleep
apnea. When attempting to use CPAP, however, insomniacs face
additional challenges due to their anxious, poorly tolerated, and
sometimes traumatizing reactions to fixed pressurized air (CPAP).
Advanced PAP therapy (e.g. ASV, adaptive servo-ventilation), with
dual and variable pressure settings combined with “smart” algo-
rithms, may alleviate side-effects related to CPAP intolerance.

Added value of this study

The current efficacy research trial demonstrates how: 1) pro-
viders and patients frequently overlook the link between sleep
apnea and insomnia; 2) PAP therapy unequivocally and rapidly
reverses objective sleep fragmentation, thereby improving sleep
quality; 3) marked improvements in sleep quality lead to marked
insomnia improvements; 4) ASV PAP therapy is more efficacious
than CPAP through its capacity to provide significantly higher in-
spiratory pressures and significantly lower expiratory pressures,
which result in greater normalization of sleep breathing as well
as greater patient comfort; and 5) ASV PAP therapy demonstrates
superior efficacy to CPAP in treating complex insomnia based on
levels of success (insomnia remission rates) nearly equivalent to
gold standard CBT-I. Clinically, these chronic insomnia disorder
patients had been failing several insomnia treatments for a de-
cade, on average, and neither they nor their doctors or therapists
imagined they had been suffering from sleep apnea. Taken to-
gether, this efficacy trial provides new and additional evidence
to categorize abnormal sleep respiration as a causative factor trig-
gering insomnia through sleep fragmentation effects.

Implications of all the available evidence

The link between chronic, objective, sleep apnea-induced
sleep fragmentation (i.e. degraded sleep quality) and chronic in-
somnia appears more prevalent than previously recognized. In
this protocol, 455 of 660 eligible chronic insomnia patients were
excluded from the study because they overtly suffered signs and
symptoms of undiagnosed and untreated OSA, apparently for
one decade. Another variant, covert complex insomnia, is even
more difficult to diagnose due to the absence of sleep breathing

signs or symptoms, such as a lack of obesity, sleepiness, and
witnessed apneas. Overall, many chronic insomnia patients may
be receiving inadequate or inappropriate treatment frommedica-
tions that do not treat a key pathophysiological component of
their condition. Last, among these types of patients failing conven-
tional therapies, treatment with any PAP mode decreases insom-
nia; but, notably, treatment with the advanced PAP mode known
as ASV proved most efficacious among a population historically
intolerant to or susceptible to failing CPAP.
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1. Introduction
Mostmedical andmental health professionals identify insomnia, the
most common sleep condition affecting 25% of adults intermittently and
10% regularly [1], as a psychological disorder with clinical pathophysio-
logical effects managed with behavioral therapies or pharmacotherapy
[1,2]. As such, over-the-counter (OTC) agents are widely available but
with scant evidence of efficacy [3]. Prescription sedatives are exten-
sively marketed and dispensed, yet efficacy and safety questions persist
regarding long-term use [1,3]. The American Academy of Sleep Medi-
cine (AASM) recommends gold standard cognitive-behavioral therapy
for insomnia (CBT-I) [3,4], which navigates insomniacs through
reframing steps to adjust thinking (cognitive) and actions (behavioral)
to “stop losing sleep over losing sleep.” CBT-I is highly efficacious with
limited accessibility [5,6], although newer internet programs are
expanding CBT-I resources [7]. However, CBT-I may cause adverse ef-
fects from sleep restriction [8].

In sharp contrast to this standard perspective on the most common
sleep disorder, a newer physiological conceptualization of insomnia,
originally termed “complex insomnia” in 2001, has been defined as
the comorbidity of chronic insomnia and covert obstructive sleep
apnea (OSA) [9]. This comorbidity was discovered much earlier by
Guilleminault et al. [10] in five insomnia patients with co-occurring,
previously unsuspected sleep-disordered breathing [10]. Conventional
wisdom typically dispels this co-occurrence as an epiphenomenon
based on the coincidental high prevalence of both disorders [11–13].
In contrast, complex insomnia theory proposes OSA, or its variant
upper airway resistance syndrome (UARS), directly causes chronic in-
somnia in a sizeable proportion of patients unaware of their OSA/
UARS [11,13–15]; the theory posits sleep breathing events are critical
pathophysiological factors triggering chronic, pervasive, objective
sleep fragmentation (i.e. poor sleep quality), which ultimately fuels un-
wanted sleeplessness [9].

In this new model, chronic insomnia is in part a medical disorder of
abnormal sleep respiration [16–29], but the true prevalence is unknown
as no general population studies have been conducted. Nonetheless, ex-
tant literature studyingnumerous cohorts suggests co-morbid insomnia
and objectively diagnosed OSA/UARS are quite common [11,13–15].
Among patients presenting with primary insomnia, investigated within
or outside sleep center populations and grouped by patient characteris-
tics or co-occurring health conditions, OSA/UARS prevalencewas as fol-
lows: active dutymilitary (38%) [30], chronic kidney disease (51%) [31],
crime victims (91%) [9], disaster survivors (95%) [32], elderly (29–43%)
[33,34], hypnotic failure (71–91%) [35–37], postmenopausal women
(83%) [38], primary care patients (23%–34%) [39–41], PTSD patients
(76%) [42], rape survivors (90%) [43], and veterans (46%) [44].

The potential clinical relevance of the complex insomnia theory has
been further elaborated upon in 14 peer-reviewed treatment studies, all
demonstrating significant improvements with medium to large effects
in chronic insomnia patients' outcomes following OSA therapies. Mo-
dalities included CPAP [16–23], auto-bilevel PAP (ABPAP) [24–26],
adaptive servo-ventilation (ASV) [25,26,29], oral airway surgery (e.g. T
& A, UPPP) [21], oral appliance therapy [28], bariatric surgery [16], and
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nasal dilator strips that expand cross-sectional volume of nasal airflow
[27]. This evidence informs the theory that treatment of OSA/UARS de-
creases insomnia severity by reversing sleep fragmentation triggered by
objectively diagnosable sleep breathing events, a well-described thera-
peutic process that enhances sleep consolidation (greater sleep quality)
[45].

Unfortunately, current professional attitudes about CPAP, the gold
standard OSA treatment, appear to presume nearly automatic rejection
by insomnia patients [20,46–48]. Even amongmost sleepmedicine spe-
cialists, CPAP is believed to be a nonstarter for insomniacs due to older
evidence showing CPAP worsens insomnia [49]; and, other evidence
shows insomnia makes CPAP adherence more difficult [48]. However,
more recent evidence suggests advanced PAP modes (ABPAP, ASV) are
associated with greater use among insomnia patients who previously
failed CPAP [50].

In general, continuous pressure (fixed CPAP) failures are often the
result of recurring or persistent subjective or objective expiratory pres-
sure intolerance (EPI)—the unpleasant and sometimes traumatizing
sensation of breathing out against pressurized airflow (described as
“drowning in air”). EPI (also described as claustrophobic-like) emerges
among insomnia patients attempting CPAP and may be associated with
iatrogenic central sleep apneas (CSA) [29]. Both side-effects (EPI, CSA)
are observed among individuals who reject CPAP [25]. Advanced PAP
may prove more efficacious than CPAP by providing dual pressures
with lower exhalation settings to yield a comfort effect; some advanced
PAP modes (e.g. ASV) deliver dual pressures using proprietary volume-
based algorithms coupled with a respiratory back-up rate to eliminate
CSA [51]. No studies, however, have compared the efficacy of CPAP to
advanced PAP therapy in chronic insomnia patients.

The current randomized controlled trial (RCT) evaluated adult com-
plex insomnia patients randomized to CPAP or ASV. We hypothesized
ASVwould provemore efficacious than CPAP in significantly decreasing
insomnia severity by restoring sleep quality, subjectively and objec-
tively. Our secondary hypothesis predicted superior ASV efficacy to
CPAP in decreasing daytime impairment, improving quality of life, and
enhancing various objective measures of sleep and breathing.

2. Methods

2.1. Efficacy Trial Requirements for Sample Selection Based on Complex In-
somnia Presentation

An efficacy protocol was applied [52–54], because no standard treat-
ment of complex insomnia has been established. Moreover, no compar-
ative studies have tested CPAP versus advanced PAP for complex
insomnia patients. Last, beyond general difficulties in adhering to PAP
therapy, complex insomniacs have manifested greater barriers to regu-
lar use of PAP and therefore require considerably more hands-on sup-
port to achieve a reasonable degree of adherence sufficient to test
efficacy [14,15,26,29,50,55].

Complex insomnia presents in two distinct forms: covert and overt.
In covert complex insomnia, described as occult [34], covert [9], or veiled
[11] during the past two decades by several research groups [9,34,41,
44], minimal or no signs and symptoms of a sleep breathing disorder
are reported. Instead, insomnia complaints are usually intense or ur-
gent, leading primary care providers, mental health professionals, and
some sleep medicine specialists to bypass other potential etiologies to
explain sleeplessness [49]. These patients may never be sent for sleep
center referrals but are almost invariably offered pharmacotherapy as
well as psychotherapy (rarely CBT-I). These covert cases were selected
for the current protocol, because they closely match the common clini-
cal presentation of those patients who appear to be “pure” insomniacs
(psychologically driven) seen inmental health and primary care clinics.
They also provide an additional masking advantage to the protocol, be-
cause they themselves never suspect the presence of a sleep breathing
disorder or imagine it as a cause of their sleeplessness.
In contrast, overt presentations of complex insomnia are more com-
mon and invariably include risks or symptoms like witnessed apneas,
obesity, and daytime sleepiness [56]. However, many healthcare profes-
sionals managing large clinical caseloads of insomnia patients remain
unaware that these risks portend a link to a physical cause for sleepless-
ness [12,56]. Thus, current practices may have created an aversive filter
that prevents the recognition of the need for sleep testing in either overt
or covert forms of complex insomnia. Nonetheless, overt complex in-
somnia patients were excluded from this protocol, because their aware-
ness of breathing symptoms or OSA risks could have led to bias against
our specific aim to work with patients who never suspected the pres-
ence of a sleep breathing disorder. Parenthetically, by restricting the
sample to covert complex insomnia, the protocol indirectly provided
an opportunity to confirm this general problem of low index of suspi-
cion, because many overt cases would be excluded in our recruitment
process.

2.2. IRB Approval, Intake, & Inclusion/Exclusion Criteria

The study was approved by Presbyterian Healthcare Institutional Re-
view Board and listed at https://clinicaltrials.gov/ct2/show/
NCT02365064 (February, 2015, after which recruitment began) and
followed CONSORT guidelines. Patients completed a standard online in-
take for Maimonides Sleep Arts & Sciences (Albuquerque, NM). The first
author identified potentially eligible patients following intake review;
these patients then learned of a randomized controlled trial of two un-
specified treatments for chronic insomnia. Primary inclusion criteria
were adult chronic insomnia disorder patients who believed their sleep
problems were due to psychological, psychiatric, behavioral, or environ-
mental factors and affirmed classic features of insomnia (racing thoughts
at bedtime, clock-watching, anxiety and fear in the bedroom, poor sleep
hygiene, lying awake in bed, “losing sleep over losing sleep” aka psycho-
physiological conditioning, or regular use of OTC or prescription sleep
aids). Patients echoed common presentations of chronic insomnia ob-
served at mental health, primary care, and sleep clinics [1,3]; none be-
lieved sleep breathing symptoms or disorders caused or contributed to
their insomnia prior to being objectively diagnosed with sleep-
disordered breathing. Main exclusion criteria (Fig. 1) focused on obvious
risks for a sleep breathing disorder: obesity, excessive daytime sleepiness,
witnessed apneas, and past evaluations at sleep centers. Patients without
psychological features of insomnia [1] were excluded. Co-morbid sleep
disorders, notably restless legs syndrome (RLS) and periodic limb move-
ment disorder (PLMD), weremajor exclusion criteria, but due to their in-
consistent diagnostic manifestations, some of these patients needed to be
excluded post-randomization [57] (see Section 2.5). Last, due to recent
controversies on the use of ASV in congestive heart failure patients [58],
cardiac patients were excluded.

2.3. Procedure

2.3.1. Pre-Research Diagnosis & Informed Consent
Timeline of the protocol (Fig. 2) begins with patient referral to the

sleep center. No recruitment advertising was conducted; primary care
physicians were apprised of the research and instructed not to divulge
the protocol to candidates, whowere informed of a “chronic insomnia re-
search study.”Pre-research, diagnostic PSGwas completed.During results
review, eligible patients learned for the first time about their co-occurring
OSA (apnea-hypopnea index (AHI) N 5) or UARS, the latter diagnosed
when respiratory effort-related arousals (RERAs) (aka flow limitation
events) yielded a respiratory disturbance index (RDI) N 15 when AHI
b 5. Discussion of the protocol and informed consent followed. A theory
was offered about problematic breathing during sleep causing EEG sleep
fragmentation, resulting in chronic insomnia. At consent, no discussion
occurred about psychological aspects of insomnia. Interventionswere de-
scribed as two types of PAP, but specifics were omitted. Patients were
instructed and needed to agree to forego new sleep or psychotropic

https://clinicaltrials.gov/ct2/show/NCT02365064
https://clinicaltrials.gov/ct2/show/NCT02365064
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medications; established sleep aids and psychotropic drugs at current
dosages were permitted for protocol entirety. Extensive time commit-
ments and tasks in the 15-week protocol were reviewed. All these steps
Fig. 1. Flowchart showing a) eligibility and final sample of chronic insomnia disorder patient
behavioral, psychological, psychiatric, and environmental factors, and b) excluded patients' de
BMI — body mass index; ESS — Epworth Sleepiness Scale; PSG — Polysomnography Sleep Te
syndrome; ASV — adaptive servo-ventilation; CPAP — continuous positive airway pressur
aChronic insomnia disorder as defined by the AASM: chief complaint of insomnia, ISI ≥ 15,
halfway through sample collection due to exclusion of ASV participants secondary to dispropo
and completion of first exposure to PAP treatment; chose not to pursue research without
psychiatric issues that required immediate attention and subsequent removal from the study
fThe 17 exclusions were eligible for the study and completed the informed consent and rand
PLMD and were excluded as post-randomization exclusions. gUnable/unwilling: patients with
patients with multiple health issues that may have confounded research or patients who need
working with doctors to titrate medication dosage; no diagnosis of OSA: did not meet requirem
were completed prior to randomization, thus neither the principal inves-
tigator nor the two co-investigators were aware of any PAPmode assign-
ments prior to a patient completing the consent step.
s presenting with chief complaint of chronic psychophysiological insomnia attributed to
tails. Abbreviations: ISI — Insomnia Severity Index; ITT — intent to treat; Dx— diagnosis;
st; Rx — prescription; OSA — obstructive sleep apnea; UARS — upper airway resistance
e; RLS — restless leg syndrome; PLMD — periodic limb movement disorder. Footnote:
impairment due to insomnia, and duration of at least 6 months. bRandomization reset
rtionate leg movement disorders in this group. cWithdrawn patients after randomization
offering explanation. dIntercurrent medical/psychiatric patients developed medical or
due to treatment plan. eFinal ITT included all eligible randomized patients, total n = 61.
omization process. However, during a titration study they exhibited independent RLS/
scheduling conflicts or no interest in participation; comorbidities/urgent care required:
ed immediate treatment of their sleep-disordered breathing; unstable Rx dose: patients
ents for OSA/UARS.
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2.4. Protocol

2.4.1. Randomization, PAP Technology and Masking
After consent, random assignment was conducted using non-

stratified block randomization of block size 4, with equal weights for
each arm (CPAP or ASV). Research staff were unaware of the randomi-
zation schedule and only learned of PAPmode assignment after consent.
Patients then completed one-week prospective sleep diaries followed
byfirst overnight in-lab titration. All patients were PAP naïve and there-
fore unable to detect mode distinctions between fixed pressurized air
(CPAP) and ASV, the latter technology providing higher inspiratory
pressures tomore effectively titrate RERAs while maintaining lower ex-
piratory pressure to prevent expiratory pressure intolerance [59,60].
AASM mandates RERAs should be eliminated during a titration [45].
Referral or Self-referral to MSAS

Intakea
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Fig. 2. Protocol timeline: patient pathway from referral through study exit. Abbreviations: MS
airway resistance syndrome; PSG — Polysomnography Sleep Test; ISI — Insomnia Severity In
Severity Scale; FOSQ-10 — Functional Outcomes of Sleep Questionnaire Short Form; QLESQ —
Polysomnography Sleep Test; MD — medical director; CPAP — continuous positive airway pre
sleep quality (percent scale); ODD — objective data download. Footnote: aIntake included IS
does not involve drugs, placebos or deception; it is a randomized controlled trial of two diffe
treatment. bOnline sleep diary completed daily via home computer or smart phone througho
SQ-Pct, as well as subjective sleep indices. Pre-treatment sleep diary completed for 7 consecut
designed for patients to quickly attain or approach standard PAP compliance metrics to ensure
CPAP and ASV may follow different courses, because CPAP users must contend with EPI a
alleviation of EPI as well as fewer or no central apneas. However, ASV patients may struggle w
some individuals feel as if they are losing control over their breathing. dCompletion of protoco
Patients were set up with ResMed AirCurve™ devices, masked by
blocking LCD visualization using thick black paper and tape, with
built-in capacity to apply either ASV or CPAP [61].

2.4.2. Repeat Titrations, Follow-up, and Support
A specific aim prevented over-titration to avoid harm from intolera-

ble pressurized air (EPI). As stated, AASM requires titration to optimal
settings, including virtual elimination of residual RERA breathing events
(normalized airflow signal) [45], but when pressures provoke discomfort
or intolerance, settings are lowered temporarily. Pressures were then
gradually increased during the entire protocol to reach optimal settings.
To resolve these conflicting objectives, we worked to normalize the air-
flow signal as much as possible while recognizing efforts to eliminate
RERAs may provoke EPI or frank central apneas (Fig. 2).
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AS — Maimonides Sleep Arts & Sciences; OSA — obstructive sleep apnea; UARS — upper
dex; ESS — Epworth Sleepiness Scale; III — Insomnia Impairment Index; FSS — Fatigue
Quality of Life Enjoyment and Satisfaction Questionnaire Summary; DxPSG — Diagnostic
ssure; ASV — adaptive servo-ventilation; SQ-Lik — sleep quality (Likert scale); SQ-Pct —
I, ESS, III, FSS, FOSQ-10, QLESQ. Potentially eligible patients were informed “the protocol
rent techniques to treat chronic insomnia,” but no further details were provided about
ut the study and included two questions regarding subjective sleep quality, SQ-Lik and
ive days prior to first titration. cPatients encouraged to use PAP nightly; the protocol was
final results would measure efficacy among two samples of regular users. Adaptation to

nd central apneas from the outset; whereas ASV patients may experience immediate
ith the constant auto-adjusting changes embedded within this technology, which makes
l granted patient ownership of the PAP device and transportation reimbursement ($85).



Table 1a
Comparison of sociodemographics and insomnia chronicity for total randomized sample (n = 61) by mode and completion status: % or mean(95% confidence interval)a.

Total
(n = 61)

ASV
(n = 32)

CPAP
(n = 29)

p-valueb, gc Completers
(n = 40)

Non-completers
(n = 21)

p-valueb, gc

Sociodemographics
Female (%) 68.9 (55.7–80.1) 71.9 (53.3–86.3) 65.5 (45.7–82.1) 0.782, 0.74

(0.25–2.20)
65.0 (48.3–79.4) 76.2 (52.8–91.8) 0.561, 1.72

(0.52–5.70)
Age 45.44

(41.51–49.37)
45.89

(40.26–51.52)
44.95

(39.14–50.76)
0.814, 0.06 48.38

(43.66–53.11)
39.84

(32.94–46.73)
0.041, 0.57

BMI 24.81
(23.94–25.69)

25.07
(23.76–26.38)

24.53
(23.32–25.75)

0.545, 0.16 24.97
(23.82–26.13)

24.50
(23.05–25.95)

0.595, 0.14

Caucasian (%) 70.5 (57.4–81.5) 65.6 (46.8–81.4) 75.9 (56.5–89.7) 0.414, 0.61
(0.20–1.86)

75.0 (58.8–87.3) 61.9 (38.4–81.9) 0.378, 1.85
(0.59–5.74)

Hispanic (%) 21.3 (11.9–33.7) 25.0 (11.5–43.4) 17.2 (5.8–35.8) 0.541, 1.60
(0.46–5.60)

17.5 (7.3–32.8) 28.6 (11.3–52.2) 0.341, 0.53
(0.15–1.85)

College degree
(%)

54.1 (40.8–66.9) 56.3 (37.7–73.6) 51.7 (32.5–70.6) 0.800, 1.20
(0.44–3.29)

55.0 (38.5–70.7) 52.4 (29.8–74.3) 1.000, 1.11
(0.39–3.20)

Married (%) 54.1 (40.8–66.9) 56.3 (37.7–73.6) 51.7 (32.5–70.6) 0.800, 1.20
(0.44–3.29)

52.5 (36.1–68.5) 57.1 (34.0–78.2) 0.791, 0.83
(0.29–2.40)

Insomnia
chronicity
Duration (years) 10.26 (8.41–12.10) 11.24 (8.75–13.72) 9.18 (6.32–12.03) 0.268, 0.28 9.80 (7.48–12.13) 11.12 (7.84–14.39) 0.503, 0.18

a t-test confidence interval for continuous variables.
b p-value is Fisher's exact t-test for dichotomous variables, t-test for continuous variables.
c Odds ratio (95% confidence interval) calculated for dichotomous variables; Hedges' g calculated for continuous variables.
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Follow-up occurred daily with sleep tracking logs to gather standard
sleep indices (see abbreviations in Section 2.4.3) as well as sleep quality
assessments. Additional follow-up occurred at biweekly intervals (4
clinic visits interspersed with 2 lab nights, Fig. 2) with collection of
follow-up measurements and objective data downloads (ODD). ODD
captured residual breathing events [apneas, hypopneas, flow limitation
(i.e. “flattening” frequency mild/moderate/severe)], mask leak, use
hours, and average pressurized air levels [53]. Final follow-upmeasure-
ments occurred two weeks after last titration. All daily and biweekly
measures were collected electronically by direct patient input and
locked into a database to ensure data integrity.

For this efficacy research, given thedegree of difficulty in adhering to
PAP andunique barriers associatedwith PAP attempts in chronic insom-
nia patients [48], unlimited additional support from research staff was
available by email, telephone, or walk-in appointments. Overall, the
support was extensive to promote regular use, so that efficacy of each
mode could be determined. This lengthy, intensive protocol accommo-
dated the natural slow trajectory of incremental adaptation in first-
time PAP users as well as the gradual improvement in outcomes over
many weeks duration.

2.4.3. Measurements
Primary subjective instruments comprised the Insomnia Severity

Index (ISI) and two self-rating sleep quality measures: SQ-Lik, based on
Table 1b
Comparison of sociodemographics and insomnia chronicity for completers (n = 40) by mode:

Completers
(n = 40)

ASV
(n = 19)

Sociodemographics
Female (%) 65.0 (48.3–79.4) 73.7 (48.8–9
Age 48.38 (43.66–53.11) 52.03 (44.94–
BMI 24.97 (23.82–26.13) 24.78 (22.76–
Caucasian (%) 75.0 (58.8–87.3) 73.7 (48.8–9
Hispanic (%) 17.5 (7.3–32.8) 15.8 (3.4–3
College degree (%) 55.0 (38.5–70.7) 52.6 (28.9–7
Married (%) 52.5 (36.1–68.5) 57.9 (33.5–7

Insomnia chronicity
Duration (years) 9.80 (7.48–12.13) 11.23 (8.12–1

a t-test confidence interval for continuous variables.
b p-value is Fisher's exact t-test for dichotomous variables, t-test for continuous variables.
c Odds ratio (95% confidence interval) calculated for dichotomous variables; Hedges' g calcu
an 8-point Likert scale and SQ-Pct, a 0 to 100% rating with higher scores
indicative of better sleep quality for both measures. The main secondary
measures included three impairment indexes [Insomnia Impairment
Index (III), Fatigue Severity Scale (FSS), Functional Outcomes of Sleep
Questionnaire Short Form(FOSQ-10)] andonequality of life scale [Quality
of Life Enjoyment and Satisfaction Questionnaire Summary Form
(QLESQ)]. (See supplement for detailed descriptions.) Objectivemeasure-
ments focused on respiratory disturbance indexes, sleep indices [sleep
onset latency (SOL), wake after sleep onset (WASO), and sleep efficiency
(SE)], and sleep architecture. Normalized sleep breathing time (NSBT)
measured by percent and inminutes, measured at all four PSGS (diagnos-
tic and three titrations), was calculated by subtracting time spent during
breathing events (apneas, hypopneas, FLEs) and other arousals from
total sleep time. PSGs were scored by an independent, registered, 20-
year experienced sleep technologist, blinded to protocol and PAP mode.

2.5. Power Analysis, Sample Size Estimates and Re-randomization

We hypothesized large to very large effects in ASV users compared
to medium to large effects in CPAP users for primary outcomes, thus
we anticipated an average net difference betweenmodes of ~0.80 effect
size for insomnia and sleep quality measures. Two-tailed significance
testing atα=0.05with 90% power and n=26 per group (total sample
of 52) yielded a minimal detectable difference of 4 units on the ISI scale
% or mean(95% confidence interval)a.

CPAP
(n = 21)

p-valueb, gc

0.9) 57.1 (34.0–78.2) 0.333, 0.48 (0.13–1.82)
59.12) 45.09 (38.54–51.64) 0.140, 0.47
26.80) 25.15 (23.81–26.50) 0.745, 0.10
0.9) 76.2 (52.8–91.8) 1.000, 0.88 (0.21–3.66)
9.6) 19.0 (5.4–41.9) 1.000, 0.80 (0.15–4.13)
5.6) 57.1 (34.0–78.2) 1.000, 0.83 (0.24–2.90)
9.7) 47.6 (25.7–70.2) 0.545, 1.51 (0.43–5.28)

4.34) 8.52 (4.93–12.10) 0.244, 0.37

lated for continuous variables.



Table 2a
Comparison of baseline characteristics for subjective/objective primary and secondary measures, % or mean (95% confidence interval)a, by total randomized sample (n = 61).

Total
(n = 61)

ASV
(n = 32)

CPAP
(n = 29)

p-value, g Completers
(n = 40)

Non-completers
(n = 21)

p-value, g

Primary measures
ISI 19.97 (19.08–20.85) 19.91 (18.63–21.19) 20.03 (18.73–21.34) .887, 0.03 19.30 (18.40–20.20) 21.24 (19.31–23.17) .069, 0.57
SQ-Lik 2.98 (2.73–3.22) 3.05 (2.70–3.41) 2.90 (2.54–3.25) .532, 0.15 3.08 (2.76–3.40) 2.78 (2.39–3.16) .218, 0.031
SQ-Pct (%) 51.20 (47.20–55.20) 52.84 (48.02–57.66) 49.40 (42.61–56.18) .394, 0.22 52.01 (47.16–56.86) 49.66 (42.04–57.28) .594, 0.15

Secondary measures
Questionnaires
ESS 5.64 (4.85–6.43) 6.31 (5.43–7.19) 4.90 (3.54–6.25) .073, 0.46 5.70 (4.73–6.67) 5.52 (4.05–7.00) .838, 0.06
III 21.13 (18.82–23.45) 21.91 (18.42–25.39) 20.28 (17.09–23.47) .486, 0.18 19.20 (16.87–21.53) 24.81 (19.83–29.79) .043, 0.64
FSS 41.39 (37.87–44.92) 43.88 (38.99–48.76) 38.66 (33.43–43.88) .141, 0.38 40.55 (36.44–44.66) 43.00 (35.90–50.10) .540, 0.17
FOSQ-10 13.99 (13.12–14.87) 13.60 (12.30–14.89) 14.43 (13.21–15.65) .344, 0.24 14.91 (14.08–15.74) 12.24 (10.37–14.12) .011, 0.83
QLESQ (%) 58.26 (53.66–62.85) 57.70 (51.34–64.06) 58.87 (51.82–65.91) .802, 0.06 60.22 (54.36–66.09) 54.51 (46.81–62.20) .230, 0.32

Sleep diary
SOL 58.86 (46.11–71.60) 62.83 (45.68–79.99) 54.47 (34.49–74.45) .517, 0.17 58.49 (40.70–76.28) 59.56 (42.57–76.55) .929, 0.02
WASO 74.08 (59.44–88.71) 61.82 (44.93–78.70) 87.60 (62.94–112.27) .078, 0.45 79.33 (59.82–98.83) 64.08 (41.89–86.26) .293, 0.26
SE (%) 73.55 (69.85–77.25) 75.07 (70.00–80.14) 71.87 (66.19–77.55) .392, 0.22 73.95 (69.34–78.56) 72.77 (66.03–79.52) .767, 0.08

PSG sleep indices
SOL 28.19 (20.22–36.17) 28.10 (17.27–38.94) 28.29 (15.81–70.78) .981, 0.01 25.32 (15.33–35.32) 33.66 (19.59–47.73) .324, 0.26
WASO 65.98 (52.57–79.39) 65.62 (49.84–81.40) 66.38 (43.08–89.68) .956, 0.01 71.79 (54.38–89.19) 54.92 (33.33–76.52) .217, 0.32
SE (%) 77.18 (73.28–81.07) 76.98 (72.58–81.37) 77.39 (70.47–84.31) .916, 0.03 76.48 (71.06–81.91) 78.50 (73.31–83.68) .584, 0.13
N1 (%) 6.85 (4.96–8.74) 5.11 (3.19–7.03) 8.76 (5.40–12.12) .053, 0.50 6.26 (4.14–8.38) 7.96 (4.01–11.92) .438, 0.23
N2 (%) 58.40 (55.19–61.60) 55.60 (51.54–59.67) 61.48 (56.44–66.52) .066, 0.47 61.05 (57.03–65.06) 53.35 (48.33–58.37) .017, 0.63
N3 (%) 16.32 (13.54–19.11) 19.33 (15.27–23.39) 13.00 (9.37–16.64) .022, 0.60 14.24 (11.05–17.42) 20.30 (14.99–25.61) .050, 0.57
REM (%) 18.44 (16.33–20.54) 19.95 (17.27–22.63) 16.77 (13.40–20.13) .132, 0.39 18.46 (15.73–21.19) 18.40 (14.84–21.95) .977, 0.01
REM (min) 62.13 (53.31–70.95) 64.42 (52.86–75.98) 59.59 (45.41–73.77) .589, 0.14 62.39 (50.84–73.94) 61.62 (47.13–76.11) .932, 0.02

PSG breathing indices
AHI 15.88 (11.33–20.43) 13.95 (8.60–19.31) 18.01 (10.19–25.83) .378, 0.23 19.16 (13.52–24.80) 9.64 (2.04–17.24) .044, 0.54
CAI 0.33 (0.18–0.48) 0.35 (0.17–0.53) 0.31 (0.04–0.58) .784, 0.06 0.13 (0.02–0.24) 0.71 (0.35–1.07) .004, 1.05
RDI 36.51 (31.43–41.58) 33.13 (25.62–40.64) 40.23 (33.30–47.17) .164, 0.36 34.05 (29.26–38.84) 41.18 (29.10–53.27) .265, 0.36

Abbreviations: ISI— Insomnia Severity Index; SQ-Lik— Sleep quality Likert scale; SQ-Pct— Sleep quality percent scale; ESS— Epworth Sleepiness Scale; III— Insomnia Impairment Index;
FSS— Fatigue Severity Scale; FOSQ-10— Functional Outcomesof SleepQuestionnaire Short Form;QLESQ—Quality of Life Enjoyment andSatisfactionQuestionnaire Summary; SOL— sleep
onset latency; WASO—wake after sleep onset; SE— sleep efficiency; N1— non-REM stage 1; N2 — non-REM stage 2; N3 — non-REM stage 3; REM — rapid eye movement sleep; AHI—
Apnea Hypopnea Index; RDI— Respiratory Disturbance Index.

a t-test confidence interval for continuous variables.
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for mean group change. Sleep quality change estimates were similar.
We sought to recruit 75 patients for 52 patients to complete the proto-
col, but due to partially unexpected findings regarding RLS and PLMD
[62,63], coupled with the expected majority of patients manifesting
overt signs and symptoms of OSA, many individuals were excluded
(Fig. 1). After eliminating the 17 post-randomization exclusions due to
RLS/PLMD status, the eligible, protocol-directed cohort totaled 61 indi-
viduals, and as described subsequently comprised groups of 32 ASV
and 29 CPAP, thus virtually no imbalance existed in the treatment arms.

To clarify the post-randomization exclusion [57] of patients with
RLS/PLMD, it is important to note the condition must be deemed an in-
dependent, co-morbid state [63,64]. However, actual PAP use provides
the only confirmation of an independent limb movement disorder
during sleep (PLMD) [63] because secondary limbmovements typically
resolve with PAP [63,64]. Thus, patients manifesting RLS/PLMD on diag-
nostic studies were enrolled given the likelihood the problem would
dissipate. Also, patients reporting no limbmovements and demonstrat-
ing nomovements on diagnostic studiesmay subsequentlymanifest in-
dependent leg jerks on a PAP titration [62,64]. Leg jerks triggering EEG
arousal activity despite normalized breathing are deemed independent
[62–64]. Thus, any case of independent PLMD required a post-
randomization exclusion from the protocol as they exhibited this addi-
tional co-morbid condition not under study in this protocol. For no dis-
cernible reason, more ASV patients were affected and excluded due to
RLS/PLMD, thus block randomization was repeated and re-weighted at
study midpoint to balance the sample.

2.6. Final Sample & Data Analysis

During the 3.5 year recruitment process, 660 adult patients pre-
sented to the sleep center with a chief complaint of chronic insomnia
and met nosology for a chronic insomnia disorder (Fig. 1a) [1]; 455 pa-
tients were acutely excluded due to high suspicions for a sleep
breathing disorder (obesity, excessive daytime sleepiness, witnessed
apneas, past sleep center encounters, or past OSA/UARS diagnosis)
(Fig. 1b). Ironically, among these 455 excluded patients, 75% reported
no awareness of sleep breathing as a cause of their nocturnal awaken-
ings, and 65% denied sleep breathing treatments as relevant to their
sleep problems. Remarkably, 163 of these 455 had already been diag-
nosed with sleep apnea yet none reported awareness of any relation-
ship between sleep breathing and insomnia; the remaining 292
chronic insomnia patients were ultimately diagnosed with OSA/UARS.
See Fig. 1b for additional exclusions.

As noted above, the final sample comprised 61 patients of which 40
(19 ASV and 21 CPAP) completed the full protocol (see Fig. 1a, for post-
randomization exclusions and other patients who withdrew from the
study). These 40 completers comprised the final sample from which
the efficacy analysis was conducted [52–54].

Sociodemographics (Tables 1a and 1b) and baseline subjective and
objective sleep variables (Tables 2a and 2b) were analyzed with two-
tailed t-test or Fisher's exact test, as appropriate, for all 61 randomized
individuals including comparisons for completers vs non-completers
and separately for the two modes. To compare treatment modalities
over the course of the study (multiple time points) for the main out-
comes, repeated measures ANCOVA using linear mixed models
accounted for within-subject correlations, with correlation structure
chosen byminimizing AIC (Akaike Information) and checked by regres-
sion diagnostics and variograms; in all cases either AR(1) or compound
symmetrywas selected. Nonlinear trendsweremodeled by fittingweek
of study using restricted cubic splines with 4 knots [65]. A modality
×week interaction allowed different trends for the twomodes. Calcula-
tions were with R [66] using rms [67] and nlme [68] packages. Signifi-
cance testing was by Wald χ2 tests at the 0.05 level.

To describe a clinical perspective on the overall changes in outcomes
as well as to calculate pre- and post-treatment effect sizes (Hedges'
g) for all primary and secondary variables and for objective and



Table 2b
Comparison of baseline characteristics for subjective/objective primary and secondary measures, % or mean (95% confidence interval)a, by completers (n = 40).

Completers
(n = 40)

Intake CPAP
(n = 21)

Intake ASV
(n = 19)

p-value, g

Primary measures
ISI 19.30 (18.40–20.20) 19.48 (18.30–20.65) 19.11 (17.61–20.60) 0.683, 0.13
SQ-Lik 3.08 (2.76–3.40) 2.95 (2.53–3.38) 3.23 (2.70–3.75) 0.395, 0.27
SQ-Pct (%) 52.01 (47.16–56.86) 49.47 (42.53–56.41) 54.82 (47.62–62.02) 0.270, 0.35

Secondary measures
Questionnaires
ESS 5.70 (4.73–6.67) 5.52 (3.89–7.16) 5.89 (4.74–7.05) 0.706, 0.12
III 19.20 (16.87–21.53) 18.00 (15.23–20.77) 20.53 (16.47–24.58) 0.280, 0.34
FSS 40.55 (36.44–44.66) 36.81 (30.47–43.15) 44.68 (39.67–49.70) 0.052, 0.62
FOSQ-10 14.91 (14.08–15.74) 15.12 (14.08–16.17) 14.68 (13.27–16.09) 0.597, 0.16
QLESQ (%) 60.22 (54.36–66.09) 61.56 (53.58–69.55) 58.74 (49.32–68.16) 0.633, 0.15

Sleep diary
SOL 58.49 (40.70–76.28) 57.40 (29.91–84.88) 59.69 (34.88–84.51) 0.898, 0.04
WASO 79.33 (59.82–98.83) 90.57 (59.83–121.30) 66.90 (41.92–91.88) 0.225, 0.38
SE (%) 73.95 (69.34–78.56) 71.87 (65.48–78.25) 76.26 (69.10–83.43) 0.342, 0.30

PSG sleep indices
SOL 25.32 (15.33–35.32) 26.76 (11.77–41.75) 23.73 (9.22–38.25) 0.764, 0.09
WASO 71.79 (54.38–89.19) 68.71 (40.67–96.75) 75.18 (52.68–97.68) 0.712, 0.12
SE (%) 76.48 (71.06–81.91) 77.50 (68.69–86.31) 75.36 (68.45–82.26) 0.695, 0.12
N1 (%) 6.26 (4.14–8.38) 7.47 (4.18–10.76) 4.92 (2.11–7.73) 0.230, 0.38
N2 (%) 61.05 (57.03–65.06) 62.28 (55.70–68.85) 59.68 (54.74–64.62) 0.521, 0.20
N3 (%) 14.24 (11.05–17.42) 13.19 (8.70–17.67) 15.39 (10.47–20.32) 0.491, 0.22
REM (%) 18.46 (15.73–21.19) 17.07 (13.04–21.10) 19.99 (16.07–23.90) 0.286, 0.34
REM (min) 62.39 (50.84–73.94) 60.89 (43.58–78.21) 64.05 (47.27–80.84) 0.786, 0.08

PSG breathing indices
AHI 19.16 (13.52–24.80) 22.83 (12.64–33.01) 15.11 (10.69–19.52) 0.169, 0.43b

CAI 0.13 (0.02–0.24) 0.28 (0.10–0.30)c 0.83 (0.10–1.70)c 0.281, 0.36
RDI 34.05 (29.26–38.84) 38.79 (30.56–47.02) 28.81 (24.88–32.75) 0.033, 0.69b

Abbreviations: ISI— Insomnia Severity Index; SQ-Lik— Sleep quality Likert scale; SQ-Pct— Sleep quality percent scale; ESS— Epworth Sleepiness Scale; III— Insomnia Impairment Index;
FSS— Fatigue Severity Scale; FOSQ-10— Functional Outcomesof SleepQuestionnaire Short Form;QLESQ—Quality of Life Enjoyment andSatisfactionQuestionnaire Summary; SOL— sleep
onset latency; WASO—wake after sleep onset; SE— sleep efficiency; N1— non-REM stage 1; N2 — non-REM stage 2; N3 — non-REM stage 3; REM — rapid eye movement sleep; AHI—
Apnea Hypopnea Index; RDI— Respiratory Disturbance Index.

a t-test confidence interval for continuous variables.
b The statistical significance and effect sizes for both AHI and RDI are not clinically relevant because in both instances they reflect patients with similar clinical severity levels of sleep-

disordered breathing.
c Due to high prevalence of “0s” in data, Exact Wilcoxon Sign Ranked Test was used for pseudo median and confidence intervals.
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subjective sleep measures, additional analysis included the following:
between group comparisons at baseline using 2-sample t-tests;
within-group comparisons of change from baseline to end of study
using paired t-tests; and, comparison of change scores from baseline
to end of study using 2-sample t-tests. Last, due to small sample sizes,
Fisher's exact test was used for dichotomous variables of changes in in-
somnia disorder status (remission rates) and changes in flattening
index severity (ODD flow limitation respiratory patterns).

All primary and secondary variables as well as objective and subjec-
tive sleep variable data are presented asmeans with 95% confidence in-
tervals. Assumptions were checked using standard diagnostics. To
correct for severe non-normal distributions, exact Wilcoxon signed-
rank tests with Hodges-Lehmann estimates and confidence intervals
were used as appropriate [69,70].

3. Results

3.1. Sociodemographics and Baseline Characteristics

Among 61 eligible participants, there were 32 randomized to ASV
and 29 randomized to CPAP with no systematic statistical differences
between the two groups for sociodemographic variables (Tables 1a
and 1b) or baseline primary and secondary measures or baseline objec-
tive and subjective sleepmeasures (Tables 2a and 2b).When comparing
the 40 who completed the study and the 21 participants who did not,
the 21 non-completers were noticeably younger with less severe OSA
without other systematic differences between groups (Tables 1a and
2a). There were also no sociodemographic differences based on PAP
mode among the completers of the study (Table 1b); these 40 individ-
uals were predominately middle-aged [mean (95% CI), 48.38
(43.66–53.11)], married (52.5%), Caucasian (75.0%) or Hispanic
(17.5%), females (65.0%) with normal BMI [24.97 (23.82–26.13)] and a
college degree (55.0%) (Table 1b).

The final sample of 40 completers suffered moderately severe in-
somnia [ISI 19.30 (18.40–20.20)] (Tables 2a and 2b). Average intake
subjective sleep indices corroborated one-week pre-treatment sleep-
log values (SOL ~ 62 min, WASO ~ 90 min, SE% ~ 72%), consistent with
moderately severe insomnia. Sleep quality ratings ranged fair to poor.
No statistically significant differences by PAPmode were noted in base-
line outcomes, sleep indices, or diagnostic breathing event indexes
(Table 2b). Patients suffered from insomnia for an average of 10-years
[9.80 (95% CI 7.56–12.1); range: 0.5–20.9 years] and reported multiple
failed attempts [mean 4.48 (3.61–5.34)] at insomnia treatment, com-
prising ten different approaches (Fig. 3a). Among the category of failed
sleep aids, nine different drug types were attempted (Fig. 3b). No pa-
tient had been offered CBT-I. Diagnoses included 90.0% OSA and 10.0%
UARS. Enrollment dates: February 2015 to August 2018.

All subsequent analysis includes the 40 completers; afterwards,
intent-to-treat (ITT) analysis includes 61 total completers and non-
completers [52–54].

3.2. Primary Outcomes: Insomnia Severity and Sleep Quality Ratings

ISI decreased significantly in the entire sample [11.15 (9.17–13.13)].
Between groups, ASV proved superior to CPAP [Wald χ2 (4 df) = 11.50,
p = 0.021] as estimated mean ISI for ASV was consistently lower than
CPAP (Fig. 4a), with statistically significant separation between modes
by week 11. Within-group effect sizes for decrease from baseline to
final follow-up were markedly different [ASV, 13.21 (10.72–15.70), g
= 2.50; CPAP, 9.29 (6.29–12.28), g = 1.39], leading to exit ISI scores



a. Ten self-reported, previously a�empted, and unsuccessful insomnia treatmentsa based on propor�on of 
total sample (n=40)

b. Baseline use of pharmacotherapy categoriesf among nineteen pa�ents (%)

0
10
20
30
40
50
60
70
80
90

100

0
10
20
30
40
50
60
70
80

Fig. 3. Categories of failed a) all insomnia treatments and b) pharmacologic insomnia treatments at intake. Abbreviations: OTC — over the counter; CBT — cognitive-behavioral therapy;
SSRI— selective serotonin reuptake inhibitor; SSNRI— selective serotonin and norepinephrine reuptake inhibitor. Footnote: aPatients suffered from insomnia for an average of 10 years and
reportedmultiple attempts at insomnia treatment [mean 4.48 (3.61–5.34)]. bOTC supplements and herbal remedies. cEducation frombooks, articles, magazines, etc. dCBT does not refer to
CBT-I. No patient was introduced to or attempted CBT-I. eMeditation, acupuncture, other alternative therapies. fBenzo: lorazepam, alprazolam, clonazepam, triazolam, temazepam; SSRI &
SSNRI: sertraline, escitalopram, fluoxetine, duloxetine, paroxetine; OTC supplement: melatonin, 5-htp; Sedating anti-depressant: mirtazapine, doxepin, trazodone; Z drug: eszopiclone,
zolpidem; Gaba agonist: gabapentin; Antihistamine: diphenhydramine, chlorpheniramine, doxylamine; Muscle relaxant: baclofen, chlorzoxazone; Illicit drugs: tetrahydrocannabinol
(THC).
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averaging subthreshold insomnia diagnostic levels for ASV [5.89
(4.14–7.65)] compared to average persisting borderline insomnia for
CPAP [10.19 (7.61–12.77)]. The between group effect size for difference
in change scores was in the medium-large range (g = 0.65). Clinically,
68% of ASV users no longermet the validated scale criteria for an insom-
nia disorder (ISI b 8), whereas only 24% of CPAP users attained this re-
mission status, Fisher's exact p = 0.010.

Marked improvement in scores were evident in both sleep quality
scales [improvement: SQ-Lik 1.34 (0.99–1.69) and SQ-Pct 19.63
(14.04–25.23)]. Between groups analysis showed superiority of ASV
over CPAP for changes in SQ-Lik [Wald χ2 (4 df) = 11.42, p = 0.022]
(Fig. 4b) and SQ-Pct [Wald χ2 (4 df)= 50.61, p b 0.0001] (Fig. 4c), as es-
timated mean ASV values were consistently higher, with statistically
significant separation by the third and second weeks respectively (or
two months earlier than separation for insomnia). Within groups, ASV
yielded very large effects in improvement from baseline to final
follow-up [SQ-Lik 1.65 (1.10–2.19), g = 1.42 and SQ-Pct 24.33%
(17.99–30.66), g = 1.81] compared to large effects for CPAP [1.06
(0.61–1.52), g= 1.04 and 15.39% (6.27–24.51), g= 0.75]. The between
group effect sizes for difference in change were SQ-Lik = 0.54 and SQ-
Pct = 0.51. As a clinical distinction to gauge changes in sleep quality,
ASV patients at exit averaged “Good” sleep quality compared to “Ade-
quate” for CPAP patients, consistent with differences in endpoint scores
[4.87 (4.44–5.30) vs 4.01 (3.52–4.51) and 79.14% (74.94–83.35) vs
64.86% (57.08–72.64) respectively].

There were no significant differences in primary outcome change
scores within PAP mode between those using prescription sleep aids
and those not using such aids (Supplement).

3.3. Secondary Outcomes: Impairment and Quality of Life

III scores decreased for the entire sample [mean change 9.28
(6.61–11.94)]. Between groups analysis revealed ASV superiority to
CPAP [Wald χ2 (4 df)= 14.87, p=0.005] (Fig. 4d)with statistically sig-
nificant separation between modes by week 13; this change occurred
2weeks after the separation in ISI scores attained significance. Although
III showed a large effect for improvementwithin subjects for CPAP [6.00
(3.07–8.93), g = 0.91], the ASV effect was larger [12.89 (8.63–17.16), g
= 1.43]. The between group effect size for difference in change was
large (g = 0.88).



a. Insomnia Severity Index (ISI) b. Sleep Quality – Likert (SQ-Lik)

c. Sleep Quality – Percent (SQ-Pct) d. Insomnia Impairment Index (III)

e. Fa�gue Severity Scale (FSS) f. Func�onal Outcomes of Sleep Ques�onnaire Short Form (FOSQ-10)

g. Quality of Life Enjoyment and Sa�sfac�on Ques�onnaire Summary Form (QLESQ)

Fig. 4. Improvement in (a) insomnia, (b, c) sleep quality, (d–f) daytime impairment, and (g) quality of life over 14 weeks of therapy by mode. a. Insomnia Severity Index (ISI) b. Sleep
quality – Likert (SQ-Lik) c. Sleep quality – percent (SQ-Pct) d. Insomnia Impairment Index (III) e. Fatigue Severity Scale (FSS) f. Functional Outcomes of Sleep Questionnaire Short Form
(FOSQ-10) g. Quality of Life Enjoyment and Satisfaction Questionnaire Summary Form (QLESQ) Estimated trajectories for primary outcomes of each mode are shown along with 95%
confidence intervals for average scores at each time point. Overlap in the band indicates intersection of confidence intervals. (a) Average ISI scores for ASV patients drop below clinical
threshold for insomnia (ISI = 8) by week 7 and statistical separation between modes occurred at week 11. (b) Mean SQ-Lik scores were consistently higher for ASV shortly after
baseline, with statistically significant separation by the third week. (c) Mean SQ-Pct scores were consistently higher for ASV reaching nearly 80% at final follow-up with significant
separation between the modes by the second week. (d) III mirrored the changes in ISI but significant separation between the modes did not occur until week 13. (e–g) No statistical
separation between modes occurred, although there was a trend for between mode separation in QLESQ scores.

66 B. Krakow et al. / EClinicalMedicine 13 (2019) 57–73



a. Respiratory Effort Related Arousal (RERA) Index

b. Percent Normal Sleep Breathing Time (%)

c. Normal Sleep Breathing Time (min)

Fig. 5. Improvement in (a) Respiratory Effort-Related Arousal (RERA) Index, (b) percent
Normal Sleep Breathing Time, and (c) Normal Sleep Breathing Time in minutes, over
14 weeks of therapy by mode. Estimated trajectories for outcomes of each mode are
shown along with 95% confidence intervals for average scores at each time point.
Overlap in the band indicates intersection of confidence intervals. (a) RERA index
improved for the ASV group at first encounter with PAP therapy and remained low for
the duration of the study whereas the CPAP group increased in RERA index at first
encounter with PAP and then gradually decreased back to baseline RERA index.
(b) Percent time with Normal Sleep Breathing improved at first encounter with PAP and
remained relatively consistent for the remainder of the study with ASV demonstrating
nearly 20% more time with normal sleep breathing throughout treatment. (c) Minutes
spent with Normal Sleep Breathing improved for both groups at first encounter with
PAP therapy and continued to improve for the ASV group.
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FSS and FOSQ-10 scores improved significantly for the entire sample
[FSS 11.13 (7.09–15.16); FOSQ-10 1.63 (0.74–2.52)], but there were no
significant differences betweenmodes for FSS [Wald χ2 (4 df) = 7.08, p
= 0.132] (Fig. 4e) or FOSQ-10 scores [Wald χ2 (4 df)= 3.06, p= 0.548]
(Fig. 4f). Of potential clinical import, albeit speculatively, when compar-
ing improvement within each mode, ASV demonstrated greater ob-
served effects to CPAP (large vs small to medium-sized) for FSS [ASV
18.11 (13.10–23.11), g = 1.71; CPAP 4.81 (−0.27 to 9.89), g = 0.42]
and for FOSQ-10 [ASV 2.44 (1.08–3.80), g = 0.85; CPAP 0.90 (−0.30
to 2.10), g = 0.34]. The between group effect sizes for difference in
changewere large (g=1.21 and g=0.72 respectively). Baseline imbal-
ances may be an alternate explanation for these findings.

Quality of life scores as measured by the QLESQ significantly in-
creased by nearly 10% for the entire sample [mean 9.33 (4.46–14.20)].
A trend was noted for ASV compared to CPAP for improvement in
QLESQ scores [Wald χ2 (4 df) = 8.64, p = 0.071] (Fig. 4g). Within-
subjects effect sizes for both groups from baseline to final follow-up
were differentwith ASV resulting in large effects and CPAP small tome-
dium effects [ASV 14.00 (6.94–21.07), g = 0.94; CPAP 5.10 (−1.65 to
11.85), g = 0.34]. Between group effect size for difference in change
was large (g = 0.70).

3.4. Intent-to-Treat Analyses

Intent-to-treat analysis included the 40 completers and the addi-
tional 21 non-completers (13 ASV, 8 CPAP). At baseline (Table 2a),
there were no differences in primary variables (insomnia and sleep
quality) between the two groups aside from the 21 non-completers
who were noticeably younger with less severe OSA as previously men-
tioned. Non-completer follow-up data were mostly missing at most
time points due to very early to early withdrawal from the protocol
(see Fig. 1 for explanations). The ITT patients (61 total) were analyzed
for the 7 main primary and secondary scales described above. A sensi-
tivity analysis assessed whether results changed with inclusion of the
21 additional patients. LME methods were repeated by adding the
sparse data from the 21 withdrawn patients; there was no attempt to
impute missing values, because none of the non-completers had appre-
ciable time in treatment. Neither statistical significance nor direction of
effect changed, and qualitative behavior as seen in Fig. 4a–g was essen-
tially unchanged.

3.5. Objective Respiratory Event Indexes and Data Downloads

Objective respiratory data by mode is available in Tables 3a–3c. On
the final titration and corroborated on final ODD, AHI residual breathing
events were similar between groups [AHI-titration: ASV 0.53
(0.20–9.30) vs CPAP 2.25 (0.60–3.65); AHI-ODD: ASV 0.57 (0.22–0.93)
vs CPAP 1.60 (0.33–2.88)]. In contrast, final titration RERAs per hour
were significantly fewer for ASV compared to CPAP [7.71 (4.24–11.18)
vs 17.32 (10.41–24.24), p = 0.016, g = 0.79]. Moreover the ANCOVA
analysis for all time points in the study demonstrated a significantly
greater reduction of RERAs in the ASV group compared to CPAP (Wald
χ2 (3df) = 22.5, p b 0.0001, Fig. 5a). The within-group changes for
RERAs were (ASV: 5.99 (1.95–10.03), p b 0.0001, g = 0.70; CPAP:
−1.36 (−8.37 to 11.08) p = 0.774, g = 0.06); between group differ-
ences were non-significant albeit medium effect sizes were observed
[7.35 (−3.01 to 17.70); p=0.16, g=0.44]. This findingwas somewhat
corroborated using final ODD flattening frequency (ODD surrogate for
RERAS), which revealed a trend (Wald χ2 = 3.879, p = 0.062) for the
comparison between ASV and CPAP [mild/moderate residual flattening:
74% ASV, 43% CPAP vs. moderate/severe residual flattening: 26% ASV,
57% CPAP].

Additional objective respiratory parameters were analyzed based on
normal sleep breathing time (NSBT). Consistent with other breathing
improvements noted above, repeated measure ANCOVA revealed im-
provement in the percent normal sleep breathing time for ASV over
CPAP (Wald χ2 = 37.9, p b 0.0001, Fig. 5b) as well as for normal sleep
breathing time in minutes (Wald χ2 = 17.2, p b 0.0001, Fig. 5c). Using
pre- and post-test analysis for percent time spent in NSBT, ASV demon-
strated a trend in improvement compared to CPAP [32.60%
(20.67–44.52) vs 17.86% (4.45–321.26), p = 0.094, g = 0.53] and
based on final titration data, there was a 20% difference in groups
[88.89% (83.08–94.70) vs 68.11% (56.76–79.47) (t-test p = 0.002, g
= 1.02). Pre- and post-test for NSBT minutes showed greater



Table 3a
Completer intake, final outcome, and change scores for subjective/objective primary and secondary measures, mean (95% confidence interval)a, for CPAP.

Intake CPAP
(n = 21)

Final/exit CPAP
(n = 21)

Change CPAP
(n = 21)b

Within-subjects CPAP; p, g

Primary measures
ISI 19.48 (18.30–20.65) 10.19 (7.61–12.77) 9.29 (6.29–12.28) b0.0001, 1.39
SQ-Lik 2.95 (2.53–3.38) 4.01 (3.52–4.51) 1.06 (0.61–1.52) b0.0001, 1.04
SQ-Pct (%) 49.47 (42.53–56.41) 64.86 (57.08–72.64) 15.39 (6.27–24.51) 0.002, 0.75

Secondary measures
Questionnaires
ESS 5.52 (3.89–7.16) 4.86 (3.42–6.30) 0.67 (−0.69 to 2.02) 0.316, 0.22
III 18.00 (15.23–20.77) 12.00 (8.57–15.43) 6.00 (3.07–8.93) 0.0003, 0.91
FSS 36.81 (30.47–43.15) 32.00 (25.79–38.21) 4.81 (−0.27 to 9.89) 0.062, 0.42
FOSQ-10 15.12 (14.08–16.17) 16.02 (14.79–17.26) 0.90 (−0.30 to 2.10) 0.132, 0.34
QLESQ (%) 61.56 (53.58–69.55) 66.67 (58.81–74.53) 5.10 (−1.65 to 11.85) 0.131, 0.34

Sleep diary
SOL 57.40 (29.91–84.88) 31.06 (11.37–50.75) 26.33 (14.30–38.36) 0.0002, 0.98
WASO 90.57 (59.83–121.30) 40.78 (25.23–56.32) 49.79 (18.50–81.08) 0.0034, 0.71
SE (%) 71.87 (65.48–78.25) 84.02 (79.86–88.17) 12.15 (5.83–18.47) 0.0007, 0.86

PSG sleep indices
SOL 26.76 (11.77–41.75) 32.85 (10.82–54.87) 6.09 (−26.29 to 14.12)‡ 0.537, 0.13
WASO 68.71 (40.67–96.75) 62.99 (41.29–84.68) 5.72 (−21.01 to 32.46) 0.660, 0.10
SE (%) 77.50 (68.69–86.31) 76.75 (67.98–85.52) 0.75 (−8.34 to 6.84) ‡ 0.838, 0.04
N1 (%) 7.47 (4.18–10.76) 6.17 (3.69–8.64) 1.31 (−2.25 to 4.86) 0.453, 0.16
N2 (%) 62.28 (55.70–68.85) 57.08 (51.96–62.20) 5.20 (−1.94 to 12.33) 0.144, 0.33
N3 (%) 13.19 (8.70–17.67) 20.73 (16.35–25.10) 7.54 (1.99–13.10) 0.010, 0.61
REM (%) 17.07 (13.04–21.10) 16.03 (12.63–19.44) 1.04 (−2.22 to 4.30) ‡ 0.514, 0.14
REM (min) 60.89 (43.58–78.21) 53.76 (39.80–67.71) 7.13 (−6.70 to 20.96) ‡ 0.295, 0.23
REMCI 12.28 (8.10–16.46) 12.33 (9.44–15.21) 0.05 (−4.46 to 4.60) 0.981, 0.01

PSG breathing indices
AHI 22.83 (12.64–33.01) 2.25 (0.60–3.65)c 19.48 (9.66–29.30) 0.0005, 0.89
CAI 0.28 (0.10–0.30)c 0.40 (0.10–0.70)c 0.10 (−0.25 to 0.30)c b0.0001, 0.19c

RDI 38.79 (30.56–47.02) 20.67 (12.63–28.70) 18.12 (10.33–25.92) b0.0001, 1.04
RERAI 15.97 (10.88–21.05) 17.32 (10.41–24.24) 1.36 (−8.37 to 11.08) ‡ 0.774, 0.06
NSBT (%) 50.26 (39.97–60.54) 68.11 (56.76–79.47) 17.86 (4.45–31.26) 0.012, 0.59
NSBT (min) 170.15 (125.74–214.55) 208.51 (162.83–254.20) 38.36 (3.32–80.05) 0.069, 0.41

Abbreviations: ASV— adaptive servo-ventilation; CPAP— continuous positive airway pressure; ISI— Insomnia Severity Index; SQ-Lik— Sleep quality Likert scale; SQ-Pct— Sleep quality
percent scale; ESS — Epworth Sleepiness Scale; III — Insomnia Impairment Index; FSS — Fatigue Severity Scale; FOSQ-10 — Functional Outcomes of Sleep Questionnaire Short Form;
QLESQ — Quality of Life Enjoyment and Satisfaction Questionnaire Summary; SOL — sleep onset latency; WASO — wake after sleep onset; SE — sleep efficiency; N1 — non-REM stage
1; N2— non-REM stage 2; N3— non-REM stage 3; REM— rapid eye movement sleep; REMCI— REM consolidation index; AHI— Apnea Hypopnea Index; RDI— Respiratory Disturbance
Index; RERAI— Respiratory Effort-Related Arousal event Index; NSBT — normal sleep breathing time.

a t-test confidence interval.
b All changes are in expected direction (improvement) except those identified by ‡.
c Due to high prevalence of “0s” in data, Exact Wilcoxon Sign Ranked Test.
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improvement in ASV over CPAP [128.11 (81.68–174.54) vs 38.36
(−3.32 to 80.08) p = 0.005, g = 0.94], which yielded a large effect
size as exemplified by the nearly 100 min of greater normal sleep
breathing time for ASV compared to CPAP on final titration [303.48
(259.56–347.40) vs. 208.51 (162.83–254.20)] (t-test p = 0.003. g =
0.97).

ODD revealed no significant difference in compliance at final
follow-up [68.4% ASV users, average nightly use 5.76 (4.64–6.87) vs
57.1% CPAP users, 5.39 (4.33–6.44), Wald χ2 = 0.541, p = 0.462].
Throughout the 14-week treatment phase, ASV users averaged
35 min more than CPAP users, which was not significant but with a
small to medium effect size (p= 0.354; g= 0.29). Comparison of av-
erage pressures at final follow-up [CPAP 10.92 (9.76–12.09) and ASV
IPAP 14.87 (13.33–16.42), ASV EPAP 8.02 (6.79–9.24)] showed sig-
nificant differences: CPAP vs ASV IPAP (p = 0.001, g = 1.34) and
CPAP vs ASV EPAP (p b 0.001, g = 1.11). Between mode leak levels
were similar [ASV 8.17 (4.05–12.29) vs CPAP 7.36 (4.32–10.40), p
= 0.639, g = 0.15].
3.6. Prospective Sleep Indices and Objective Sleep Architecture

For both modes, daily online sleep diary metrics showed signifi-
cant improvements or medium to large effects from baseline to exit
for SOL, WASO, and SE%; whereas, rare sleep architecture changes
occurred. Between PAP mode changes were non-significant
(Tables 3a–3c).
3.7. Adverse Effects

Side-effectswere consistentwith those commonly seenwith regular
PAP use. Themost common subjective side-effects to PAP therapy were
mask leak (90.0%), dry mouth (87.5%), skin irritation (70.0%), mask re-
lated insomnia (60.0%), mouth leak (57.5%), congestion (57.5%), skin
crease from mask (52.5%), nostril tickle/burn (50.0%), aerophagia
(40.0%), and eye irritation (37.5%). There were no systematic differ-
ences between modes; and, despite the high frequency of complaints,
these issueswere not sufficiently distressing to prevent the final sample
from completing the protocol. The most common reported adverse ef-
fects among the six patients who received a device but did not complete
the study due to intolerance (Fig. 1), were mask related insomnia (5 of
6), pressure related insomnia (4 of 6), and no appreciable benefit from
PAP (3 of 6). Another complication manifested in the form of persistent
EPI among CPAP patients compared to its near absence in ASV, consis-
tent with greater or enhanced ASV comfort effects from lower exhala-
tion pressures.
4. Discussion

In a randomized controlled trial on the efficacy of two PAP therapy
modes, insomnia severity markedly decreased by targeting poor sleep
quality (i.e. eradicating sleep breathing induced sleep fragmentation)
in covert complex insomnia patients. The results from this sample sup-
port the older and now re-emerging theory categorizing chronic



Table 3b
Completer intake, final outcome, and change scores for subjective/objective primary and secondary measures, mean (95% confidence interval)a, for ASV.

Intake ASV
(n = 19)

Final/exit ASV
(n = 19)

Change ASV
(n = 19)b

Within-subjects ASV; p, g

Primary measures
ISI 19.11 (17.61–20.60) 5.89 (4.14–7.65) 13.21 (10.72–15.70) b0.0001, 2.50
SQ-Lik 3.23 (2.70–3.75) 4.87 (4.44–5.30) 1.65 (1.10–2.19) b0.0001, 1.42
SQ-Pct (%) 54.82 (47.62–62.02) 79.14 (74.94–83.35) 24.33 (17.99–30.66) b0.0001, 1.81

Secondary measures
Questionnaires
ESS 5.89 (4.74–7.05) 4.74 (3.03–6.44) 1.16 (−0.65 to 2.97) 0.196, 0.30
III 20.53 (16.47–24.58) 7.63 (4.81–10.45) 12.89 (8.63–17.16) b0.0001, 1.43
FSS 44.68 (39.67–49.70) 26.58 (19.90–33.26) 18.11 (13.10–23.11) b0.0001, 1.71
FOSQ-10 14.68 (13.27–16.09) 17.12 (15.81–18.43) 2.44 (1.08–3.80) 0.0014, 0.85
QLESQ (%) 58.74 (49.32–68.16) 72.74 (65.09–80.40) 14.00 (6.94–21.07) 0.0006, 0.94

Sleep diary
SOL 59.69 (34.88–84.51) 33.94 (18.72–49.16) 25.75 (12.67–38.83) 0.0006, 0.93
WASO 66.90 (41.92–91.88) 32.00 (19.31–44.68) 34.90 (11.00–58.81) 0.0066, 0.69
SE (%) 76.26 (69.10–83.43) 84.73 (80.03–89.43) 8.47 (3.36–13.57) 0.0026, 0.78

PSG sleep indices
SOL 23.73 (9.22–38.25) 16.56 (8.25–24.86) 7.17 (−5.79 to 20.14) 0.260, 0.26
WASO 75.18 (52.68–97.68) 75.31 (46.10–104.51) 0.12 (−29.95 to 29.70) ‡ 0.993, 0.00
SE (%) 75.36 (68.45–82.26) 78.21 (70.72–85.70) 2.85 (−4.88 to 10.59) 0.448, 0.17
N1 (%) 4.92 (2.11–7.73) 3.57 (2.31–4.82) 1.35 (−0.77 to 3.47) 0.197, 0.30
N2 (%) 59.68 (54.74–64.62) 55.24 (46.40–64.09) 4.44 (−3.95 to 12.83) 0.281, 0.25
N3 (%) 15.39 (10.47–20.32) 21.30 (14.36–28.24) 5.91 (5.15–12.33) 0.069, 0.43
REM (%) 19.99 (16.07–23.90) 19.90 (16.19–23.61) 0.09 (−4.29 to 4.47) ‡ 0.966, 0.01
REM (min) 64.05 (47.27–80.84) 67.13 (50.36–83.90) 3.08 (−14.26 to 20.41) 0.713, 0.08
REMCI 17.64 (12.31–22.98) 18.17 (13.25–23.10) 0.53 (−6.96 to 8.03) 0.883, 0.03

PSG breathing indices
AHI 15.11 (10.69–19.52) 0.53 (0.20–9.30)c 14.01 (9.20–18.82) b0.0001, 1.37
CAI 0.83 (0.10–1.70)c 0d 0.83 (0.1–1.70)c 0.063c,e

RDI 28.81 (24.88–32.75) 8.81 (4.88–12.73) 20.01 (14.46–25.55) b0.0001, 1.70
RERAI 13.70 (10.93–16.47) 7.71 (4.24–11.18) 5.99 (1.95–10.03) b0.0001, 0.70
NSBT (%) 56.30 (46.38–66.21) 88.89 (83.08–94.70) 32.60 (20.67–44.52) b0.0001, 1.29
NSBT (min) 175.38 (136.51–214.24) 303.48 (259.56–347.40) 128.11 (81.68–174.54) b0.0001, 1.30

Abbreviations: ASV— adaptive servo-ventilation; CPAP— continuous positive airway pressure; ISI— Insomnia Severity Index; SQ-Lik— Sleep quality Likert scale; SQ-Pct— Sleep quality
percent scale; ESS — Epworth Sleepiness Scale; III — Insomnia Impairment Index; FSS — Fatigue Severity Scale; FOSQ-10 — Functional Outcomes of Sleep Questionnaire Short Form;
QLESQ — Quality of Life Enjoyment and Satisfaction Questionnaire Summary; SOL — sleep onset latency; WASO — wake after sleep onset; SE — sleep efficiency; N1 — non-REM stage
1; N2— non-REM stage 2; N3— non-REM stage 3; REM— rapid eye movement sleep; REMCI— REM consolidation index; AHI— Apnea Hypopnea Index; RDI— Respiratory Disturbance
Index; RERAI— Respiratory Effort-Related Arousal event Index; NSBT — normal sleep breathing time.

a t-test confidence interval.
b All changes are in expected direction (improvement) except those identified by ‡.
c Due to high prevalence of “0s” in data, Exact Wilcoxon Sign Ranked Test.
d All values were "0".
e No g value reported due to high incidence of “0s” in data.
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insomnia as amedical disorder of pervasive, respiratory-induced, objec-
tive sleep fragmentation. Successful PAP treatment of chronic insomnia
confirmed this underlyingmedical etiology,whichhad goneundetected
by patients and providers for an average of one decade. Moreover, our
novel design, the first to our knowledge to compare two PAP modes in
chronic insomnia patients, demonstrated superior ASV efficacy over
CPAP based on significantly greater improvements in insomnia and
sleep quality.

Remarkably, two-thirds of ASV users no longer met insomnia disor-
der criteria compared to only one-quarter on CPAP at the close of the
study. Both daily sleep quality measures not only confirmed ASV supe-
riority but also of singular import, between mode separation occurred
far earlier in the protocol for sleep quality than for insomnia outcomes,
consistent with the theory that poor sleep quality fueled insomnia in
this sample of patients. Greater ASV treatment gains further substanti-
ated this medical disorder theory, because more efficacious treatment
of all sleep breathing events achieved better results, albeit it must be
noted that continued use of the PAP device would be required to main-
tain these improvements.

Objectively, a significantly higher proportion of sleep time spent
with normalized airflow on ASV compared to CPAP provides evidence
of a dose–response relationship, and as noted above, this near normali-
zation of airflow occurred instantaneously during the very first expo-
sure to ASV (Fig. 5), whereas CPAP demonstrated very minor
improvements throughout the entire protocol. In other words, the
larger treatment effects with ASV compared to CPAP resulted in signifi-
cantly lower residual RERAs and flattening frequencies, presumably due
to ASV delivery of significantly higher inspiratory pressures and signifi-
cantly lower expiratory pressures. Physiologically, as hypothesized, ASV
appeared to protect against EPI while providing more efficacious treat-
ment of RERAs. Overall, these technological advantages yielded greater
patient comfort, superior objective responses, and easier adaptability
than traditional CPAP.

In sum, OSA/UARS manifested as a pivotal factor in insomnia im-
provement for 82.5% of 40 chronic, covert complex insomnia cases (18
cases of insomnia remission plus 15 cases achieving sub-clinical status
of ISI b12) in contrast to the traditional etiologies of behavioral, psycho-
logical, psychiatric, or environmental factors for which they had under-
gone numerous prior unsuccessful treatments. Changes in secondary
outcomes of impairment and quality of life also support concurrent va-
lidity, but statistical resultswere less robust due to the small sample and
baseline imbalances, albeit effect size differences between PAP modes
ranged from medium to large. Still, it cannot go without saying that if
these patients were treated with CBT-I earlier in their average decade-
long chronicity, they may have gained similar, or perhaps greater in-
somnia improvements (though sleep quality gains might have lagged)
despite the presence of co-morbid OSA [71]. Future investigations
must clarify the timing for PAP or CBT-I as first-line therapy for complex
insomnia patients or whether concurrent administration is worthwhile
[12,55,72].



Table 3c
Completer intake, final outcome, and change scores for subjective/objective primary and
secondary measures, mean (95% confidence interval)a, for between mode (CPAP and
ASV) comparison.
.

Change between subjectsb Between subjects
(p-value, g)

Primary measures
ISI −3.92 (−7.70 to −0.15) 0.042, 0.65
SQ-Lik 0.58 (−0.10 to 1.27) 0.094, 0.54
SQ-Pct (%) 8.94 (−1.85 to 19.72) 0.101, 0.51

Secondary measures
Questionnaires
ESS −0.49 (−2.68 to 1.70) 0.652, 0.14
III −6.89 (−11.92 to −1.87) 0.009, 0.88
FSS −13.30 (−20.20 to −6.39) 0.0004, 1.21
FOSQ-10 1.67 (0.13–3.21)c 0.030, 0.72c

QLESQ (%) 10.71 (0.00–21.43)c 0.034, 0.70c

Sleep diary
SOL 0.58 (−16.60 to 17.77)† 0.946, 0.02
WASO 14.89 (−23.29 to 53.06) 0.434, 0.24
SE (%) 3.68 (−11.55 to 4.19)† 0.349, 0.29

PSG sleep indices
SOL 13.26 (−36.62 to 10.10) 0.257, 0.35
WASO 5.84 (−32.90 to 44.59)† 0.762, 0.10
SE (%) 3.61 (−6.88 to 14.09) 0.490, 0.22
N1 (%) 0.05 (−4.08 to 3.99) 0.981, 0.01
N2 (%) 0.75 (−9.91 to 11.41)† 0.887, 0.04
N3 (%) 1.64 (−9.85 to 6.58)† 0.689, 0.13
REM (%) 0.95 (−4.34 to 6.24) 0.718, 0.11
REM (min) 10.21 (−11.27 to 31.69) 0.341, 0.30
REMCI 0.48 (−8.05 to 9.01) 0.909, 0.04

PSG breathing indices
AHI 5.47 (−5.24 to 16.18)† 0.305, 0.31
CAI 0.18 (−0.44 to 0.08) 0.163, 0.46
RDI 1.88 (11.17–7.41) 0.683, 0.13
RERAI 7.35 (−3.01 to 17.70) 0.157, 0.44
NSBT (%) 14.74 (−2.62 to 32.10) 0.094, 0.53
NSBT (min) 89.74 (29.38–150.11) 0.005, 0.94

Abbreviations: ASV — adaptive servo-ventilation; CPAP — continuous positive airway
pressure; ISI — Insomnia Severity Index; SQ-Lik — Sleep quality Likert scale; SQ-Pct —
Sleep quality percent scale; ESS — Epworth Sleepiness Scale; III— Insomnia Impairment
Index; FSS — Fatigue Severity Scale; FOSQ-10 — Functional Outcomes of Sleep Question-
naire Short Form; QLESQ—Quality of Life Enjoyment and Satisfaction Questionnaire Sum-
mary; SOL — sleep onset latency; WASO — wake after sleep onset; SE — sleep efficiency;
N1 — non-REM stage 1; N2 — non-REM stage 2; N3 — non-REM stage 3; REM — rapid
eye movement sleep; REMCI — REM consolidation index; AHI — Apnea Hypopnea
Index; RDI — Respiratory Disturbance Index; RERAI — Respiratory Effort-Related Arousal
event Index; OSA— obstructive sleep apnea; UARS — upper airway resistance syndrome;
NSBT — normal sleep breathing time.

a t-test confidence interval.
b All improvements are as expected (greater improvement in ASV) except those iden-

tified by †.
c Due to high prevalence of “0s” in data, ExactWilcoxon Sign Ranked Test was used for

pseudo median and confidence intervals.
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Clinically, it is imperative to emphasize that the complex insomnia
theory advocating sleep breathing treatments is at variancewith standard
insomnia therapies; nevertheless, exploring these divergent (psychologi-
cal vs physiological) frameworks is of no small clinical importance given
the wide swath of medical and psychiatric disorders affected by chronic
insomnia [2,73–75]. Regrettably, both clinical considerations and research
investigations on complex insomnia have been limited. As a prime exam-
ple, routine clinical use of polysomnography (PSG) sleep testing to evalu-
ate insomnia is discouraged by the AASM [76], an entity which has not
recommended broad research into this comorbidity. Yet, PSG could
prove valuable in objectively measuring sleep consolidation in a patient
on prescription sedatives while simultaneously testing for OSA/UARS. A
larger and yet rarely cited barrier stems from health insurers or
government regulations hindering clinical practices by indirectly stifling
insomnia care through coverage determinations rejecting PSG for chronic
insomnia. Such policies guide healthcare professionals toward expedient
treatments, such as sleep hygiene or, more commonly, pharmacotherapy,
either of which potentially offering some sleep consolidation gains.
However, and specific to research, most insomnia clinical trials are
dedicated to drug solutions [77], despite the high rates of OSA in patients
failing hypnotics and the growing concerns about prescribing such
medications [37,49].

Understandably, covert complex insomnia is difficult to detect, espe-
cially in the context of past insomnia research in which breathing was
never assessed or not assessed with nasal cannula pressure transducer
[78], the technology required to diagnose UARS [79]. However, it remains
puzzling somanypatients among the largenumbers inour excluded sam-
ple had never been diagnosed or even considered for diagnostic testing
despite their undisguised (overt) risks or symptoms of sleep-disordered
breathing. Hypothetically, so many medical and mental health providers
adhere to conventional wisdom explicating insomnia as a psychophysio-
logical condition, we speculate the ofttimes desperate complaint of sleep-
lessness itself steers healthcare providers away from any consideration of
sleep breathing comorbidity. Notwithstanding, based on our work and
several other research groups [13,14,17,21,42,55,80,81], this comorbidity
(whether overt or covert) appears notably more prevalent than formerly
recognized in clinical practices. Though recent reviews on insomnia diag-
nosis and treatment mention the possibility of a sleep breathing etiology
[1,14,82], we do not sense that recurrent failures of pharmacotherapy or
other treatments or even recent concerns about black box warnings
(warnings directed at Ambien, Lunesta and Sonata regarding parasomnia
side-effects among patients using these common sedatives) [83] lead to
more comprehensive sleep medicine assessments. Instead, we speculate
these patients frequently appear to be categorized as “treatment resis-
tant,”when the reality may be closer to “misdiagnosis” or “missed-diag-
nosis” [12,35–37,49].

While our results require replication with larger samples, research
must determine the following: (1) the prevalence of complex insomnia
among treatment-seeking insomnia patients; (2) a clearer pathophysi-
ological explanation for how sleep breathing disorders cause or aggra-
vate insomnia; and (3) the most efficacious and cost-effective
treatment regimens [12,55]. Given the entrenched process whereby in-
somnia complaints eclipse any OSA suspicions even in the presence of
obesity, sleepiness, and classic sleep breathing symptoms, at minimum
we recommend consideration of intake screening questions focusing on
nonrestorative sleep to facilitate proper assessment. With the advent of
home sleep testing (HST) early evaluation is feasible [84], although
RERAmeasurement on HST may be inconsistent [85], a potential disad-
vantage given the crucial importance of this subtle sleep breathing
event in our treatment paradigm [86]. Finally, as chronic insomnia has
been linked to so many conditions such as depression [87,88], suicide,
[89–91], and cardiovascular disease including hypertension,myocardial
infarction, congestive heart failure, cardiac arrhythmias, and the meta-
bolic syndrome [2], as well as costing tens of billions of dollars annually
in healthcare expenses, decreased productivity, sick days and accidents
[2,92], it might prove informative to explore whether past research has
been unknowingly influenced by the effects of undetected OSA or UARS
among various insomnia cohorts [93].

Limitations consist of twomain categories. First was the sample size, a
result of the extremely narrow inclusion criteria weighted against enroll-
ment of patients suspected of suffering from a sleep breathing disorder
coupledwith the necessity to conduct an efficacy trial as a preliminary ap-
proach to the treatment of complex insomnia. Moreover, we favored ex-
ternal validity as it relates to covert complex insomnia, because of
prevailing views consistently discounting the comorbidity of these two
disorders as merely an epiphenomenon [11–13]. By studying a sample
of patients who would never have been recommended for PSG and
whose testsmight have returned negative due to the failure to use appro-
priate respiratory sensor technology, we attempted to replicate the expe-
riences ofmany insomniacswho are rarely offered a comprehensive sleep
evaluation let alone a night in a sleep laboratory. The most clinically rele-
vant limitation is the well-described problem regarding difficulties
adapting to PAP therapy, another major factor necessitating an efficacy
trial. Despite considerable coaching and repeated laboratory titrations,
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several patients struggled to achieve standard adherence. Then again,
some coaching aspects were restricted so as to not reveal mode or not
to discuss PAP delivery of pressures. These issues are crucial to the practi-
cality of using PAP for complex insomnia and clearly point to a likely need
to research alternative sleep breathing treatments (e.g. oral appliance
therapy, ENT surgery, or even nasal strips or other nasal dilators). More-
over, head-to-head studies may reveal CBT-I as effective as PAP in de-
creasing insomnia severity when accounting for dropouts; albeit, the
sequelae from untreated OSA may reveal deficiencies in first-line CBT-I.
And, it is essential to point out that in contrast to CBT-I, PAP most likely
would require regular application to maintain therapeutic effects. Other
limitations were the absence of a placebo control and use of a single-
blind design, which could be addressed in future experimental designs.
The problem of co-morbid PLMD must also be addressed through larger
samples.

In conclusion, our study supports the original 1973 [10], subsequent
2001 [9], and currently re-emerging theory elucidating chronic insom-
nia as a medical disorder of compromised sleep breathing [13,14,17,
21,42,55,80,81]. And, regardless of the apparent superiority of ASV
over CPAP, a main import of the studywas the demonstration of consis-
tent therapeutic effects: when OSA/UARS is treated, sleep quality (a
complaint about not sleeping well) rapidly improves, leading to down-
stream effects on both insomnia (a complaint about not sleeping) and
ostensibly impairment (a complaint about daytime effects of poor
sleep quality). These intricate pathophysiological mechanisms continue
to be overlooked by many healthcare providers who encounter chronic
insomniacs. Education to increase awareness on how sleep breathing
events induce chronic sleep fragmentation must be disseminated
throughout medical and mental health professional communities.
Doing so will diminish chronic insomnia patients' exposure to ineffec-
tive and sometimes harmful medications as well as numerous, non-
insomnia-focused psychological therapies, all of which result in variable
impact on chronic, pathophysiological sleep fragmentation. Correct di-
agnosis may also lead to reduced morbidity and mortality from un-
treated OSA/UARS [94]. Placing sleep-disordered breathing at or near
the top rung of the differential diagnosis in the evaluation of a chronic
insomnia disorder is a vital step toward helping patients who suffer, un-
wittingly, from a medical disorder of objectively measurable
nonrestorative sleep due to abnormal sleep respiration.
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