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Study Objective: To test the effectiveness of a 4-week behavioral Sleep Intervention Program (SIP: sleep compression, modified stimulus control, and sleep
hygiene) compared to a 4-week information-only control (IC) among older adults attending a VA Adult Day Health Care (ADHC) program in a double-blind,

randomized, clinical trial.

Methods: Forty-two individuals (mean age: 77 years, 93% male) enrolled in a VA ADHC program were randomized to receive SIP or IC. All completed
in-person sleep and health assessments at baseline, post-treatment and 4-months follow-up that included 3 days/nights of wrist actigraphy, the Pittsburgh Sleep
Quality Index (PSQI), and the Insomnia Severity Index (ISI). Mixed repeated measures analysis was used to compare sleep outcomes at post-treatment and

4-months follow-up, with baseline values as covariates.

Results: SIP participants (n = 21) showed significant improvement on actigraphy sleep efficiency (p = .007), number of nighttime awakenings (p = .016), and
minutes awake at night (p = .001) at post-treatment, compared to IC participants (n = 21). Benefits were slightly attenuated but remained significant at 4-month
follow-up (all p’s < .05). There were no differences in total sleep time between groups. There was significant improvement on PSQI factor 3 (daily disturbances)
at 4-month follow-up (p = .016), but no differences were observed between SIP and IC on other PSQI components or ISI scores at post-treatment or 4-month

follow-up.

Conclusions: A short behavioral sleep intervention may have important benefits in improving objectively measured sleep in older adults participating in ADHC.
Future studies are needed to study implementation of this intervention into routine clinical care within ADHC.
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Statement of Significance

This work demonstrates the positive impact of a brief behavioral sleep intervention for older adults participating in adult day health care. Improved sleep
may be associated with improvement in other symptoms and ultimately may prolong independence and prevent functional decline.

INTRODUCTION
Sleep problems are common in older adults, particularly among
those with functional limitations, and functional impairments in
older adults are associated with poor sleep quality.'* Sleep diffi-
culties have been studied extensively in institutional long-term
care settings, including nursing homes and other settings;*
however, little is known about how best to improve sleep quality
among older adults living in the community who require non-
institutional support, such as Adult Day Health Care (ADHC).

Older adults with functional limitations are increasingly
using ADHC services to maintain independence.® More than
4600 ADHC centers exist across the United States with a 35%
increase since 2002. More than 260,000 individuals and their
family caregivers use ADHC services, which can include care
planning, assistance with activities of daily living, chronic
health condition oversight and management, nursing care, phys-
ical, occupational, and speech therapy, meals, transportation,
social services, and personal care activities.*” ADHC partici-
pants are often cognitively impaired, physically disabled, and
typically have multiple chronic medical conditions (eg, hyper-
tension, diabetes) and mental health issues (eg, depression).
Given that veterans are more medically complex than the pop-
ulation at large,® their need for ADHC services may be greater
than the general population of older adults, and VA considers
ADHC one component of its overall plan for noninstitutional
long-term care for aging veterans.’

Numerous studies have shown that sleep problems are asso-
ciated with depression, low quality of life, functional decline,
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nursing home placement, and mortality among older adults*'* '3
including older adults attending ADHC programs.'* We previ-
ously found that over two-thirds of VA ADHC participants have
sleep-related complaints, and over one-third meet basic criteria
for insomnia disorder.”> Available studies also show that sleep
problem is typically not addressed within routine clinical care
of older patients,'® and treatment of sleep issues is often limited
to medications (eg, hypnotics, sedating antidepressants), which
are not recommended for older adults.!” Both untreated insom-
nia'® and pharmacological treatment of insomnia can be associ-
ated with increased risk of falls and other adverse health events
among older persons.'” On the other hand, nonpharmacological
interventions, such as cognitive-behavioral therapy for insom-
nia (CBT-I) do not show these adverse effects. CBT-I has been
shown to be as effective for older as for younger adults;'” how-
ever, studies of older adults have typically been conducted in
outpatient settings with participants who do not have significant
functional impairments.?* % It also is not clear whether adapting
CBT-I for patients with limited physical abilities will reduce
potency. ADHC participants may not be able to adhere to all
of the traditional recommendations of CBT-I, such as getting
out of bed at night (because of high fall risk) or completing
complex sleep diaries (due to visual or cognitive difficulties).
Studies have not been done to evaluate whether sleep improve-
ments can be achieved with behavioral interventions delivered
within ADHC programs.

The goal of this study was to test the effectiveness of a
four-session manual-based Sleep Intervention Program (SIP),
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which was based on CBT-1, adapted for older adults with sleep
difficulties who attend an ADHC program. The basic compo-
nents of the SIP were: individualized sleep education, sleep
compression, modified stimulus control, and targeted sleep
hygiene recommendations. The intervention was designed to
facilitate translation into routine care and application in other
similar ADHC programs. The main outcomes were patient-re-
ported sleep quality and objectively measured sleep parameters
(based on actigraphy). The aims of the study were to evaluate
whether the nonpharmacological SIP, delivered in the context
of ADHC, lead to significant improvements in self-reported
and objectively measured (by wrist actigraphy) sleep quality,
and whether treatment-related improvements were maintained
at 4-month follow-up. The main hypothesis was that greater
improvements would be shown in the SIP group compared to
the information-only control (IC) group in patient-reported
sleep quality, insomnia symptoms and in actigraphy-measured
total time awake, number of nighttime awakenings, total sleep
time, and sleep efficiency from baseline to post-treatment. We
also hypothesized that these improvements would be main-
tained at 4-month follow-up.

METHODS

Study Design and Participants

This 3-year randomized controlled trial was conducted
among older adults in an ADHC program at the VA Greater
Los Angeles Healthcare System (Clinical Trials Identifier:
NCT01259401). All veterans aged 60 years or older who had
been enrolled in the ADHC program for at least 1 month were
invited to complete a screening questionnaire to assess basic
study eligibility (ie, the ability to understand screening items
and to communicate verbally during the screening process).
Individuals who met these basic criteria and were interested
in participating were asked to provide written informed con-
sent. Study data were collected between November 2010 and
June 2012.

A total of 123 veterans were screened for the study, 72 of
whom were enrolled. Among the 51 individuals who were not
enrolled, the most common reasons were discharged from the
ADHC, significant dementia based on reports from ADHC
nursing or social work staff or research staff observation during
the screening process suggesting the participant could not pro-
vide informed consent and refusal to complete the study screen-
ing. The remaining 72 individuals consented to participate, of
whom, 30 did not meet eligibility criteria for randomization,
10 due to dementia or low cognitive function (based on Mini-
Mental State Examination [MMSE] scores below 20; described
below), six due to unstable medical or psychiatric conditions
(based on medical record review by the PI and a study physi-
cian), five refused, three did not have any sleep difficulties or
complaints (based on baseline sleep questionnaires, described
below), two were discharged from the ADHC, two had irregular
attendance, one withdrew, and one was enrolled in a conflicting
clinical trial. A total of 42 individuals were randomized to inter-
vention or control (described below). Figure 1 shows the flow
of participants through the study. This study was reviewed and
approved by the Institutional Review Board of the VA Greater
Los Angeles Healthcare System.
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Assessment Procedures

Enrolled participants completed a baseline assessment inter-
view, conducted by a trained research staff member. To minimize
participant burden, we used brief and abbreviated measures
whenever possible. The assessment included administration of
self-report sleep questionnaires (ie, Pittsburgh Sleep Quality
Index [PSQI]** and Insomnia Severity Index [ISI])* and other
clinical metrics. These metrics included assessment of depres-
sion (Patient Health Questionnaire 9; PHQ-9),* post-traumatic
stress disorder (primary care—post traumatic stress disorder;
PC-PTSD),”” cognitive function (MMSE),® physical function
(activities of daily living and instrumental activities of daily
living; ADL/IADL),” fatigue (Flinders Fatigue Scale; FFS),*
and health-related quality of life (Short Form-12 Health Survey
[SF-12] physical and mental health component scores).’!
Participants also wore a wrist actigraph for 3 days and nights
to objectively estimate sleep (Phillips Respironics Actiwatch
Spectrum with default settings; 1-minute epochs and medium
threshold for sleep scoring). Initially, participants were asked
to complete a 12-item sleep diary while wearing the actigraph;
however, this was overly burdensome, and completion rates
were low. We therefore simplified the sleep diary and asked
participants to maintain a four-item sleep diary documenting
only bedtime, rise time, sleep quality, and actigraph removal for
each recorded day. A review of the patient’s electronic health
record was completed to obtain health history information and
medications prescribed.

Determination of Randomization Eligibility and Randomization
Procedure

The complete baseline assessment measures were reviewed by
the study coordinator and PI (a clinical sleep psychologist), and
participants who were excluded from randomization if they had
dementia or low cognitive function (based on MMSE < 20 or
documentation of moderate to severe dementia in the electronic
health records), were medically unstable or exhibited behavioral
problems in the ADHC program, did not follow study instruc-
tions, withdrew during baseline or refused the intervention, had
irregular ADHC attendance or were discharged from the ADHC
program prior to randomization, were enrolled in a conflicting
VA study, or did not have sleep complaints. In terms of sleep
complaints, multiple data sources were included. Participants
had to indicate sleep disturbances on screening items (described
below) or on baseline questionnaires (reporting poor sleep qual-
ity, total sleep time <6 hours per night, sleep efficiency <85%,
or have a PSQI score >5 or an ISI score >7) or show evidence of
poor sleep quality on actigraphy (sleep efficiency <85%, total
sleep time <6 hours per night).

Eligible participants were randomly assigned, using random
allocation concealment, to receive the manualized SIP or an IC.
Participants were randomized in three strata to help insure that
SIP and IC groups were balanced in baseline severity of sleep
problems. The strata were based on the number of sleep distur-
bance items endorsed during preconsent screening (0/1, 2, or 3
items). The three items were based on the PSQI and assessed:
(1) taking more than 30 minutes to fall asleep, (2) sleeping less
than 6 hours a night, and (3) fairly bad or very bad self-rated
sleep quality. A total of 42 participants were randomized to the
SIP (N=21) and IC (N = 21) groups.
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Screened
N=123

Reason for non-enroliment:
Discharged from the ADHC (n=16)
Had dementia (n=15)
Refused screening (n=14)
Died (n=2)
Inappropriate or unable to communicate (n=4)

Enrolled

Randomized
N=42

Reason for non-randomization:
No sleep difficulties/complaints (n=3)
Dementia or low cognitive function (n=10)
Medically unstable or behavioral problems (n=6)
Did not follow study instruction or refused
intervention (n=5)
Had irregular ADHC attendance (n=2)
Discharged from the ADHC (n=2)
Withdrew from study (n=1)
Enrolled in a conflicting clinical study (n=1)

Intervention Control
N=21 N=21

N=21 patient-reported N=21 patient-r

Post-treatment Post-treatment

N=19 actigraphy N=19 actigraphy

eported

4-month follow-up 4-month follow-up
N=20 patient-reported N=20 patient-reported
N=19 actigraphy N=19 actigraphy

Figure 1—Study participant recruitment, screening, and enroliment. ADHC = Adult Day Health Care.

Intervention

The SIP and IC treatments were provided by Master’s-level
trained Health Educators (HEs) under the supervision of the
PI (JLM), a licensed clinical psychologist who is certified by
the American Board of Sleep Medicine as a Behavioral Sleep
Medicine Specialist. Staff members involved in outcome assess-
ment were blinded to group assignment. The HE could not be
blinded to treatment condition, so multiple steps were taken to
insure that the fidelity of both the SIP and IC were maintained.
First, interventionists were carefully trained to avoid overlap
between the SIP and IC conditions. Second, structured patient
materials were provided to guide each session and reduce risk
of contamination of the control condition with content from the
active treatment. Third, interventionists maintained checklists
and notes during each session to document use of the study
materials in that particular session. Fourth, intervention fidelity
was monitored throughout the study via direct observation by
the PI and ongoing feedback during weekly supervision. We
were not able to obtain permission to record intervention ses-
sions within the ADHC program.

Table 1 outlines the content of each session of the SIP. The
SIP involved four weekly sessions, each lasting approximately
45 minutes with the HE. Sessions focused on: (1) individual-
ized education about sleep, (2) sleep compression therapy, (3)
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targeted sleep hygiene education, (4) modified stimulus control,
and (5) maintenance of sleep improvements over time, and (6)
coping with future bouts of insomnia. The SIP approach was
based on CBT-I, which is an empirically supported treatment
for insomnia disorder.> The most significant modifications to
traditional CBT-I included (1) substitution of sleep compres-
sion* in place of sleep restriction therapy and (2) modifications
of standard stimulus control instructions (eg, no instruction to
get out of bed at night due to high fall risk among ADHC par-
ticipants).* To implement sleep compression (rather than sleep
restriction), the initial time in bed window was set to equal the
number of hours the patient was spending in bed (rather than
the number of hours of sleep). That was then gradually reduced
by 15-30 minutes per week until sleep quality improved with-
out increasing daytime sleepiness. Stimulus control principles
were followed and informed recommendations to move all non-
sleep activities out of the bed (eg, read or watch TV in another
part of the house) before bedtime and after morning rise times.
Participants were not specifically instructed to get out of bed
during the night if they had awakenings with difficulty return-
ing to sleep; however, they were encouraged to do other relax-
ing activities (eg, listen to music, read) in or near the bed if they
had trouble sleeping during the night. Because of high fall risk
and mobility limitations in many ADHC participants, they were
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Table 1—The Four-Session Sleep Intervention Program: Session by Session Content and At-Home Activities.

Session and topics covered

At-home Activities

Session 1: How sleep works

* Program overview

at night given due to fall risk)
nighttime sleep quality
ferred routine and current time in bed

* Instruction in use of daily sleep diary
« Summary and review

+ Education: Healthy sleep, sleep stages, circadian clock (rationale for regular schedule)
« Stimulus control: limiting nonsleep activities in the bed (note: no instruction to get out of bed

+ Education: Daily-light exposure and regular daytime activities; impact of daytime napping on

+ Sleep compression: Initial sleep schedule (bedtime and rise time) established based on pre-

* Follow sleep schedule
+ Move nonsleep activities out of bed
+ Complete sleep diary

Session 2: Steps to getting sleep

+ Session overview
+ Check in and review sleep diary
+ Education: sleep drive (rationale for sleep compression)

ingly, avoid naps or limit to <30 minutes before 5 pm

ness until scheduled bedtime
+ 1-2 individualized sleep-hygiene related recommendations
+ Sleep compression: Revised sleep schedule (if indicated)
+ Reminder to complete the daily sleep dairy
« Summary and review

+ Sleep compression: Reduce time in bed by 30 minutes and adjust sleep schedule accord-

+ Behavioral activation: Identify engaging activities for the evening hours to maintain wakeful-

* Follow sleep schedule

+ Keep nonsleep activities out of bed

* Implement 1-2 sleep hygiene practices
« Complete sleep diary

Session 3: Healthy habits for healthy sleep

+ Session overview
+ Check in and review sleep diary

accordingly,
activating).

+ Sleep compression: Revision of planned sleep schedule (if indicated)
« Summary and review

+ Sleep compression: Reduce time in bed by 15-30 minutes and adjust sleep schedule
+ Bedtime routine: Identify activities for the last hour before bedtime (engaging but not

« Sleep hygiene principles: physical activity, light exposure, social activities during the day.
« Sleep hygiene principles: diet, liquids near bedtime, alcohol, smoking, sleep environment

* Follow sleep schedule

+ Keep nonsleep activities out of bed
+ Follow sleep-hygiene practices

+« Complete sleep diary

Session 4: Preventing the return of chronic insomnia

+ Session overview
+ Check in and review sleep diary
* Long-term strategies
o If sleeping well, discuss regular, but less rigid sleep schedule
o If not sleeping well, discuss continued sleep compression
o Discuss how to get sleep back on track after health or life events
+ Education: When to contact a health care provider about sleep

sleep plan
« Summary and review

+ Sleep compression: Revision of planned sleep schedule (if indicated) to align with long-term

+ Recommend following sleep schedule (with some
flexibility)

+ Recommend keeping nonsleep activities out of bed

+ Recommend continuing to follow good sleep-hygiene
practices

+ Complete sleep diary

+ Recommend continuing to follow sleep hygiene-related
recommendations

not instructed to get out of bed and go to another room if they
had trouble sleeping during the night. In addition, this program
was similar to CBT-I in terms of the number of sessions, but
each session was shorter than many CBT-I intervention pro-
grams, which are typically 4-8 sessions lasting 60 minutes per
session.?*?223 Some studies of brief interventions are also effec-
tive with older patients.?* Consistent with traditional CBT-I
interventions, all recommendations were tailored to the indi-
vidual patient, addressing their specific circumstances, sleep
patterns, and level of motivation to engage in the intervention.
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At the conclusion of each session, a written outline of what was
discussed was provided to the participant with the specific, indi-
vidualized recommendations written down in clear language.
Participants maintained the simple four-item daily sleep diary
throughout the intervention period.

The IC group was structured to closely resemble the “observ-
able” aspects of the SIP to enhance credibility and to assist
with blinding of the research assessment staff members and
ADHC providers. The IC involved four meetings with the HE,
lasting up to 45 minutes each. During these meetings, two
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educational brochures (published by the American Academy of
Sleep Medicine, Darien, IL) were reviewed and discussed. One
brochure focused on changes in sleep with age, and the other
focused on sleep hygiene education.

Measures

Sleep Outcomes

Primary outcomes for the study included patient-reported and
objective sleep measures (actigraphy). Sleep outcomes were
assessed at each time point (ie, baseline, post-treatment, and
4-month follow-up).

Patient-reported sleep quality was assessed with the PSQI
(total and three-factor subscale scores)® and the ISI total score.
The PSQI is a 19-item questionnaire that assesses self-reported
sleep quality and disturbances over the past month. The items
include hours of sleep, ratings for frequency of sleep concerns,
general sleep quality, and daytime factors related to poor sleep.
A total score greater than 5 indicates poor quality sleep.'® We
modified the PSQI by asking about participants’ sleep over the
past week (rather than the past month) because the duration of the
intervention itself was fairly short (ie, about 4 weeks). We also
elected to use a three-factor scoring system, which has superior
psychometric properties compared to the originally developed
seven-factor PSQI scoring system.** In addition to the single
total score, the three dimensional assessments (sleep efficiency,
perceived sleep quality, and daily disturbances) from the PSQI
were used to obtain more nuanced information regarding the
nature of sleep problems. We used a total of four main outcome
variables from the PSQI: (1) PSQI total score, (2) PSQI Factor
1 (sleep efficiency), (3) PSQI Factor 2 (perceived sleep quality),
and (4) PSQI Factor 3 (daily disturbances).* The ISI was used to
measure severity of insomnia symptoms over the past week.!**
The ISI is a seven-item questionnaire assessing the nature, sever-
ity, and impact of insomnia. A five-point Likert-like scale is used
to rate each item, ranging from 0 (no problem) to 4 (very severe
problem). Total scores range from 0 to 28 and are interpreted
as follows: no insomnia (0-7), subthreshold insomnia (8-14),
moderate insomnia (15-21), and severe insomnia (22-28).

Objective sleep was measured by actigraphy (Actiwatch
Spectrum, Philips Respironics) on the dominant wrist for
three consecutive days (ie, 72 hours). Actigraphs are small,
watch-sized devices useful in longitudinal, naturalistic (ie,
not in a sleep laboratory) assessment of sleep-wake patterns.*
Actigraphy devices used for estimating sleep parameters con-
tain subminiature solid-state accelerometers, and in general,
wrist activity below an established threshold is interpreted as
sleep, whereas high-wrist activity is interpreted as wakefulness,
using mathematical algorithms within commercially available
software accompanying the devices used. In this study, sleep
was scoring using medium threshold settings and default param-
eters for sleep scoring based on 1-minute epochs. Participants
were also asked to complete a sleep diary to record bedtime and
rise time for each night while they were wearing the actigraph.
Information from this diary was used to identify the “in bed”
period for actigraphy scoring. Four outcomes from the actigra-
phy were used for our main analyses: nighttime sleep efficiency
(sleep time divided by total time in bed), total sleep time, num-
ber of nighttime awakenings, and total nighttime wake time.
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Other Measures

Participant demographic information was collected at base-
line and included age, gender, race/ethnicity, marital status,
living arrangement, employment status, level of education,
and duration of ADHC enrollment. Comorbidity was assessed
by the number of medical conditions on the problem list within
the participants’ electronic health records that were defined by
the International Classification of Diseases, Ninth Revision
(ICD-9).*"

We also collected health information at each of the three time
points. Information on medication use was collected using elec-
tronic health record review and a structured interview with the
participant based on the patient’s medication list in the medical
record. Pain was measured using one subscale (seven items of
pain intensity) from the Geriatric Pain Measure.*® PTSD was
screened using the four-item Primary Care PTSD (PC-PTSD).*
The PC-PTSD is considered positive if an individual answers
yes to three or more items. Cognitive function was assessed
using the MMSE.? This 19-item scale assesses orientation, reg-
istration, attention/calculation, recall, language, and construc-
tion and has standard instructions. MMSE scores range from
0 to 30, and higher scores indicate better functioning. A score
below 24 is consistent with at least mild cognitive impairment;
scores below 20 are consistent with moderate-to-severe cogni-
tive impairment.

Physical function was assessed using components of the Older
Americans Resources and Services (OARS) multidimensional
functional assessment questionnaire.?”” These components were
comprised of seven items of ADL and seven items on IADL.
ADLs assessed included eating, dressing, grooming, walking,
getting in and out of bed, taking a bath or shower, and con-
tinence. IADLs included telephone use, going places beyond
walking distance, shopping, preparing meals, doing housework,
handling money, and taking medications. Each item is scored
as 0 = completely dependent, 1 = can do with some help, or
2 = completely independent. Total scores range from 0 to 28
with higher scores indicating greater independence. Depression
was assessed using the PHQ-9.%° The PHQ-9 is the nine-item
depression module from the PHQ (a self-administered diag-
nostic instrument for common mental disorders). The PHQ-9
total score ranges from 0 to 27 with each item ranging from 0
(not at all) to 3 (nearly every day). Self-rated health data were
obtained from the SF-12.3! The 12 items are divided into eight
subscales: (1) physical functioning, (2) role limitations due
to physical problems and (3) emotional problems, (4) general
health perceptions, (5) vitality, (6) social functioning, (7) gen-
eral mental health, and (8) bodily pain. It also produces two
summary component scores: physical and mental health com-
ponent summary score, with scores ranging from 0 to 100. The
FFS was used to screen for the presence and severity of daytime
fatigue associated with insomnia over the past 7 days.* It is a
seven-item questionnaire in which six items are presented in
Likert-like format with responses ranging from 0 (not at all)
to 4 (extremely) and one item presented as the sum of all times
of day when fatigue is experienced. Total scores range from 0
to 31.

Finally, we examined patient-reported total sleep time and
sleep efficiency using items within the PSQI. Sleep efficiency
was computed by dividing total sleep time by time in bed (ie,
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time from reported bedtime to reported rise time), converted to
a percent.

Statistical Analysis
All analyses were performed using Stata version 13.1, and the
mixed repeated measures analysis was performed using the
Stata mixed command. In preparation for our main analysis,
we examined scatterplots of each outcome at baseline versus
post-treatment and baseline versus 4-month follow-up to iden-
tify potentially influential observations for sensitivity analyses.
A two (group) by three (time) mixed repeated measures anal-
ysis was performed using an unstructured residual covariance
to account for the covariance of the residuals across the three
time points. There were no missing data at the post-treatment
time point. All available data were analyzed at the 4-month fol-
low-up, following intention-to-treat principles; that is, all partic-
ipants’ data were included regardless of treatment completion.
We computed the marginal means for each outcome as a func-
tion of group membership (SIP and control) and time (base-
line, post-treatment, and 4-month follow-up) as obtained from

the mixed repeated measures analysis. The treatment effect at
post-treatment was assessed by computing an interaction con-
trast that compared the change (post-treatment vs. baseline) for
the treatment versus control groups. Likewise, the treatment
effect at 4 months was estimated via interaction contrasts that
compared the change (4-month follow-up vs. baseline) for the
treatment versus control groups.

Based on identification of six potentially influential observa-
tions, we conducted sensitivity analyses by repeating our origi-
nal analysis omitting observations that appeared influential.

RESULTS

Baseline Patient Characteristics

Table 2 shows demographic and health characteristics of the
overall sample and the two experimental conditions. Participants
included 39 men and three women with a mean (standard devi-
ation [SD]) age of 77.1 (9.9) years (71.4% white). Participants
typically had multiple comorbid conditions, high levels of pain,
and poor health. Sleep characteristics are shown in Table 3.

Table 2—Demographic and Health Characteristics of Randomized Participants and Differences Between Treatment Groups at Baseline.

Variable Overall (N = 42) SIP (N=21) IC(N=21) p-value
Age in years [M (SD)] 77.1(9.9) 77.7(10.2) 76.4 (9.9) 680
Gender [n (%) male] 39 (92.9%) 18 (85.7%) 21(100%) 232
Race [n (%) non-Hispanic white] 30 (71.4%) 13 (61.9%) 17 (81%) .306
Years of education [M (SD)] 14.5(2.5) 14.7 (2.9) 14.2 (2.0) 463
Marital status [n (%) married] 21 (50%) 10 (47.6%) 11(52.4%) 1.00
Employment status .509

Unable to work [n (%)] 6 (14.3%) 4 (19%) 2(9.5%)

Volunteer [n (%)] 4 (9.5%) 1(4.8%) 3(14.3%)

Retired [n (%)] 32 (76.2%) 16 (76.2%) 16 (76.2%)
Current living arrangement 012

Own home [n (%)] 26 (63.4%) 12 (57%) 14 (70%)

Relative or friend’s home [n (%)] 4(9.8%) 0 (0%) 4(20%)

Board and care home/ assisted living facility [n (%)] 11 (26.8%) 9 (43%) 2 (10%)
Years since ADHC enrollment [M (SD)] 20(2.7) 2.3(2.9) 1.7 (2.6) 473
Number of diagnosed conditions in the electronic health record [M (SD)] 243 (15.9) 23.8 (16.9) 248 (15.2) 841
Geriatric Pain Measure Score [M (SD)] 16.9 (12.4) 16.1 (12.0) 17.7 (13.1) 674
Primary Care PTSD score [n (%) with score 23] 5(13.2%) 3 (15.0%) 2 (11.1%) 723
MMSE score [M (SD)] 25.9(2.8) 26.0 (2.7) 25.8(2.9) 870
OARS ADL/IAD total score [M (SD)] 19.7 (4.2) 19.3(3.1) 20.1(5.2) 547
PHQ-9 score [M (SD)] 6.3 (5.5) 54 (4.1) 7.2 (6.6) 298
SF-12 Physical health component score [M (SD)] 36.3 (8.5) 35.1(6.1) 37.6 (10.4) .353
SF-12 Mental health component score [M (SD)] 50.1(11.9) 53.3(10.3) 46.9 (12.7) .081
Flinders Fatigue scale score [M (SD)] 8.7(7.9) 8.0(6.9) 9.5(9.0) .555

v12.

M = mean; SD = standard deviation; ADHC = Adult Day Health Care; MMSE = Mini-Mental State Examination; PTSD = post-traumatic stress disorder;
OARS = the Older Americans Resources and Services; ADL = activities of daily living; IADL = instrumental activities of daily living; SF-12 = Short-Form
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Table 3—Sleep Characteristics of Randomized Study Participants at Baseline.

Variable | Overall (N=42) | sIP (N=21) lic(v=21) | pvalue

Objective sleep (actigraphy)
Sleep efficiency [M (SD)] 84.9% (7.9%) 83.1% (9.3%) 86.6% (5.9%) 152
Total sleep time [M (SD)] minutes 467.6 (86.2) 459.7 (86.8) 475.4 (86.9) 563
Number of nighttime awakenings [M (SD)] 23.6(7.9) 23.3(8.0) 23.9 (8.0 .793
Total nighttime wake time [M (SD)] minutes 82.6 (43.6) 93.5(52.2) 71.6 (30.3) 104

Patient-reported sleep
PSQl total score [M (SD)] 6.8 (4.2 6.6 (4.2) 7.0(4.4) 721
PSQI factor 1 (sleep efficiency) [M (SD)] 25(23 2.7(25) 23(22) 647
PSQI factor 2 (perceived sleep quality) [M (SD)] 2.6(21 2.1(1.8) 32(2.2) .088
PSQlI factor 3 (daily disturbances) [M (SD)] 1.7(0.9 1.8(0.9) 1.5(0.9) 310
IS total score [M (SD)] 8.5(6.6 8.1(6.5) 8.9(7.0) 715
PSQI Total sleep time [M (SD)] 6.6 (2.0 6.6 (1.9) 6.6 (2.0) .950
PSQI Sleep efficiency [M (SD)] 73.6 (18. 73.7(17.4) 73.6 (19.1) .981

M = mean; SD = standard deviation; PSQI = Pittsburgh Sleep Quality Index; ISI = Insomnia Severity Index.

Sleep characteristics are shown in Table 3. Self-reported sleep
quality was poor as measured by the PSQI total score (mean
= 6.8; SD = 4.2) and subthreshold insomnia on the ISI total
score (mean = 8.5; SD = 6.6). However, objective (actigra-
phy-assessed) sleep efficiency was relative high, with a mean
of 84.9% (SD = 7.9%) but with multiple nighttime awakenings
(mean = 23.6; SD = 7.9). As expected due to randomization,
there were no significant differences between the SIP and IC
groups in terms of demographic variables, with the exception of
current living arrangement, and there were no significant differ-
ences between either objective or patient-reported sleep quality
between the two groups at baseline.

Treatment Adherence
Given the health status of ADHC patients, treatment adher-
ence was thoroughly measured. All 42 randomized partici-
pants attended all four intervention sessions. One participant
in the SIP group did not complete the third intervention session
because he had another appointment to attend (missed 13% of
the content). Interventionists’ ratings indicated that participants
had “good” or “excellent” participation and comprehension
during all sessions except one (ie, 167 out of 168 sessions).
Nineteen out of 21 individuals (90.4%) assigned to the SIP
program completed at least one weekly sleep diary during the
intervention. Based on these diaries, the interventionist noted
whether the participant went to bed and got out of bed within
15 minutes of their scheduled times, and based on that defini-
tion (ie, no more than 15 minutes deviation from recommended
time), the percentage of nights on which each participant
adhered to their assigned schedule was calculated. On average,
participants went to bed more than 15 minutes earlier than their
assigned bedtime on only 16% of nights (ie, the adhered to their
schedule bedtime on 84% of nights). Similarly, they got out of
bed more than 15 minutes later than their scheduled rise time
19% of nights (ie, they adhered to their scheduled rise time on
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81% of nights). These metrics were not available for IC partic-
ipants because they were not assigned a specific sleep schedule
and did not monitor their sleep schedule during the intervention
period.

Outcomes

Supplemental Table S1 includes marginal means for each out-
come as a function of group membership (SIP, IC) and time
(baseline, post-treatment, and 4 months) as obtained from the
mixed model estimation.

Objective Sleep Outcomes

Three out of four actigraphy-measured sleep outcomes showed
statistically significant differences between the treatment and
control groups when assessing (1) the average change from
baseline to post-treatment and (2) the average change from
baseline to 4 months. Those outcomes were: sleep efficiency,
number of nighttime awakenings, and total nighttime wake
time, described in more detail below (also see Table 4).

Sleep efficiency

Relative to baseline values, the average change in sleep effi-
ciency was greater for the SIP versus IC group at post-treat-
ment (p = .007) and greater for the SIP versus IC group at
4-month follow-up (p = .025). The average improvement in
sleep efficiency (relative to baseline) for the SIP group (vs. IC)
at post-treatment was 4.2%. Similarly, relative to baseline, sleep
efficiency improved in the SIP group by an average of 4.1%
more than in the IC group at 4-month follow-up (see Table 4
and Figure 2, Panel A).

Number of Awakenings

Compared to baseline values, the change in number of night-
time awakenings was greater for the SIP versus IC group at
post-treatment (p = .016) and greater for the SIP versus IC group

Improving Sleep in Adult Day Health Care—Martin et al.



Table 4—Study Outcomes at Post-Treatment in SIP group Versus IC Group, Controlling for Baseline.
Variable Sleep Intervention Program (SIP) vs. information-only control (IC)
Difference at post-treatment | p-value | Difference at 4-month follow-up | p-value
vs. baseline [mean (95% CI] vs. baseline [mean (95% CI]
Objective sleep (actigraphy)
Sleep efficiency [M (SD)]' 4.2% (1.1%, 7.2%) .007 4.1% (0.5%, 7.7%) .025
Total sleep time [M (SD)] minutes' -2.0(-38.1, 34.1) 913 17.6 (-36.1,71.3) 521
Number of nighttime awakenings [M (SD)]? -5.3(-9.6, -1.0) .016 -4.5(-8.6,-0.3) .035
Total nighttime wake time [M (SD)] minutes? -30.8 (-49.2, -12.4) .001 -25.3 (-47.0, -3.5) .023
Patient-reported sleep quality
PSQl total score [M (SD)J? 0.5(-1.2, 2.1 571 -1.5(-3.5,0.4) 129
PSQlI factor 1 (sleep efficiency) [M (SD)J? 0.4(-0.8,1.7 .508 -0.7 (-1.8, 0.5) 237
PSQlI factor 2 (perceived sleep quality) [M (SD)? 0.3(-0.5,1.1 492 0.0(-1.0,1.0) .992
PSQI factor 3 (daily disturbances) [M (SD))? -0.3(-0.9,0.2 242 -0.7(-1.3,-0.1) .016
IS total score [M (SD)J? -1.7(-4.3,1.0 217 -0.2(-3.0,2.5) .862
Secondary outcomes
PSQI hours of sleep [M (SD)] 0.3(-0.5,1.2) 458 0.3(-0.6, 1.3) 517
PSQI sleep efficiency [M (SD)] -9.5% (-26.0%, 6.9%) .256 2.8% (-7.3%, 13.0%) .582
Flinders fatigue scale [M (SD)J* -3.8(-7.6,-0.0) .048 -1.1(-4.5,2.3) 537
PHQ-9 score [M (SD)° -1.1(-3.9, 1.8) 459 -1.6 (-3.6,0.5) 128
SF-12 PCS subscale [M (SD)}* -0.5(-6.7, 5.6) .864 -2.1(-84,4.2) 510
SF-12 MCS subscale [M (SD)]* 0.4 (-4.8,5.6) .883 -0.6 (-6.2,4.9) 822
Significant differences are shown in bold typeface.
'Greater scores imply better sleep quality and positive differences represent improvements in sleep quality from baseline.
2 ower scores imply better sleep quality, and negative differences represent improvements in sleep quality from baseline.
*Higher scores indicate more depression/fatigue.
“Higher scores indicate better quality of life.
SIP = Sleep Intervention Program; IC = information-only control; Cl = confidence interval; M = mean; SD = standard deviation; PSQI = Pittsburgh Sleep
Quality Index; ISI = Insomnia Severity Index; PHQ = Patient Health Questionnaire; PCS = Physical Component Score; MCS = Mental Component Score.

at 4-months follow-up (p = .035). From baseline to post-treat-
ment, the SIP group averaged 5.3 fewer nighttime awakenings
compared to the IC group. Likewise, from baseline to 4-month
follow-up, the SIP group averaged 4.5 fewer nighttime awaken-
ings (see Table 4 and Figure 2, Panel B).

Total Nighttime Wake Time

As compared to the baseline values, the average number of
nighttime awakenings decreased more for the SIP than the IC
group at post-treatment (p = .001) and at 4-month follow-up
(p = .023). The average reduction in total nighttime wake time
from baseline to post-treatment was 30.8 minutes more for the
SIP compared to the IC group. Similarly, from post-treatment
to 4-month follow-up, the average reduction in total nighttime
awake time was 25.3 minutes more for the SIP (vs. IC) group
(see Table 4 and Figure 2; Panel C).

Total Nighttime Sleep Time

No significant differences between two groups were observed
for total sleep time at either post-treatment or 4-month fol-
low-up (see Table 4 and Figure 2; Panel D).
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Patient-Reported Sleep Outcomes
There were no significant differences between the SIP and IC groups
at either post-treatment or at 4-month follow-up for the PSQI total
score, PSQI Factor 1 (sleep efficiency) or PSQI Factor 2 (perceived
sleep quality see Table 4 and Supplementary Figures S1-S3). The
PSQI scores on Factor 3 (daytime disturbances) showed greater
reductions (improvement) from baseline to 4-month follow-up for
the SIP versus IC group (p = .016 see Table 4 and Supplementary
Figure S4). The average change in Factor 3 of the PSQI for the SIP
(vs. IC) group was —.7 (—0.18, 0.6). The difference for this out-
come at post-treatment was not significant. The treatment effects
on ISI at either post-treatment or 4-month follow-up were not sig-
nificant (see Table 4 and Supplementary Figure S5).

There also were no significant treatment effects in terms of
patient-reported hours of sleep or sleep efficiency (based on
PSQI items; see Table 4 and Supplementary Figures S6-S7).

Secondary Outcomes

We also tested whether the SIP improved health (ie, fatigue,
depression, health-related quality of life) at post-treatment and
4-month follow-ups, compared to the IC (see Supplementary
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Figure 2—Mean values for actigraphy (ACTI) outcome variables for the Sleep Intervention Program (SIP) and control groups at baseline,
post-treatment and 4-month follow-up for sleep efficiency (panel A), number of nighttime awakenings (panel B), total nighttime wake time (panel
C) and Total sleep time (panel D). Data presented here includes all available observations for actigraphy at each time point (N = 42 at baseline, N =
38 post-treatment and, N = 38 at 4-month follow-up; also see Supplementary Figures S27-S30 for evaluation of potentially influential data points).

Figures S8-S11). Only fatigue measured by FFS showed sig-
nificant improvement at post-treatment in SIP group compared
to the IC group (4.5 vs. 9.9, p = .048). No other differences
were observed in these secondary outcome measures.

Sensitivity Analyses

Sensitivity analyses are presented in Supplementary Table S2
and Supplementary Figures S12—S26. At post-treatment, find-
ings for sleep efficiency, number of nighttime awakenings, and
total nighttime time awake were robust to omission of poten-
tially influential data points with one exception. If two data
points were excluded from the analysis of number of night-
time awakenings, the p-value increased from .016 to .053. At
4 months, the impact of exclusion of potentially influential data
points was still minimal but had some impact on statistical sig-
nificance, with p-values ranging from .020 to .083 depending on
the outcome variable and the number of observations excluded
(1-3). Total sleep time remained nonsignificant after omitting a
potentially influential observation.

DISCUSSION

The overall pattern of results suggests that the SIP, delivered
by a trained HE under the supervision of a sleep psychologist
was feasible, with high levels of attendance and engagement by
ADHC participants. The SIP resulted in relative improvements
in objectively measured sleep based on wrist actigraphy com-
pared to the IC group. Importantly, these differences in sleep
were largely maintained at 4-month follow-up. The pattern of
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results suggest that the control group may have experienced
gradually worsening sleep (based on actigraphy) over the study
period, whereas the intervention group either improved slightly
or declined at a slower rate. This is a common phenomenon in
research on older adults, and a recent study found that older
adults, particularly if they were using benzodiazepines, showed
deterioration in sleep quality over a 1-year period.*
Improvements in patient-reported outcomes were modest,
with only one PSQI component (daily disturbances) showing
significantly better (lower) scores in the SIP condition at the
4-month follow-up but not at post-treatment. It is possible that,
given the duration of sleep difficulties for many of these older
patients, sustained improvements in sleep were needed before
patients began to feel better during the daytime hours. Another
possible explanation is that we did not use a specific cutoff score
on either the IST or PSQI to determine eligibility for random-
ization, and these two commonly used questionnaires did not
appear to reflect the sleep experience of these patients. Older
veterans who attend ADHC may not report sleep disturbances
in the same way as healthier older adult populations and in fact,
may tolerate significantly more sleep disturbance before noting
poor sleep quality. Some participants, for example, reporting
taking longer than 1 hour to fall asleep, but then reported that
their sleep quality was “very good.” Furthermore, in our recent
insomnia treatment study of older veterans in the same health
care system who were not participating in the ADHC program,?
the mean baseline PSQI score was 9.1 and the mean baseline
ISI score was 11.1, while their baseline sleep efficiency based
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on actigraphy was 83%. ADHC Patients in the current study
had similar actigraphically assessed sleep efficiency (85%);
however, their questionnaires reflected substantially less “com-
plaint.” The mean baseline PSQI was only 6.8 (slightly above the
clinical cutoff of 6 for sleep disturbance), and the mean baseline
ISI was only 8.5 (indicating only mild insomnia, on average). It
is possible that measures like the PSQI and ISI do not capture
the way in which these older veterans describe their difficulties
with sleep, subjectively. This may account for our discrepant
findings. We also were not able to obtain completed sleep dia-
ries, which are typically used in studies of behavioral treatments
for insomnia. We asked the first 11 enrolled participants to com-
plete a daily sleep diary based on the American Academy of
Sleep Medicine consensus sleep diary*? during their baseline
assessment, and none of the patients fully completed the diary
during the 3-day baseline. As a result, we used a very simple
four-item diary (bedtime, rise time, sleep quality, and daytime
sleepiness), which did not allow for computation of traditional
sleep diary measures such as sleep efficiency or total sleep time
from daily diaries but could be used for actigraphy scoring and
to establish adherence to the assigned sleep schedule in the
SIP program. One study of older adults recruited from primary
care found improvements in both patient-reported (daily sleep
dairy, questionnaires) and objective (actigraphy) outcomes,?!
although baseline sleep complaints were more severe (baseline
PSQI = 11) in that study compared to our study as well.

We did find improvements in fatigue, which was one of our
secondary patient-reported outcomes, at post-treatment. This
finding is consistent with the reduced impact of sleep distur-
bance at 4-month follow-up observed on the PSQI; however,
we did not find improvements in depression or quality of life
at either post-treatment or 4-month follow-up. It is important
to note, however, that this study was not powered to detect the
impact of the sleep intervention on these outcomes and addi-
tional research is needed. This may be important to emphasize
because improvements in daytime symptoms may be seen as
a significant benefit to patients (in terms of self-reported out-
comes) even if sleep quality itself is not perceived to change.

This study has several strengths, including the implementa-
tion of the intervention within the ADHC program; however,
despite attempts to minimize costs of participation, it was dif-
ficult to identify patients interested in participating in the inter-
vention program. Many individuals did not feel their poor sleep
was worthy of clinical attention. Interestingly, improvements in
patient-reported sleep quality on the PSQI or insomnia symp-
toms on the ISI were not seen. Only improvements in objec-
tively measured sleep were observed and maintained over time.

One consideration in the design of the intervention was the
tolerability of sleep restriction therapy, which is a common, evi-
dence-based component of cognitive-behavioral interventions.
Because we anticipated that many of the study participants
would find it difficult to dramatically and quickly reduce their
time in bed at the first intervention session, we instead elected
to use sleep compression therapy, in which time in bed is slowly
reduced, rather than contracted, and then slowly expanded. We
found that participants were receptive to this approach and
had success adhering to the assigned sleep schedule. In fact,
they stayed up until their assigned bedtimes on 84% of nights
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and got out of bed at or before their assigned rise time on 81%
of nights. This level of adherence is similar to what has been
seen in studies of healthy, younger individuals in receiving
CBT-1.%* We also significantly modified the standard stimu-
lus control instructions.* The main reason for this modification
was concern about nighttime fall risk in older adults with func-
tional limitations. Despite this modification, the intervention
remained effective in reducing total time awake at night. Rather
than instructing participants to get of bed if awake at night, we
focused on confining sleep to the bed and bedroom and elim-
inating nonsleep activities from the sleep environment outside
of the nighttime sleep period (eg, watch TV in the family room
rather than in bed in the afternoon).

While this study had multiple strength, including a high par-
ticipant retention rate and implementation of the intervention in
the context of an ongoing clinical program, there are also several
limitations. One key limitation is that we were not able to screen
participants for sleep-disordered breathing, despite data to sug-
gest this is very common in older adults with functional and/or
cognitive impairments.**” Participants found completion of a
home sleep apnea test overly burdensome and were unwilling to
complete an overnight study in the sleep laboratory; therefore,
while we had planned to identify and exclude participants with
severe sleep apnea, this was not possible. In addition, findings
from this study may not directly generalize to ADHC programs
outside of VA. Veterans are predominantly male and have more
complex comorbidities than nonveterans, which may impact
the delivery and benefits of the SIP? Although the definition of
ADHC is similar regardless of where the programs are located,®
there are likely to be differences in ADHC programming and
resources outside of VA, and those differences might make it
challenging to implement our SIP within community ADHC
programs.

In summary, a brief, structured sleep improvement program
may improve objectively assessed nighttime sleep in older
Veterans participating in an ADHC program, and these improve-
ments were maintained at 4-month follow-up. Modest improve-
ments in daytime functioning, including reduced fatigue and
reduced impact of sleep on daytime functioning may also be
achieved. Additional research is needed to better understand
how to assess patient-reported outcomes and to confirm our
findings of relatively improvements in objectively measured
sleep. Future research should also evaluate how best to imple-
ment this intervention program into routine care at ADHCs
and to consider whether it can be delivered in group formats
because therapeutic interventions are often delivered to patients
in groups in ADHC settings.
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