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INTRODUCTION
Chronic insomnia is a highly prevalent and persistent 

health concern particularly within the older population.1 It has 
a substantial effect on the well-being of affected individuals, 
with many experiencing impairments to daytime functioning,2-4 
depressed mood,5 anxiety, and difficulty maintaining social 
relationships.3,6 In recent years, surveys have indicated that 
approximately 20-40% of adults older than 55 y report waking 
a lot during the night, waking too early and not being able 
to get back to sleep, and waking feeling unrefreshed.7,8 The 
current nonpharmacological treatment of choice is cognitive 
behavior therapy for insomnia (CBT-I)3,9; however, individual-
ized administration is costly and research indicates the absolute 
changes in sleep variables following the use of CBT-I are mild, 
particularly for older adults.10-12

Group-based administration of CBT-I conducted over six to 
eight weekly sessions has been suggested to provide a brief and 
inexpensive answer to the effective treatment of insomnia in 
the adult population.13-16 However, the efficacy of group-based 
CBT-I for older adults remains relatively uninvestigated. To the 
authors’ knowledge, only one study has assessed the efficacy of 
group-administered CBT-I in older adults (> 60 y).
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Morin et al.17 assessed the efficacy of a 10-w group-
based CBT-I program in a group of 24 older adults (mean 
age = 61.4 y) with chronic insomnia who had used hypnotic 
agents for at least 3 mo. Treatment sessions occurred weekly, 
were approximately 90 min in duration, and administered to 
small groups of four to six individuals. Following treatment, 
participants reported a modest reduction in subjective total time 
awake, which was maintained at 3-mo follow-up. Although not 
significant immediately following treatment, improvements 
in sleep efficiency and reductions in sleep onset latency were 
observed at 3-mo follow-up. Participants also reported reduc-
tions in insomnia severity (measured by the Insomnia Severity 
Index3) both immediately following treatment and at follow-up. 
As acknowledged by Morin et al.,3 although this study demon-
strated impressive potential for the use of group-based CBT-I 
in older adults, the generalizability of these findings is limited 
to those who have chronic insomnia and use hypnotic agents. 
Additionally, despite the group-based nature of this program, 
further cost savings could be obtained if the number of weekly 
therapy sessions could be reduced without loss of effectiveness.

Espie and colleagues18 assessed the efficacy of a five-session 
group-based, manualized, CBT-I intervention. Although this 
study was not restricted to older adults, the mean age of partici-
pants was 54 y. Treatment sessions were conducted weekly, were 
60 min in duration, and administered by nurses to groups of four 
to six participants. Significant reductions in sleep onset latency, 
wake after sleep onset, and sleep efficiency were reported by 
participants immediately following treatment. Global self-
reported sleep quality (assessed by the Pittsburgh Sleep Quality 
Index19) also improved following treatment. These improve-
ments, however, were not maintained at 6-mo follow-up. This 
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study demonstrates impressive potential for the use of a brief 
group-administered CBT-I treatment program; however, similar 
to the study by Morin et al.,3 the results of this study are largely 
limited to individuals with chronic insomnia and comorbid mental 
or physical health problems (70% of the sample), the majority of 
whom were using hypnotic agents (50% of the sample).

The current study used a randomized controlled trial to 
investigate the effects of a brief, group-based CBT-I treatment 
program in a large sample of hypnotic free older adults with 
chronic primary insomnia.

METHODS

Participants
Three hundred and seventy-eight potential participants 

were recruited into the study between June 2008 and February 
2011. Participants were recruited from a variety of sources, 
including advertisements in the local newspapers of metropol-
itan Adelaide, announcements to social groups, such as senior 
citizens, and broadcasts in electronic media. Participants were 
assessed for eligibility using a semistructured telephone inter-
view, 7-day sleep diary and actigraphy, several questionnaires, 
and a single night of home-based polysomnography.

Potential participants were screened for sleep mainte-
nance insomnia using the Pittsburgh Sleep Quality Index19 
and a brief semistructured telephone interview that asked 
about typical sleep timing, daytime functioning, medication 

use, and diagnoses of any sleep disorders. 
An overnight, home polysomnography 
recording (Compumedics enhanced Somte 
portable recorders, Melbourne, Victoria) 
was conducted to screen participants for 
sleep disordered breathing and periodic limb 
movements. A trained technician prepared 
all participants for the overnight recording 
and scored the recorded polysomnography 
in accordance with the current standard sleep 
scoring criteria.20 The Geriatric Depres-
sion Scale Short Form21 was used to screen 
potential participants for depression, and the 
Depression, Anxiety and Stress Short Form22 
was used to screen potential participants for 
severe anxiety. Potential participants were 
also screened for mild cognitive impairment 
using two subtasks of the Weschler Abbrevi-
ated Scale of Intelligence.23

Individuals with an apnea-hypopnea 
index (AHI) greater than 15 (indicative of 
moderate/severe sleep apnea) were excluded 
from participation.24 Individuals with a score 
of 10 or greater on the Geriatric Depression 
Scale or those with a full-scale Weschler 
Abbreviated Scale of Intelligence quotient 
below 70, suggestive of mild cognitive impair-
ment, were also excluded from participation.

Participants were included in this study if 
they experienced (1) wake after sleep onset 
of greater than 30 min, at least three nights 
per week for a reported duration of at least 

6 mo, and (2) had impaired daytime functioning such as daytime 
fatigue or memory problems. All participants were required to 
remain free of sedatives/hypnotic medication for at least 1 mo 
prior to and throughout their involvement in the study. Partici-
pants with clear clinical symptoms of other sleep disorders or 
severe medical/psychiatric disorders were excluded. Partici-
pants were excluded if they (1) indicated the presence of sleep 
apnea (AHI > 15) or restless legs syndrome, (2) indicated the 
presence of major depression, anxiety, or serious cognitive 
impairment, or (3) consumed excessive amounts of caffeine (> 
300 mg/day) or alcohol (> two standard drinks/day).

Of these potential participants, 238 did not meet inclusion 
criteria, eight declined to participate once understanding the 
requirements of their participation, and 14 gave other idiosyn-
cratic reasons not to participate. The remaining 118 participants 
(mean age = 63.76 y, standard deviation = 6.45; male = 55) 
were randomized to either the treatment condition (N = 86) or 
to the waitlist control condition (N = 32). Figure 1 indicates the 
flow of participants through each stage of the study.

Four participants (3.4%) withdrew prior to completing treat-
ment (N = 2 CBT-I condition, N = 2 waitlist condition). The 
two participants who were randomized to the treatment group 
ceased treatment after the first session. The two participants 
who were randomized to the waitlist group ceased participa-
tion after completing pretreatment assessment. Therefore, of 
the 118 participants, 114 (97%) were classified as treatment 
completers. These participants completed all four sessions of 

Figure 1—Flowchart of participants throughout each stage of the study.

Assessed for eligibility (n = 378)

Excluded (n = 260)
- Not meeting inclusion criteria (n = 238)
- Refused to participate (n = 8)
- Other reasons (n = 14)

Randomized (n = 118)

Allocated to CBT-I (n = 86)
Received allocated intervention (n = 84)
- Did not receive allocated intervention (n = 2)
  Unwilling to follow bedtime restriction protocol

Post-Treatment Assessment
- Lost to follow up (n = 8)
  Did not return phone calls  
- Discontinued intervention (n = 0)

3-Month Follow-up
- Lost to follow-up (n = 6)
  Did not return phone calls 
- Discontinued intervention (n = 0)

Analyzed (n = 86)
Excluded from analysis (n = 0) 

Allocated to Wait-List (n = 32)
Received allocated intervention (n = 30)
- Did not receive allocated intervention (n = 2) 
   Withdrew prior to receiving intervention

Post-Treatment Assessment
- Lost to follow up (n = 1)
  Did not return phone calls
- Discontinued intervention (n = 0) 

3-Month Follow-up
- Lost to follow-up (n = 4)
  Did not return phone calls
- Discontinued intervention (n = 0)

Analyzed (n = 32)
Excluded from analysis (n = 0) 
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the treatment intervention. A total of 29 participants (25%) were 
lost to posttreatment or 3-mo follow-up assessments. Analyses 
revealed no significant differences between the two conditions 
in the rates of participants lost to follow-up (P > 0.05).

This study was granted ethics approval from the Flinders 
University Social and Behavioral Ethics Committee.

Design
This study used a 2 (treatment condition: cognitive behavior 

therapy and waitlist control) × 3 (time: pretreatment, posttreat-
ment, 3-mo follow-up) mixed factorial design to evaluate the 
efficacy of a brief treatment of cognitive behavior therapy for 
the treatment of insomnia in older adults.

Interventions

Cognitive Behavior Therapy
CBT-I comprised four weekly 60-min sessions administered 

to small groups of four to five participants. The treatment was 
a structured, multicomponent intervention including bedtime 
restriction (based on sleep restriction but with modifications 
suggested by Morin3), cognitive therapy, and an educational 
component.

During the first treatment week, the behavioral components 
of CBT-I were administered. Sleep education and hygiene as 
well as the cognitive component of CBT-I were the focus of the 
second and third treatment weeks, whereas the fourth treatment 
week comprised a summary of all the information presented 
in the previous weeks and relapse prevention. All treatment 
sessions were conducted at Flinders University.

Behavioral Component
The behavioral component used in this study was bedtime 

restriction. Bedtime restriction involves restricting the amount 
of time the participant’s spends in bed (TIB) as close as possible 
to their estimated total sleep time (TST) as calculated from their 
pretreatment sleep diary.3 For example, an individual’s average 
pretreatment bedtime may be 22:00 and out-of-bed time 06:00 
(TIB ≈ 8 h) but average reported sleep time may only be 5.5 h. 
Therefore, the new TIB would be 5.5 h. The participant would 
be asked to go to bed later and get out of bed earlier in the 
morning. This participant would, in this example, be asked to 
go to bed at 23:15 (1.25 h later) and get out of bed at 04:45 
(1.25 h earlier), so their new TIB is equivalent to their reported 
TST. At each therapy session, participants’ sleep diaries were 
individually reviewed prior to the start of the group session and 
in cases where sleep efficiency (TST/TIB *100) was greater 
than 90%, TIB was increased by 30 min for the following week. 
No participant was prescribed less than 5 h TIB, no matter how 
little his or her reported duration. Restriction of less than 5 h is 
likely to result in strong resistance from participants, making 
compliance difficult and may result in potentially dangerous 
impairments to daytime alertness and performance.3 TIB was 
titrated by the therapist in sessions two and three, and for the 
final time during the fourth treatment session.

Cognitive Component
The cognitive component is aimed at reevaluating the 

accuracy of participants’ cognitions regarding their insomnia, 

the causes of their insomnia, and presumed consequences of 
sleeplessness.3 Specifically, the therapy is aimed at identi-
fying dysfunctional cognitions related to sleep, challenging the 
validity of these cognitions, and providing more adaptive and 
rational substitute cognitions.3,25

The therapist used a variety of examples to demonstrate the 
interrelationship between cognitions, affect, and behavior.3,25,26 
The therapist initially demonstrated this interrelationship using 
examples that are unrelated to sleep disturbances and then 
proceeded to demonstrate how the same principles apply in the 
context of sleep disturbances.3,25,26 The therapist worked through 
a range of examples regarding common dysfunctional beliefs and 
attitudes about sleep, identifying the dysfunctional sleep cogni-
tions, challenging the validity of these cognitions and replacing 
them with more rational substitute cognitions.27 The therapist 
also spent time explaining that frequent feelings of anxiety and 
frustration can cause arousal of the autonomic nervous system, 
which can in turn contribute to feelings of daytime fatigue.

Education Component
The education component focused on providing participants 

with basic information about sleep and sleep hygiene practices.3 
The therapist discussed information such as the 90-min cyclical 
nature of sleep, circadian rhythms, sleep needs, and the effects 
some sleep disorders, such as insomnia, can have on the sleep 
pattern.3,25,26 Sleep hygiene practices were also discussed with 
particular reference to the effect common substances (such 
as caffeine, alcohol, and nicotine) and diet, exercise, and the 
bedroom environment can have on sleep.

Waitlist Control
Participants who were allocated to the waitlist control group 

followed the same general procedure as the CBT-I group 
through to the 3-mo follow-up but without any of the CBT-I 
component. They were treated with the CBT-I program imme-
diately after completing the 3-mo follow-up. No posttreatment 
assessment data were collected on waitlist control participants 
after completing the intervention.

Therapists
The group sessions were administered by five trainee 

psychologists (four female, one male) with experience in 
CBT-I. Participants received the same therapist for each therapy 
session. Each therapist was provided with a treatment manual 
to ensure participants in each group received identical infor-
mation. All therapists took at least one waitlist control group. 
For all therapists, a clinical psychologist specialized and highly 
experienced in treating insomnia (HW) was consulted weekly 
to discuss clinical issues, ensure proper provision of treatment, 
and maintain fidelity of treatment. Analyses revealed the credi-
bility and participant satisfaction with treatment, assessed using 
the Treatment Credibility and Satisfaction Scale36 did not differ 
across the therapists (P = 0.28).

Treatment Fidelity
A randomly chosen subset of eight therapy sessions were 

reviewed to assess treatment fidelity. These therapy sessions 
were recorded using a small, tripod-mounted video camera. 
The subset of sessions used to assess treatment fidelity included 
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two recordings of each weekly session. Two assessors indepen-
dently reviewed each recording to determine whether the thera-
pist adhered to the guidelines provided in the treatment manual. 
The assessors were asked to establish whether the therapy 
session included all information presented within the treat-
ment manual for that particular weekly session. Additionally, 
assessors were asked to determine whether the therapy session 
included any other treatment recommendations beyond those 
provided in the treatment manual. Both assessors concluded the 
eight therapy sessions reviewed did not differ from the treat-
ment manual and that therapists did not provide any additional 
therapeutic recommendations to participants.

Treatment Adherence
Although there were no formal compliance measures used in 

the current study, TIB was used as an indicator of compliance to 
CBT-I. Compliance to CBT-I was assessed by examining nightly 
TIB as reported on sleep diaries and recorded using actigraphy. 
At each weekly therapy session, participants’ sleep diary reports 
and actigraphy recordings of nightly TIB were compared to 
those prescribed as per the bedtime restriction procedure. TIB 
as reported on sleep diaries or recorded using actigraphy did not 
differ significantly from allocated TIB (P < 0.05).

Measures

Sleep Diaries and Wrist Actigraphy
Participants completed 7-day sleep diaries at screening, 

pretreatment, during treatment, post-treatment, and at 3-mo 
follow-up. Participants were required to record their bedtime, 
lights out time, and out-of-bed time on a daily basis. Participants 
also provided subjective estimates of their sleep onset latency, 
number and duration of awakenings, final wakeup time, TST 
across the night, and the amount of TIB. From these estimates, 
sleep onset time and sleep efficiency were calculated.

Actiwatch physical activity monitors (AW64 Mini Mitter, 
Oregon, USA) were used to provide an objective measure of 
wake after sleep onset, TST, and sleep efficiency at pretreatment, 
during treatment, posttreatment, and at follow-up. Each monitor 
contains a piezoelectric sensor that registers and digitally records 
body movements (via an accelerometer) at a high frequency 
sampling rate (40 times/sec). This signal is then converted into 
data counts for sequential 30-sec time epochs. Following each 
7-day interval of recording, the Actiwatch data were downloaded 
and examined using ActiTrac 5.59 software. The Actiware-Sleep 
scoring algorithm relies on the use of a threshold sensitivity 
level in determining whether a participant is awake or asleep for 
any given 30-sec epoch. The algorithm scores epochs as either 
wake or sleep by comparing activity counts for that epoch, and 
the surrounding epochs, to a threshold value. In this study, the 
threshold sensitivity was set at the recommended default medium 
sensitivity value of 40. An epoch is scored as sleep when the 
activity counts fall below or are equal to this threshold sensitivity.

Questionnaires Assessing Perceived Severity of Insomnia, Daytime 
Functioning, Confidence In and Beliefs About Sleep

The Insomnia Severity Index3 was used to assess changes in 
participants subjective impressions of the severity and effect of 
their insomnia.

Daytime functioning was assessed using the Flinders Fatigue 
Scale,29 the Epworth Sleepiness Scale,30 and the Daytime 
Feeling and Functioning Scale,31 which asked a series of ques-
tions on a four-point frequency scale (never or seldom = 0, to 
frequently or almost all the time = 3) about daytime impair-
ments over the past 2 w such as “felt irritable,” “had trouble 
with memory,” and “had a reduced quality of life.”

Participants’ confidence in their ability to sleep was assessed 
using the Sleep Self-Efficacy Scale,32 and the Sleep Anticipa-
tory Anxiety Questionnaire.33 Participants’ beliefs about sleep 
were assessed using the Dysfunctional Beliefs and Attitudes 
About Sleep Scale.34

Procedure
Following screening, eligible participants were instructed to 

begin keeping the 7-day sleep diary and wear the wrist actig-
raphy. The sleep diary and wrist actigraphy were returned prior 
to the commencement of therapy.

Each participant was then randomly allocated to one of two 
conditions (CBT-I or waitlist) on an approximately 3:1 basis. 
Participants were blocked into groups of approximately eight 
and allocated to the two conditions (six and two per condi-
tion, respectively) using a computer-generated random digit 
sequence.

Participants were required to keep sleep diaries and wear 
actigraphy each week during the treatment period. Upon arrival 
at each treatment session, the previous 7-day sleep diary was 
collected and actigraphy was downloaded. At the end of the 
session, the therapist provided each participant with a new sleep 
diary and titrated TIB as per the bedtime restriction protocol.

Posttreatment assessment occurred during the week following 
the final treatment session. Participants kept the sleep diary and 
wore the wrist actigraphy across the week and completed the 
questionnaires at the end of the week. This assessment was 
repeated 3 mo following completion of therapy. All outcome 
assessment data was collected in person.

Overview of Statistical Analyses
Linear mixed-model analyses (also referred to as mixed 

effects models or random effects models) were conducted 
to investigate between group differences in sleep timing and 
quality variables across pretreatment, posttreatment, and 3-mo 
follow-up for the CBT-I and waitlist groups. For each depen-
dent variable, fixed effects included treatment group (CBT-I, 
waitlist), within-subjects factor was time (pretreatment, post-
treatment, and 3-mo follow-up), and the two-way interaction of 
treatment group and time.

In each case, an unstructured covariance matrix was fitted to 
account for the correlation of participants’ repeated measures 
over time. Any variables with significant differences between 
the groups at pretreatment were entered as covariates to facil-
itate direct comparisons of change in the dependent variable 
across the groups. Planned comparisons were conducted for 
significant interactions between treatment group and time to 
assess the extent to which changes are attributed specifically to 
the treatment.

The clinical significance of the change in dependent variables 
was assessed using two methods. For each dependent variable, a 
treatment effect size (ES) was calculated using the mean scores 
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for each group with the formula d = (MT1 − MT2) / SDpooled. 
MT1 refers to the mean score at pretreatment, MT2 refers to the 
mean score at posttreatment, or MT3 for 3-mo follow-up, and 
SDpooled refers to the pooled pretreatment standard deviation 
across treatment type. To further examine the clinical signifi-
cance of changes over time, chi-squared analyses were used to 
compare group differences in the proportion of individuals who 
continued to meet clinical cutoff scores for insomnia at post-
treatment and 3-mo follow-up. Participants were considered to 
no longer meet the diagnostic criteria for insomnia if (1) their 
sleep diary reported nightly average wake after sleep onset 
was < 45 min, and their sleep efficiency was ≥ 80%,35-37 or (2) 
their reported insomnia severity was nonclinical (defined here as 
ISI score of < 7).3 Because the current sample comprised older 
adults who initially had a mean sleep efficiency of 66% and a 
mean wake after sleep onset of 2 h and 22 min, a more lenient 
cutoff for wake after sleep onset of 45 min or less was consid-
ered rather than the more traditional cutoff of 30 min or less.37

RESULTS

Treatment Sample Characteristics
The sample comprised equal numbers of male and females 

with an average age of 64 y. The majority of participants (72%) 
reported suffering from insomnia for more than 5 years. The 
mean intelligence quotient (IQ) of the participants was 107, 
within the normal IQ range. The mean Pittsburgh Sleep Quality 
Index score for the overall sample was 11.81. Analyses revealed 
no significant differences between the two groups on any vari-
able at pretreatment, with the exception of perceived insomnia 
severity. At pretreatment, the CBT-I group reported signifi-
cantly greater insomnia severity (mean = 16.34, SD = 3.83) 
when compared to the waitlist group (mean = 14.40, SD = 4.03), 
F(1,107) = 5.40, P = 0.022. Pretreatment insomnia severity 
scores were statistically controlled as a covariate in subsequent 
between group comparisons involving this variable.

Comparisons of Sleep Quality and Timing Following Treatment

Subjective Sleep Quality and Timing
Table 1 shows sleep diary reported sleep quality and timing, 

including the mean wake after sleep onset, sleep efficiency, 
number of awakenings, sleep onset latency, TST, bedtime, 
lights out time, sleep onset time, wake-up time, out-of-bed 
time, and TIB for both groups across time.

Immediately following treatment, participants in the CBT-I 
group reported a large reduction in wake after sleep onset, 
which was significantly greater than those reported by the wait-
list group (P < 0.001). This improvement was accompanied by a 
substantial gain in sleep efficiency, which was also significantly 
greater than that reported by the waitlist group (P < 0.001). 
Improvements of wake after sleep onset and sleep efficiency 
were maintained at 3-mo follow-up for the CBT-I group when 
compared to the waitlist group (all P ≤ 0.026).

The CBT-I group reported significantly delayed bedtime, 
lights out time, and sleep onset time relative to the waitlist group 
immediately following treatment (all P ≤ 0.016). These delays 
were accompanied by a significantly earlier out-of-bed time 
reported by the CBT-I group compared with the waitlist group 

at posttreatment (P < 0.001). At follow-up, although bedtime, 
lights out time, and sleep onset time remained significantly 
delayed relative to the waitlist group (all P ≤ 0.011), out-of-bed 
time drifted slightly later and was comparable to the waitlist 
group (P = 0.191). Participants also reported large reductions 
of TIB, which were significantly greater than those reported by 
the waitlist group both immediately following treatment and at 
follow-up (all P < 0.001).

Objective Sleep Variables
Actigraphically measured wake after sleep onset, TST, and 

sleep efficiency are shown for each group across time in Table 2.
Immediately following treatment, participants in the CBT-I 

group had significant reductions in wake after sleep onset 
compared with the waitlist group (P ≤ 0.003). However by 
follow-up, the reduction reported by those in the CBT-I did not 
differ significantly from the waitlist group (P = 0.080). Partici-
pants in the CBT-I group also reported significant reductions in 
TST when compared with the waitlist group both immediately 
following treatment and at follow-up (all P ≤ 0.026).

Perceived Insomnia Severity, Daytime Functioning, and 
Confidence and Beliefs About Sleep

Table 3 shows the mean Insomnia Severity Index, Flinders 
Fatigue Scale, Epworth Sleepiness Scale, Daytime Feeling and 
Functioning Scale, Sleep Self-Efficacy, Dysfunctional Beliefs 
and Attitudes About Sleep, and Sleep Anticipatory Anxiety 
scores for both groups across the duration of the study.

Immediately following treatment, perceived insomnia 
severity was significantly reduced for those in the CBT-I group 
(P < 0.001) and was maintained at follow-up (P < 0.001).	

Participants in the CBT-I group reported large reductions in 
fatigue, daytime sleepiness, and impaired daily feelings and 
functioning immediately following treatment. These reductions 
were significantly greater than those reported by the waitlist 
group (all P ≤ 0.009). CBT-I participants continued to report a 
significant reduction in impaired daily feelings and functioning 
at 3-mo follow-up when compared to waitlist (P = 0.011).

Immediately following treatment, participants in the CBT-I 
group reported a substantial improvement in sleep self-efficacy 
from pretreatment. This improvement was accompanied by 
reductions in dysfunctional beliefs and attitudes about sleep, 
and sleep anticipatory anxiety. These improvements were 
significantly greater than those reported by the waitlist group 
immediately following treatment (all P ≤ 0.004) and at follow-
up (all P ≤ 0.038).

Clinical Significance of Change in Subjective Sleep Quality and 
Reported Insomnia Severity Following Treatment

Table 4 indicates the proportion of individuals who no 
longer met the diagnostic criteria for insomnia at pretreat-
ment, posttreatment, and 3-mo follow-up. Of those partici-
pants who received treatment, 49% reported wake after sleep 
onset of < 45 min and a sleep efficiency of ≥ 80% immediately 
following treatment, whereas 46.5% of participants reported 
nonclinical levels of insomnia severity. These proportions were 
largely maintained at 3-month follow-up with 29% and 42% of 
participants, respectively, continuing to report sleep quality and 
insomnia severity outside the diagnostic range. The proportion 
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of participants who reported sleep quality and insomnia severity 
outside the diagnostic range was significantly greater for those 
who received CBT-I compared with the waitlist group, both 
immediately following treatment and at follow-up (P < 0.05).

DISCUSSION
The current study evaluated the efficacy of a brief 4-w group-

administered treatment program of CBT-I for older adults. 
CBT-I produced robust and durable improvements in sleep 
quality, daytime functioning, and sleep timing in comparison 
with the waitlist group.

Participants reported improvements in sleep quality across 
the majority of outcome measures, including substantial 

reductions of wake after sleep onset and increases in sleep 
efficiency. These changes were supported by large effect sizes 
(ES = 1.14-1.54) and were significantly greater than the wait-
list group both immediately following treatment and at 3-mo 
follow-up. There were initial reductions in number of awaken-
ings and sleep onset latency with CBT-I; however, these were 
not sustained at 3-mo follow-up. Participants also reported a 
trend toward greater TST following treatment. It is likely this 
trend reflects a reciprocal change in TST and TIB whereby 
TIB was reduced immediately following therapy but relaxed to 
some extent by 3-mo follow-up.

The improvements in sleep quality reported in the current 
study, particularly for wake after sleep onset and sleep 

Table 1—Predicted means, standard error and treatment effect sizes for sleep diary reported sleep quality and timing measures across time for each group

Pre Post Pre-post FU3 Pre-FU3 Interaction
Condition Mean (SE) Mean (SE) ES Mean (SE) ES F P

Subjective sleep quality
Wake after sleep onset (h) 15.14 < 0.001a 

CBT-I 2.21 (0.13) 0.91 (0.10) 1.14 1.30 (0.11) 0.80
Waitlist 2.22 (0.21) 2.18 (0.16) 0.03 2.00 (0.18) 0.19

Sleep efficiency (%) 13.18 < 0.001a 
CBT-I 66.12 (1.37) 82.64 (1.35) 1.33 77.85 (1.49) 0.95
Waitlist 66.76 (2.27) 69.77 (2.22) 0.24 70.20 (2.51) 0.28

Number of awakenings 3.22 0.044a 
CBT-I 2.75 (0.14) 2.01 (0.11) 0.60 2.52 (0.15) 0.18
Waitlist 2.49 (0.23) 2.33 (0.19) 0.13 2.55 (0.26) 0.05

Sleep onset latency (min) 2.83 0.064
CBT-I 28 (2) 20 (2) 0.36 24 (2) 0.18
Waitlist 24 (4) 25 (4) -0.06 22 (4) 0.09

Total sleep time (h) 1.27 0.286
CBT-I 5.42 (0.11) 5.66 (0.11) 0.02 5.91 (0.12) 0.49
Waitlist 5.59 (0.18) 5.56 (0.18) -0.03 5.77 (0.20) 0.18

Subjective sleep timingb

Bedtime 10.99 < 0.001a 
CBT-I 22:32 (5) 23:17 (5) 1.04 22:56 (4) 0.56
Waitlist 22:40 (8) 22:45 (8) 0.11 22:41 (7) 0.01

Lights-out time 7.95 0.001a 
CBT-I 22:47 (4) 23:24 (5) 0.91 23:07 (4) 0.48
Waitlist 22:57 (8) 23:00 (8) 0.07 22:56 (7) -0.02

Sleep onset time 3.83 0.025a 
CBT-I 23:14 (5) 23:44 (6) 0.62 23:31 (6) 0.33
Waitlist 23:21 (9) 23:26 (9) 0.11 23:20 (9) -0.02

Final wake-up time 2.01 0.139
CBT-I 05:59 (6) 05:50 (7) -0.18 06:14 (5) 0.26
Waitlist 06:19 (10) 06:26 (11) 0.12 06:25 (9) 0.11

Out-of-bed time 8.49 < 0.001a

CBT-I 06:52 (5) 06:16 (5) 0.77 06:37 (5) 0.31
Waitlist 07:03 (8) 06:59 (8) 0.09 07:04 (8) -0.02

Time in bed (h) 9.98 < 0.001a 
CBT-I 8.21 (0.10) 6.88 (0.10) 1.54 7.57 (0.09) 0.74
Waitlist 8.40 (0.16) 8.05 (0.17) 0-0.41 8.22 (0.15) 0-0.22

Group × time interactions are also shown across pretreatment, posttreatment, and 3-mo follow-up. aIndicates a significant between group × time interaction. 
bPredicted mean are shown in clock time and standard error in min. CBT-I, cognitive behavior therapy for insomnia; ES, effect size; FU3, 3-mo follow-up; SE, 
standard error.
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efficiency, are robust when compared to earlier studies inves-
tigating the use of CBT-I for late-life insomnia.11,38,39 The effect 
sizes for improvements in wake after sleep onset and sleep effi-
ciency in the current study (ES = 1.14-1.54) are nearly double 
those reported by these earlier studies (ES = 0.39-0.61) and 

are also larger than those typically reported following the use 
of individualized CBT-I14 and CBT-I in healthy young adults 
(ES = 0.57-1.00).11

Similar to the current findings, earlier studies have reported 
average reductions in the number of awakenings of 0.7 and very 

Table 2—Predicted means, standard error and treatment effect sizes for objective sleep measures (from actigraphy) across time for each group

Pre Post Pre-post FU3 Pre-FU3 Interaction
Condition Mean (SE) Mean (SE) ES Mean (SE) ES F P

Objective sleep quality

Wake after sleep onset (h) 1.95 0.149
CBT-I 0.82 (0.04) 0.63 (0.05) 0.57 0.68 (0.04) 0.42
Waitlist 0.83 (0.06) 0.84 (0.09) -0.02 0.81 (0.07) 0.07

Total sleep time (h) 12.73 < 0.001a

CBT-I 6.87 (0.10) 5.93 (0.10) 1.15 6.49 (0.10) 0.47
Waitlist 6.89 (0.16) 6.95 (0.18) 0.07 6.99 (0.16) 0.13

Sleep efficiency (%) 0.456 0.636
CBT-I 84.30 (0.66) 85.33 (0.85) 0.17 85.80 (0.79) 0.25
Waitlist 84.95 (1.05) 84.40 (1.49) -0.09 85.66 (1.29) 0.12

Group × time interactions are also shown across pre-treatment, posttreatment, and 3-mo follow-up. aIndicates a significant between group × time interaction. 
CBT-I, cognitive behavior therapy for insomnia; ES, effect size; FU3, 3-mo follow-up; SE, standard error.

Table 3—Predicted means, standard error and treatment effect sizes for perceived severity of insomnia, daytime functioning, and confidence and beliefs 
about sleep across time for each group

Pre Post Pre-post FU3 Pre-FU3 Interaction
Condition M (SE) M (SE) ES M (SE) ES F P

Reported severity of insomnia 17.34 < 0.001a

Insomnia Severity Index
CBT-I 15.71 (0.00) 7.53 (0.51) 2.06 8.47 (0.55) 1.82
Waitlist 15.71 (0.00) 14.47 (0.92) 0.31 14.48 (1.09) 0.31

Daytime functioning 5.96 0.004a

Flinders Fatigue Scale
CBT-I 14.48 (0.63) 9.14 (0.62) 1.02 9.62 (0.80) 0.93
Waitlist 13.14 (1.05) 12.56 (1.03) 0.10 12.26 (1.35) 0.16

Epworth Sleepiness Scale 6.51 0.002a

CBT-I 8.86 (0.55) 6.81 (0.50) 0.42 6.62 (0.49) 0.46
Waitlist 9.50 (0.88) 10.04 (0.81) 0.11 8.23 (0.80) 0.26

Daytime Feeling and Functioning Scaleb 8.13 0.001a

CBT-I 12.77 (0.67) 7.61 (0.63) 0.87 8.34 (0.72) 0.75
Waitlist 10.84 (1.07) 9.99 (1.04) 0.14 10.11 (1.18) 0.12

Confidence and beliefs about sleep 8.16 0.001a

Sleep Self-Efficacy
CBT-I 23.38 (0.67) 31.14 (0.84) 1.32 31.72 (1.28) 1.41
Waitlist 23.63 (1.07) 25.29 (1.38) 0.28 25.62 (2.16) 0.34

Dysfunctional Beliefs and Attitudes About Sleep 8.98 < 0.001a

CBT-I 43.90 (1.60) 31.76 (1.71) 0.86 32.83 (1.68) 0.78
Waitlist 45.54 (2.64) 44.01 (2.83) 0.11 42.75 (2.79) 0.20

Sleep Anticipatory Anxiety 6.35 0.003a

CBT-I 11.68 (0.54) 7.96 (0.54) 0.79 7.77 (0.59) 0.82
Waitlist 12.06 (0.86) 12.05 (0.89) 0.00 10.89 (0.99) 0.25

The group × time interactions are shown across pretreatment, posttreatment, and 3-mo follow-up. aIndicates significant group × time interaction. bLower 
scores indicate decreased impairment. CBT-I, cognitive behavior therapy for insomnia; ES, effect size; FU3, 3-mo follow-up; SE, standard error.
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little change in sleep onset latency immediately following treat-
ment in older adults.38 The small increase in TST reported in 
the current study mirror those of previous studies immediately 
following treatment but have demonstrated superior durability. 
Earlier studies have reported modest improvements in TST of 
approximately 14 min.38 However, unlike previous studies that 
report participants generally relapsing to pretreatment levels 
fairly quickly,38 by 3-mo follow-up there was a further mild 
increase in TST in the current study.

The current study reports few objective therapeutic effects 
following treatment. The initial declines and subsequent 
rebound by follow-up of actigraphically measured wake 
after sleep onset and TST in the CBT-I group relative to the 
unchanging waitlist group is likely a reflection of the imposi-
tion of bedtime restriction therapy and its relaxation by follow-
up. These findings are similar to earlier studies using actigraphy 
to assess the efficacy of CBT-I interventions.12,18,38,40,41 Research 
has consistently demonstrated low correlations between self-
reported and actigraphically assessed sleep,42,43 with actigraphy 
producing different estimates of sleep time, number of awak-
enings, and sleep onset latency than sleep diaries.44,45 Further-
more, a recent study reported polysomnographically derived 
TST, sleep latency, wake after sleep onset, and sleep efficiency 
could not discriminate adults with primary insomnia from good 
sleepers.46

Participants in the current study reported improvements 
in perceived severity of insomnia, daytime functioning, and 
confidence in and beliefs about sleep. All improvements were 
statistically larger than those reported by the waitlist group and 
were clinically effective, particularly for perceived insomnia 
severity, fatigue, sleep self-efficacy, and dysfunctional beliefs 
and attitudes about sleep (ES = 0.86-2.06). These improve-
ments were all durable with participants continuing to report 
greater improvements at 3-mo follow-up when compared to the 
waitlist group, with the exception of fatigue and sleepiness.

Very few studies investigating the use of CBT-I in older 
adults have included outcome measures of daytime functioning, 
instead focusing on demonstrating therapeutic effects in terms 
of sleep quality. Lichstein and Morin26 included outcome 
measures of fatigue, sleepiness, dysfunctional beliefs and 

attitudes about sleep, and insomnia severity when evaluating 
the use of individually administered sleep compression in late-
life insomnia. Immediately following treatment, participants 
reported moderate reductions in these measures with small 
effect sizes (ES = 0.04-25). Although the current study reported 
moderate reductions in sleepiness, there were large reductions 
in fatigue, dysfunctional beliefs and attitudes about sleep, and 
insomnia severity.

Morin and colleagues17 included the Insomnia Severity Index 
as an outcome when assessing the efficacy of a 10-w group-
based program of CBT-I in 24 older adults (mean age = 61 y) 
with chronic insomnia. Morin and colleagues17 reported a reduc-
tion following treatment similar to the current study using only 
about half the number of treatment sessions.

In a more recent study, Buysse and colleagues14 included 
the Epworth Sleepiness Scale as an outcome measure when 
assessing the benefits of an individually administered brief 
behavioral intervention for insomnia in older adults, which 
was based on sleep restriction and education. Unlike the 
current study, which showed a moderate effect-size reduction 
of daytime sleepiness following treatment (mean reduction of 
2.06), Buysse and colleagues14 reported that daytime sleepiness 
remained relatively unchanged following their intervention 
(mean reduction of 0.31).

After CBT-I, participants were going to bed, turning their 
light off, and falling asleep later than before treatment. Partici-
pants who received CBT-I also reported getting out of bed 
earlier after treatment, resulting in less TIB following treat-
ment and at follow-up when compared with the waitlist group. 
These changes in sleep timing were generally large in effect 
(ES = 0.62-1.04) and differed significantly from changes 
reported by the waitlist group.

The standardized nature of the current program ensures 
effective administration of the program by individuals who 
are not extensively trained. This program has the potential to 
be administered by health care workers, nurses,47 or even via 
media such as the Internet, to allow self-guided treatment by 
the patient.

There are several noteworthy limitations of the current 
study. Despite the beneficial effects demonstrated, the high 
rate of attrition reflects the difficulties associated with enroll-
ment and delivery of group-based interventions. The waitlist 
control group did not receive any placebo control. Therefore, 
the therapeutic effect of nonspecific treatment effects, such 
as social support and observational learning, remain unclear. 
The current study also did not use any objective assessment of 
daytime functioning (i.e., test of executive function), but would 
be recommended for future research.

When interpreting the findings of the current study, it is 
important to acknowledge this sample comprised community-
dwelling individuals who had relatively unimpaired daytime 
functioning, volunteered for an intensive university-based 
study, and had no comorbid medical or psychiatric conditions. 
Therefore, caution should be used when attempting to gener-
alize the current findings to more typical clinical populations 
and individuals who are medically ill, dependent on hypnotic 
agents, frail, or institutionalized. The evaluation of the efficacy 
of brief group-based CBT-I programs for these populations 
should be a primary aim of further research.

Table 4
Time

Pre Post FU3
WASO < 45 min and sleep efficiency > 80%

CBT-I 3 (3.6%) 36 (49.3%)a 19 (29.2%)a

Waitlist 2 (6.9%) 2 (7.4%) 0 (0.0%)
Insomnia Severity Index < 7

CBT-I 0 (0.0%) 33 (46.5%)a 27 (42.2%)a

Waitlist 0 (0.0%) 1 (4.0%) 2 (9.1%)

Number and percentage of participants with wake after sleep onset 
of < 45 min and sleep efficiency > 80% for group and time (pretreatment, 
posttreatment, and 3-mo follow-up). Also shown is the number and 
percentage of participants with Insomnia Severity Index < 7 for group and 
time. aIndicates significant difference when compared to waitlist (at the 
0.05 level). CBT-I, cognitive behavior therapy for insomnia; FU3, 3-mo 
follow-up; WASO, wake after sleep onset.
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In summary, the brief group-administered treatment program 
used in the current study has demonstrated clinical effective-
ness at least equal to that of other longer, more individualized 
programs. It promises to be a brief and inexpensive answer to 
the effective treatment of insomnia in the older population. 
Many of the changes in sleep quality and daytime functioning 
reported immediately following treatment were larger in magni-
tude than those demonstrated for older adults in the past. This 
was particularly the case of wake after sleep onset and sleep 
efficiency. The magnitude of these benefits is at least compa-
rable even to those that have been reported following treatment 
in healthy younger adults. Although there is a lack of published 
literature examining the durability of changes following treat-
ment in older adults, the current study demonstrates substantial 
(3-mo) durability of improvements.
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