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Abstract

Objectives Insomnia has widespread negative implications for health and well-being. Online delivery of mindfulness-based
therapy for insomnia (MBTI) has not previously been evaluated. This study investigated the feasibility and preliminary
efficacy of a digital MBTI program for improving insomnia symptoms. It was hypothesized that a 6-week digital MBTI pro-
gram would reduce insomnia symptoms and pre-sleep arousal and improve mood, compared to a waitlist control condition.
Methods Twenty-seven participants (M =29.44, SD=11.97 years) experiencing insomnia symptoms (insomnia severity
index [ISI] > 8) were randomized to either a 6-week intervention or waitlist condition. Participants completed the ISI, pre-
sleep arousal scale (PSAS), and the positive and negative affect schedule at baseline, mid-, and post-study. Feasibility was
assessed across four domains (acceptability, implementation, practicality, and preliminary efficacy) using self-reports, attri-
tion, program completions, and module completions.

Results Feasibility data for the intervention indicated that there was 22% attrition, and 79% of the modules were completed.
There were significantly greater reductions in the severity of insomnia symptoms (p <.001) and both cognitive (p =.03)
and somatic (p =.02) subscales of the PSAS, at post-intervention compared to the waitlist group. There were no significant
group differences in mood.

Conclusions This study provides preliminary evidence of the feasibility and efficacy of a digital MBTI, which may assist in
the broader dissemination of insomnia treatment.

Trial Registration Australian and New Zealand Clinical Trials Registry: ACTRN12620000398909

Keywords Sleep - Cognitive behavioral therapy for insomnia - Digital mindfulness-based therapy - Pre-sleep arousal -
Mood

Insomnia is a highly prevalent sleep disorder, with between
10 and 20% of adults experiencing insomnia disorder at any
point in time (Chung et al. 2015) and 30 and 45% experienc-
ing sub-clinical symptoms (Adams et al. 2017). Insomnia
is characterized by sleep disturbances at least three times
a week, including difficulty falling or staying asleep and
waking too early, despite adequate opportunity to sleep,
and is accompanied by significant daytime impairment or
distress (American Psychiatric Association 2013). When left
untreated, insomnia can have widespread negative mental
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and physical health implications, including a significant risk
factor for development of worsening of psychiatric disorders
(Walsh 2004).

While there are multiple theories for the etiology of
insomnia, there is a consensus that heightened arousal
interferes with sleep. Morin et al.’s (1993) cognitive behav-
ioral model proposes that individuals with insomnia have
heightened levels of physiological, cognitive, and emotional
arousal that creates a cycle that maintains insomnia. Ong
et al. (2012) extended models of arousal to include primary
and secondary arousal. Primary arousal refers to cognitive
activity that directly interferes with sleep, while secondary
arousal refers to the attention and emotional biases towards
negative sleep-related cognitions. Ong et al.’s (2012) meta-
cognitive model of insomnia proposes that it is the interac-
tion of these two levels that maintains insomnia.
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Despite the considerable impact of insomnia on health
and well-being, there remains a lack of access to treatment
(Ree et al., 2017). Cognitive behavioral therapy for insomnia
(CBTi) is considered the first-line treatment for insomnia
(Ree et al., 2017). Numerous studies have demonstrated
CBTi as an effective, non-invasive treatment for reducing
insomnia symptoms (Trauer et al., 2015). The efficacy of
digital CBTi programs has also been demonstrated across
a number of randomized trials (Luik et al., 2017; Seyffert
et al., 2016). Although 30-40% of individuals achieve full
remission after in-person CBTi (Morin et al., 2009), CBTi
may not be effective for everyone (Garland et al., 2016).
Interestingly, individuals who continue to experience insom-
nia symptoms after CBTi also often experience residual cog-
nitive arousal (e.g., rumination, worry), which may explain
the low remission rates (Kalmbach et al. 2019). An adjunct
therapy, which may address this limitation of CBTi, incor-
porates mindfulness.

Mindfulness refers to a state of conscious, intentional,
and non-judgmental awareness of the present moment expe-
riences (Gong et al. 2016). Training individuals in mindful-
ness involves cultivating an intentional awareness to inter-
nal and external present moment experiences, often through
meditation practices (Baer et al., 2004). Mindfulness-based
therapy for Insomnia (MBTI), which has received growing
interest in recent years, integrates mindfulness techniques
with the behavioral components of CBTi (Ong et al., 2012).
Combining mindfulness with elements of CBTi may have
additional benefits as they are theorized to work through
different mechanisms (Ong et al., 2012). While the cognitive
component of CBTi challenges and changes dysfunctional
thought content (Ong et al., 2014), MBTI alters the rela-
tionships with these thoughts through mindfulness (Ong &
Smith, 2017). In addition, an increased awareness and non-
judgmental stance in individuals with insomnia is theorized
to help individuals shift from reactive to adaptive responses
towards their insomnia symptoms, to reduce sleep distur-
bances, and to effectively manage emotional reactions (Ong
etal., 2012).

There is growing evidence that MBTI is an effective treat-
ment for reducing the severity of insomnia symptoms in indi-
viduals with insomnia (Ong et al., 2008, 2009, 2014). First
in-treatment development studies, a 6-week group-based
MBTI was found to significantly reduce insomnia severity
index (ISI) scores in individuals with insomnia (Ong et al.,
2008, 2009). The long-term benefits of an 8-week MBTI,
delivered in a group format, were subsequently confirmed in
a controlled trial (Ong et al., 2014). One of the key benefits of
MBTI appears to be the reduction of hyperarousal. MBTI has
been found to consistently reduce self-reported physiological
(e.g., sensation of heart pounding) and cognitive (e.g., racing
thoughts) arousal in individuals with insomnia (Ong et al.,
2008, 2009, 2014, 2018). There are theoretical justifications

for reducing sleep-related arousal in individuals with insom-
nia, as hyperarousal has been hypothesized to be crucial in
the etiology and perpetuating cycle of insomnia (Espie, 2002;
Morin et al., 1993; Ong et al., 2012). Thus, reduction in both
cognitive and somatic arousal may be one mechanism by
which MBTI improves insomnia symptoms.

Another key symptom of insomnia theorized to be involved
in its maintenance is impaired emotional functioning (Ong
et al., 2012). Insomnia is characterized by significant daytime
impairment and/or sleep-related distress (American Psychiat-
ric Association 2013), including impairments in mood, such
as emotional distress, mood disturbances, irritability, and
emotional dysregulation (Ong et al., 2018), and sleep-related
anxiety and depression (Jansson & Linton, 2007). It is theo-
rized that the principles of mindfulness, including increasing
acceptance and awareness, and decreasing attachment, may
uniquely target mood, to improve sleep outcomes (Ong et al.,
2012). Currently, there is mixed evidence with regard to the
impact of mindfulness-based therapies on mood in individuals
with insomnia (Black et al., 2015; Garland et al., 2014; Ong
etal., 2018; Yook et al., 2008; Zhang et al., 2015). Thus, there
is a need to further clarify the relationship between MBTI and
emotional functioning.

One of the key limitations of therapist-delivered insomnia
therapy is the scarcity of trained practitioners (Meaklim et al.
2020), thus hampering dissemination and implementation of
the therapy. Insomnia therapies can be costly and accessibility
is limited, particularly for those in regional or remote areas
(Luik et al., 2017). Extending MBTT to digital platforms may
address the limitations of current insomnia treatments, by
increasing the convenience, time efficiency (Griffiths et al.,
2006), and scalability of treatment. The efficacy of deliver-
ing digital MBTI has not been evaluated previously (Ong &
Moore, 2020; Shallcross et al., 2019). Given the high preva-
lence and negative implications of insomnia, broadening the
population accessing treatment is invaluable.

Therefore, the current study aimed to assess the feasibility
and efficacy of a digital MBTI (dAMBTTI) program for reducing
insomnia symptoms as the primary outcome, and reducing
pre-sleep arousal and improving mood as secondary outcomes,
in individuals experiencing symptoms of insomnia. It was
hypothesized that participants who received a 6-week dAMBTI
program would have significantly better outcomes on both pri-
mary and secondary outcomes compared to those assigned to
a waitlist condition.

Methods
Participants

The participants were recruited via an online advertise-
ment posted to a research portal for staff and students at
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the university and flyers posted around the campus. Flyers
were also posted to community centers (e.g., local librar-
ies). Advertising material informed the potential partici-
pant that participants were also recruited from the waiting
list at the university healthy sleep clinic. The wait time for
new appointments was approximately 4—6 weeks, so poten-
tial participants were asked whether they would be happy
to delay their clinic appointment while completing the trial
or they could withdraw from the study at any time should
they wish to take up their appointment sooner. Participants
were given further information about the study’s details
in the explanatory statement via email. Inclusion criteria
were sub-threshold to clinical insomnia (as determined by
an ISI score > 8), complaints of sleep disturbances at least
three nights a week for at least 1 month, fluent in English,
and at least 18 years old. Exclusion criteria were a current
or history of psychiatric conditions with the exception of
treated depressive and anxiety disorders, other sleep dis-
orders (including high risk of sleep apnea on the STOP-
BANG Questionnaire) unless medically treated, medical
conditions or medications that may affect sleep, and learn-
ing disabilities.

A priori sample size was calculated based on the pri-
mary outcome (ISI), using summary data from Ong et al.
(2014), comparing an 8-week MBTI to a self-monitoring
control; this study found that MBTI reported lower scores
on ISI compared to control, with a Cohen’s d of 1.02. It
was estimated that 34 participants were required to detect
an effect size of 1.02 between groups on the ISI, with 80%
power and a of 0.05, using a two-tailed test.

The consort diagram of the flow of participants is pre-
sented in Fig. 1. Thirty-two participants were initially
recruited and randomly allocated to either treatment or

Fig.1 Consort diagram of flow

of participants Enrolment

Allocation

waitlist groups. Five participants withdrew from the study
after randomization; one was withdrawn prior to commence-
ment of the program, and four withdrew during the study,
leaving a final sample of 27. All participants who withdrew
had a moderate level of insomnia at baseline, except for one
who had a severe insomnia at baseline.

The means, standard deviations, and baseline insomnia
scores of the sample are displayed in Table 1. The final sam-
ple included 26 females and one male, aged between 19 and
60 years (M =29.44 years, SD=11.97 years). There were 14
participants in the intervention group and 13 in the waitlist
group; the groups were well balanced on age, and there were
no significant differences on any of the baseline measures
between group. The majority of participants had moderate-
severe insomnia at baseline, with three participants reporting
sub-threshold insomnia.

Procedure

This study was a randomized waitlist control trial of an
online MBTI intervention compared to a waitlist control
condition with a 1:1 allocation ratio, utilizing a two (group)
by three (time) repeated measures design. Ethics approval
was obtained from Monash University Human Research Eth-
ics Committee prior to the study. The study was registered
on the Australian and New Zealand Clinical Trials Regis-
try (ACTRN12620000398909). Eligibility was determined
by screening questionnaires, including the STOP-BANG
and ISI during a subsequent telephone interview, and writ-
ten informed consent was obtained from all participants.
All participants completed the ISI, PSAS, and PANAS at
baseline via Qualtrics. Participants were then randomly
allocated to either the intervention or waitlist groups, via
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Table 1 Descriptive statistics of the sample and outcome measures at
baseline (n=27)

Participant characteristic Treatment group Waitlist group
N 14 13
Age (years)
Mean (SD) 27.6 (10.42) 31.5(13.57)
Range 20-59 19-60
Sex (female:male) 14:0 12:1
Insomnia severity category at

baseline
Sub-threshold (ISI< 10) 2 1
Clinical (IST 10-28) 12 12
Baseline ISI 16.29 (4.69) 16.77 (3.42)
Baseline PSAS
Somatic subscale 17.07 (8.08) 13.85 (4.86)
Cognitive subscale 27.86 (8.13) 24.46 (8.78)
Baseline PANAS
Positive affect 29.14 (8.72) 26.38 (7.19)
Negative affect 23.07 (10.03) 21.85 (7.61)

Note. SD standard deviation; a=Cronbach’s alpha, IS/ insomnia
severity index, PANAS positive affect negative affect schedule, PSAS
pre-sleep arousal scale

random number generation using block randomization. Par-
ticipants were not blinded to group allocation. The inter-
vention group accessed the program online via a link, and
asked to complete one module of the program per week, for
6 weeks. Waitlist participants were asked to not commence
any insomnia treatment during the study and were given
free access to the program post-study. Participants were also
asked to refrain from completing any other treatment during
the study. Participants were provided a link to the Qualtrics
survey to complete at the end of module three/week 3 (mid)
and at the end of the study (week 6; post). The KIMS was
delivered at the end of treatment. Recruitment commenced
in April 2019, and data was collected from May 2019 and
June 2020. Participants in the intervention group completed
an exit interview at the conclusion of the study, and program
usage data was obtained from A Mindful Way. Participants
received a $A50 gift voucher upon completion.

Intervention

The intervention was a 6-week online MBTI program A
Mindful Way to Healthy Sleep (amindfulway.com.au). The
program comprised of six, weekly online modules, which
included video lessons, written content, a course workbook
for reflective exercises, downloadable meditation recordings,
and a weekly quiz. The mindfulness training followed the
teaching structure, similar to the MBTI program developed
by Ong et al. (2008), which included “informal” mindfulness
practices and “formal” foundational mindfulness practices

(breath awareness, body scan, mindful movement, 3-min
breathing space, and mindfulness of thoughts and emotions).
Daily meditation practice of 15-30 min was expected. The
CBTi training included sleep hygiene, stimulus control,
sleep restriction, cognitive restructuring, and relaxation
training. Participants logged into the A Mindful Way website
each week and completed the training in their own time. The
program involved automated email reminders (and encour-
agement provided in these emails) provided to participants
throughout the course, and a psychologist responded to any
non-clinical questions (e.g., technical issues).

Measures

Feasibility was assessed across four domains of the frame-
work for conceptualizing feasibility studies developed by
Bowen et al. (2009). Acceptability was assessed via self-
report of the overall program satisfaction and perceived
benefit during exit interviews conducted in the intervention
group. Implementation was assessed by program adher-
ence (defined as the percentage of modules completed) and
study attrition rates. Practicality was assessed via responses
to weekly questionnaires that collected qualitative infor-
mation after the completion of each weekly module (e.g.,
“What were the barriers (if any) to putting what you learned
into practice?”). Preliminary efficacy was operationalized as
effect size estimations of changes in primary and secondary
outcomes in the intervention vs waitlist groups.

The primary outcome was symptoms of insomnia, meas-
ured using the insomnia severity index (ISI), a 7-item self-
report questionnaire that measures the severity of insomnia
symptoms in the last 2 weeks (Bastien et al., 2001). This
scale was also used as a screening tool for study inclusion.
An example item is “How satisfied/dissatisfied are you with
your current sleep pattern?”. Greater total scores indicate
higher clinical risk for insomnia. Measured on a 5-point Lik-
ert scale, the first three questions range from zero “none”
to four “very severe,” and questions four to seven range
from zero “very satisfied” to four “very dissatisfied.” All
items were summed to obtain a total score ranging from 0
to 28, and indicate sub-threshold insomnia (8—14), clinical
insomnia with moderate severity (15-21), and severe clinical
insomnia (22-28) (Bastien et al., 2001). Total scores > 10
have been found to be optimal for detecting insomnia cases
in community samples (Morin et al., 2011), and therefore
this was used as the cut-off for clinical cases in the current
study. Remission was defined as a score < 10 on the ISI post-
treatment. A change of > 8 points on the ISI from pre-to
post-study was considered a clinically significant response
(Morin et al., 2011). The ISI had good internal reliability in
this study (a=0.70).

The pre-sleep arousal scale (PSAS), a 16-item self-report
questionnaire, measures the subjective intensity of arousal
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experienced when attempting to fall asleep on two subscales:
somatic arousal and cognitive arousal (Nicassio et al., 1985).
The PSAS is measured on a 5-point Likert scale; responses
range from one “not at all” to five “extremely.” Higher total
scores indicate increased pre-sleep arousal. An example item
is “worrying about falling asleep.” The cognitive (a=0.93)
and somatic (@ =0.90) subscales had excellent internal reli-
ability in the current study.

The PANAS is a 20-item self-report questionnaire that
measures mood over the past week (Watson et al., 1988). It
has two subscales: positive affect (PA) and negative affect
(NA). The PANAS is measured on a 5-point Likert scale,
ranging from one “very little/not at all” to five “extremely,”
and is scored by summing all items on each scale, with a
total maximum score of 50 for each subscale. An example
item is “indicate the extent you have felt excited over the past
week.” Higher total scores for PA items indicate higher PA,
and lower scores on the NA scale indicate lower NA. The PA
(x=0.90) and NA (¢=0.90) subscales had excellent internal
reliability in this study.

The Kentucky Inventory of Mindfulness Skills (KIMS)
is a 39-item self-report measure of mindfulness skills (Baer
et al., 2004). The KIMS is measured on a 5-point Likert
scale; responses range from zero “never or very rarely true”
to five “very often or always true,” and scored by summing
each subscale (observe, describe, act with awareness, accept
without judgment), with some items reversed scored.

Data Analyses

Implementation of the program was assessed using the fol-
lowing outcomes: attrition (drop outs prior to completion)
across the whole sample (%), attrition in the intervention
group (%), and module completion (%). Acceptability and
practicality were assessed using overall themes identified
from weekly questionnaires and the end of study interview
in the intervention group. Preliminary efficacy was assessed
using Cohen’s d to determine the effect sizes of the differ-
ences between the groups at mid- and post-study.
Descriptive statistic of means and standard errors were
calculated for each outcome across all time points. Three
participants had missing data for their entire mid-point ques-
tionnaires; for this reason, the primary analyses included
pre- and post-intervention data only. A repeated measures
analysis of variance (ANOVA) was conducted to examine
the main effects of group (intervention and waitlist control)
and time (baseline and post-study) and their interaction, on
all three outcomes of ISI scores, PSAS (somatic and cogni-
tive subscales), and PANAS (PA and NA subscales). The
effect sizes were calculated using partial eta square. For par-
ticipants who had clinical insomnia (ISI>10) at baseline,
response and remission rates were calculated. For response
rate, a clinically significant ISI change score was defined
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as reduction of 8 points or more on the ISI (Morin et al.,
2011), and remission rate was calculated as the proportion
of participants who fell below an ISI of 10 post-study in each
group. Within group paired samples, ¢ tests were employed
to determine if there were any statistically significant within-
treatment effects in the outcome measures at each time point.
An independent samples 7 test was performed to compare the
KIMS scores in the treatment versus the waitlist groups at
the end of the study. One participant in the treatment group
did not complete the KIMS questionnaire, leaving N=26
for this analysis. The significance for p value was set at 0.05
for all analyses.

Results
Program Feasibility
Acceptability

Overall, the course was positively received and accepted,
with participants reporting that they were “more relaxed
about not sleeping” and “slept better throughout the course.”
The participants also reported that they were overall “satis-
fied” with the program and that they had found it “helpful.”

Implementation

The overall attrition rate of the study was 16%, with five
out of the initial 32 participants randomized subsequently
withdrawing from the study. All participants randomized
to the waitlist group, except one, completed the trial. Of the
18 participants randomized into the intervention group, 14
completed the protocol (study completion rate =78%); three
participants dropped out, and one was withdrawn from the
study by the investigators due to medical reasons. The aver-
age program completion rate of the six modules was 79%.

Practicality

The barriers identified included the feasibility of scheduling
time to practice the program and fitting sleep strategies into
everyday life.

Preliminary Efficacy

Means standard deviations and Cohen’s d effect sizes for
difference in primary and secondary outcomes between
groups at mid- and post-study are shown in Table 2. Dif-
ferences were observed between groups at post-study for
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the IST and PSAS subscales, with moderate to large effect
sizes. Smaller effect sizes were noted for the PANAS
positive affect scale, with negligible effects for negative
affect. Further inferential statistics were also conducted
on these outcomes.

The Efficacy of the Program on the Severity
of Insomnia Symptoms

The results of the repeated measures ANOVA for the ISI are
reported in Table 3. There was a significant interaction effect
between group and time on the ISI, with the treatment group
demonstrating a significantly reduced severity of insom-
nia symptoms at follow-up compared to the waitlist group
(p<0.001, Fig. 2). There was also a significant main effect of
group (p=0.014) and time (p <0.001), with an overall reduction
in the ISI over the study (Fig. 2).

Within the treatment group, there was a mean 9.4-point
reduction in the ISI score, from 16.29 at baseline to 6.86
post-study, representing a clinically significant change
(Morin et al., 2011). Of the participants who had an ISI > 10
at baseline, 9 of 12 participants in the intervention group
achieved remission (75%), and 1 of 12 participants (8.3%) in
the waitlist group achieved remission, scoring an ISI below
10 post-study. The response rate in the intervention group
was 83%, with 10 out of 12 participants having a clinically
significant reduction in ISI score (> 8), compared to 1 of 12
participants (8.3%) in the waitlist group.

The Efficacy of the Program on Pre-sleep Arousal

The results of the repeated measures ANOVA for the PSAS are
reported in Table 3. There were significant interaction effects
between group and time for both the cognitive (p=0.03) and
somatic (p=0.02) subscales of the PSAS (Fig. 3 and 4). There

Table3 Main and interaction effects from the repeated measures
ANOVA on insomnia symptoms, pre-sleep arousal, and affect

Variable af MS F )4 Partial Eta®
ISI

Group 1 224.68 693 0.014* 22
Time 1 458.17 4477 <.001* .64
Timexgroup 25 174.61 17.06 <.001* 41
PSAS cognitive scale

Group 1 383  0.03 .86 .001
Time 1 847.48  21.73 <.001* 47
Time X group 25 208.07 5.34 .03* 48
PSAS somatic scale

Group 1 1.23 .02 .89 .001
Time 1 15.64 .80 .38* .03
Time X group 25 115.19 5.89 .02% .19
PANAS PA

Group 1 21275 2.38 .14 .09
Time 1 832 .18 .68 .01
Time X group 25 19.88 42 .52 .02
PANAS NA

Group 1 91.64 3.15 .88 11
Time 1 423.86 14.57 .001* 37
Time X group 25 91.64 3.15 .09 11

Note. N=27. MS mean square. "p <.05

ISI insomnia severity index, PANAS positive affect negative affect
schedule, PSAS pre-sleep arousal scale

was also a significant main effect of time for cognitive arousal
(p<0.001), but not for somatic arousal (p=0.38).

The Efficacy of the Program on Daily Affect

The results of the repeated measures ANOVA for the
PANAS subscales are reported in Table 3. There were no

Table 2 Descriptive statistics

", ; . Outcome Time point Intervention Waitlist Cohen’s d
and effect sizes for difference in Mean (SD) Mean (SD)
ISI, PSAS, and PANAS between
groups at mid (3 weeks) and ISI Mid-study 11.14 (3.35) 14.30 (5.52) 72
post-study Post-study 6.86 (3.63) 14.60 (6.87) 1.49
Cognitive arousal (PSAS) Mid-study 22.36 (8.83) 20.60 (10.18) .19
Post-study 16.00 (7.10) 19.20 (11.48) -.35
Somatic arousal (PSAS) Mid-study 14.57 (4.07) 14.20 (4.41) .08
Post-study 13.07 (4.98) 14.40 (6.31) =24
Positive affect (PANAS) Mid-study 24.21 (9.90) 23.70 (11.25) .05
Post-study 29.57 (7.47) 24.80 (10.84) .53
Negative affect (PANAS) Mid-study 18.79 (6.20) 19.10 (6.62) -.05
Post-study 14.86 (5.78) 16.20 (6.00) -.02

Note. Mid-study: n=14 in the treatment group, n=10 in the waitlist group. Post-study: n=14 in the treat-
ment group, n= 13 in the waitlist group. /SI insomnia severity index, PANAS positive affect negative affect
schedule, PSAS pre-sleep arousal scale
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Fig.2 Insomnia severity index
scores in the treatment and 20
waitlist groups at baseline and 1 = Waitlist
post-study. Note: Error bars - = = Intervention
represent 95% CI
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significant interaction effects between group and time for
either subscale of the PANAS (Fig. 5 and 6). There was,
however, a significant main effect of time, with negative
affect improving in both groups at follow-up (p =0.001;
Fig. 5).

Mindfulness Skills
There was no significant difference observed in KIMS scores
at follow-up between the treatment group (M =129.77,

SD=13.24) and the waitlist group M =121.62, SD=21.04) (¢
(24)=-1.182, p=0.25; 95% CI [-22.39, 6.08], Cohen’s d=0.46).
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Post-study
session

Discussion

This study examined the feasibility and efficacy of a
dMBTI program for improving sleep in individuals with
sub-clinical to clinical levels of insomnia. Following this
novel dMBTI program, the treatment group revealed sig-
nificant improvements in the severity of insomnia symp-
toms and in pre-sleep arousal compared to the waitlist
group; however, there were no significant improvements
in daily affect. It is the first study to our knowledge to
investigate the feasibility and efficacy of an dMBTI pro-
gram in individuals experiencing symptoms of insomnia
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Fig.4 Somatic Subscale scores
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and adds to the growing body of literature demonstrating
the benefits of digital therapies for insomnia (Grierson
et al., 2020).

The first aim of this study was to assess the feasibility,
acceptability, and barriers of this dAMBTI program. Partici-
pants reported positive feedback from the program includ-
ing promoting relaxed attitudes around sleep and improved
sleep. This is comparable with other online insomnia pro-
grams (Kuhn et al., 2016). Time constraints and the feasi-
bility of implementing sleep-strategies were identified as

Pcst-study
session

barriers by participants in the intervention group. Partici-
pants were concerned about the feasibility of scheduling
the time to practice the program, which included 1- to 2-h
weekly modules and the practice of mindfulness exercises,
and fitting sleep strategies into everyday life. Despite this,
we demonstrated a 79% completion rate in this study. Other
online insomnia treatments have identified similar barri-
ers, including themes of competing demands in an online
CBTi program (Hermes et al., 2019). The similar profile of
positive perceptions and barriers identified in this program
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Fig.6 Means and standard
errors of the negative affect
subscale of the PANAS in the
treatment and waitlist groups at
baseline and post-study. Note:
Error bars represent 95% CI
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together with those in other online insomnia interventions
would suggest that the current intervention’s feasibility may
be comparable to that of other online insomnia interventions.

In this study, the program module completion rate was
79%; this is higher treatment adherence reporting for other
online insomnia treatments, estimated at 52% in a meta-
analysis (Horsch et al., 2015). Although there is currently
no standard in adherence measures, definitions include inter-
action with the program (e.g., model completion), drop-out
rates, and likeliness to adhere to the treatment post-exper-
iment (Horsch et al., 2015). In comparison to insomnia
interventions delivered face-to-face, which have identified
attrition as a “major issue” (Hermes et al., 2019), the cur-
rent study also reported better retention, with a drop-out rate
of 22% in the intervention group. A meta-analysis reported
that therapist-delivered CBTi had drop-out rates of up to
33% (Okajima et al., 2011). The lower attrition rates and
increased adherence observed in this study may be explained
by the extra support offered as part of the A Mindful Way
program, whereby a clinical psychologist and the research-
ers responded to the participants’ questions and provided
email reminders and encouragement. Previous research has
found that this type of support is important for CBTi pro-
gram adherence (Andersson, 2009). Ultimately, the current
study’s good completion rate would further suggest that
dMBTI may be a feasible treatment for insomnia.

The results of this study supported the hypothesis that
a 6-week dMBTI program would reduce insomnia symp-
toms, as a significantly greater reduction in ISI scores was
observed in the treatment compared to the control group.
Moreover, a clinically significant ISI change score of 9.43
was observed in the intervention group (Morin et al., 2011).

@ Springer

Post-study
session

In comparison to other insomnia treatments, a meta-analysis
reported a change score of 5.88 on the ISI for dCBTi (Ye
et al., 2016), indicating that IMBTI may be comparable to
other online insomnia interventions. Furthermore, of the
participants who had clinical levels of insomnia at baseline,
75% achieved remission (i.e., ISI score < 10) after the inter-
vention. There was also a response rate of 85% in the inter-
vention group, compared to only 8% in the waitlist group,
indicating a moderate improvement. This is comparable to
an in-person MBTI trial, which observed a remission rate
of 50% and response rate of 78% in a sample of individu-
als with chronic insomnia (Ong et al., 2014). While these
figures should be taken with caution given the small sample
size, the promising remission and response rates observed
in this study may suggest that dMBTI could be an effective
clinical treatment.

The significant reduction in ISI scores in the treatment
versus control group is consistent with previous research
demonstrating ISI improved following group-delivered
MBTI (Ong et al., 2008, 2009, 2014). For example, the aver-
age treatment response of MBTI on the ISI was reported as
4.56 in one controlled study (Ong et al., 2014) and 5.33 in
an uncontrolled study (Ong et al., 2008). While previous
research demonstrated these improvements in the severity
of insomnia symptoms when MBTI was administered face-
to-face, the current study is the first to evaluate dMBTI.
The current study highlights that MBTI delivered through a
digital format can improve the severity of insomnia symp-
toms beyond face-to-face delivery. Additionally, this study
employed a novel approach to reducing insomnia symptoms
by delivering the intervention individually, in contrast to
previous research that delivered MBTI in a group format.
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Moreover, individually delivered programs can help facili-
tate increased autonomy in an individual’s treatment of their
insomnia. The significant reduction in ISI scores found in
this study not only aligns with existing literature, but also
extends MBTI to novel delivery platforms, thus supporting
dMBTI as a viable treatment for significantly reducing the
severity of insomnia symptoms.

The second hypothesis, that a 6-week dMBTI program
would reduce pre-sleep arousal, as measured on somatic
and cognitive subscales of the PSAS, compared to waitlist
controls, was supported. This finding supports the theory
that arousal is a pivotal mechanism in the maintenance of
insomnia and that insomnia symptoms can be improved
by reducing arousal (Espie, 2002; Morin et al., 1993; Ong
et al., 2012). These significant results align with the majority
of previous research, which has consistently demonstrated
that MBTI reduced arousal (Ong et al., 2014, 2018, 2008,
2009). Furthermore, the finding that the cognitive subscale
(pre=27.86, post=16.00) had a greater reduction than the
somatic subscale (pre =17.07, post=13.07) in the treatment
group supports previous findings of a greater reduction in
the cognitive compared to the somatic subscale after group
MBTI (Ong et al., 2008). Thus, the current study dem-
onstrates support for the efficacy of dMBTI for reducing
arousal and may help to explain why MBTI may be superior
to CBTi for some individuals.

An exploratory aim of this study was to examine the
impact of dMBTI on affect, as measured by the PANAS.
There was no significant interaction observed for either posi-
tive or negative affect. A main effect of time was found for
NA, with both groups showing an improvement in negative
affect across the trial. Improvements in mood in individuals
with insomnia have been observed in previous studies which
have utilized more general mindfulness-based therapies (not
specifically targeting insomnia) and different measures of
mood (e.g., depression, stress, anxiety) (Black et al., 2015;
Garland et al., 2014; Yook et al., 2008). Ong et al. (2018)
proposed that these general mindfulness programs might
have a greater effect on mood than MBTI programs that are
specifically for insomnia; this may explain the null results for
affect in the present study. It is also possible that our study
was not sufficiently powered to detect changes in affect,
given the small effect sizes observed. We also excluded indi-
viduals with psychiatric disorders, including untreated anxi-
ety and depression; therefore, our participants did not have
any significant mood disturbance at baseline. Ultimately,
the non-significant results for daily affect observed in the
present study highlight the need for additional research to
clarify the relationship between mood and MBTI.

Interestingly, the present study revealed no significant
difference in KIMS scores in the treatment versus waitlist
group at follow-up. This aligns with previous finding of a
non-significant within-group improvement on the KIMS

after a 6-week MBTI program or at a 12-month follow-up
(Ong et al., 2009). These pilot studies did, however, observe
a negative correlation between the amount of mindfulness
meditations undertaken and hyperarousal, suggesting that
mindfulness may assist with specific aspects of insomnia
(e.g., sleep-related arousal). The lack of improvement in
mindfulness skills in the current study may lead one to
conclude that the positive benefits on sleep observed in the
intervention group may be primarily driven by the CBTi
components of the MBTI program. The current design pre-
cluded us from exploring the specific effects of meditation
compared to the components of CBTi; this would be an
important avenue for future studies. A limitation of the cur-
rent study was that KIMS was only assessed at follow-up;
therefore, we do not know what baseline levels of mindful-
ness were present in our groups and whether any change
occurred within-subjects over the duration of the study.
There are also some limitations to self-report measures of
mindfulness (e.g., Park et al. 2013). Nevertheless, it is possi-
ble that a 6-week period may not allow participants sufficient
exposure to mindfulness to be able to fully integrate mind-
fulness into everyday life, with flow-on effects for arousal
and sleep. Whether these skills develop further over time
need to be evaluated in longer intervention studies, as well
as assessing how the development of mindfulness skills map
on to improvements in insomnia and other symptoms.

Limitations and Future Directions

In addition to the clinical population recruited, this study
also included three individuals with sub-clinical symptoms
(ISI<10). The results from this pilot study indicate that
dMBTI may be an appropriate and efficacious treatment
option for individuals with sub-clinical insomnia, who may
be less inclined to access face-to-face treatment for their
sleep. Future research is needed to investigate whether there
are similar improvements found between individuals with
sub-clinical versus moderate insomnia; this was not possible
in the current pilot due to the limited sample size. Although
large effect sizes were observed in the treatment group for
the ISI, the study may have been underpowered to detect
significant improvements in other aspects of sleep and mood,
given the small sample size. Additionally, this study only
assessed outcomes over a six-week protocol; only one pre-
vious MBTI study included a 12-month follow-up, demon-
strating ongoing benefits of MBTI on sleep outcomes (Ong
et al., 2009). Future studies should also determine whether
the benefits of AMBTI reducing ISI scores and sleep-related
arousal are sustained in the long term. An inherent limi-
tation of waitlist control designs is that they do not allow
for comparison of different treatments; thus, it is possible
that the outcomes may reflect a general treatment effect.
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Mindfulness-based interventions have a high risk of expec-
tation bias, and participants may show purported interven-
tion effects which could have resulted from non-specific fac-
tors such as quality of therapeutic alliance and relationship,
empathy, and being non-judgmental. It will be important
for future studies to compare MBTI with an active control,
or with CBTi, in order to better understand the mechanisms
underlying improvement in sleep outcomes. Finally, as the
sample primarily consisted of females (only one male com-
pleted the trial), generalizing the findings to males with
insomnia is not possible. We excluded individuals who were
at high risk of sleep apnea; therefore, this may have excluded
a number of potential participants who were male. Since
females form the greater majority of the general insomnia
population (Zhang & Wing, 2006), the current results are
generalizable to this demographic. In light of the above limi-
tations, prospective studies utilizing larger and more diverse
samples are needed to further validate the results.

The present findings add to the growing body of litera-
ture supporting the efficacy of mindfulness-based therapies
for insomnia. dMBTI may present an enhanced treatment
option to CBTi, which is important given that CBTi is not
suitable or effective for everyone (Shallcross et al., 2019).
This study also has theoretical implications for understand-
ing the mechanism of insomnia. Arousal has been theorized
to be involved in the etiology of insomnia, and mood has
been suggested to be implicated in this processes (Ong et al.,
2012). In contrast, the non-significant findings for mood
in this study suggest that further clarification is needed to
understand the role of emotional functioning in the theo-
retical underpinnings of insomnia. Furthermore, this study’s
innovative feature of assessing dMBTI extends the existing
literature base beyond face-to-face delivery alone. This has
novel research implications by demonstrating that MBTI can
also be efficacious via online platforms. The extension of
MBTI to online platforms can also have widespread clinical
implications by increasing the scalability and accessibility
of the intervention, reducing individual and health service
costs, decreasing isolation, and increasing convenience
and time efficiency (Griffiths et al., 2006), all of which are
particularly critical during this time of the COVID-19 pan-
demic. This would allow a wider population to access treat-
ment, which, given the high prevalence and negative impli-
cations of insomnia (Qaseem et al., 2016), is invaluable.
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