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ORIGINAL ARTICLE
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Abstract

Background: Uncoupled sleep is a phenomenon characterised by a dis-
connect between sleep pattern and sleep complaint. This study examined
the impact of uncoupled sleep on dysfunctional sleep beliefs and objective
and subjective sleep outcomes in community-dwelling older adults follow-
ing digitally delivered Cognitive Behavioural Therapy for Insomnia (CBT-I) to
assess how these groups respond to CBT-I.
Methods: Objective sleep was measured using wrist actigraphy, subjective
sleep quality via sleep diaries and the Pittsburgh Sleep Quality Index (PSQI).
Dysfunctional sleep beliefs were assessed by the Dysfunctional Beliefs and
Attitudes about Sleep scale (DBAS-16). All measurements were taken prior
to and following a 4-week online CBT-I program. Linear mixed model and
generalised linear mixed model analyses were conducted to examine objec-
tive and subjective sleep onset latency, total sleep time, wake after sleep
onset and number of awakenings as well as PSQI and DBAS-16 scores,
respectively.
Results: Out of 80 enrolled participants, 62 participants (55 females, 89%;
16 complaining good sleepers, 26 complaining poor sleepers, 11 non-
complaining good sleepers, and nine non-complaining poor sleepers) com-
pleted the study. CBT-I reduced dysfunctional sleep beliefs across all
sleeper classifications. Objective and self-reported changes in sleep param-
eters were demonstrated in complaining poor sleepers without uncoupled
sleep. Complaining good sleepers with uncoupled sleep only reported a
decrease in the number of subjective sleep awakenings. There were no
changes in sleep outcomes in non-complaining good and non-complaining
poor sleepers.
Conclusions: Online CBT-I was effective in improving the sleep outcomes
of individuals who had both subjective and objective poor sleep. However,
as the online CBT-I reduced dysfunctional sleep beliefs in all sleep groups,
further examination of dysfunctional sleep beliefs and whether they mediate
the outcomes of digital CBT-I in older adults will need to be conducted.

INTRODUCTION
Older adults report a high rate of sleep problems,
with about 60% complaining of insomnia.1 Insomnia
has a negative impact on quality of life, with the
associated daytime impairment leading to increased
stress and social isolation. In addition, insomnia in
older individuals is often falsely attributed to the

ageing process and therefore remains under-
diagnosed and undertreated.2 A diagnosis of insom-
nia by a healthcare professional is generally based
on self-reported symptoms,3 and often a comprehen-
sive sleep assessment is not possible due to the
demands of provision of care for insomnia within the
current funding and time constraints, and the lack of

© 2023 The Authors
Psychogeriatrics published by John Wiley & Sons Australia, Ltd on behalf of Japanese Psychogeriatric Society.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

298

doi:10.1111/psyg.12931 PSYCHOGERIATRICS 2023; 23: 298–310

https://orcid.org/0000-0003-3568-5030
mailto:y.kutzer@ecu.edu.au
http://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=378451
http://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=378451
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fpsyg.12931&domain=pdf&date_stamp=2023-01-18


comprehensive practice guidelines.4 Without such
assessment it is difficult to identify individuals with
sleep state misperception: those who complain of
insomnia but who do not have poor sleep, so-called
uncoupled sleepers. It has been estimated that nearly
70% of older adults with sleep problems present with
uncoupled sleep characterised by the presence of a
sleep complaint and the absence of a sleep problem:
they are complaining good sleepers (Fig. 3).5, 6 Con-
versely, individuals who have poor sleep but who do
not complain about having insomnia are non-
complaining poor sleepers. These individuals are
unlikely to seek help from their healthcare practitioner
as they do not consider themselves as affected by
poor sleep, and the health outcomes or treatment
requirements of this group are unknown.5

Several studies have suggested that cognitive pro-
cesses are important factors in the development and
maintenance of insomnia regardless of whether
uncoupled sleep is present or not,7,8 and that this is
especially true in older adults.9 Cognitive Behavioural
Therapy for Insomnia (CBT-I) is the gold-standard
treatment approach for insomnia as recommended
by the Australasian Sleep Association.10 However,
the availability of therapists trained in CBT-I is lim-
ited, and <10% of individuals with insomnia symp-
toms have access to CBT-I provided by a healthcare
professional.1 Newer treatment modalities, such as
online-delivered CBT-I, have been developed to help
address these issues. Digitally delivered CBT-I has
demonstrated efficacy,11 and in a recent systematic
review and meta-analysis has been shown to signifi-
cantly increase sleep efficiency, total sleep time, and
to reduce sleep onset latency as well as wake after
sleep onset and insomnia severity.12 In addition,
online CBT-I has been shown to be efficacious in
treating older adults with insomnia.13

While it is known that CBT-I is effective, what is
less clear is for whom it works as 20%–30% of indi-
viduals with self-reported insomnia do not respond to
CBT-I treatment.7 Since the characteristics of those
non-responders are not well-understood, this study
assessed how digitally delivered CBT-I affected the
sleep outcomes of older adults, namely: sleep onset
latency, the time taken to fall asleep; total sleep time,
the time spent asleep in bed following sleep onset;
wake after sleep onset, the sum of all periods of
wakefulness that occur after sleep onset; the number
of awakenings, the total number of nocturnal

awakenings following sleep onset; and self-reported
sleep quality, depending on whether they were clas-
sified as complaining good sleepers, complaining
poor sleepers, non-complaining good sleepers, and
non-complaining poor sleepers. Complaining good
sleepers and non-complaining poor sleepers are the
groups presenting with uncoupled sleep. We antici-
pated that complaining good sleepers and
complaining poor sleepers would show improved
sleep outcomes following CBT-I, whereas non-
complaining good and non-complaining poor
sleepers would not.5,14 In addition, dysfunctional
sleep beliefs, maladaptive perceptions around sleep
and wake, have been implicated in the aetiology of
insomnia in older adults,15 and we examined these
as a secondary outcome, as well as self-reported
sleep quality. We hypothesised that complaining
good sleepers and complaining poor sleepers would
exhibit greater changes in dysfunctional sleep beliefs
and self-reported sleep quality than non-complaining
good and non-complaining poor sleepers.

METHODS
Recruitment
Ethics approval for this study was granted by the
university’s Human Research Ethics Committee and
informed written consent was obtained from all par-
ticipants prior to their inclusion in the study. This
study was conducted in accordance with the ethical
standards outlined in the Declaration of Helsinki.

Older adults with and without self-reported poor
sleep were recruited from the Western Australian
community from March 2020 to March 2021 using a
targeted Facebook advertisement. Facebook was
used because older adults are the social media plat-
form’s fastest growing user group.16 Participants
were eligible to take part if they were aged 60–
80 years, had not been diagnosed with a sleep disor-
der other than insomnia (e.g., obstructive sleep
apnoea), did not currently have a psychiatric or cog-
nitive disorder, were not employed as a shift worker
in the past year, had not been diagnosed with epi-
lepsy or chronic fatigue syndrome and did not have a
high fall risk. Sleep restriction therapy, which formed
part of the CBT-I program, can result in daytime
sleepiness and should not be used for individuals
with conditions that are exacerbated by sleepiness,
including epilepsy, sleep disordered breathing, or

Sleep in older adults after treatment
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mental health disorders such as bipolar disorder or
schizophrenia.17 In addition, poorer cognitive perfor-
mance, which can be a side effect of sleep restric-
tion, has been shown to lead to an increased fall risk
in older adults.18 We therefore excluded older adults
with epilepsy, an existing diagnosis or increased risk
of developing obstructive sleep apnoea, as well as
bipolar disorder and schizophrenia and high fall risk.
Screening for obstructive sleep apnoea was con-
ducted using the STOP-Bang questionnaire, a brief
self-report instrument which has demonstrated high
sensitivity in detecting sleep apnoea.19 High fall risk
was assessed using a simplified version of the
STEADI algorithm, by asking the following three
questions: ‘Do you feel unsteady when standing or
walking?’, ‘Do you worry about falling?’, and ‘Have
you had a fall in the past year?’20

A total of 175 initial expressions of interest were
received, and of those 142 participants were
assessed for eligibility. The remainder did not
respond when they were contacted about the study
(33 individuals). Out of the 142 participants who were
screened for eligibility, 34 individuals were not eligible
to participate: 15 were excluded due to high risk of
developing or having an existing diagnosis of
obstructive sleep apnoea, five due to self-reported
restless legs syndrome, four on account of high fall
risk, three as a result of poorly managed anxiety
and/or depression, two on account of the age crite-
rion, and one participant each was excluded as they
had bipolar disorder, post-traumatic stress disorder,
or had been a shift worker in the past year. Two addi-
tional participants were excluded due to other medi-
cal conditions that were not part of the exclusion
criteria per se, but were deemed potential contraindi-
cations for sleep restriction therapy (polycythemia
vera and chronic fatigue syndrome). Twenty-eight
respondents withdrew following the screening pro-
cess citing lack of time. This left 80 participants who
completed the baseline data collection. An additional
15 participants were lost to follow-up: five partici-
pants withdrew due to health reasons, including pain,
one due to a lack of time, one had no access to a
computer, and the remaining eight did not give a rea-
son for discontinuing. Three participants were
excluded due to missing actigraphy data, leaving a
total of 62 participants who completed both mea-
surements (Fig. 1).

Design
This study comprises a non-randomised trial, con-
sisting of a single arm, pre-test and post-test design.
Study participants completed online questionnaires
using Qualtrics software (Qualtrics XM Platform™
software, Qualtrics, Provo, UT, USA), to evaluate
sleep outcomes and dysfunctional sleep beliefs. In
addition, participants wore an Actigraph model
wGT3X-BT activity monitor (ActiGraph, Pensacola,
FL, USA) and completed a sleep diary over 96 h (72 h
plus an additional 24 h to account for non-wear time).
The activity monitor has demonstrated accuracy,
allowing for sleep–wake estimation comparable
with polysomnographic sleep assessment.21 The
actigraphy recording time was in keeping with guide-
lines governing actigraphy use which recommend a
minimum period of data collection of 72 h.22 Partici-
pants with sleep recordings of <36 h were excluded
from the analysis.

Participants were considered poor sleepers if their
actigraphy-measured sleep onset latency or wake
after sleep onset was ≥31 min, three times or more
during the recording period (i.e., on a minimum of
3 days out of 4 days of actigraphy recordings), and a
complaining sleeper if they reported having had a
sleep problem for a minimum of 6 months at
baseline data collection. This categorisation was
based on quantitative criteria stipulated in previous
research.14,23 The sleep complaint criterion was eval-
uated in the baseline questionnaire by assessing two
separate self-report items: (1) ‘Do you have a sleep
problem? (Yes/No)’, ‘If yes, please describe your
sleep problem (e.g., trouble falling asleep, long or fre-
quent awakenings, waking up too early)’ (2) ‘How
long have you had this sleep problem? (e.g., weeks
or months)’.

Primary outcome measures
Actigraphic sleep assessment and sleep diary data
were used to assess objective and subjective sleep
onset latency, wake after sleep onset, total sleep
time, and number of night-time awakenings. Sleep
efficiency was excluded as it is calculated with time
in bed as the denominator, which can create a meth-
odological problem in sleep intervention research
where sleep restriction therapy is employed. This can
result in the improvement of sleep efficiency due to a
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participant’s adherence to instructions to reduce time
spent in bed, not because of treatment effects of the
intervention.24

The sleep diary followed the format of the Consen-
sus Sleep Diary – Core,25 with the addition of ques-
tions about nap times and use of sleep medication.
The diary recorded information such as time of get-
ting into bed, time attempting to fall asleep, sleep
onset latency, number of awakenings, duration of
awakenings, time of final awakening, final rise time,
perceived sleep quality, and a section allowing open-
ended comments.

Secondary outcome measures
Sleep-related dysfunctional beliefs were assessed
with the Dysfunctional Beliefs and Attitudes about
Sleep scale (DBAS-16).26 The DBAS-16 is comprised
of 16 statements about individuals’ beliefs and

attitudes about their sleep. Questions such as ‘I am
worried that I may lose control over my abilities to
sleep’ are scored on a 10-point Likert scale. The
DBAS-16 has been found to reliably discriminate
between self-reported good and poor sleepers in
older adult populations and has been proven to have
adequate internal consistency (Cronbach α = 0.79 for
research samples).26,27 Scores ≥4 are indicative of
unrealistic expectations about sleep.27

The Pittsburgh Sleep Quality Index (PSQI)28 was
used to examine sleep quality. The PSQI consists of
19 items and examines sleep quality and distur-
bances over the past month. The first four questions
are open, whereas items 5–19 are rated on a four-
point Likert scale. Individual item scores from the
seven sections are calculated first, and those seven
component scores are subsequently added up to cal-
culate the global score, ranging from 0 to 21. A sleep

Assessed for eligibility (n= 142)

Excluded (n=49)
Not meeting inclusion criteria (n= 34)
OSA diagnosis or high risk (n= 15)
RLS (n= 5)
Fall risk (n= 4)
Unmanaged anxiety/depression (n= 3)
Outside age range (n= 2)
Other (n= 5)

Declined to participate (n= 15)

Analysed (n=16)
Excluded from analysis
(n=0)

Completed follow-up 
assessment (n=16)

Allocated to group CG
(n=22)

Group allocation

Analysis

Follow-Up

Enrollment

Allocated to group CP
(n=30)

Allocated to group NG
(n=14)

Allocated to group NP
(n=14)

Completed follow-up 
assessment (n=27)

Completed follow-up 
assessment (n=11)

Completed follow-up 
assessment (n=9)

Analysed (n=26)
Excluded from analysis 
(missing actigraphy data) 
(n=1)

Analysed (n=11)
Excluded from analysis 
(n=0)

Analysed (n=9)
Excluded from analysis 
(n=0)

Figure 1 Study process flow chart.
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score of >5 is indicative of poor sleep quality. The
PSQI measures sleep quality in a broader sense than
just insomnia severity. The PSQI has good internal
consistency (Cronbach α = 0.83).28

Covariates
In addition to the outcome variables outlined above,
we recorded gender, age, alcohol consumption (con-
sumption of alcohol yes or no, if yes, did the partici-
pant consume >4 standard drinks on a regular basis),
smoking status (yes or no), employment status and
caffeine consumption (in mg; consumption above
500 mg/day exceeds daily guidelines).

Procedure
Once participants expressed their interest in taking
part, the lead researcher arranged an appointment
for a 15–30 min screening call. During the screening
call, participants were assessed for an existing diag-
nosis of a sleep disorder other than insomnia, psychi-
atric or cognitive disorders, current employment as a
shift worker, a diagnosis of epilepsy, and fall risk.
Once individuals were confirmed eligible and had
provided written confirmed consent, they were
emailed the link to the baseline questionnaire. Fol-
lowing completion, participants were contacted again
to arrange for the actigraph to be sent out to them.
Based on their sleep complaint status, as recorded in
the questionnaire, and their actigraphy results, partic-
ipants were then grouped into four sleep categories:
non-complaining good sleepers, complaining good
sleepers, non-complaining poor sleepers and
complaining poor sleepers.

The return of the actigraph triggered the next
phase of the study protocol, which was the comple-
tion of the online CBT-I intervention. All participants
regardless of insomnia status were asked to com-
plete the intervention and all received the same
instructions. Once participants confirmed they had
completed the CBT-I program, participants were
emailed the follow-up questionnaire. As before, sleep
was then recorded via actigraphy over four consecu-
tive nights.

Description of intervention
The CBT-I intervention is a self-guided online CBT-I
program, consisting of four modules, which was
developed by Clinical Research Unit for Anxiety &
Depression at the University of New South Wales.29

The first module involves the delivery of background
information about sleep hygiene. Modules two and
three examine maladaptive cognitive processes and
behaviours and focus on sleep restriction, stimulus
control and cognitive therapy. Module four covers
relaxation techniques. Participants are unable to cus-
tomise the program content to reflect their particular
sleep problem, but the intervention covers all facets
of insomnia, for example difficulties falling asleep or
waking too early. Program users are prompted to
complete one module a week including associated
reading material and to keep a sleep diary. Access to
the intervention is freely available to individuals resid-
ing in Australia. Research examining the efficacy of
the program indicated that 65% individuals with self-
reported insomnia experienced insomnia remission
following treatment.30 Prior to this trial, we conducted
a feasibility study to examine the suitability of this
digital intervention in a sample of older adults
(unpublished manuscript).

Completion of the online program was assessed
by self-report. Participants were required to complete
the entire CBT-I program. The lead researcher con-
tacted the participants on a weekly basis for an
update on progress, and to confirm the participant
had completed the module. Participants were
required to finish the program within 8 weeks of reg-
istration. Study participants who failed to respond to
the lead researcher’s request for an update after two
reminders were excluded from the study. Sixty-two
participants confirmed that they had completed all
four modules of the program.

Data scoring and analysis
An a priori power analysis was conducted using
G*Power version 3.1.9.7 for sample size estima-
tion,31 based on data from a published study
(N = 103 participants (mean = 72.81 years;
SD = 7.12)),23 which compared subjective and objec-
tive sleep patterns in older adults. The effect size in
the published study was 0.68, and this was consid-
ered a medium effect using Cohen’s criteria.32 With a
significance criterion of α = 0.05 and power = 0.80,
the minimum sample size needed with this effect size
is N = 40. Thus, the obtained sample size of N = 62
should be sufficient to test the study hypothesis.

Actigraphy measures were scored using the Cole-
Kripke algorithm, which is suitable for use with older
populations,33 and ActiLife software (ActiLife

Y. Kutzer et al.
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6 software, Version 6.13.1, ActiGraph). The actigraph
was set to record activity in tri-axial mode and light
over 60-s epochs. Statistical analysis using linear
mixed modelling was conducted using JASP (Version
0.14.1). A random intercept linear mixed effect model
was fitted to the objective and subjective outcomes
of total sleep time, wake after sleep onset, as well as
PSQI and DBAS-16 scores. A random intercept gen-
eralised linear mixed effect model was fitted to the
objective and subjective sleep onset latency and the
number of awakenings outcomes. For each model,
time point, sleep group, gender, age, alcohol con-
sumption, smoking status, employment status, and
caffeine consumption were included as fixed effects,
and participant as the random effect. The interaction
between time point and sleep group was also
included as a term in the models. The linear model
assumptions of zero mean, homoskedasticity, and
normality of residuals were confirmed by examining
residuals plots. A violation of the homoskedasticity
assumption for sleep onset latency and number of
awakenings outcomes was addressed by fitting a
generalised linear effect model using the Poisson log-
arithmic link function. An interaction between time
point and group was included to estimate treatment
outcomes separately prior to and following the inter-
vention. Restricted maximum likelihood was used to
fit the model, and a Holm adjustment was employed
to adjust for multiple comparisons. Model terms were
tested using the Satterthwaite approximation.34 The
effect sizes (partial eta squared, η2p and Cramer’s φ)
were manually calculated. An effect size of η2p ≤ 0.01

was indicative of a small effect size, ≤0.06 was con-
sidered a medium and≥0.14 a large effect size. For
Cramer’s φ an effect size of ≤0.10 was considered a
small effect size, ≤ 0.30 a medium and ≥0.50 a large
effect size.35

RESULTS
A total of 80 participants completed the question-
naires and actigraphy assessment at baseline, with
78 out of 80 participants completing data collection
for all four actigraphy measurement days. The base-
line sleep outcomes are reported elsewhere (manu-
script submitted for publication, see Appendix S1).

Post-intervention questionnaires and actigraphy
recordings were completed by 62 participants

(55 females; 89%), with 58 providing actigraphy data
for all four measurement days, with the remainder
providing between 3 and 2 days of actigraph data.
The mean age was 66 years (SD = 3.82). Forty-one
participants were retired (65%), six participants were
in full-time employment (10%), five participants were
part-time employed (8%), five participants were self-
employed (8%), two participants were not employed
and not looking for work (3%), and one participant
respectively was a student, full-time carer or looking
for employment (2%).

Based on questionnaire responses and actigraphy
outcomes at baseline, participants were categorised
as complaining good sleepers (16), complaining poor
sleepers (26), non-complaining good sleepers
(11) and non-complaining poor sleepers (9). An over-
view of the number of participants in each group can
be found in Table 1.

Actigraphy-defined sleep continuity
The sleep outcomes for each of the sleep groups can
be found in Table 2. A graphic representation of
the changes can be seen in Fig. 2. There were no
significant changes in objective sleep onset latency
following the CBT-I intervention. For objective total
sleep time, linear mixed modelling indicated that
there was a significant main effect for time (F
(1,511.48) = 4.923, P = 0.03), a small effect size
(η2p = 0.01). An interaction effect of time and group

was observed (F(3,517.61) = 2.741, P = 0.04); this

Table 1 Number of participants in each sleep group at pre- and
post-intervention

Gender Sleep group Pre-intervention Post-intervention

Female CG 20 14 (70%)
CP 28 24 (86%)
NG 11 9 (82%)
NP 12 8 (67%)

Male CG 2 2 (100%)
CP 2 2 (100%)
NG 3 2 (67%)

Total NP 2 1 (50%)
CG 22 16 (73%)
CP 30 26 (87%)
NG 14 11 (79%)
NP 14 9 (64%)

Total 80 62

Abbreviation: CP, complaining poor sleepers; NG, non-complaining good
sleepers; CG, complaining good sleepers; NP, non-complaining poor
sleepers. Changes in group allocation pre- to post-intervention are due to
loss to follow-up.
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was again a small effect (η2p = 0.02). Objective total

sleep time decreased slightly in all groups following
CBT-I, but was only significant in complaining poor
sleepers, with a decrease of over half an hour. For
objective wake after sleep onset, linear mixed model-
ling revealed there was a significant main effect for
group (F(3,73.82) = 24.962, P< 0.001), and this was a
large effect size (η2p = 0.50). There was also an inter-

action effect of time and group (F(3,518.51) = 6.449,
P< 0.001): a small effect size (η2p = 0.04). Objective

wake after sleep onset in the complaining poor sleeper
group significantly decreased following the intervention,
almost 12min lower post-intervention. There were no
significant differences in any of the other groups; how-
ever, the objective wake after sleep onset across the
two poor sleep quality groups (complaining poor
sleepers and non-complaining poor sleepers) was
31min lower following the CBT-I intervention compared
to the good sleep quality groups (complaining good
and non-complaining good sleepers). For objective
number of awakenings, generalised linear mixed
modelling revealed there were no significant changes
following the intervention in any of the groups. How-
ever, the poor sleeper groups (non-complaining poor
and complaining poor sleepers) had a significantly
lower number of awakenings following the CBT-I inter-
vention compared with the good sleeper groups.

Self-reported sleep continuity
For the self-reported measurements of sleep no sig-
nificant main effect for subjective sleep onset latency
was found. For subjective total sleep time, linear

mixed modelling showed there was a significant main
effect for group (F(3,74.44) = 3.56, P = 0.02), a
medium effect size (η2p = 0.13), but no effect for time.

The non-complaining sleeper groups (non-
complaining good sleepers and non-complaining
poor sleepers) reported a subjective total sleep time
close to 45min lower than that of the complaining
sleeper groups (complaining good sleepers and
complaining poor sleepers). For subjective wake after
sleep onset, a significant main effect for time was
found (F(1,513.89) = 13.318, P<0.001), a small effect
size (η2p = 0.03). There was a significant main effect

for group also (F(3,74.01) = 6.108, P<0.001), a large
effect size (η2p = 0.20). Subjective wake after sleep

onset decreased in all four groups; however, statisti-
cally significant changes were only found in the
complaining poor sleeper group (between group
mean difference = 26.37, P<0.001) following the
CBT-I intervention. When we combined complaining
good and complaining poor sleepers, the complaining
sleeper groups reported wake after sleep onset that
was 26min lower than that of the non-complaining
groups. For subjective number of awakenings, gener-
alised linear mixed modelling revealed there was a sig-
nificant main effect for time (χ2 (1, N = 556) = 14.53
P<0.001), a small effect size (Cramer’s φ = 0.16), and
group (χ2 (3, N = 556) = 8.29 P = 0.04), also a small
effect size (Cramer’s φ = 0.07). The complaining good
sleeper group reported a significantly lower number of
awakenings following the CBT-I intervention (between
group mean difference = 0.821, P<0.001), but there were
no significant differences in any of the other groups.

Table 2 Mean differences for sleep outcomes pre/post-intervention

Group MDiff CG CP NG NP
Good vs.

poor sleepers

Complaining vs.
non-complaining

sleepers

Objective SOL (SE) 0.14 (0.4) �0.08 (0.3) 0.12 (0.6) 2.83 (1.6) �3.2 (2.6) 0.83 (2)
Objective TST (SE) 1.71 (10.1) 34.1 (8.7)* 8.45 (12.1) 6.66 (12.6) �2.54 (11.2) �12.66 (12.1)
Objective WASO (SE) �1.16 (3.4) 11.74 (3)* 0.4 (4.13) �8.75 (4.3) �30.94 (3.74)* 0.81 (4.05)
Objective number Awakenings (SE) �0.03 (0.5) 1.3 (0.6) �0.57 (0.6) 0.18 (0.9) 2.65 (1.6) �11.86 (2.3)*
Subjective SOL (SE) �0.57 (0.7) 7.47 (3.3) 3.66 (1.9) �1.93 (1.1) 6.43 (5.1) 1.91 (4.4)
Subjective TST (SE) �19.26 (13.3) �2.51 (11.5) �13.34 (15.97) �5.88 (16.7) �19.02 (13.7) �44.2 (14.9)**
Subjective WASO (SE) 13.76 (7.5) 26.37 (6.5)* 16.82 (9) 5.61 (9.4) 11.31 (7.1) 26.21 (7.7)***
Subjective number Awakenings (SE) 0.82 (0.3)* 0.47 (0.2) 0.32 (0.3) 0.11 (0.2) 0.72 (0.4) �0.4 (0.4)*
DBAS-16 0.78 (0.1)* 0.45 (0.1)* �0.05 (0.1) 0.66 (0.14)* 0.18 (0.3) 0.81 (0.3)#

PSQI 2.49 (0.3)* 1.11 (0.2)* 1.46 (0.3)* 1.34 (0.3)* 0.17 (0.5) 2.59 (0.6)*

Notes: Higher scores indicate improved outcome. Pairwise comparisons from the mixed effects models pairwise comparisons based on time. Abbreviation:
CG, complaining good sleepers; CP, complaining poor sleepers; DBAS-16, Dysfunctional Beliefs and Attitudes about Sleep scale (16 items); NG, non-
complaining good sleepers; NP, non-complaining poor sleepers; No. Awakenings, number of nocturnal awakenings; PSQI, Pittsburgh Sleep Quality Index;
SOL, sleep onset latency; TST, total sleep time; WASO, wake after sleep onset. *P < 0.001. **P = 0.018. ***P = 0.003. #P = 0.045.
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Ac�graphy-measured total sleep �me 
Ac�graphy-measured wake a�er sleep onset 

Dysfunc�onal sleep beliefs 

Sleep diary-measured number of awakenings 

Ac�graphy-measured number of awakenings Ac�graphy-measured sleep onset latency

Figure 2 Changes in objective and subjective sleep measures following the online Cognitive Behavioural Therapy for Insomnia (CBT-I) inter-
vention. CG, complaining good sleepers, CP, complaining poor sleepers, NG, non-complaining good sleepers, NP, non-complaining poor
sleepers.
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Dysfunctional sleep beliefs
For dysfunctional beliefs, linear mixed modelling rev-
ealed there was a significant main effect for time (F
(1,472.53) = 53.979, P < 0.001), a medium effect size
(η2p = 0.10). There was also an effect of alcohol con-

sumption (>4 standard drinks) (F(1,521.05) = 17.317,
P< 0.001), a medium effect size (η2p = 0.09) and

employment status (F(9,393.30) = 7.013, P<0.001), a
large effect size (η2p = 0.14). In addition, we found an

interaction effect of time and group (F(3,481.54)
= 8.608, P<0.001), a small effect (η2p = 0.05).

Complaining good sleepers showed significantly
lower dysfunctional beliefs following the CBT-I inter-
vention, as did complaining poor sleepers, and non-
complaining poor sleepers, but not non-complaining
good sleepers. Overall, DBAS-16 scores of the

complaining sleeper groups were lower following the
intervention than those of the non-complaining
sleeper groups.

Self-reported sleep quality
Linear mixed modelling showed a significant main
effect for time (F(1,476.52) = 129.287, P < 0.001,
η2p = 0.21) with a large effect size, group (F

(3,65.98) = 7.007, P< 0.001, η2p = 0.24), gender (F

(1,63.40) = 4.040, P = 0.049, η2p = 0.06), caffeine

consumption (F(1,329.54) = 31.152, P<0.001,
η2p = 0.09), and employment status (F

(9,325.43) = 6.886, P<0.001, η2p = 0.16). There was

also an interaction effect between time and group (F
(3,488.15) = 6.998, P<0.001), with a small effect size

Sleep diary-measured wake a�er sleep onset 

Sleep diary-measured sleep onset latency

Figure 2 Continued
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(partial η2 = 0.04). Those that were in full-time
employment had PSQI scores that were on average
five points higher than the reference group (full-time
carers). All groups showed significantly lower PSQI
scores following the CBT-I intervention. When we
combined complaining good and complaining poor
sleepers, the complaining sleeper groups had lower
PSQI scores than the non-complaining sleeper
groups.

DISCUSSION
This study compared the outcomes of CBT-I in older
adults with and without uncoupled sleep. We
detected a statistically significant decrease in objec-
tive and subjective wake after sleep onset in the
complaining poor sleeper group. In complaining good
sleepers with uncoupled sleep we only noted a sig-
nificant reduction in the number of subjective noctur-
nal awakenings. We did not find any changes in
sleep onset latency, the time taken to fall asleep, in
any of the groups. Earlier research has reported that
sleep problems differ across age groups, with youn-
ger adults describing difficulties relating to sleep
onset latency, whereas older adults mainly exhibited
problems with wake after sleep onset.1 This could
explain why changes were reported in the time indi-
viduals spent awake during the night but not with
sleep onset.36

Our findings suggest that the self-guided, online
CBT-I program might be effective in improving both
subjective and objective sleep in individuals without
uncoupled sleep who fit traditional insomnia criteria

but also older adults with uncoupled sleep. We did
not find any differences in objective or subjective
sleep in non-complaining poor sleepers following
CBT-I, even though these individuals have poor
objective sleep. However, self-rated sleep quality,
measured using the PSQI, significantly increased in
all four groups, and dysfunctional sleep beliefs were
significantly reduced in complaining good and poor
sleepers as well as in non-complaining poor
sleepers. These findings are in line with recent sys-
tematic reviews suggesting that CBT-I reduces dys-
functional sleep beliefs, thus contributing to the
easing of insomnia symptoms.37,38 We previously
examined levels of dysfunctional beliefs in older
adults in a cross-sectional study (manuscript sub-
mitted for publication) and found that non-
complaining poor sleepers had the same low levels
of dysfunctional beliefs as normal sleepers. It is
possible that CBT-I outcomes are influenced by the
level of dysfunctional sleep beliefs, and in their
recent paper Sella et al.9 stressed that during the
COVID-19 pandemic changes in self-reported sleep
quality in older adults were predominantly associ-
ated with changes in dysfunctional sleep beliefs.
Since non-complaining poor sleepers appear to
have lower levels of maladaptive sleep beliefs,
sleep improvements following CBT-I might not be
easily quantifiable. More research is required to
investigate whether dysfunctional sleep beliefs
mediate the treatment outcomes of CBT-I in older
adults, which components of CBT-I are most effec-
tive, and if CBT-I could be better tailored to meet
individual needs. Differences in subjective and
objective sleep outcomes in the sleep groups fur-
ther indicate that a patient’s sleep complaint
requires more extensive assessment in primary
care. As dysfunctional sleep beliefs were reduced in
all sleep groups apart from normal sleepers, this
could indicate that sleep problems in these older
adults might have a substantial cognitive compo-
nent, that might not be solved by the provision of
sleep medication alone. Indeed, in this study indi-
viduals with a sleep complaint frequently reported
taking sleep medication as a precaution when they
anticipated poor sleep. Additional research is
required examining whether the use of sleep medi-
cation is associated with a worsening of dysfunc-
tional beliefs and subsequent sleep deterioration in
older adults complaining of poor sleep.

Insomnia complaint

Present Absent

Poor 
sleep

Present Complaining poor 
sleeper (CP)

Non-complaining 
poor sleeper (NP)

Absent Complaining good 
sleeper (CG)

Non-complaining 
good sleeper (NG)

Figure 3 Representation of sleep pattern and sleep complaint
categories.
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Our study had several limitations. We observed
an unexpected decrease in objective total sleep
time in all groups following the intervention. This
could have been due to the fact that we conducted
the follow-up measurements immediately after the
invention, and it is possible that participants still
followed the prescribed sleep restriction protocol,
which is part of the CBT-I program. In addition, we
used actigraphy to measure objective sleep, which
has lower accuracy for sleep onset latency
compared to polysomnography.39,40 However, actigraphy
has the advantage to allow for the measurement of
objective sleep in a naturalistic setting. We further
used a convenience sample, and while the recruit-
ment advertisement clearly stated that the aim of
the study was to investigate sleep in older adults in
general, the sample may have been biased toward
those who were concerned about having insomnia.
Another possible limitation is the fact that the data
collection coincided with the onset of the COVID-19
pandemic, which was not controlled for in this
study, and which could have impacted outcome
measures. However, due to the absence of commu-
nity transmission and only minimal lockdowns in
Western Australia at the time, we anticipated that
the impact would be low. The small sample size
could suggest a reduction in statistical power and
affect generalisability, which may have been further
impacted by the relatively high attrition rates in our
sample.

In addition, the use of a convenience sample of
individuals who self-selected as being interested in
learning more about their sleep presents a possible
limitation of this study. However, we anticipated the
risk of bias to be low, as we included respondents
who reported not having sleep problems and whose
participation was not motivated by a desire to
improve their sleep. Furthermore, our study utilised a
pre- and post-test design, an approach associated
with several limitations.41 Non-randomisation of par-
ticipants limits the generalisability of the findings. The
repeated use of the assessment questionnaires in
itself may have introduced bias, since administration
of the same tests could have resulted in familiarity
with the assessment questions, resulting in higher
scores. Furthermore, due to time and financial con-
straints, we were unable to administer a later post-
test in addition to the one administered immediately
following the intervention. We recommend that future

research studies should employ randomisation and
an additional post-test 6 months after study comple-
tion to help address the limitations identified.

A strength of our study was that we used both
subjective and objective sleep measures.8 In addi-
tion, we studied CBT-I outcomes in varying classifi-
cations of poor sleepers with differing subjective
assessments of their sleep. This could provide direc-
tion for future research into treatment mechanisms of
CBT-I in complaining good sleepers compared with
complaining poor sleepers, and whether they are dis-
tinct from each other.

CONCLUSIONS
The self-guided, online CBT-I program appears to be
most effective in improving sleep outcomes in older
adults who do not have uncoupled sleep compared
with older adults with uncoupled sleep. However,
since dysfunctional sleep beliefs decreased in all
groups, and subjective sleep quality increased in all
except normal sleepers, it could be argued that
CBT-I could hold some benefits even for those
uncoupled sleepers who have poor sleep but lack a
sleep complaint who do not typically seek help for
sleep disturbances. Future research should employ
mediation analysis to examine whether dysfunctional
beliefs mediate CBT-I outcomes in coupled and
uncoupled good and poor sleepers.
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