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ABSTRACT

Aims: Co-morbid insomnia and obstructive sleep apne&a)depresents a highly prevalent
and debilitating condition, however physicians aegkearchers are still uncertain as to the
most effective treatment approach. Several reseamips have suggested that these patients
should initially receive treatment for their insoiaibefore the sleep apnea is targeted. The
current study aims to determine whether cognitive laehavioral therapy for insomnia
(CBT-i) can effectively treat insomnia in patiemtgh co-morbid OSA, and whether its
effectiveness is impaired by the presence of OSA.

Methods: A retrospective chart review was conducted tar@ra 455 insomnia patients
entering a CBT-i treatment program in a hospitapatient setting. 314 patients were
diagnosed with insomnia-alone, and 141 with ins@amd co-morbid obstructive sleep
apnea. Improvements in average sleep diary paresngtebal insomnia severity, and several
daytime functioning questionnaires from baselingydst-treatment, to 3-month follow-up
were compared between insomnia patients with- atitbut co-morbid sleep apnea.

Results Insomnia patients with co-morbid OSA experiensgghificant improvements in
insomnia symptoms, global insomnia severity, atgotlaytime functioning measures
during and following treatment. Furthermore, impments were no different between
patients with or without co-morbid OSA. Sleep appessence and severity were not related
to rates of insomnia-remission or treatment-rescadollowing treatment.

Conclusions CBT-i is an effective treatment in the presentecmmorbid OSA. This
information offers support for the suggestion thatients with co-morbid insomnia and

obstructive sleep apnea should be treated with OBTor to treatment of the OSA.

Keywords: insomnia, cognitive behavioral therapy for insasnico-morbid insomnia,

secondary insomnia, obstructive sleep apnea.
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AHI — Apnea/Hypopnea Index

CBT-i — Cognitive Behavioral Therapy for Insomnia
COMISA — Co-Morbid Insomnia and Sleep Apnea
CPAP — Continuous Positive Airway Pressure Therapy
ESS - Epworth Sleepiness Scale

ISI — Insomnia Severity Index

OSA — Obstructive Sleep Apnea

RDI — Respiratory Disturbance Index

PSG — Polysomnography




1. INTRODUCTION

Insomnia and Obstructive Sleep Apnea (OSA) ardvtilenost common sleep
disorders, and frequently co-occur (1, 2). In faatecent review found that 27 to 85% of
OSA patients in sleep disorder clinics report syan of co-morbid insomnia, and 17 to
69% of insomnia patients in sleep disorder clifidBl minimal diagnostic criteria for co-
morbid OSA (3). These patients with Co-morbid Instarand Sleep Apnea (COMISA) not
only experience difficulties initiating sleep, m&ming sleep, or waking too early and
having difficulty returning to sleep, but when glas attained, it is marked by repetitive
respiratory events, post-apneic arousals and fratgdesleep architecture (4). Furthermore,
as both insomnia and OSA are independently assdcvath significant daytime functioning
impairments and reduced quality of life, COMISAipats experience greater detriment in
these domains, compared to groups of patientseititler insomnia, or OSA alone (3, 5).
Due to the increasing recognition of the prevalesue debilitating nature of COMISA, a
growing amount of research has recently focuseleatment attempts in this population (3,
6-8).

Continuous Positive Airway Pressure (CPAP) theiiagkie recommended treatment
for moderate and severe OSA (9, 10). However, cdhidoansomnia symptoms are
associated with reduced acceptance and use of @A&py (11-15). The most common
treatment recommendation for COMISA includes treattrof the insomnia with Cognitive
and Behavioral Therapy for Insomnia (CBT-i), beforéiating treatment of the OSA with
CPAP therapy (3, 7, 16-18). It is thought thatialiiy targeting the insomnia, and allowing
patients to initiate and return to sleep quickeotighout the night, will also increase
subsequent acceptance and use of CPAP therappugihiithis is a logical treatment
suggestion, only a small handful of research hasnexed the suitability and effectiveness of

CBT-i in the COMISA population.



CBT-i is the most effective treatment for insommidaether it presents as an isolated
condition, or occurs in the presence of additi@mmamorbid disorders (19-22). CBT-iis a
multi-component, non-pharmacological therapy whanigets the underlying cognitive,
behavioral and physiological process and factorshvare thought to perpetuate the overall
insomnia condition (23, 24). Trained sleep theraps psychologists utilize several
behavioral (e.g. stimulus control therapy, bedtmesriction therapy), cognitive (e.g. altering
maladaptive sleep-related cognitions) and psychmatbnal (e.g. basic sleep information,
and sleep hygiene information) tools during weehkBrapy sessions, to reduce anxiety and
arousal associated with sleep, or the sleep envieoih (24-26). Because CBT-i targets the
underlying processes believed to perpetuate tlming condition, rather than only the
surface symptoms, improvements are sustained bahencessation of therapy (25).

Only a handful of case studies (27, 28), pilot &8¢29-33), and one randomized
controlled trial (8) have investigated the effeehess of CBT-i in the COMISA population.
Earlier case studies and pilot studies resultesbme disagreement over the impact of CBT-i
in COMISA (3). However, in a recent randomized colhed trial, Fung and colleagues (8)
found that patients with COMISA and patients witsomnia-alone experienced similar
improvements in sleep parameters during CBT-i. &ffect of CBT-i, versus a sleep
education control condition, was examined in 3®pkadult Veterans with insomnia-alone,
and 95 older adult Veterans with insomnia and QI®A. Participants completed a range of
assessments at baseline, post-treatment, 6-martl,2amonth follow-up. CBT-i sessions
were delivered by health educators under the siggemvof a sleep psychologist, and
included bedtime restriction therapy, stimulus colrtherapy, and cognitive therapy. At 6-
months, COMISA participants treated with CBT-i dasged significantly greater
improvements in sleep onset latency and overadpstpiality scores, compared to COMISA

participants in the control condition. The authalso found that these insomnia



improvements resulting from CBT-i were similar fmarticipants with insomnia-alone, and
those with co-morbid mild OSA. Although these fingls provide strong empirical evidence
supporting the effectiveness of CBT-i in COMISA, maoesearch is required in samples of
different ages and different levels of OSA sevetitydetermine whether CBT-i is effective
in insomnia patients with and without co-morbid QSA

It is also possible that some COMISA patients elgpere insomnia which is
secondary to their OSA (7, 27, 34). For exampleindusleep periods marked by repetitive
respiratory events and post-apneic arousals, sddfeatients may perceive periods of
extended wakefulness or broken sleep, and presataep clinics with a complaint of
insomnia (7, 35). If the insomnia complaint is sule of OSA manifestations, it is unlikely to
improve with CBT-i (36). Some have suggested thahgatients should be treated with
CPAP therapy, which is more likely to improve btttk insomnia and OSA (6, 7). One aim
of the current study is to examine patterns ofnimsi@ improvement and treatment-resistance
following CBT-i, in COMISA patients and patientstivinsomnia-alone. It is expected that a
greater number of COMISA patients will experien@atment-resistant insomnia due to
possible casual relationships between the underi@8A and secondary insomnia
manifestations in a subset of COMISA patients.

COMISA is a highly prevalent and debilitating camnat which is more difficult to
treat compared to either disorder presenting aldhe.most common treatment suggestion
for COMISA includes initial treatment with CBT-p improve the insomnia condition, and
increase subsequent acceptance and use of CPAdpyhelowever, before implementing
this treatment suggestion, it is essential to ¢istathe effectiveness of CBT-i in the
COMISA population. The current study aims to conephie effectiveness of CBT-i in
patients with insomnia-alone, and patients with ASA in treating the daytime and night

time symptoms of insomnia.



2. METHODS
2.1. Design

This study used a quasi-experimental design to eathe effectiveness of CBT-i in
insomnia patients with- and without co-morbid OSAese patients attended an out-patient
insomnia treatment program at the Adelaide Ingtifat Sleep Health, The Repatriation
General Hospital, Adelaide, South Australia, betwEebruary 2004, and November 2015.
This research was approved by the Social and Beta\Research Ethics Committee at
Flinders University of South Australia. All partggnts gave consent for information to be
used for research purposes.
2.2. Participants

Participants included 455 consecutive adult pagiéAgeM = 51.68,3D = 15.65;
33.1% Male) referred specifically to an insomneatment program at a multi-disciplinary
sleep clinic, by a General Practitioner or anotiealth professional. Inclusion criteria were:
consent to have information used for research, 4§eat over, an insomnia diagnosis
according to DSM-IV criteria (and DSM-V from 201815) performed by a registered
psychologist (37), completion of baseline overnigbitysomnographic sleep study, not
currently admitted as hospital in-patient, and abseof CPAP therapy for duration of the
follow-up period. Participants were initially divad into four groups based on OSA presence
and severity; no OSA(= 314, 69%), mild OSAN = 103, 22.6%), moderate OSA £ 25,
5.5%) and severe OSA € 13, 2.9%). However, because of the small numbpatents in
the ‘moderate’ and ‘severe OSA’ groups, the mildderate, and severe OSA groups were
collapsed into one COMISA group € 141, 31%). Baseline demographic and descriptive
data between these two groups appears in Table 1.

The insomnia treatment program cost patients $3Jb fAowever upon referral with

a Mental Health Care Plan from a General Practtipa Medicare rebate was applied which



reduced this cost to $50 AUD. Alternatively, Depaght of Veteran Affairs card holders
were treated at no charge. These costs were thtugidrease the generalizability of these
findings to patients attending insomnia-treatmeogpams in ‘real world’ clinical settings.
2.3.  Screening

2.3.1. Sleep Studies. Overnight Polysomnographic (PSG) sleep studieg wer
routinely completed at baseline as part of thenmsa treatment program, to screen for
additional sleep disorders and collect informaabout patients’ objective sleep (Somté
portable full PSG recorders, Compumedics, Melboutusstralia). Electrodes were
configured to record two electroencephalogram casni@G-A,, Cs-A1), two
electrooculogram channels, one electromyogram elatwo respiratory effort channels, and
two electromyogram channels to record leg moveméntiger oximeter was attached to
continuously record oxyhemoglobin saturation. Na@sassure and oro-nasal airflow were
recorded with a nasal cannula, and an oro-nasahtsir. All sleep studies were scored by
experienced technicians according to AASM crit€8id:-40).

These data were collected from February, 2004 teehhtoer, 2015. During this time,
the study site’s metric for defining OSA presencd aeverity changed from the Respiratory
Disturbance Index (RDI), to the Apnea/Hypopnea in@keHl). Participants entering the
program prior to 2011 received an RDI (n=333) whiatluded respiratory effort related
arousals (40), whilst participants entering thegpam from 2011 onward received an AHI
score (n=122), encompassing only apneas and hypsag). As these indices represent
different manifestations of OSA, different cut-offere applied to indicate OSA severity;
none, mild, moderate and severe OSA. For RDI, midgerate and severe cut-offs were
indicated by scores of 15-29, 30-44, and > 45,geygely. Alternatively, for AHI, mild,
moderate and severe cut-offs were indicated byesooir11-20, 21-30, and > 30, respectively

(39-41).



2.4. Outcome Measures collected at baseline, post-treaént, and three-month
follow-up.

2.4.1. One-Week Sleep/Wake Diaries. Sleep diaries are the recommended outcome
measure for insomnia-treatment research (42). Sleg@s were used to assess participants’
average weekly subjective sleep parameters atibaseld during each follow-up period.
Participants indicated their nightly; sleep onséthcy, wake after sleep onset, and total sleep
time for one week. Average sleep efficiency was alculated by dividing average weekly
total sleep time by time in bed, and multiplying 180.

2.4.2. Thelnsomnia Severity Index (1SI). The ISI was used to measure
improvements in insomnia severity during treatmé&he ISI is a 7-item questionnaire which
has been widely used as an outcome measure of ma@@verity in treatment studies (43).
Scores range from 0 — 28, with higher scores reptesy more severe insomnia. The ISl is a
valid measure of insomnia severity in populatiohpranary insomnia patients, and has been
used in the COMISA population (6, 14, 44). IS| &owere also used to categorize insomnia
remission (ISI<8), and patterns of treatment rastsinsomnia (ISI improvement <4) at post-
treatment and 3-month follow-up.

2.4.3. Daytime Functioning and Impairment ScalesThe Epworth Sleepiness
Scale (ESS) (45) is an 8-item self-report scalectvinas used to measure changes in
subjective daytime sleepiness during treatmentrésa@nge from 0-24 with greater scores
indicating more daytime sleepiness. The ESS has teported to have adequate test-retest
reliability (.82) and internal consistency as meadlby Cronbach’s alpha (.88) (45).

The Flinders Fatigue Scale (46) is a 7-item sgibrequestionnaire which was used
to measure changes in feelings of fatigue duriegtinent. Patients answered answer six
guestions such as “was fatigue a problem for yaua five-point scale ranging from 0 (not

at all) to 4 (extremely). One additional questielates to experiencing fatigue at seven



possible times during the day, with one point gif@meach time that is indicated. Possible
scores on the scale range from 0 to 31, with higheres indicating more daytime fatigue.
The scale has adequate reliability and validity-4&6.

The Daytime Feelings and Functioning Scale is &€i-self-report measure which
was used to assess changes in daytime feelingsiacitbning during treatment (47).
Responses to 12 items such as “lacked motivatidtdd difficulty accomplishing daytime
tasks”, and “felt lethargic” are added to form arei@ll score ranging from 0O to 36, with
higher scores indicating greater daytime impairm€&his measure has adequate internal
consistency, discriminant validity and is sensitiwdreatment-related changes in reported
daytime functioning (47).

2.4.4. The Dysfunctional Attitudes and Beliefs about Sleep scale. The
Dysfunctional Attitudes and Beliefs about Sleepstale is a 12-item self-report
guestionnaire which assesses participants’ agreemtndysfunctional or maladaptive
beliefs, appraisals, attributions and attitudesuabteep (49). Participants indicate their
agreement with each item on a scale of 0 — 100, possible responses ranging from
“strongly disagree” to “strongly agree”. A totalose is calculated by finding the average
score of all 12 items. Total scores range froml@6, with higher scores representing greater
agreement with dysfunctional attitudes and bekbdisut sleep. Morin and colleagues (49)
report adequate internal consistency as measuré&udnpach’s alpha (.77).

2.4.5. The Depression, Anxiety and Stress Scale. The Depression, Anxiety and
Stress Scale (50) is a 42-item self-report questiora which was used to measure symptoms
of depression, anxiety and stress before and @&dri. The three sub-scale scores range
from 0 — 42, with higher scores indicated more degion, anxiety or stress. The subscales of

this scale have been found to have adequate ihmwnsistency as measured by Cronbach’s



alpha (.87 - .94), as well as the overall scalg)(éhd good convergent and discriminant
validity when compared to other measures of depmesanxiety, and stress (51, 52).
2.5.  Procedure for Insomnia Treatment Program

Following a diagnosis of insomnia, performed kegistered psychologist
(Psychologists had 5 — 35 years of experience dgigg and treating insomnia disorders),
patients completed the baseline assessment (SEspadd questionnaires), before an
overnight home-based PSG sleep study was undertalsemeen for the presence of any
additional sleep disorders. Patients then atteadgdup sleep education session (group sizes
of 6-10 patients) which lasted two hours. Thesecation sessions included information
about the definitions and nature of insomnia, bakdep information such as 90 min sleep
cycles of deep and light sleep (53), positive sleggiene, the interplay between cognitions,
behavior and sleep, and the effect of sleep madimtPatients then attended 4-6
personalized treatment consultations with an erpegd sleep psychologist. During these
sessions, psychologists used a range of cogniielggvioral, and educational components to
target specific mechanisms underlying each patiargemnia condition (54). Follow-up
assessments (sleep diaries and questionnairescom@eted again at post-treatment, and

three-months after the baseline assessment.



Table 1. Demographic and Baseline Descriptive Data.

All Insomnia-only COMISA t p
M (SD) M (SD) M (SD)
Gender (male %) 33.1% 10.6% 40.4% ¥ = .053
5.86
Age 51.68 48.97 57.73 -5.67 <.001*
(15.65) (15.27) (14.83)
Body Mass Index 26.27 25.55 27.89 -4.51 <.001*
(4.93) (4.77) (4.93)
Arousal Index 14.25 12.45 18.10 -6.36 <.001*
(8.02) (6.72) (9.16)
Diary Total Sleep Time 323.74 332.74 305.12 2.66 .008*
(92.10) (91.35) (91.23)
Diary Sleep Onset Latency 63.36 62.97 64.16 -0.17 .866
(55.54) (49.70) (66.21)
Diary Wake After Sleep 106.10 102.46 113.85 -1.34 181
Onset (73.87) (70.56) (80.25)
Diary Sleep Efficiency 66.30 67.18 64.47 1.40 163
(16.80) (16.14) (18.03)
Insomnia Severity Index 19.35 19.87 17.92 3.50 .001*
(4.30) (4.21) (4.23)
Daytime Functioning 17.78 17.97 17.36 0.76 447
Scale (7.30) (7.21) (7.50)
Fatigue Severity Scale 18.48 18.91 17.50 2.01  .045*
(6.50) (6.38) (6.66)
Epworth Sleepiness Scale 5.75 5.32 6.58 -2.47  .014*
(4.61) (4.60) (4.54)
Dysfunctional Beliefs and  39.47 40.24 37.73 2.55 .011*
Attitudes about Sleep scale (9.34) (9.35) (9.28)
Depressive symptoms 12.16 12.00 12.48 -0.42 .267
(10.09) (9.66) (10.95)
Anxiety Symptoms 7.61 7.95 6.94 1.17 245
(7.78) (8.02) (7.26)
Stress 16.32 17.10 14.80 216 .032*
(9.65) (9.50) (9.80)

COMISA — Co-morbid Insomnia and Sleep Apnea

2.6.  Overview of Data Analysis

All data were analyzed with IBM SPSS (Version 22hear Mixed Models analyses
were undertaken to examine differences in insonmgaovements during treatment between
patients with insomnia-alone, and COMISA. As age gender differed between groups at

baseline, significant interactions were re-analy@éde controlling for these variables. Chi-



square analyses were used to examine rates of mawemission and treatment-resistance
during therapy.
2.7. Missing Data

Of the 455 patrticipants beginning treatment, mgsileep diary data were observed
at baseline, post-treatment, and 3-months in 248%,, Zind 49%, respectively. Missing ISI
data were observed in 35%, 60%, and 61%, at edodequent follow-up, respectively.
Finally, missing data on other outcome questiomsawere observed in 13%, 44%, and 47%
at each subsequent follow-up, respectively. PeatduiSquare tests revealed that rates of
missing IS| data at baseline differed significariigtween patients with COMISA (45%
missing) and those with insomnia-alone (31% missjifid) = 8.12p = .004). There were no
other significant differences in rates of missiagedbetween groups, for any other outcomes
at any follow-up. Patterns of missing data weresataered to be missing at random,
according to pre-defined criteria (55). Missingadatcurred primarily because of lack of
systematic collection of each outcome from eaclepgtand the modification and delayed
introduction of some questionnaires (e.g., the i&the questionnaire battery over the 12-
year period. Therefore, patterns of missing dateeought to be unrelated to patients’
study group or disease severity. Linear Mixed Msed@elalyses were chosen over the
ANOVA approach due to the ability to handle randgpmissing data (55, 56).
3. RESULTS
3.1.  Effect of CBT-i

It was predicted that patients with co-morbid insterand sleep apnea (COMISA)
would experience significant improvements in insa@asymptoms during CBT-i. COMISA
patients showed statistically significant improvemia all sleep diary (Table 2) and
guestionnaire measures (Table 3) from baselinenmBth follow-up. Similarly, as expected,

the group with insomnia-alone showed robust impnosets in all sleep parameters, as well



as the majority of questionnaire measures duregtinent. The only exception to this was
the Epworth Sleepiness Scale which showed no signif difference from baseline to post-
treatmentf = .12), and a small significant decrease betwesi-jpeatment and 3-month
follow-up (p = .002), however no overall significant effectiofie.

3.2.  Group Comparisons

It was expected that patients with COMISA mightwlsmaller improvement of
outcome measures than the patients with insomor@eaHowever, there were no statistically
significant interactions in improvements in the andy of sleep diary parameters or
guestionnaire outcomes (See Tables 2 and 3, andeSid and 2). The only significant sleep
diary interaction showed that COMISA patients exg@ed slightly greater improvements in
total sleep time than patients with insomnia-aldugng treatment (As seen in Table 2,
Figure 1). As age and gender differed between gratipaseline, significant interactions
were repeated while controlling for these variabfdter controlling for age and gender, the
interaction between group and time on total sl@ep tvas no longer statistically significant
(F(569.17) = 0.49p = 0.61).

COMISA patients showed slightly less improvementhie ISI, and the DBAS scale
during treatment, compared to patients with ins@ratone (Table 3, Figure 2). After
controlling for gender and age, interaction terneseano longer statistically significant for
ISI (F(463.53) = 2.63p = .07), or DBAS outcome$-(568.89) = 1.28p = .28). Finally,
COMISA patients experienced significantly greaggtuctions in the Epworth Sleepiness
Scale (ESS) compared to patients with insomniaea(@able 3, Figure 2). This interaction
remained significant after controlling for age ayjehder. There were no statistically
significant interactions in improvements in the e@ning questionnaire measures during

treatment, between patients with insomnia-alond, GOMISA patients (Table 3).



To further investigate the association of OSA si&yand insomnia improvements
during CBT-i, change scores were computed for sbedp diary sleep parameter from
baseline to post-treatment, and baseline to threstimfollow-up (e.g. change in total sleep
time from baseline to post-treatment, change ial sleep time from baseline to three-month
follow-up, etc.). Correlational analyses revealest OSA severity (AHI/RDI) was not

related to changes in any sleep parameter dumagnent (alf < .1, allp > .05).

Table 2. Changes in sleep diary measures duriaghent for patients with insomnia-alone,
and COMISA.

Insomnia-Alone COMISA Interaction
M (95%CI ) M (95%CI ) F df p

Total Sleep Time (min)
Baseline 331.7 (10.3) 306.8 (15.0) 4.33 570.70 .014"
Post-Treatment 366.3 (10.5) 330.8 (15.8)
3-Months 373.3 (11.0) 365.1 (17.0)
Change by 3- 41.7 (12.4)* 58.4 (19.0)*
Months
Sleep Onset Latency (min)
Baseline 62.59 (5.02) 64.41 (7.27) 0.12 512.26 .889
Post-Treatment 27.42 (5.12) 29.78 (7.87)
3-Months 24.66 (5.47) 24.37 (8.56)
Change by 3- -37.94 (7.44)* -40.03 (11.33)*
Months
Wake After Sleep Onset (min)
Baseline 102.56 (6.93) 113.73(10.18) 0.49 54356 .614
Post-Treatment 42.03 (7.17) 52.36 (10.84)
3-Months 43.58 (7.67) 47.39 (12.18)
Change by 3- -58.98 (10.40)* -66.35 (16.05)*
Months
Sleep Efficiency (%)
Baseline 67.28 (1.72) 64.53 (2.53) 1.87 551.47 .156
Post-Treatment 83.84 (1.77)  79.39 (2.69)
3-Months 84.41 (1.88) 83.48 (2.97)
Change by 3- 17.13 (2.40)* 18.94 (3.68)*
Months

COMISA = Co-morbid insomnia and sleep apnea

* p <.001 main effect of time per group

no longer significant after adjusting for baseldiferences in age and gender, between
groups.



Table 3. Changes in daytime/psychological measiugaag treatment.

Insomnia-alone
M (£95%Cl)

COMISA

M (£95%CI)

Interaction

Df

P

Insomnia Severity Index

Baseline 19.9 (0.6)
Post-Treatment 9.5 (0.8)
3-Months 7.6 (0.8)

Change by 3-Months
Epworth Sleepiness Scale

-12.2 (1.10)*

Baseline 5.3(0.5)
Post-Treatment 5.9 (0.6)
3-Months 4.9 (0.6)
Change by 3-Months -0.4 (0.67)
Flinders Fatigue Scale

Baseline 18.9 (0.7)
Post-Treatment 12.3 (0.9)
3-Months 10.0 (0.9)
Change by 3-Months -8.8 (1.19)**
Daytime Functioning

Baseline 17.9 (0.8)
Post-Treatment 10.9 (0.9)
3-Months 9.4 (1.0)
Change by 3-Months -8.5 (1.13)**

18.0 (1.1)
9.6 (1.3)

8.2 (1.3)
-9.8 (1.80)**

6.5 (0.7)
5.8 (0.8)
5.2 (0.9)
-1.3 (0.97)*

17.5 (1.1)
11.2 (1.3)
10.2 (1.3)
-7.3 (1.78)**

17.2 (1.2)
11.4 (1.4)
9.9 (1.5)
-7.3 (L.71)*

Dysfunctional Beliefs and Attitudes about Sleep

Baseline 40.2 (1.0)
Post-Treatment 28.2 (1.2)
3-Months 25.1 (1.3)

Change by 3-Months
Depressive Symptoms

-15.1 (1.56)*

Baseline 12.07 (1.14)
Post-Treatment 7.98 (1.26)
3-Months 6.81 (1.31)

Change by 3-Months
Anxiety Symptoms

-5.26 (1.51)**

Baseline 7.78 (0.84)

Post-Treatment 5.01 (0.95)
3-Months 4.86 (0.99)

Change by 3-Months -3.12 (1.12)**
Stress

Baseline 17.10 (1.06)
Post-Treatment 10.94 (1.17)
3-Months 9.26 (1.21)

Change by 3-Months -7.84 (1.48)*

37.7 (1.5)
27.7 (1.9)
26.5 (1.9)
-11.2 (2.36)*

12.67 (1.64)
8.82 (1.91)
7.56 (1.91)

-5.11 (2.17)**

7.02 (1.20)
5.02 (1.40)
3.93 (1.39)
-3.09 (1.56)*

14.77 (1.51)
10.13 (1.77)
9.19 (1.80)
-5.59 (2.15)**

456 449.67 .0117

3.42

1.59

1.49

5.38

0.26

0.87

2.34

507.97

565.30

509.59

561.00

477.16

462.77

500.73

.034

.205

227

.005"

975

419

.098

COMISA = Co-morbid insomnia and sleep apnea,

*p < .01 main effect of time per group
** p < .001 main effect of time per group

no longer significant after adjusting for baseldiferences in age and gender, between

groups.
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3.3.  Responder Analyses

The responder analysis compared the rates of imsomremission (ISI<8) between the
two groups. At post-treatment, rates of insomniission were not statistically different
(¥*(1) = 1.35p = .25) for patients with COMISA (36.0%) and insdezalone (45.5%). At 3-
month follow-up, rates of insomnia remission weesanot statistically differentyf(1) =
1.16,p = .28), for patients with COMISA (52.9%) and insuaralone (61.7%).

Finally, to investigate the proportion of patiemiso experienced a pattern of
‘treatment-resistant insomnia’ during treatmenttipgoants with less than 4-points
improvement in the ISI from baseline to post-treatitrand baseline to three-month follow-
up were compared between groups. From baselineststggatment, rates of insomnia non-
response were not significantly differept(() = 0.05,p = .83) between patients with
COMISA (18.6%) and insomnia-alone (20.2%). Frometias to three-month follow-up,
rates of treatment-resistant insomnia were alswigoificantly different (1) = 0.89,p =
.35) between patients with COMISA (17.1%) and ins@yalone (11.4%). Furthermore,
among only patients with COMISA, levels of OSA setye(mild, moderate and severe) were
not significantly related to treatment-resistarsoimnia ¢*(2) = 0.68,p = .71), indicating that
OSA severity did not influence rates of non-impnaoeat.

4. DISCUSSION

The current results suggest that Ci&Tain effective insomnia treatment in the
presence of OSA. Specifically, COMISA patients aigeced significant robust
improvement in all sleep and daytime functioningatales during CBT-i. Furthermore, the
effectiveness of CBT-i was not decreased by thegmee or severity of co-morbid OSA,
when compared to patients with insomnia-alone. &lieslings offer support for an
important aspect of the current popular treatmaggsestion; that COMISA patients can be

treated with CBT-i to improve insomnia symptomsopitbd the initiation of CPAP therapy



(17, 18). Research investigating the impact of eatial CBT-i and CPAP therapy is
currently being conducted (17, 57, 58).

In the current study, COMISA patients experiendgdificant improvements in
subjective sleep parameters, symptoms of fatigaepsess, daytime functioning,
dysfunctional sleep-related thinking patterns, gladbal insomnia severity, from baseline to
follow-up periods. For example, among COMISA patemneported total sleep time increased
by 24.1 minutes, sleep onset latency estimate®dsed by 34.6 minutes, wake after sleep
onset decreased by 61 minutes, and sleep efficieeoyased by 14.9% by post-treatment.
These improvements are also comparable to thossaakin a recent meta-analysis of
CBT-i in patients with insomnia-alone (19), whicuhd that CBT-i resulted in
improvements compared to non-treatment control ggon total sleep time of 7.6 minutes,
sleep onset latency of 19 minutes, wake after sbespt of 26 minutes, and sleep efficiency
of 10% by post-treatment. Thus, the improvememsfCBT-i in the COMISA patients of
the present study were as great, if not greater, tihase with insomnia-alone from the recent
meta-analysis.

COMISA patients experienced significantly greatepiovements in ESS scores
during treatment. This interaction remained sigaifit after controlling for age and gender.
This difference was due to COMISA patients begigrineatment with significantly greater
daytime sleepiness which was reduced to similal¢eto patients with insomnia-alone, by 3-
month follow-up. ‘Excessive daytime sleepiness isentral symptom of OSA, and it is
unsurprising that COMISA patients had increasedsf@opensity at baseline (59).
Importantly, COMISA patients did not experiencensligantly elevated sleepiness at post-
treatment with the use of bedtime restriction thgr&ne concern over the use of bedtime
restriction therapy in COMISA relates to the effetbedtime restriction therapy on

increased sleep propensity (60), in OSA patients pre-existing elevated sleepiness. These



data indicate that the use of bedtime restricti@nrapy in COMISA patients with mild,
moderate and severe OSA, does not lead to signijcacreased levels of sleepiness by
post-treatment. However, levels of sleepiness shbelclosely monitored from week-to-
week of CBT-i in COMISA patients, and bedtime paedens modified accordingly to ensure
patients’ safety. Future studies may wish to reggpéichis analysis with a range of additional
outcome measures (e.g., objective driving perfogaaand reaction time tasks) administered
before, during, and after CBT-i in patients wittdamithout co-morbid OSA.

These results suggest that the effectiveness ofG81ot impaired by the presence
of co-morbid OSA. Some researchers have indireett doubt on the effectiveness of CBT-
i for patients with COMISA, by suggesting that grsficant number of COMISA patients
experience insomnia as a secondary symptom of @&k (6, 7, 35). For example, OSA is
associated with repetitive post-apneic arousals steep, and it is possible that some
patients perceive periods of wakefulness followtimgse arousals, and present to sleep clinics
with a complaint of insomnia (27). While their O8llagnosis remains stable, these
‘secondary insomnia’ patients would be expecteshtmw very little response to CBT-i, and
consequently, would create a pattern of reduceddugments observed for the COMISA
group as a whole. However, in the current study;@MISA patients and those with
insomnia-alone experienced comparable improvemeristh night time and daytime
symptoms of insomnia during CBT-i, regardless o &38verity, it is unlikely that a large
proportion of COMISA patients were suffering fronsomnia which was secondary to their
OSA.

To examine patients in each condition who showild liesponse to CBT-,
‘treatment-resistant insomnia’ was defined as tkas 4-points improvement in the Insomnia
Severity Index during treatment. From baselinéhte¢-month follow-up, 17.1% of COMISA

patients failed to experience insomnia improvemargssus 11.4% of patients with



insomnia-alone. This difference was not statistycsignificant, suggesting that co-morbid
OSA does not increase rates of insomnia non-regpdunsng CBT-i. Furthermore, no
significant differences were observed in ratesiebmnia remission between groups at either
follow-up, suggesting that co-morbid OSA does maoluce rates of insomnia-remission
following CBT-i. As rates of treatment-resistans@mnia were similar between COMISA

and insomnia-only groups, it is unlikely that aglauproportion of the COMISA group were
suffering from insomnia as a secondary symptonheif tOSA. However, it is possible that
some of the COMISA non-responders will experiengéher insomnia improvements after
starting CPAP (7).

The current results should be interpreted in laffgeveral limitations. Firstly, these
data were collected from clinical patients seerr avé2-year period at an out-patient
insomnia treatment clinic. Although great care vek®n to collect and record sleep diary and
guestionnaire data at each follow-up period, samss bf data is inevitable due to patient
non-compliance and withdrawal, changes in the quasdire battery, and non-systematic
recording of outcome data. Although missing dateevekefined as missing at random,
according to pre-defined criteria (55), it is pbdésithat some patients who experienced less
insomnia-improvement were also more likely to hanssing follow-up data, thereby
resulting in a small increase in estimates of ins@AMmprovements during treatment.
However, as rates of missing data were similar betwthe insomnia-only, and COMISA
groups, this pattern of missing data is very ujike effect the primary conclusions of the
study. Unfortunately, no control condition was usksl these data reflect clinical patients
who commonly paid for treatment, it was unfeastblemploy a placebo control condition.
Previous research has documented the benefits 6fi©Ber a placebo control condition in
COMISA patients (8). Furthermore, CBT-i is alreadwell-established treatment, and the

primary aim of current study was to compare theafbf CBT-i among patients with



COMISA and insomnia-alone, which should not necglgs@quire a control condition
against an established treatment. Finally, these patients who specifically sought
insomnia treatment with a primary complaint of imsoa, rather than more general sleep
laboratory patients, or community-dwelling indivads suffering from insomnia or COMISA.
It is possible that COMISA patients who seek ins@ntreatment are more likely to
experience improvement with CBT-i, compared togds who seek treatment primarily for
symptoms of OSA who are later found to have co-mdarsomnia, or those who do not seek
treatment. For example, if COMISA patients withrarary complaint of OSA were offered
CBT-i, it is possible that they would be more likéb reject treatment or become
disinterested over time. It will be important fotdre research to determine whether a ‘chief
complaint’ of insomnia vs. OSA is associated with effectiveness of different treatment
options in the COMISA population (61).
4.1.Conclusion

Co-morbid insomnia and sleep apnea is a highlygeew and debilitating condition,
which is associated with a unique set of complegithat can limit effective treatment
options. The most common treatment suggestion @VIGA patients is to use CBT-i to
improve the insomnia symptoms, before initiatingdPRherapy to treat the OSA (3, 18, 62).
The current results suggest that CBT-i is an effedteatment in the COMISA population,
and that the effectiveness of CBT-i is not impaipgdhe presence or severity of co-morbid
OSA. In fact, COMISA patients may experience slightreater reduction of daytime
sleepiness during CBT-i, compared to patients wmisomnia-alone. Therefore, CBT-i should
be considered as an initial treatment option an@OYIISA patients, which not only
improves insomnia symptoms, but may improve subsagacceptance and use of CPAP

therapy when treating the OSA.
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Highlights
1. Co-morbid insomnia and obstructive sleep apnea commonly co-occur.
2. Theeffectiveness of CBT-i isnot reduced in patients with co-morbid sleep apnea.
3. CBT-i may aso improve subsequent CPAP usein patients with co-morbid insomnia

and sleep apnea.





