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Abstract

Background Cognitive behavioral therapy for insomnia
(CBTI) targets changing dysfunctional sleep-related
beliefs. The impact of these changes on daytime func-
tioning in older adults is unknown.

Purpose We examined whether changes in sleep-related
beliefs from pre- to post-CBTI predicted changes in sleep
and other outcomes in older adults.

Method Data included 144 older veterans with insomnia
from a randomized controlled trial testing CBTI. Sleep-
related beliefs were assessed with the Dysfunctional
Beliefs and Attitudes about Sleep-16 (DBAS-16,
subscales: Consequences, Worry/Helplessness, Sleep
Expectations, Medication). Outcomes included sleep
diary variables, actigraphy-measured sleep efficiency,
Pittsburgh Sleep Quality Index (PSQI), Insomnia Severity
Index (ISI), Epworth Sleepiness Scale (ESS), Flinders
Fatigue Scale (FFS), Patient Health Questionnaire-9,
and health-related quality of life. Analyses compared
slope of change in DBAS subscales from baseline to
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posttreatment between CBTI and control, and assessed
the relationship between DBAS change and the slope of
change in outcomes from baseline to 6 months.

Results Compared to controls, the CBTI group demon-
strated stronger associations between improvement in
DBAS-Consequences and subsequent improvement in
PSQI, ISI, ESS, and FFS. The CBTI group also dem-
onstrated stronger associations between improvement
in DBAS-Worry/Helplessness and subsequent improve-
ments in PSQI, ISI, and FFS; improvements in DBAS-
Medication and PSQI; and improvements in DBAS-Sleep
Expectations and wake after sleep onset (sleep diary) and
FFS (all p < .05).

Conclusions Significant reduction in dysfunctional sleep-
related beliefs following CBTT in older adults predicted
improvement in several outcomes of sleep and daytime
functioning. This suggests the importance of addressing
sleep-related beliefs for sustained improvement with
CBTI in older veterans.

Trial  Registration
NCTO00781963.

ClinicalTrials.gov  Identifier:

Keywords: Sleep-related beliefs - Cognitive behavioral
therapy - Insomnia - Older adults - Veterans

Introduction

More than half of older adults experience insomnia
symptoms, including difficulty initiating or maintaining
sleep, and/or early morning awakening [1, 2]. Sleep
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problems among older adults are associated with nega-
tive health outcomes such as impaired daytime [3] and
cognitive function [4], increased risk of falls [5], poor
quality of life [6], and higher rates of mortality [7].

Based on Spielman’s model for the development of
chronic insomnia [8] (also known as the “3-P” model),
three key factors contribute to chronic insomnia:
predisposing factors, precipitating factors, and perpetu-
ating factors. Predisposing factors are individual back-
ground risk factors such as increasing age [9], female
gender [2], or a prior history of insomnia [10]. According
to this model, predisposing conditions do not cause
chronic insomnia per se, but precede its onset and in-
crease the likelihood for its occurrence [11]. Precipitating
factors include physiological, environmental, and psy-
chological stressors or major life events (e.g., death of
a family member, acute medical illness, retirement,
winning the lottery, hospitalization, separation) [12],
which may produce acute insomnia. Perpetuating fac-
tors include behavioral, psychological, environmental,
and physiological factors that prevent individuals from
re-establishing normal sleep patterns after the acute
stressor resolves. These factors include sleep-wake
schedule irregularities, disrupted daytime activities, poor
sleep hygiene (e.g., over-use of caffeine), and misconcep-
tions and unrealistic expectations about normal sleep
patterns [13]. People with insomnia tend to develop more
extreme dysfunctional beliefs about sleep than those
without insomnia [14-16]; thus, understanding the cog-
nitive aspects of sleep disruption is typically a target of
psychoeducational and cognitive therapy components of
effective insomnia interventions.

Cognitive behavioral therapy for insomnia (CBTI) is
recommended as the first-line treatment for insomnia
disorder [17-19]. This approach combines behavioral
strategies with components of cognitive therapy focused
on identifying the patient’s automatic, maladaptive
thoughts and underlying beliefs affecting sleep, and then
introducing strategies for changing these maladaptive be-
liefs about sleep. CBTI has shown significant effects on
improving sleep among older adults [20-24] using its key
behavioral and cognitive components (i.e., sleep restric-
tion, stimulus control, cognitive therapy, sleep hygiene,
and counter-arousal techniques). Patients who undergo
this multicomponent therapy not only learn cognitive
techniques to challenge and change their maladaptive
beliefs about sleep, but also simultaneously make be-
havioral changes such as limiting time in bed thereby
increasing sleep drive at night, which may facilitate re-
ductions in maladaptive beliefs. For example, following
sleep restriction, a patient may have increased homeo-
static sleep drive that enables the patient to fall asleep
quickly without using sleep medication. When presented
with thoughts regarding the need to take medications to

fall asleep, the patient may be more likely to change the
belief, having recently experienced firsthand the ability
to fall asleep quickly without medications following
a change in behavior. Similarly, behavioral relaxation
therapy has been shown to reduce cognitive arousal and
maladaptive beliefs [25].

Although both behavioral and cognitive therapies are
beneficial for insomnia patients, greater improvement of
sleep and daytime functioning was shown in CBTI group
[26]. Long-term sustainability in sleep-related beliefs was
also shown in cognitive therapy or CBTI compared to be-
havioral therapy [27]. This may suggest a critical role of
CBTI in enhancing sleep and other outcomes including
belief change.

Some clinical trials of CBTI have measured sleep-
related beliefs using validated instruments [28, 29] to
identify which dysfunctional beliefs may be contrib-
uting to the perpetuation of insomnia. In addition, a few
studies have investigated the effect of CBTI on quantita-
tive measures of sleep-related beliefs in relation to treat-
ment outcomes (e.g., severity of insomnia symptoms)
[30], yet results are inconsistent. Some studies showed
that improved sleep-related beliefs upon CBTI comple-
tion were significantly associated with improved sleep
[31-34]. However, the main outcomes of these studies
either included only sleep outcomes or included only
subjective measures of both sleep and other outcomes
(e.g., depression). Also, existing studies have not focused
on older adults, who may have different beliefs and atti-
tudes about sleep than younger individuals. Moreover,
the specific types of sleep-related beliefs that are associ-
ated with CBTI response are not specifically focused on
how age-related cognitions may play a role in insomnia.

Older adults may believe that having a sleep problem
is a part of the natural aging process. They may also
downplay difficulties with their sleep because of change
in lifestyle accompanying retirement (e.g., not having
to wake up for work, being able to nap throughout
the day) [35]. Evidence shows that compared to older
adults without insomnia, those with insomnia endorse
greater concerns that disturbed sleep might be harmful
to physical and mental health, expressed more hope-
lessness and felt helpless about their lost sleep, and en-
dorsed more frequently that they needed less sleep with
aging [29]. Older adults with insomnia also endorsed the
need to use a sleeping pill to ensure next day alertness
more strongly than those without insomnia. Such beliefs
about sleep may be more dysfunctional among older vet-
erans, given the high prevalence of insomnia [36] and
multiple comorbidities (e.g., posttraumatic stress dis-
order, traumatic brain injury, pain, depression, anxiety,
chronic pain) [37-39]. Veterans may perceive insomnia
as a function of their medical conditions and perceive
their insomnia as hopeless and uncontrollable due to the
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complex nature of their insomnia given comorbid condi-
tions [40]. Therefore, it is important to understand how
changes in these dysfunctional beliefs about sleep in the
context of insomnia treatment impact sleep outcomes
among the older veteran population.

For the current analysis, we used data from a random-
ized controlled trial that compared CBTI to a sleep edu-
cation control program among older veterans, delivered
by trained “sleep coaches” under the supervision of a be-
havioral sleep medicine specialist [20]. The trial demon-
strated statistically significant and clinically meaningful
improvements in insomnia symptoms that persisted for
I-year posttreatment. We examined whether changes
in dysfunctional beliefs about sleep that occurred with
CBTI treatment (baseline to posttreatment) were asso-
ciated with changes in sleep and other health outcomes
from baseline to 6-month follow-up. We hypothesized
that improvement in specific types of sleep-related beliefs
(i.e., misattribution of consequences of insomnia; issues
of worry and helplessness about insomnia; unrealistic
sleep expectations; and belief that sleep can only improve
with the use of sleep medication) would be associated
with greater improvements in subjective and objective
sleep quality, daytime sleepiness, fatigue, depression, and
health-related quality of life 6 months after CBTI treat-
ment among older veterans with insomnia.

Methods
Study Design and Participants

The current study involved secondary analyses of data
from a randomized controlled trial of older veterans with
chronic insomnia that tested a 5-session CBTI program
(ClinicalTrials.gov Identifier: NCT00781963), compared
to a 5-session sleep education/attention control condi-
tion. The study period was from June 2010 to March
2013. Detailed information about this clinical trial is ad-
dressed in a previous publication [20]. Participants were
eligible if they were community-dwelling veterans, aged
60 and older, and met diagnostic criteria for chronic in-
somnia disorder based on the International Classification
of Sleep Disorders, Second Edition (ICSD-2) [41]. The
study was approved by the Institutional Review Board at
our institution.

Data Collection

A postal screening survey [42] was mailed to 9,080 vet-
erans who had at least one outpatient clinic visit (from
any type of the clinic) at a local VA healthcare system
in the prior 18 months and lived within 30 miles of the
facility. Of the 4,717 (52%) individuals who returned a

completed survey, 1,947 veterans provided responses
endorsing symptoms of insomnia. Of these, 1,663 vet-
erans were assessed for study eligibility by telephone,
and 519 completed an in-person baseline assessment
(T1) to determine study eligibility. Of these, 159 veterans
met eligibility criteria (including meeting diagnostic cri-
teria for insomnia disorder [41]) and were assigned to re-
ceive either CBTI (individual CBTI or group CBTI) or
the control condition. Of the randomized participants,
nine participants were lost to follow-up at posttreatment
assessments due to refusal to continue, death, being
ill, or loss of contact, thus yielding 150 (94%) veterans
who completed posttreatment assessments (T2) and
144 (91%) completed 6-month follow-up assessments
(T3). Our analytic sample size included the 144 veterans
(n = 92 in the combined CBTI group vs. n = 52 in the
control group) who provided data at all three time points.
The structure of our trial followed the Consolidated
Standards of Reporting Trials (CONSORT) statement
[43] as shown in Fig. 1 [20].

Randomization

Randomization occurred after baseline assessments were
completed. We used the random allocation concealment
to assign participants to one of three treatment groups
(1:1:1 allocation to individual CBTI, group CBTI, or
control). A senior statistician generated the random-
ization sequence. A separate senior research staff who
was not involved in the enrollment, assessment, or inter-
vention prepared and stored a set of sealed opaque en-
velopes containing group assignment (numbered) and
implemented the random allocation sequence. Study
participants and assessment research staff were blinded
to group assignment.

CBTI Versus Control Conditions

The CBTI intervention consisted of 5 weekly, manual-
based sessions, delivered individually or in a small
group (3-5 participants per group). The content of the
individual and small group CBTI programs were iden-
tical including the session-by-session components and
numbers of sessions delivered. Our study was not de-
signed to compare individual with group CBTI and we
did not find significant differences in our primary sleep
outcomes between these two groups [20]; thus, the inter-
vention group consisted of both participants who re-
ceived individual and group CBTI. Sleep coaches with
master’s level training (one in communication and the
other in public health) delivered the CBTI intervention
in both formats. Prior to delivering the treatment, sleep
coaches attended a 2-day educational workshop on
CBTI and completed a six-session webinar published
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1,663 Assessed for eligibility (by telephone)

1,144 Excluded during telephone screening
620 - Unable/unwilling to participate in-person

347 - Reported history of sleep apnea
95 - Study enrollment and randomization ended
56 - Does not meet insomnia criteria

26- Other

| 519 Completed in-person assessment |

360 Excluded during In-person assessment

175 - Apnea-hypopnea index > 20
61 - No longer met insomnia criteria

55 - Refused/withdrew

40 - Severe medical/psychiatric iliness
16 - Study randomization ended

13 - MMSE < 24

106 Assigned to receive intervention
(52 randomized to group CBTI; 54 randomized to
individual CBTI)
104 Received intervention as assigned
2 Did not receive assigned intervention
(Unable to attend sessions due to work schedule)

53 Assigned to receive control
53 Received intervention as assigned

97 Completed posttreatment assessments
5 Refused
2 Withdrew from study
1 Died
1 Too ill to participate

53 Completed posttreatment assessjments

92 Completed 6-month follow-up assessment
8 Refused
2 Withdrew from study
2 Too ill to participate
1 Unable to contact
1 Died

52 Completed 6-month follow-up assessment
1 Refused

89 Completed 12-month follow-up assessment
9 Refused

51 Completed 12-month follow-up assessment
1 Withdrew from study
1 Unable to contact

3 Withdrew from study
3 Died
2 Unable to contact

106 Included in analysis
0 Excluded from analysis

53 Included in analysis
0 Excluded from analysis

Fig. 1. Study flow chart (permission to reuse the figure was obtained from the publisher of the original article) [20].

by the American Academy of Sleep Medicine. The
coach then received additional training on the interven-
tion materials and feedback/supervision on delivering
the intervention to a small number of pilot subjects
from a licensed clinical psychologist certified in behav-
ioral sleep medicine by the American Board of Sleep
Medicine (JM). During the intervention period, the
intervention sleep coach reviewed the intervention ses-
sion progress for all currently active intervention par-
ticipants, discussed any issues that may have arisen
during the session, and received feedback/supervision
from a licensed clinical psychologist with expertise in
behavioral sleep medicine in a weekly telephone con-
sultation. The same coach met each participant across
all sessions in each condition.

Key components of the intervention included sleep
restriction, stimulus control, cognitive therapy, sleep
hygiene, relaxation, and relapse prevention. Study par-
ticipants in CBTI (individual and group) received indi-
vidualized sleep recommendations including bedtime
and rise time and the sleep coach adjusted their sleep
schedule based on the results of participants’ daily sleep
diary from the previous week. The sleep coach also identi-
fied maladaptive cognitions during the sessions and used
them for the cognitive therapy component of the inter-
vention. The control condition included manual-based,
general sleep information only without directed guid-
ance. The contents included stages of sleep, age-related
sleep changes, sleep across the lifespan, mind and sleep,
consequences of poor sleep, and sleep environment.
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The control condition followed the same frequency and
intervals used in the CBTI condition. A separate sleep
coach with a master’s degree in public health delivered
the sessions for participants assigned to the control con-
dition. Percentages of completing all five sessions for
CBTI (individual and group) and control (individual)
were 100%, 85%, and 100%, respectively.

Measures

Demographic characteristics collected via structured
interview included age, race/ethnicity, education level,
marital status, and employment status.

Sleep-related Beliefs

Dysfunctional Beliefs and Attitudes about Sleep, 16-item
version (DBAS-16) [28] was used to assess sleep-related
beliefs. The scale asks participants to rate their levels of
agreement/disagreement on 16 statements about sleep
between 0 (strongly disagree) and 10 (strongly agree).
Higher scores represent a stronger endorsement of the
beliefs. The 16-item DBAS measures four domains: per-
ceived consequences of insomnia (five items: e.g., “After
a poor night’s sleep, I know that it will interfere with
my daily activities on the next day”); worry/helplessness
about insomnia (six items: e.g., “I am concerned that
chronic insomnia may have serious consequences on my
physical health”); sleep expectations (two items: e.g., “If
I don’t get the proper amount of sleep on a given night,
I need to catch up on it the next day by napping or on the
next night by sleeping longer”); and medication use (three
items: e.g., “In order to be alert and function well during
the day, I believe I would be better off taking a sleeping
pill rather than having a poor night’s sleep”). Items rep-
resenting each domain are summed to determine the
subscale scores, and all 16 items are averaged to determine
the DBAS total score, which has shown good reliability
(Cronbach alpha = 0.77-0.79) [28] in previous studies.
The DBAS has differentiated people with insomnia from
good sleepers where those with insomnia presented more
endorsement on the DBAS items than good sleepers [14,
29, 44]. It has also been shown to be sensitive to changes
with insomnia treatment where the DBAS total score de-
creased after completion of CBTI [31, 33, 44]. A DBAS
overall score of >3.8 is considered the level of unhelpful
beliefs associated with clinically significant insomnia [16].
DBAS total score and four subscale scores (collected at
T1 and T2) were used in the current study.

Sleep Outcomes

Objective sleep was measured with a wrist actigraph
(Actiwatch Spectrum, Phillips Respironics, Bend, OR)

worn on the dominant wrist for seven consecutive days
and nights at each time point. The actigraph is a small,
unobtrusive, watch-sized device useful in longitudinal,
naturalistic (i.e., not in an overnight sleep laboratory)
assessment of sleep—wake patterns. In general, wrist ac-
tivity below an established threshold is interpreted as
sleep; high wrist activity is interpreted as wakefulness.
Wrist actigraphy is useful for the assessment of sleep over
several days and has been widely used in older adults
[45]. Sleep efficiency (i.e., the percentage of total time
spent asleep while in bed) was calculated from actigraphy
data, using simultaneously collected sleep diary reported
daily bedtime and rise time to determine the time in bed
window. The automated sleep-scoring algorithm within
the device-specific software was used to determine sleep
versus wake (Actiware software version 5.0, Philips,
Respironics, medium threshold setting).

Subjective sleep was measured using a daily sleep
diary. Each morning for the seven days they wore a wrist
actigraph, participants completed sleep diaries that were
based on the American Academy of Sleep Medicine
Consensus Sleep Diary [46]. Sleep efficiency and wake
after sleep onset (i.e., total time spent awake after sleep
onset and before rise time) were calculated from informa-
tion provided on the diary (bedtime, rise time, sleep onset
latency, and time awake after sleep onset).

Additional sleep-related questionnaires assessed
global sleep quality, insomnia, and daytime symptom:s.
The Pittsburgh Sleep Quality Index (PSQI) [47] is an
18-item questionnaire that assesses sleep quality and
sleep disturbances, where a total score 5 indicates poor
sleep quality [47]. The 7-item Insomnia Severity Index
(IST) [48] was also administered to assess the symptoms
and severity of insomnia. ISI total score ranges from 0 to
28 with higher scores indicating worse insomnia severity.
The Epworth Sleepiness Scale (ESS) [49] is an 8-item
questionnaire that asks participants their usual chances
of dozing off or falling asleep while engaged in eight dif-
ferent activities on a 4-point scale (0-3). A total score
ranges from 0 to 24 with higher scores indicating more
daytime sleepiness.

Other Health Outcomes

The 7-item Flinders Fatigue Scale (FFS) [50] was used to
measure characteristics (e.g., frequency, severity) of fa-
tigue experienced over the past two weeks. Total scores
range from 0 to 31, with higher scores indicating greater
fatigue. The Patient Health Questionnaire (PHQ)-9 [51]
was used to measure the severity of depression. It asks
frequency (0 “not at all” to 3 “nearly every day”) of ex-
periencing nine depressive symptoms over the past 2
weeks. The PHQ-9 score ranges from 0 to 27 with a higher
score indicating having more severe depressive symp-
toms. Medical Outcomes Study 12-item Short-Form
Survey v2 (SF-12v2) [52] was used to assess participants’
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health-related quality of life. It produces two norm-
based summary component scores (physical and mental
health components), in which scores can range from 0 to
100 with a higher score indicating better health.

Changes in total scores on sleep outcomes (i.e.,
actigraphy-measured sleep efficiency, sleep diary-
measured sleep efficiency and wake after sleep onset,
PSQI, ISI, ESS), and other daytime outcomes (i.e., FFS,
PHQ-9, and SF-12v2) between baseline and 6-month
follow-up assessments were used in analyses.

Data Analyses

Descriptive statistics were used to summarize partici-
pants’ characteristics, including demographics, sleep,
other health-related information, and sleep-related be-
liefs. ANCOVA was used to test the study hypotheses de-
scribed above. Since the study was not designed to test
for differences between individual versus group delivery
of CBTI, we combined data for the group and individual
CBTI. There were no significant differences between in-
dividual and group CBTI in demographics and outcome
variables [20]. We included change in DBAS-16 total
score (from baseline to posttreatment; T1-T2) and group
(CBTI versus. control) as covariates with an interaction
term between DBAS change and treatment (CBTI versus
control). We also examined changes in DBAS subscale
scores (summarized in four subscale scores) using the
same analytic approach. Analyses compared the degree
of association between change in DBAS (baseline to

Table 1. Sleep-related beliefs among older veterans with insomnia

posttreatment) and change in sleep and other health out-
comes (baseline to 6-months; T1-T3) between the CBTI
versus the control groups. For these statistical tests, p <
.05 was considered statistically significant. Analyses were
conducted using Stata statistical software (version 15,
Stata Corporation, College Station, TX).

RESULTS
Participant Characteristics

Participants included 96.86% men, and 78.62% identified
as white. The mean age was 72.18 £ 7.68 years. Nearly
half (41.51%) of participants were married, and 23.90%
were employed. Baseline DBAS total score was 3.84 *
2.06. DBAS subscale scores were 3.69 + 2.69 for per-
ceived consequences of insomnia (DBAS-Consequence);
4.00 £ 2.31 for worry/helplessness about insomnia
(DBAS-Worry/Helplessness); 4.73 = 2.80 for sleep ex-
pectations (DBAS-Sleep Expectations); and 3.17 £2.48
for medication (DBAS-Medication). Raw values showed
that DBAS total score and subscale scores were lower at
posttreatment and 6-month follow-up for both the CBTI
and control groups, but only the difference in DBAS-
Sleep Expectations at posttreatment was statistically sig-
nificant (3.19 £ 2.62 in CBTI vs. 4.58 + 3.02 in control, p
< .01, see Table 1). Sleep and other health information at
all three-time points (baseline, posttreatment, 6-month
follow-up) are summarized in Table 2.

Baseline Posttreatment 6-month follow-up
(n=159) (n =150) (n=144)
DBAS-16 overall score
Intervention 3.93+2.07 290 £1.79 2771191
Control 3.54 £2.01 3.14£1.78 3.03£1.92
Subscale 1: consequences
Intervention 3.86 £2.74 2.83+2.36 248 £2.28
Control 3.36 £2.58 2.67+2.24 2.64 +2.30
Subscale 2: worry/helplessness
Intervention 4.11£2.29 3.05+2.15 2.87+£2.25
Control 3.77 £2.36 3.38%£2.19 3.15£2.30
Subscale 3: expectation
Intervention 4.75+£2.79 3.19 £ 2.62%* 343 +248
Control 4.69 £2.85 4.58 £3.02 4261294
Subscale 4: medication
Intervention 342+2.52 2.56 £2.20 2.63£2.43
Control 2.66 £2.31 2.50 £2.34 2621224

Comparisons of intervention and control: *p < .05, **p < .01.

Baseline n = 106 CBTI, n = 53 control; posttreatment n = 97 CBTI, n = 53 control; 6-month follow-up n = 92 CBTI, n = 52 control.

DBAS, Dysfunctional Beliefs and Attitudes about Sleep.
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Table 2. Sleep and other health information among older veterans with insomnia

Baseline Posttreatment 6-month follow-up
(n=159) (n=150) (n=144)

PSQI score

Intervention 9.44 +3.48 5.51 +3.60 5.97 +3.80

Control 8.26 +3.22 7.60 + 3.31 7.21 £3.49
ISI score

Intervention 11.66 £ 5.26 6.13 +4.48 5.47 +4.80

Control 10.08 £ 5.26 8.94 +5.75 7.81 £5.62
Sleep efficiency-D

Intervention 71.98 £ 14.80 85.74 £ 10.18 84.74 £ 9.72

Control 72.80 £ 16.78 76.17 £ 11.46 78.87 £12.85
WASO-D

Intervention 55.84 £ 40.27 24.96 £ 23.76 30.53 £ 33.86

Control 58.14 £ 63.28 44.63 £ 36.35 42.97 +40.63
Sleep efficiency-A

Intervention 83.73 £ 6.05 84.79 £ 6.03 82.72 +7.38

Control 82.80 + 6.91 82.42 £ 6.82 83.01 £ 6.51
ESS

Intervention 5.36 £ 4.05 4.48 £3.94 4.02£3.78

Control 4.64 £2.79 4.72 £ 3.60 3.65+2.89
FFS

Intervention 9.82 £ 7.60 5.01 +6.43 5.831+6.73

Control 9.11 £ 6.69 6.06 + 591 7.33£6.90
PHQ-9

Intervention 5.06 +4.34 3.04 +4.04 297 £4.30

Control 4.35+4.26 2.94 £2.70 3.31 +3.64
SF-12vs physical health

Intervention 44.16 £ 10.86 45.88 £ 10.26 44.69 + 10.50

Control 47.58 £10.25 49.82 £9.18 46.62 +10.92
SF-12vs mental health

Intervention 52.88 £ 10.00 52.56 £10.29 53.43 £ 10.07

Control 52.57 £ 8.33 54.73 £ 6.91 54.30 + 8.47

Baseline n = 106 CBTI, n = 53 control; posttreatment n = 97 CBTI, n = 53 control; 6-month follow-up n = 92 CBTI, n = 52 control.

PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; sleep efficiency-D, sleep diary measured sleep efficiency; WASO-D, sleep
diary measured wake after sleep onset; sleep efficiency-A, actigraphy measured sleep efficiency; ESS, Epworth Sleepiness Scale; FFS, Flinders
Fatigue Scale; PHQ-9, Patient Health Questionnaire-9 items; SF-12, Medical Outcomes Study 12-item Short-Form health-related quality of life.

Bivariate Associations Between DBAS Score Changes
and Changes in Sleep and Other Health Outcomes

There were significant associations between DBAS
score changes and changes in sleep and other health
outcomes. DBAS total score change was significantly
associated with PSQI change (» = .280), ISI change
(r = .356), ESS (r = .176), FSS (r = .355), PHQ-9
(r = .423), and SF-12v2 physical health (r = —.183, all
p < .05). Associations between DBAS subscale score
changes and change in sleep and other health outcomes
also showed similar patterns. Bivariate associations
were summarized in Table 3.

Association Between DBAS Total Score Change and
Changes in Sleep and Other Health Outcomes

Compared to controls, the CBTI group had stronger as-
sociations between reduced DBAS total score (T1-T2)
and subsequent PSQI improvement (T1-T3) (difference
in slopes [DIS] = 1.31, 95% CI = [0.53, 2.09], p = .001,
Table 4). This pattern of significant results was also found
for ISI (DIS = 1.80, 95% CI =[0.58, 3.02], p = .004), ESS
(DIS = 1.00, 95% CI = [0.25, 1.75], p = .009), and FSS
(DIS = 3.32, 95% CI = [1.78, 4.87], p < .001). Slopes
were not statistically different for sleep diary measures,
actigraphy sleep efficiency, PHQ-9, or SF-12v2.



42

ann. behav. med. (2022) 56:35-49

Table 3. Pearson correlations between change of DBAS scores and change of sleep and other health outcomes

Variable DBAS-16

Overall score Subscale 1: Subscale 2: Subscale 3: Subscale 4:

consequences worry/helplessness expectation medication

PSQI score 0.280** 0.190* 0.193* 0.218%* 0.258%*
ISI score 0.356** 0.244%** 0.270%* 0.287** 0.272%*
Sleep efficiency-D —0.138 —0.094 —0.065 —0.094 —-0.207*
WASO-D 0.104 0.116 0.046 0.076 0.067
Sleep efficiency-A 0.148 0.131 0.177* 0.076 -0.024
ESS 0.176* 0.190* 0.110 0.180* 0.007
FFS 0.355%* 0.265%* 0.301%* 0.285%* 0.170
PHQ-9 0.423%* 0.327%* 0.404** 0.180* 0.248**
SF-12vs physical health —0.183* —-0.142 —0.250%** 0.022 —0.045
SF-12vs mental health -0.119 -0.093 —-0.069 —-0.047 -0.176*

*p < .05, **p < .01.

DBAS, Dysfunctional Beliefs and Attitudes about Sleep; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; sleep
efficiency-D, sleep diary measured sleep efficiency; WASO-D, sleep diary measured wake after sleep onset; sleep efficiency-A, actigraphy
measured sleep efficiency; ESS, Epworth Sleepiness Scale; FFS, Flinders Fatigue Scale; PHQ-9, Patient Health Questionnaire-9 items;
SF-12, Medical Outcomes Study 12-item Short-Form health-related quality of life.

Association Between DBAS Subscale Score Changes and
Changes in Sleep and Other Health Outcomes

Compared to controls, the CBTI group had signifi-
cantly stronger associations between reduction in
DBAS-Consequence and subsequent improvements
in PSQI (DIS = 0.86, 95% CI = [0.29, 1.43], p = .004),
ISI (DIS = 1.09, 95% CI = [0.18, 1.99], p = .019) and
ESS (DIS = 0.64, 95% CI = [0.10, 1.18], p = .020). The
CBTI group also had significantly stronger associ-
ations between reduction in DBAS-Worry/Helplessness
and subsequent improvements in PSQI (DIS = 0.87,
95% CI = [0.25, 1.48], p = .006) and ISI (DIS = 1.10,
95% CI = [0.13, 2.06], p = .027), as well as reduction
in DBAS-Medication and PSQI (DIS = 0.67, 95%
CI=1[0.02, 1.32], p = .044). Similar stronger associations
were also found between reduced DBAS-Consequence
(DIS =1.93, 95% CI = [0.76, 3.09], p = .001), DBAS-
Worry/Helplessness (DIS = 2.27, 95% CI =[1.05, 3.50],
p < .001), and DBAS-Sleep Expectations (DIS = 1.31,
95% CI1=10.28, 2.34], p = .013) and subsequent improve-
ment in FFS. Additionally, there was a significant rela-
tionship between reduced DBAS-Expectations subscale
score and reduced wake after sleep onset (measured with
sleep diary; DIS 8.03, 95% CI=[0.36, 15.71], p = .040),
but not between wake after sleep onset and other DBAS
subscales. Slopes between groups on DBAS subscale
scores were not statistically significant for actigraphy
sleep efficiency, PHQ-9, or SF-12v2. Tables 5-8 sum-
marize the detailed results regarding select DBAS
subscale analyses.

Discussion

Our findings partially support our a priori hypothesis
that changes in beliefs and attitudes about sleep with
CBTI would be associated with subsequent improve-
ments in sleep and other outcomes at 6-month follow-up
in older adults. Compared to control, we found that redu-
cing maladaptive sleep-related beliefs were more strongly
associated with improved insomnia symptoms, daytime
sleepiness, and fatigue in the CBTI group, but not with
change in objective sleep measures, depressive symptoms,
or quality of life. Analyses also suggested that these rela-
tionships remained significant when assessing the more
specific domains of dysfunctional beliefs. Reduced dys-
functional beliefs about the consequences of insomnia,
worry/helplessness about insomnia, and medications
following CBTI were significantly associated with im-
proved insomnia symptoms and/or global sleep quality.
Additionally, reduced maladaptive beliefs about the
consequences of insomnia, worry/helplessness about in-
somnia, and sleep expectations were significantly associ-
ated with improved fatigue; reduced maladaptive beliefs
about the consequences of insomnia following CBTI
also improved daytime sleepiness.

In our study, reducing dysfunctional beliefs in the do-
main of sleep expectation (i.e., “I need 8 hours to func-
tion,” “Need to catch up on lost sleep”) was significantly
associated with a reduction in sleep diary-measured wake
after sleep onset only, but not with insomnia symptoms,
perceived sleep quality, or sleep efficiency. This subscale
had the highest baseline score, suggesting that it may be
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Table 4. Association between change of DBAS total score and change of sleep and other outcomes
DBAS total score change by DBAS total score Treatment (CBTI) DBAS total score change
treatment interaction on outcome change (baseline to posttreatment) (baseline to posttreatment) X
treatment
PSQI change Coefficient —-0.39 -1.25 1.31
[95% CT] [-1.05, 0.26] [-2.48, —0.03] [0.53,2.09]
p-value .239 .045 .001
ISI change Coefficient -0.15 -2.28 1.80
[95% CTI] [-1.18, 0.88] [-4.19, —0.37] [0.58, 3.02]
p-value 178 .020 .004
Sleep efficiency-D change Coefficient 1.21 4.81 -2.97
[95% CI] [-1.73, 4.16] [-0.73, 10.34] [-6.45,0.51]
p-value AlS .088 .093
WASO-D change Coefficient —4.61 -3.22 10.25
[95% CT1] [-14.86, 5.63] [-22.49, 16.06] [-1.85,22.36]
p-value 375 142 .096
Sleep efficiency-A change Coefficient 0.27 -0.91 0.24
[95% CT1] [-0.80, 1.33] [-2.89, 1.07] [-1.03, 1.51]
p-value .622 .363 705
ESS change Coefficient —-0.36 0.43 1.00
[95% CT1] [-0.99, 0.27] [-0.75, 1.60] [0.25, 1.75]
p-value .266 473 .009
FFS change Coefficient —-0.81 0.34 3.32
[95% CT1] [-2.11, 0.50] [-2.08, 2.77] [1.78, 4.87]
p-value 223 781 <.001
PHQ-9 change Coefficient 0.58 0.31 0.81
[95% CT] [-0.21, 1.38] [-1.17,1.79] [-0.14, 1.75]
p-value .149 .683 .093
SF-12vs physical health change Coefficient —-0.87 0.77 -0.20
[95% CI] [-2.68, 0.95] [-2.60, 4.13] [-2.35,1.95]
p-value 347 .652 857
SF-12vs mental health change Coefficient -0.87 -2.04 0.11
[95% CTI] [-2.66, 0.92] [-5.35,1.28] [-2.01, 2.23]
p-value .337 227 921

DBAS, Dysfunctional Beliefs and Attitudes about Sleep; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; sleep
efficiency-D, sleep diary measured sleep efficiency; WASO-D, sleep diary measured wake after sleep onset; sleep efficiency-A, actigraphy
measured sleep efficiency; ESS, Epworth Sleepiness Scale; FFS, Flinders Fatigue Scale; PHQ-9, Patient Health Questionnaire-9 items;
SF-12, Medical Outcomes Study 12-item Short-Form health-related quality of life.

hardest to change with CBTT as delivered in our study. It
is possible that a skilled cognitive therapist may achieve
different results. In addition, prior studies which found
higher dysfunctional beliefs about sleep targeted young
and/or middle-aged adults [27, 33, 34] whereas our study
participants’ mean age was 72 years. It is possible that
sleep expectations among older adults may be less dys-
functional as most participants in our study were retired
and likely had a more flexible sleep schedule, thus they
may not have felt pressure about their total sleep time.
Other factors may also play a role in beliefs about sleep
expectation. For example, medical comorbidities causing
fatigue or pain may affect older adults’ belief that they
need to sleep more the next day or night to make up for
lost sleep, particularly in the veteran population that is at

increased risk for factors associated with insomnia (e.g.,
posttraumatic stress disorder, depression, chronic pain).

Changes in sleep-related beliefs were not signifi-
cantly associated with sleep parameters or other health
outcomes including depression or quality of life. This
finding is consistent with prior studies [27, 32, 53]
that failed to identify relationships between changes
in DBAS and sleep parameters (e.g., sleep efficiency,
wake after sleep onset) measured with sleep diary or
in-laboratory polysomnography [54]. Previous studies
addressed one possible reason, that is, change in sleep-
related beliefs may be more strongly related to general
perceptions of one’s sleep quality, distress, and daytime
functioning rather than to nightly sleep experiences [27].
We previously published findings that the discrepancy
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Table 5. Association between change of DBAS consequences subscale score and change of sleep and other outcomes

DBAS-Consequences DBAS consequences Treatment DBAS consequences
subscale score change by treatment subscale score (CBTI) subscale score change
interaction on outcome change (baseline to posttreatment) (baseline to posttreatment) X
treatment
PSQI change Coefficient —-0.34 -1.61 0.86,
[95% CI] [-0.83,0.15] [-2.83, —0.40] [0.29, 1.43]
p-value 169 .010 .004
ISI change Coefficient —-0.20 -3.04 1.09
[95% CI] [-0.98, 0.58] [-4.97, -1.11] [0.18, 1.99]
p-value 611 .002 .019
Sleep efficiency-D change Coefficient 0.42 5.98 -1.28
[95% CT] [-1.83,2.67] [0.47, 11.50] [-3.87,1.31]
p-value 715 .034 .329
WASO-D change Coefficient 1.19 -9.25 1.71
[95% CI] [-6.63,9.02] [—28.45, 9.95] [=7.30, 10.73]
p-value 7163 342 707
Sleep efficiency-A change Coefficient 0.45 —1.41 -0.19
[95% CI] [~0.35, 1.25] [-3.36, 0.55] [~1.13,0.75]
p-value 270 156 .693
ESS change Coefficient -0.20 0.18 0.64
[95% CT1] [-0.66, 0.26] [-0.96, 1.33] [0.10, 1.18]
p-value .398 152 .020
FFS change Coefficient —-0.57 —-0.87 1.93
[95% CI] [-1.57,0.43] [-3.36, 1.61] [0.76, 3.09]
p-value 259 489 .001
PHQ-9 change Coefficient 0.19 —-0.26 0.60
[95% CI] [-0.41,0.79] [-1.76, 1.24] [-0.11, 1.30]
p-value .536 7134 .095
SF-12vs physical health change Coefficient —-0.63 1.42 0.09
[95% CT1] [-1.97,0.70] [-1.89,4.72] [-1.46, 1.65]
p-value .348 .397 905
SF-12vs mental health Coefficient -0.12 -2.00 -0.37
change [95% CT1] [-1.43,1.19] [-5.25,1.26] [-1.89, 1.16]
p-value .855 227 .636

DBAS, Dysfunctional Beliefs and Attitudes about Sleep; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; sleep
efficiency-D, sleep diary measured sleep efficiency; WASO-D, sleep diary measured wake after sleep onset; sleep efficiency-A, actigraphy
measured sleep efficiency; ESS, Epworth Sleepiness Scale; FFS, Flinders Fatigue Scale; PHQ-9, Patient Health Questionnaire-9 items;
SF-12, Medical Outcomes Study 12-item Short-Form health-related quality of life.

between sleep diary and actigraphy-based metrics was
reduced after CBTI compared to the control condition.
Our current analysis suggests that this reduction in the
discrepancy between subjectively and objectively meas-
ured sleep/wake patterns may be a result of changes in
beliefs and attitudes about sleep that occurs with CBTI
[55]. In contrast to our findings, some studies found sig-
nificant relationships between sleep-related beliefs and
sleep parameters [31, 33, 34]. Of these, only one study
of young adults using an on-line CBTI platform inves-
tigated the relationship between change in beliefs with a
subsequent change of sleep parameters (i.e., wake after
sleep onset, sleep onset latency) [33], which suggests re-
sults may be different across age groups.

Although we found significant relationships between
changes in sleep-related beliefs and subsequent change
in perceived sleep quality, a mechanism underlying this
relationship in regard to the role of CBTI is still unclear
because CBTI contains both cognitive and behavioral
components. A previous study found that both cognitive
therapy and behavioral therapy significantly improved
sleep-related beliefs, insomnia symptoms, and func-
tional psychosocial impairment among adults with in-
somnia [27]. Altering dysfunctional beliefs about sleep
through the cognitive component of CBTI may have
directly challenged and altered unhelpful or inaccurate
sleep-related beliefs resulting in more balanced views of
insomnia-related consequences and expectations about
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Table 6. Association between change of DBAS worry/helplessness subscale score and change of sleep and other outcomes

DBAS worry/helplessness subscale score DBAS worry/helplessness Treatment DBAS worry/helplessness
change by treatment subscale score (CBTI) subscale score change (baseline
interaction on outcome change (baseline to posttreatment) to posttreatment) X treatment
PSQI change Coefficient -0.29 -1.63 0.87
[95% CI] [-0.79, 0.21] [-2.85, —0.41] [0.25, 1.48]
p-value 253 .009 .006
ISI change Coefficient -0.05 -2.91 1.10
[95% CT] [-0.84, 0.73] [—4.83, —0.99] [0.13, 2.06]
p-value .899 .003 .027
Sleep efficiency-D Coefficient 1.03 5.84 -1.93
change [95% CI] [-1.11, 3.17] [0.49, 11.20] [-4.56,0.71]
p-value 342 .033 151
WASO-D change Coefficient —4.51 —5.69 8.05
[95% CIT] [-11.93,2.90] [24.24,12.87] [-1.09, 17.20]
p-value 231 .545 .084
Sleep efficiency-A Coefficient 0.27 -0.90 0.26
change [95% CT] [-0.50, 1.04] [-2.80, 1.00] [-0.70, 1.21]
p-value 496 .349 .595
ESS change Coefficient -0.16 0.05 0.51
[95% CI] [-0.63, 0.32] [-1.11, 1.22] [-0.08, 1.09]
p-value .509 927 .091
FFS change Coefficient —-0.43 —-0.44 2.27
[95% CI] [-1.42,0.56] [-2.88, 1.99] [1.05, 3.50]
p-value .391 721 <.001
PHQ-9 change Coefficient 0.68 -0.09 0.32
[95% CT] [0.09, 1.28] [-1.56,1.37] [-0.42, 1.05]
p-value .025 .900 .396
SF-12vs physical Coefficient —-1.00 0.70 -0.19
health change [95% CI] [-2.32,0.31] [-2.50, 3.90] [-1.81, 1.42]
p-value 0.133 0.666 0.813
SF-12vs mental Coefficient -1.03 -1.26 0.99
health change [95% CI] [-2.35,0.28] [—4.47,1.96] [-0.63, 2.61]
p-value 0.123 0.441 0.229

DBAS, Dysfunctional Beliefs and Attitudes about Sleep; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; sleep
efficiency-D, sleep diary measured sleep efficiency; WASO-D, sleep diary measured wake after sleep onset; sleep efficiency-A, actigraphy
measured sleep efficiency; ESS, Epworth Sleepiness Scale; FFS, Flinders Fatigue Scale; PHQ-9, Patient Health Questionnaire-9 items;

SF-12, Medical Outcomes Study 12-item Short-Form health-related quality of life.

sleep or sleep-promoting medications, thus improving
perceived sleep quality [56]. Another alternative mech-
anism may be that improved sleep through the behav-
ioral change components of CBTI may have eliminated
sleep-disruptive habits and provided evidence for the
individual’s ability to achieve improved sleep quality. The
reductions in maladaptive beliefs in conjunction with
behavioral and relaxation components of CBTI likely
worked together to improve sleep in older veterans. In
addition to the benefits of our CBTI program to changes
in sleep-related beliefs, we found that participants in the
control condition showed patterns of improved beliefs
about sleep and other health outcomes at follow-up as-
sessments. This may suggest a potential impact of the
control condition (i.e., general sleep information only)

on changing beliefs and behaviors. Particularly, even
general information about sleep and tracking of sleep
via a daily sleep diary may have provided some partici-
pants in the control condition with motivation to change
their behaviors to improve sleep. This is confirmed by
the pattern of results showing essentially no group dif-
ferences in specific sleep-related beliefs at the follow-up
time points.

Our study has several strengths. First, we believe this is
the first study of its kind to examine the cause and effect
association between change in beliefs about sleep and
subsequent change of multiple health measures among
older veterans with insomnia. Second, we focused on
specific versus global beliefs about sleep and multiple
domains of health outcomes, including subjective and
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Table 7. Association between change of DBAS expectations subscale score and change of sleep and other outcomes

DBAS expectations subscale score DBAS expectations Treatment (CBTI) DBAS expectations
change by treatment interaction subscale score subscale score change
on outcome change (baseline to posttreatment) (baseline to posttreatment) x
treatment
PSQI change Coefficient 0.03 -1.95 0.20
[95% CI] [-0.42, 0.48] [-3.19, -0.71] [-0.31, 0.72]
p-value .894 .002 434
ISI change Coefficient 0.02 —-3.07 0.55
[95% CI] [-0.69, 0.72] [-5.01, —1.14] [-0.25, 1.35]
p-value 961 .002 177
Sleep efficiency-D change Coefficient 0.66 6.33 -1.08
[95% CI] [-1.30, 2.63] [0.93, 11.74] [-3.31, 1.16]
p-value .505 .022 341
WASO-D change Coefficient -5.32 -5.36 8.03
[95% CI] [-12.06, 1.43] [—23.89, 13.18] [0.36, 15.71]
p-value 121 .568 .040
Sleep efficiency-A change Coefficient 0.02 -1.12 0.09
[95% CI] [-0.66, 0.71] [-3.03,0.79] [-0.70, 0.88]
p-value .949 247 .824
ESS change Coefficient —-0.06 0.10 0.34
[95% CI] [-0.48, 0.36] [-1.05, 1.25] [-0.14, 0.81]
p-value 786 .864 161
FFS change Coefficient -0.33 -0.93 1.31
[95% CI] [-1.24, 0.58] [-3.42, 1.55] [0.28, 2.34]
p-value 471 459 .013
PHQ-9 change Coefficient —-0.16 —-0.22 0.55
[95% CI] [-0.72, 0.40] [-1.76, 1.32] [-0.09, 1.19]
p-value 0.566 0.778 0.093
SF-12vs physical health change Coefficient 0.97 1.23 -1.05
[95% CTI] [-0.22,2.15] [-2.02, 4.49] [-2.40, 0.30]
p-value 110 456 126
SF-12vs mental health change Coefficient 0.08 -2.19 -0.42
[95% CI] [-1.09, 1.26] [-5.40, 1.02] [-1.75,0.91]
p-value .887 179 531

DBAS, Dysfunctional Beliefs and Attitudes about Sleep; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; sleep
efficiency-D, sleep diary measured sleep efficiency; WASO-D, sleep diary measured wake after sleep onset; sleep efficiency-A, actigraphy
measured sleep efficiency; ESS, Epworth Sleepiness Scale; FFS, Flinders Fatigue Scale; PHQ-9, Patient Health Questionnaire-9 items;

SF-12, Medical Outcomes Study 12-item Short-Form health-related quality of life.

objective sleep, daytime function (daytime sleepiness, fa-
tigue), depressive symptoms, and health-related quality
of life.

Despite these strengths, the findings of our study
should be interpreted with the following limitations in
mind. First, the study participants were older veterans
and mostly White men. Thus, findings may not be gener-
alizable to non-veterans, women, younger adults, or vet-
erans from racial/ethnic minority groups. The range of
ages in our study was relatively broad with a minimum
age of 60 years. Thus, some of the older participants (i.e.,
those over age 80) might be different from those who
are younger (i.e., under age 65); however, age was not
a predictor of treatment response. In addition, the risk

of reporting bias was not avoidable because improve-
ments in sleep-related beliefs might affect participants’
perceived sleep quality and symptoms of insomnia (i.e.,
PSQI, ISI), not their objective sleep quality. For ex-
ample, prior studies showed that changes in sleep-related
beliefs were more strongly associated with subjective
sleep than objective sleep [31]. The current study did not
account for individual factors affecting sleep-related be-
liefs. Certain sleep-related beliefs may be more vital than
others and differently important across individuals. For
example, some individuals may need more CBTI sessions
or a longer duration of CBTI to change their individual
specific beliefs and behaviors. Additionally, we did not
conduct a formal assessment for psychiatric diagnoses;
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Table 8. Association between change of DBAS medication subscale score and change of sleep and other outcomes

DBAS medication subscale score change by DBAS Medication Treatment DBAS medication subscale score
treatment interaction on outcome change subscale score (CBTD) change (baseline to posttreatment) X
(baseline to treatment
posttreatment)
PSQI change Coefficient —-0.01 —-1.86 0.67
[95% CI] [-0.54, 0.52] [-3.04, —0.68] [0.02, 1.32]
p-value 961 .002 .044
ISI change Coefficient 0.04 -3.23 1.03
[95% CT1] [-0.79, 0.88] [-5.10, —1.37] [-0.00, 2.05]
p-value 917 .001 .050
Sleep efficiency-D Coefficient 0.19 5.65 —2.44
change [95% CT1] [-2.02, 2.40] [0.59, 10.72] [-5.18,0.31]
p-value .868 .029 .081
WASO-D change Coefficient -1.70 —-8.90 4.78
[95% CI] [-9.57, 6.17] [-26.94,9.15] [—4.98, 14.54]
p-value .670 331 .335
Sleep efficiency-A Coefficient —-0.48 -1.15 0.55
change [95% CT1] [-1.30,0.34] [-3.02,0.71] [-0.46, 1.57]
p-value 247 223 283
ESS change Coefficient -0.34 -0.18 0.51
[95% CT] [-0.85,0.17] [-1.31,0.96] [-0.11, 1.14]
p-value .188 156 107
FFS change Coefficient —-0.24 -1.75 1.26
[95% CI] [-1.37,0.88] [—4.26, 0.77] [-0.12, 2.64]
p-value .669 171 .074
PHQ-9 change Coefficient 0.22 —-0.36 0.51
[95% CT1] [-0.44, 0.89] [-1.85,1.13] [-0.31, 1.33]
p-value .507 .632 221
SF-12vs physical Coefficient -0.32 1.46 0.22
health [95% CT1] [-1.75,1.12] [-1.75,4.67] [-1.53,1.98]
p-value .665 .370 .801
SF-12vs mental health Coefficient —-0.50 -2.39 —-0.64
change [95% CI] [-1.88, 0.88] [-5.48, 0.69] [-2.33, 1.05]
p-value 478 127 455

DBAS, Dysfunctional Beliefs and Attitudes about Sleep; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; sleep
efficiency-D, sleep diary measured sleep efficiency; WASO-D, sleep diary measured wake after sleep onset; sleep efficiency-A, actigraphy
measured sleep efficiency; ESS, Epworth Sleepiness Scale; FFS, Flinders Fatigue Scale; PHQ-9, Patient Health Questionnaire-9 items;
SF-12, Medical Outcomes Study 12-item Short-Form health-related quality of life.

thus, it is possible that those with a comorbid psychiatric
disorder may have responded differently to treatment
as compared to participants with insomnia only. These
moderating and mediating factors at the individual level
may need to be explored in future work.

Conclusions

Significant reduction in dysfunctional sleep-related
beliefs with CBTI across several DBAS subscales in
older veterans predicted improvements in several out-
comes of nighttime sleep and daytime consequences.
These findings have important clinical implications
and suggest that clinicians treating older veterans

with insomnia should pay attention to addressing spe-
cific dysfunctional beliefs about sleep, particularly
appraisals of the consequences of insomnia, issues
of worry and helplessness about insomnia, and ex-
pectations about sleep requirements. Future clinical
trials should assess specific sleep-related beliefs to
identify the types of cognitions to target for insomnia
treatment.
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