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Study Objectives: To evaluate the effectiveness of ramelteon,
a melatonin receptor agonist, for the treatment of insomnia
in older adults starting auto-titrating positive airway pressure
(APAP) therapy for sleep apnea.

Methods: A parallel group, randomized, double-blind, placebo-
controlled pilot effectiveness clinical trial. The study enrolled 21
research study participants who were = 60 years old and had
obstructive sleep apnea, defined by an apnea-hypopnea index
(AHI) = 5 events/h, with complaints of insomnia. The primary
outcome measure was change in sleep onset latency deter-
mined from polysomnography at 4 weeks. Research study par-
ticipants, all of whom were starting on APAP, were randomized
to ramelteon 8 mg (n = 8) or placebo (n = 13).

Results: Ramelteon treatment was associated with a statis-
tically significant difference in sleep onset latency (SOL) as
measured by polysomnography of 28.5 min (+ 16.2 min) com-
pared to placebo (95% C.I. 8.5 min to 48.6 min, effect size
1.35, p = 0.008). This was due to a 10.7 (£ 17.0) min SOL
reduction in the ramelteon arm and a 17.8 (£ 23.5) min SOL in-
crease in the placebo arm. No change was noted in subjective
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sleep onset latency (-1.3 min, £ 19.3 min, 95% C.1.: -21.4 min
to 18.7 min). No statistically significant changes were noted in
the AHI, sleep efficiency (polysomnography and self-report),
APAP adherence, Pittsburgh Sleep Quality Index global score,
or Epworth Sleepiness Scale score when comparing ramelte-
on vs. placebo. Four adverse events occurred in the ramelteon
arm and 2 in the placebo arm; none were considered to be
related to treatment.

Conclusions: Ramelteon was effective in improving objective,
but not subjective, sleep onset latency even in older adults who
were starting APAP therapy for sleep apnea. Further research is
warranted in examining the role of ramelteon in the care of older
adults with insomnia symptoms and sleep apnea.
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lder adults have prevalence rates of many sleep disorders
that exceed that of younger populations. Sleep related
breathing disorder, defined as an apnea-hypopnea index (AHI)
> 15 events/h, for example, was noted in approximately 20%
of adults over the age of 65 in the Sleep Heart Health Study
cohort.! Insomnia symptoms are also very prevalent, and may
occur in up to 15% to 30% of older adults.? One area of particu-
lar concern that has been relatively understudied, however, is
that of coexistent insomnia and sleep apnea in the elderly. This
comorbid state may be especially common in older adults given
the high prevalence rates of both conditions®: Approximately
29% to 61% of older adults with insomnia complaints have co-
existing sleep apnea.*®
The combination of sleep apnea and insomnia symptoms
can create difficult clinical management challenges. Sedative-
hypnotics may conceivably worsen sleep apnea,”'® but this has
not been a consistent finding."'""* In addition, older subjects are
more likely to have adverse effects from traditional benzodiaz-
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Patients with sleep apnea
syndrome may have insomnia symptoms which can cause significant
discomfort and influence treatment adherence. Little is known about po-
tential pharmacotherapy options to address these insomnia symptoms.

Study Impact: In this pilot study, relative to placebo, ramelteon was as-
sociated with a statistically significant improvement in objective sleep
onset latency, but no change in subjective sleep onset latency or ad-
herence to auto-titrating positive airway pressure (APAP) therapy. Ra-
melteon did not have any significant adverse effects or influence the
apnea-hypopnea index while on APAP therapy.

epine sedative-hypnotics." On the other hand, adherence with
sleep apnea treatment may be lower in patients with untreated
insomnia symptoms.''¢

A limited number of studies have examined treatment op-
tions for patients with sleep apnea and insomnia symptoms.
Cognitive-behavioral therapy may reduce insomnia symptoms



in middle-aged adults with sleep apnea.'”'® Berry et al. noted
that zolpidem reduced sleep latency relative to placebo for pa-
tients using continuous positive airway pressure (CPAP) in a
single-night dosing paradigm." In addition, treatment of sleep
apnea itself may improve insomnia symptoms when patients
are compliant with CPAP therapy.'s"

Ramelteon (TAK-375), a melatonin receptor agonist, has
been found to have minimal effects on sleep apnea severity.*
Thus, it may be an ideal choice for the treatment of insomnia
symptoms in sleep apnea patients. Our specific study hypoth-
esis was that ramelteon would improve sleep latency in older
adults with insomnia and sleep apnea. In order to maximize
the clinical relevance of the study, we conducted a pragmatic
effectiveness trial in older adults newly diagnosed with sleep
apnea, all of whom were starting auto-titrating positive air-
way pressure (APAP) therapy for their sleep apnea. We used
a placebo-controlled, parallel-arm, randomized, double-blind
clinical trial design with intent-to-treat analysis to test our
hypothesis.

METHODS

Participants

Research study participants were recruited from the greater
Philadelphia metropolitan area using media ads (radio, print),
community flyers, presentations at senior centers, and an-
nouncements placed in primary care medical clinics. All study
data was collected at the patients” homes, or at the Clinical and
Translational Research Center of the University of Pennsylva-
nia Clinical and Translational Science Award (CTSA). Over-
night polysomnography studies were performed at the Clinical
Research Center for Sleep of the Center for Sleep and Respira-
tory Neurobiology, also affiliated with the CTSA. Study partici-
pants were compensated financially for their participation in the
research study protocol.

Inclusion criteria were age greater than 60 years, a diagnosis
of sleep apnea syndrome with a minimum AHI of 5 events/h,
and insomnia symptoms. Sleep apnea syndrome was defined by
the criteria proposed by the International Classification of Sleep
Disorders, 2nd edition.?! These included the presence of an AHI
> 5 events/h and symptoms of sleep apnea such as insomnia. A
hypopnea was defined as a > 10-sec episode with (1) > 50% de-
crease in airflow amplitude from baseline of any valid respira-
tory signal (flow or effort belts); (2) < 50% decrease in airflow
amplitude preceding > 3% oxyhemoglobin desaturation; or (3)
<50% decrease in airflow amplitude preceding an arousal.”> An
obstructive apnea was defined as > 90% decrease from baseline
in amplitude of airflow lasting > 10 sec. A central apnea was a
> 10-sec period with no fluctuations in airflow or rib cage and
abdominal movement channels.

The following criteria were used for insomnia symptoms
and were adapted from the Diagnostic and Statistical Man-
ual-IV: (1) complaint of difficulty initiating or maintaining
sleep > 1 month; and (2) the sleep disturbance causes clini-
cally significant distress or impairment.”® Potential subjects
with insomnia due to caffeine use, inadequate sleep hygiene
(TV disturbing sleep, etc.), major depression, or anxiety dis-
order were not eligible, as sedative-hypnotics are generally
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not indicated as initial therapy in these cases. Insomnia as-
sessment was obtained during a medical history/exam by a
board-certified sleep disorders medicine physician (performed
by N.S.G.).

Exclusion criteria were as follows: (1) active use of seda-
tive-hypnotics; (2) restless legs syndrome (RLS), because dif-
ficulty initiating sleep (insomnia) can be one of the hallmarks
of RLS*; (3) periodic limb movement disorder (PLMD), as
defined by a periodic limb movement with arousal index >
5 on polysomnography?'; (4) alcohol abuse identified by the
CAGE/Quantity Frequency Index, with subjects who were
CAGE-positive and had consumed > 10 drinks during the
week being excluded?; (5) cognitive impairment (dementia),
as cognitive impairment would impair their ability to compre-
hend the study protocol and provide informed consent. The
Clock Drawing Test was used as a rapid initial screen for cog-
nitive impairment. If abnormal, potential subjects underwent a
Mini-Mental Status Exam (MMSE), a widely used assessment
for cognitive impairment.” Subjects with scores < 24 were
excluded from the study; (6) liver abnormalities, as defined by
liver function test results more than twice the normal range;
(7) prior history of CPAP use; (8) active use of fluvoxamine,
which may interact with ramelteon; and (9) presence of severe
emphysema (COPD).

Experimental Design

This pilot research study protocol utilized a parallel arm, ran-
domized, placebo-controlled, double-blind, effectiveness trial
design. Research study participants were randomized to either
ramelteon 8 mg or identical-appearing placebo treatment for 4
weeks. Randomization was performed by the Investigational
Drug Service of the University of Pennsylvania CTSA using
a computer-generated central system and opaque, sequentially
numbered sealed envelopes.

The research study protocol was approved by the Univer-
sity of Pennsylvania Institutional Review Board, underwent
audits by an independent Data and Safety Monitoring Board,
was submitted to the FDA (IND #75102), and was also au-
dited yearly by the Office of Human Research at the Univer-
sity of Pennsylvania. All research study participants provided
informed consent.

The research study protocol followed standard clinical prac-
tices for the treatment of sleep apnea: it included a patient
education session, sleep physician history/exams (NSG), and
a research study participant outpatient follow-up visit within 2
weeks of starting APAP.

Intervention

Study participants were randomized to receive oral ramelt-
eon 8 mg or placebo daily, 30 min before their habitual bed-
time. The placebo tablet was identical in appearance to the
ramelteon tablet. All study research medications (ramelteon
and placebo tablets) were provided by Takeda Pharmaceuti-
cals North America, Inc. Study participants took ramelteon
or placebo for 30 days, starting the day after their baseline
(pre-study drug polysomnography) and continuing up to and
including the night of their post-treatment polysomnography.
A study drug log and pill count was used to confirm adherence
to the study drug regimen.
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Study Procedure

Sleep apnea education/counseling

All study participants, whether they were randomized to ra-
melteon or placebo, received APAP therapy for their sleep apnea
using an autotitrating unit. Prior to starting APAP, they received
a 45-min counseling session about sleep apnea that consisted
of the following: (1) review of the etiology of sleep apnea, in-
cluding a discussion of anatomical risk factors for sleep apnea
and a sample patient video; (2) discussion of consequences of
sleep apnea; (3) explanation of the use and benefits of APAP;
(4) overview of the procedure for receiving and caring for their
APAP equipment; and (5) a detailed review of their screening
sleep study findings with a sleep disorders physician (N.S.G.).

Baseline measurements

Research study participants then completed the baseline
questionnaires, and underwent a physician general history/
physical and sleep history (N.S.G.). The sleep history in-
cluded questions about their average sleep onset latency, total
sleep time, and other sleep parameters during the prior week.
They also had a baseline (pre-study drug treatment) polysom-
nography during which they had their first night of APAP. The
purpose of this baseline polysomnography was to determine
sleep metrics (sleep latency, sleep duration, etc.) and AHI
while on APAP, but prior to randomization to the study inter-
vention (ramelteon or placebo). The polysomnography used
a 16-channel system, which included electroencephalogram,
electrooculogram, electrocardiogram, snoring, chin and limb
electromyogram, chest and abdominal respiratory belts, finger
oximetry, and airflow monitoring with nasal and oral thermis-
tors. Sleep records were manually scored in 30-sec epochs ac-
cording to standard criteria.”>*® The APAP unit was a ResMed
S8 AutoSet Vantage (ResMed Inc., Poway, CA). Study partic-
ipants were then sent home with the APAP unit and the study
medication (ramelteon or placebo). The APAP unit remained
in the auto-titrating mode to help maximize the research study
participants’ tolerance of APAP.”’ In cases where the APAP
unit was not able to adequately treat the study participant’s
sleep apnea, they were then asked to return for a manual CPAP
titration to determine the optimal CPAP setting. These study
participants were then placed on that optimal CPAP setting
instead of the auto-titration mode for the 4-week duration of
the study.

Interval visit

After 2 weeks, research study participants returned for an in-
terval visit during which they completed the study questionnaires,
had their pill count assessed, had a physician history and physi-
cal examination (N.S.G.), and were screened for adverse events.
Blood specimens were drawn for routine laboratory studies.

Post-treatment measurements

After 4 weeks of therapy, research study participants com-
pleted the study questionnaires, underwent a repeat physician
history/physical, provided a blood specimen for routine labs,
and had a final polysomnography. This polysomnography was
performed while they were on study drug (ramelteon or pla-
cebo) and APAP.
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Follow-up visit

Research study participants were evaluated again 4 weeks af-
ter the post-treatment visit and the cessation of study medication
(a total of 8 weeks after randomization to study medication).

Study Assessments

Polysomnography

The primary study outcome measurement was the sleep on-
set latency derived from polysomnography. The sleep onset la-
tency was defined as latency to stage 1 (N1) sleep. Baseline
polysomnography was performed during the research study
participants’ first night of APAP, prior to starting research study
drug treatment (ramelteon or placebo). The post-treatment poly-
somnography was performed one month later while on both the
APAP and research study drug. Additional measures derived
from the polysomnography included the sleep efficiency (time
in bed divided by time asleep), the AHI, and the periodic limb
movement index.?!

Sleep

The Pittsburgh Sleep Quality Index (PSQI), which assesses
sleep quality and is responsive to changes in insomnia,?®* was
used to provide a global measure of overall sleep quality. The
Insomnia Severity Index (ISI) was used to assess the level of
insomnia symptoms.*® Study participants were also asked to
complete a 7-day at-home sleep diary; however, sleep diaries
were properly completed by less than half of all study partici-
pants in both arms. We determined that inclusion of the sleep
diary data was not justified because of this low response rate
and self-report data was available from the PSQI.

Daytime functioning

The Epworth Sleepiness Scale (ESS), an 8-item self-admin-
istered scale that is used to measure daytime sleep propensity/
sleepiness in a variety of standardized daily situations,*' pro-
vided information regarding level of sleepiness in common
situations that are relevant to daily life.*> The Functional Out-
comes of Sleepiness Scale (FOSQ), a 30-item scale that mea-
sures the effects of daytime sleepiness on a broad range of daily
activities,* provided a functional assessment of sleepiness. The
RAND Medical Outcomes Study Short Form (SF-36) was used
as a quality of life assessment tool because it is sensitive to
changes in health status and has demonstrated validity among
elderly subjects.’**® The Cumulative Illness Rating Scale
(CIRS) is a reliable, standardized instrument for rating of health
status which was used to identify severity of comorbid illness in
13 different organ systems as well as provide a global measure
of comorbidity.*® It was administered by a physician (N.S.G.)
during the baseline assessment.

Statistical Analysis

Summary statistics including means, standard deviations,
and ranges were used to describe changes from baseline for all
primary and secondary outcome variables within each of the
intervention groups. Intent-to-treat comparisons were used to
preclude the possibility of bias due to selectively excluding
subjects from the analyzed study groups. All randomized sub-
jects, regardless of APAP or study drug compliance, were in-



cluded in the primary effectiveness assessment of the changes
in sleep efficiency. This technique allows for a more accurate
reflection of treatment effects as it factors in compliance (ef-
fectiveness study). It also enhances the clinical relevance of the
study findings.

Study comparisons between treatment arms were performed
using generalized linear modeling (PROC GLM) due to the un-
balanced study arms that resulted from random allocation to the
study arms. All statistical analysis was performed using SAS
v9.1 (SAS Institute, Cary, NC). Effect size estimates were de-
rived using the Centre for Evaluation and Monitoring (Durham
University) Effect Size Calculator.?”

RESULTS

A total of 89 potential study participants attended informed
consent sessions. Of these, 86 (96.6%) consented to partici-
pate in the research study and underwent eligibility assessment
and screening. Complete screening data was gathered on 67
(75.3%) potential participants: Four were unreachable after the
initial consent session, and 15 dropped out of the study before
completing the screening process. Figure 1 contains a flow
diagram of study recruitment, enrollment and analysis accord-
ing to CONSORT guidelines.*® Five subjects did not tolerate
CPAP after randomization and thus did not complete the on-
treatment sleep study: Two subjects dropped out immediately
after the pre-treatment sleep study (when they wore APAP for
the first night, one subject in each arm—see “Allocation” sec-
tion in Figure 1), and 3 later (identified in the “Follow-up” sec-
tion in Figure 1 as “dropped-out: discontinued intervention”, 2
in the ramelteon arm and 1 in the placebo arm). Two subjects
were also lost to follow-up and did not provide a reason (one in
each arm). Table 1 provides demographic characteristics of all
consented study participants and of participants in each study
arm. The mean AHI prior to treatment (before starting APAP
and the study drug intervention) was 35.8 (= 14.0) events/h for
the ramelteon arm and 28.2 (+ 25.8) events/h for the placebo
arm (p = 0.6).

The primary study outcome measure for the planned (a pri-
ori) analysis was objective sleep onset latency derived from
polysomnography (Table 2). There was a statistically signifi-
cant difference of 28.5 min (+ 16.2 min, 95% C.I. 8.5 to 48.6
min, p = 0.008) in research study participants treated with ra-
melteon relative to placebo when comparing the baseline and
post-treatment polysomnography. This was due to 2 factors: (1)
a 10.7 (= 17.0) min decrease in the sleep onset latency in the
ramelteon arm, and (2) a 17.8 (+23.5) min increase in the sleep
onset latency in the placebo arm. Additional planned analysis
included the self-report sleep onset latency: no significant dif-
ference was noted in this measure between the 2 study arms
(—=1.3 min, £ 19.3 min, 95% C.I. —21.4 to 18.7 min, p = 0.9).
Furthermore, neither objective nor subjective sleep efficiency
differed significantly between study arms.

Global perception of sleep quality was measured using the
Pittsburgh Sleep Quality Index (PSQI). Insomnia severity was as-
sessed using the Insomnia Severity Index (ISI). Both measures
were unchanged between the study arms (Table 3). Sleep apnea
severity was measured by the AHI derived both from polysom-
nography and the internal monitor on the APAP unit. Both mea-
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Figure 1—CONSORT study diagram

stessed for eligibility (n = 6?

Excluded:
a. Did not have sleep apnea (n = 11)
b. Periodic limb movement disorder (n = 3)
c. Prior CPAP use (n=1)

Refused to participate due to:
a. Overnight sleep study (n =7)
b. Concerns regarding research study drug
or APAP (n=18)

Enrollment

v

Randomized (n = 27)

v v

Allocated to ramelteon Allocated to placebo
(n=12) (n=15)
s Received allocated intervention Received allocated intervention
'<§ (n=11) (n=14)
<=: Did not receive allocated Did not receive allocated
intervention (n = 1) due to APAP intervention (n = 1) due to APAP
intolerance on first night of use intolerance on first night of use
v v
% Lost to follow-up (n = 1) Lost to follow-up (n = 0)
=§ Dropped out: discontinued Dropped out: discontinued
2 intervention (n = 2) intervention (n = 1)
v v
§ Analyzed (n = 8) Analyzed (n = 13)
g Excluded from analysis (n = 0) Excluded from analysis (n = 0)

sures showed no statistically significant difference between the
study arms: (1) during the sleep study, the AHI (events/h) while
wearing APAP for the ramelteon arm increased by 2.1 events/h
versus the placebo arm increase of 2.6 events/h (p=0.9) (Table 2);
(2) the internal monitor on the APAP unit (collected only on days
22-29, thus there is no pre-treatment value for comparison) was
7.9 events/h (SD 7.6) for the ramelteon arm and 10.9 events/h (SD
13.1) for the placebo arm, with a difference of —3.0 events/h (SD
11.1,95% C.1.: 15.0 t0 9.0), and an effect size of —0.28 (95% C.L.:
—1.25,0.74), p=0.6.

Daytime consequences of sleep apnea and insomnia treat-
ment were also measured using both disease-specific measures
(Functional Outcomes of Sleepiness Questionnaire and Ep-
worth Sleepiness Scale) and a global quality of life measure
(Short-Form 36). None of these measures showed statistical-
ly significant differences between the ramelteon and placebo
groups (Table 3). APAP adherence was measured as the num-
ber of minutes of APAP use per night and did not differ sig-
nificantly between the ramelteon and placebo groups (159.1 +
117.0 min vs 226.9 + 180.8 min, p = 0.4). APAP adherence
(> 4 h of use for > 4 nights per week) was 47.1% and was not
influenced by study drug treatment. When including subjects
who dropped out due to APAP intolerance (Figure 1), APAP
adherence was 38.0%.

Journal of Clinical Sleep Medicine, Vol. 6, No. 6, 2010
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Table 1—Research study sample characteristics

Parameter

Age, y; mean (SD)

BMI, kg/m? mean (SD)

Gender, female (percent)

Race (percent)
White
Black
Multiracial
Refused

Ethnicity (percent)
Hispanic or Latino
Not Hispanic or Latino
Refused

Marital status (percent)
Married
Single
Separated/divorced
Widow
Refused

Education (percent)
Junior high
High school
2y college
4y college
Graduate school
Refused

Current work (percent)
Full time
Part time
Homemaker
Unemployed, looking
Retired
Unable to work
Refused

Living situation (percent)
At home alone
At home with spouse/children
Assisted living/retirement community
Refused

Consented (n = 67)

Ramelteon (n = 8) Placebo (n=13)

740 (5.6) 73.6 (5.6) 70.6 (3.5)
272(5.2) 25.7 (4.9) 287 (5.8)
37 (55.2) 3(37.5) 5 (38.5)
48 (71.6) 5 (62.5) 10(76.9
18 (26.9) 3(37.5) 3(23.1)
1(1.5) 0 0
0 0 0
1(1.5) 0 1(7.7)
41(612) 4(50.0) 9(69.2
25 (37.3) 4(50.0) 3(23.1)
28 (41.8) 5 (62.5) 8 (61.5)
12 (18.0) 1(12.5) 1(7.7)
8 (11.9) 0 1(7.7)
18 (26.9) 2(25.0) 2 (15.4)
1(1.5) 0 1(7.7)
1(1.5) 0 0
14 (20.9) 3(37.5) 3(23.1)
15 (22.4) 1(12.5) 2 (15.4)
14 (20.9) 2(25.0) 3(23.1)
19 (28.4) 1(12.5) 4(30.8)
4(6.0) 1(12.5) 1(7.7)
5(7.5) 2(25.0) 1(7.7)
6(9.0) 0 2 (15.4)
4(6.0) 1(12.5) 1(7.7)
3(4.5) 0 1(7.7)
43 (64.2) 4(50.0) 6 (46.2)
3 (4.5) 1(12.5) 1(7.7)
3(4.5) 0 1(7.7)
30 (44.8) 3(37.5) 3(23.1
33 (49.3) 5 (62.5) 8 (61.5)
1(1.5) 0 0
3(4.5) 0 2 (15.4)

A total of 4 adverse events occurred in the ramelteon arm and
2 in the placebo arm. For ramelteon, the adverse events were as
follows: gastrointestinal-diarrhea (1); dermatologic-skin ulcer
(1); pulmonary-paranasal reaction (sinusitis) (1); and musculo-
skeletal-fracture after being hit by a bicyclist (1). For placebo,
the adverse events were: pain-abdominal (1); and gastrointesti-
nal-nausea (1). All adverse events were thought to be unrelated
to study drug treatments, and none were serious adverse events.

DISCUSSION

This pilot study examined pharmacologic treatment options
for insomnia symptoms in older adult patients starting CPAP
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therapy for sleep apnea syndrome. The effectiveness of ramelt-
eon for improving sleep onset latency in older adults starting
APAP was tested using a randomized, double-blind, placebo-
controlled, parallel arm study design. We observed that in older
adults initiating APAP therapy for their sleep apnea, ramelteon
was effective in reducing polysomnography-measured sleep on-
set latency by 10.7 (£ 17.0) min, which was a 28.5 min (+ 16.2
min, p = 0.008) difference relative to placebo. Other polysom-
nography parameters did not change. Subjective measures, in-
cluding sleep onset latency, sleep quality, sleepiness, and daytime
functioning, were unchanged between the two arms. No adverse
events were attributed to ramelteon in these older adult research
participants, and AHI did not increase with the use of ramelteon.
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Table 2—Polysomnography and self-report findings for key study outcomes

Ramelteon (SD), n =8 Placebo (SD), n =13 Mean Difference p-value Effect size
Parameter Pre Post Pre Post (SD, 95% ClI) (95% CI)
Polysomnography
Sleep latency (minutes) 204(23.2) 9.7(10.3) 16.6(17.5) 34.4(30.7) 28.5(16.2,8.5t048.6) 0.008 1.35(0.32, 2.25)'
Sleep efficiency (percent) 725(24.5) 786(105) 70.3(17.6) 72.8(16.9) -3.6(22.5,-24.7t017.6) 0.7  -0.16 (-1.04,0.73)'
AHI (events/h) 13.9(7.5 16.0(11.6) 10.9(12.9) 13.5(12.1) 05(12.9,-116t0126) 0.9 0.04 (-0.84, 0.92)!
Self-report
Sleep latency (minutes) 352 (43.9) 31.5(24.0) 23.8(15.0) 18.8(11.0) -1.3(19.3,-214t018.7) 0.9  -0.07 (-0.94, 0.82)
Sleep efficiency (percent) 72.5(22.6) 68.5(24.1) 71.6(17.0) 76.8(14.9) 9.2(196,-9.6t027.9) 0.3 0.5 (-0.44, 1.35)

The Mean Difference column compares the pre-study drug to post-study drug change between the ramelteon and placebo arms. It is the difference between
the change score for the ramelteon arm and the placebo arm. Mean Difference = ramelteon change (i.e., pre-ramelteon — post-ramelteon) — placebo change
(i.e., pre-placebo — post-placebo). Effect size interpretation: The direction of the effect size estimate can represent an improvement or worsening in the
ramelteon arm relative to the placebo arm depending upon the nature of the variable. To facilitate interpretation, a (1) indicates improvement in the ramelteon
arm relative to the placebo arm, and a (2) indicates improvement in the placebo arm relative to the ramelteon arm.

Table 3—Subjective sleep quality and daytime outcomes

Ramelteon (SD), n = 8 Placebo (SD), n =13 Mean Difference p-value Effect size
Parameter Pre Post Pre Post (SD, 95% ClI) (95% CI)
PsQl 10.0(3.9) 10.9(3.6) 5(41) 9225 -111(341,-432102.10) 05 -0.34(-1.20,0.57)
IS 13.3(5.9) 12.0(5.5) 13 6(6.8) 11.5(54) -09(6.5,-7.0t05.2) 08 -0.14(-1.01,0.75)
FOSQ 18.4(1.2) 18 8(0.9) 17.6 (1.8) 18 1(1.7) 0. 32 (1.33,-1.36t0 1.99) 0.68  0.24(-0.90, 1.34)'
ESS 9.8(3.8) 6(3.6) 104 (7.0) 6.8(4.5) 1(4.3,-49105.1) 0.97  0.03(-1.10, 1.13)?
SF-36 PCS* 48.7 (13.5) 47 6 (13.5) 459(11.4) 46 3(11.7) 1(31,-121t074) 0.14  1.01(-0.24, 2.11)2
SF-36 MCS** 536(7.2) 52.0(112) 52.6(6.7) 552(7.8) 1(10.6,-95t019.6) 045  0.46(-0.70, 1.56)

Sleep quality and insomnia measures: PSQI-Pittsburgh Sleep Quality Index, higher scores indicate worse sleep quality. ISI-Insomnia Severity Scale, higher
scores indicate worse sleep quality. Daytime functional outcomes and quality of life measures: FOSQ-Functional Outcomes of Sleepiness Questionnaire,
higher scores indicate increased levels of daytime functioning. ESS-Epworth Sleepiness Scale, higher scores indicate more daytime sleepiness. SF-36 PCS/
MCS-Short-Form 36 Physical Component Score and Mental Component Scores, higher scores indicate improved quality of life. Effect size interpretation: The
direction of the effect size estimate can represent an improvement or worsening in the ramelteon arm relative to the placebo arm depending upon the nature
of the variable. To facilitate interpretation, a (1) indicates improvement in the ramelteon arm relative to the placebo arm, and a (2) indicates improvement in

the placebo arm relative to the ramelteon arm.

**The SF-36 was completed by 7 subjects on ramelteon and 11 subjects on placebo

Developing treatment options for patients presenting with
coexistent sleep apnea and insomnia is important because this
clinical scenario affects many older adults. Indeed, the com-
bination of insomnia symptoms and sleep apnea may be more
common in older adults than in younger patients. There are sev-
eral potential reasons for this. First, even among healthy adults,
advancing age is associated with reductions in sleep efficien-
¢y, usually due to increased wakefulness after sleep onset.*’
While this may or may not be considered clinical insomnia, it
may increase the potential risk that an older adult may develop
clinically significant insomnia. Older adults also experience a
reduced arousal threshold to auditory stimuli,*' circadian phase
changes with aging,** and comorbid medical conditions.**** The
Sleep Heart Health Study also showed that the prevalence rate
of sleep related breathing disorders, defined as an AHI > 15
events/h, is approximately 20% in older subjects and is higher
than that seen in younger age groups from this cohort.! For
these reasons, it is more likely that an older adult may present
to a clinician with both sleep apnea and insomnia complaints.
Using current US Census data and the above prevalence rate
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for sleep related breathing disorder (AHI > 15 events/h), along
with an estimated prevalence of 29% for insomnia symptoms
in patients with sleep related breathing disorder,” it is esti-
mated that nearly two million older adults may have sleep re-
lated breathing disorder and insomnia symptoms. However, it
is worth noting that not all studies show a higher prevalence
rate of clinically significant insomnia with age,? and others have
suggested that while sleep related breathing disorders may in-
crease with age, sleep apnea syndrome itself may not.*

While it can be argued that the prevalence rate of coexis-
tent sleep apnea and insomnia increases with age simply due
to the rising prevalence rates of each condition independent of
one another, sleep apnea itself may have insomnia as one of
its symptom presentations.”'® However, this has not been noted
in all studies.**” It has also been suggested that patients with
coexistent sleep apnea and insomnia are at greater risk for day-
time consequences from their sleep disorders.'>*

Irrespective of the prevalence rate, the clinical management
of older adult patients with coexistent insomnia and sleep apnea
can be challenging for many reasons. In theory, the presence of
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insomnia may undermine adherence with sleep apnea therapy,
since oral appliances and APAP may be associated with some
level of physical discomfort that could worsen insomnia.'® Treat-
ment with sedative-hypnotics may worsen sleep apnea in some
cases because of reduced upper airway muscle tone or because
of an increased arousal threshold that may lead to more pro-
longed apneas with associated oxyhemoglobin desaturations.’!'
Older adults, in particular, are especially susceptible to the risks
of polypharmacy, which can result in falls.'"* Thus, a clinician
may be reluctant to start an older adult patient with sleep apnea
and insomnia on sedative-hypnotics without some assurance
that the patient will use their sleep apnea treatment regularly.

A non-pharmacologic treatment option that may be attempt-
ed is cognitive-behavioral therapy (CBT). Research studies us-
ing CBT for insomnia in young/middle-aged patients with sleep
apnea have found beneficial results on sleep parameters.'”!®
However, not all patients are amenable to using CBT for their
insomnia, and a paucity of CBT practitioners continues to limit
access to this service.

Sedatives that act via non-GABA pathways, such as ramelt-
eon, a melatonin (MT) analogue that is a selective MT(1) and
MT(2)-receptor agonist, may represent an alternative treatment
option. Ramelteon does not increase sleep apnea severity in
mild-moderate cases of sleep apnea.”” In addition, ramelteon
has been well-tolerated in older adults,** with relatively low
risk of psychomotor impairments that may result in falls, a ma-
jor concern with traditional benzodiazepine and non-benzodi-
azepine agents. While ramelteon has been found to improve
objective sleep onset latency in insomnia patients, no research
studies have been conducted to date to determine if this treat-
ment benefit would also occur in older adult patients on CPAP
therapy, a group for whom improvements in sleep onset laten-
cy may be attenuated by the physical discomfort of the CPAP
therapy itself.

Our data showed that ramelteon was associated with a sta-
tistically significant difference of 28.5 minutes in sleep onset
latency compared to placebo treatment. The effect size of this
difference was large and clinically significant. While this im-
provement is potentially beneficial, there are several important
caveats to consider. First, research study participants in the pla-
cebo arm had an overall worsening of their sleep onset latency
of 17.8 minutes during the 4-week period of the study trial, and
this, when compared to the 10.7-min improvement in the ra-
melteon arm, resulted in the 28.5-min difference between the
two arms. Thus, the change associated with ramelteon was the
result of both a benefit from ramelteon and a further deteriora-
tion in sleep onset latency in research study participants on pla-
cebo while both groups were habituating to APAP. It is possible
that patients started on APAP therapy without any pharmaco-
therapy sleep aids had an overall worsening over time in their
sleep latency due to discomfort from their APAP therapy. Sec-
ond, while we noted a statistically significant difference in sleep
onset latency as determined by polysomnography, there was no
subjective difference in sleep onset latency, other subjective
sleep parameters, or subjective measures of daytime function-
ing. It has been postulated that ramelteon, due to its non-GABA
mechanism, is not associated with as prominent a perception
of sedation/sleepiness as traditional sedative-hypnotics despite
having objective benefits.
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Other findings from this study include the observation that
ramelteon was well-tolerated with no significant increase in
study drug adverse effects relative to placebo. In addition, there
was no increase in the AHI in patients on ramelteon. Of note, all
study participants were on APAP, and this may have mitigated
any potential worsening of the AHI. However, other research
has shown that ramelteon had little effect on the underlying
AHI in patients with mild to moderate sleep apnea.?

In general, we noted that APAP adherence was only approxi-
mately 50% in our study sample of older adults with insomnia
symptoms and sleep apnea, and many potential study partici-
pants dropped out of the study during the initial baseline au-
totitrating CPAP polysomnogram because of CPAP intolerance,
suggesting that actual CPAP adherence rates may have been
closer to 40%. It is also interesting to compare this study with
the findings of Lettieri and colleagues in their study of eszopi-
clone to improve adherence with CPAP therapy.* They evaluat-
ed newly diagnosed sleep apnea patients aged 18-65 years, most
of whom presumably presented with sleepiness complaints and
did not identify subpopulations with insomnia, while our study
participants were over age 65, were recruited with insomnia
complaints, and then were screened for sleep apnea. Their study
had a higher overall adherence rate (61.7%). This adherence
rate may be attributed in part to the fact that our research study
participants presented with primary complaints of insomnia,
thus they found the prospect of using a CPAP unit disruptive
of their already impaired sleep. While the education session
emphasized the concept that treatment of sleep apnea may im-
prove their insomnia symptoms, many study participants may
have remained skeptical of this physiological link. The shorter
duration of action of ramelteon and its primary effects on sleep
onset latency may also be a factor; further research examin-
ing sleep maintenance effects of longer study treatment periods
may be useful to assess if improvements in sleep latency ulti-
mately lead to decreases in conditioned nocturnal arousal that
may result in reduced wakefulness after sleep onset.

Our study has several limitations that warrant discussion.
First, we elected to use APAP units which may not necessar-
ily be used in a clinical practice setting. We chose to use these
units in order to maximize adherence through their theoretical
benefit of increased patient comfort. Second, our polysomnog-
raphy paradigm called for a single night of overnight polysom-
nography as opposed to a dual-night approach, with one night
being used for adaptation and the other for data analysis. We
chose to use a single-night approach to minimize research study
participant burden and maintain a high enrollment rate, thereby
minimizing the risk of undermining study generalizability by
self-selecting for a more enthusiastic and compliant cohort will-
ing to undergo four polysomnography tests. It is possible that a
single-night approach may have resulted in higher than average
levels of sleep onset latency because of reduced opportunities
for adaptation to polysomnography. Of note, though, the re-
search study participants had previously undergone a diagnostic
polysomnogram, thus proving an opportunity for some degree
of habituation to the polysomnography experience. Third, while
we attempted to model our study intervention on a typical clini-
cal pattern, i.e., review of the patient’s sleep study, an education
session, and follow-up within a few weeks of starting APAP to
address any concerns or issues, we understand that actual clini-



cal practice may differ and result in different compliance rates
and treatment benefits. This is a common problem in random-
ized controlled trials where the emphasis on subject retention
results in high levels of subject contact/monitoring that may not
be feasible in all clinical environments. Fourth, two subjects
had very low sleep onset latency (one subject in the ramelteon
arm and one in the placebo arm): they fell asleep during the
PSG set-up process, thus creating an effective sleep onset la-
tency of zero on two sleep studies in total (one for each subject).
It is possible that this led to a slight underreporting of the treat-
ment difference in sleep onset latency due to a floor effect (i.e.,
sleep onset latency cannot be improved beyond zero), and thus
the actual sleep onset latency benefit of ramelteon treatment
may be higher than we reported. Since we conducted an intent-
to-treat analysis as per CONSORT guidelines, we are obligated
to report all PSG results and not exclude these two subjects.
Fifth, our study had unequal randomized allocation to the two
study arms. Most likely this was a result of the small sample
size. Sixth, our analysis methodology did not adjust for APAP
adherence effects on sleep onset latency and other parameters.
Again, this is because we used an intent-to-treat analysis, which
requires that all randomized study participants with available
data be included in the analysis without exclusion of certain
subgroups. A study that excluded non-adherent PAP users
would, in essence, be an efficacy study and thus less clinically
relevant than the current effectiveness design we used. Further-
more, this type of analysis would represent a post hoc subgroup
analysis that was not initially included in our study analysis
plan. Future research specifically addressing this question may
be warranted. Of note, all study participants used APAP dur-
ing the baseline polysomnography night and the post-treatment
polysomnography night, thus the improvement in the ramelteon
arm in terms of sleep onset latency could not be attributed to
non-use of APAP during the post-treatment polysomnography.
Seventh, we had a low rate of completion of our at-home sleep
diary data and relied on the PSQI self-report sleep times to pro-
vide these estimates. We are unable to explain the low rate of
completion of the sleep diary except to note that anecdotally,
completion of at-home self-report measures is often problem-
atic. And finally, our definition of sleep onset latency was the
onset of stage 1 sleep. Stage 1 sleep is scored less reliably than
other sleep stages and this could contribute to measurement er-
ror, which is of some concern with a small sample size. To ad-
dress this, we re-examined sleep onset latency using the first
epoch of stage 2 sleep and noted findings that were consistent
with our prior analysis.

In conclusion, this randomized, double-blind, placebo-con-
trolled pilot trial examined the effectiveness of ramelteon to
improve sleep parameters in older study participants starting
APAP therapy. We noted that ramelteon resulted in a statisti-
cally significant difference in polysomnography-determined
sleep onset latency relative to placebo of 28.5 minutes, a differ-
ence that was consistent with a large effect size and considered
clinically meaningful. However, there was no change in subjec-
tive sleep onset latency, sleep quality, adherence, or daytime
functioning parameters. These results suggest that ramelteon
may improve sleep onset latency in this population, despite the
disruptive effects of initiating APAP therapy. Future research in
this area should examine additional ways to maximize compli-
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ance with APAP therapy in older adults, and identify subgroups
of patients that are most likely to demonstrate benefit from spe-
cific interventions. This will provide clinicians with additional
options to improve APAP tolerance and thereby reduce morbid-
ity and mortality from untreated sleep apnea and insomnia.
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