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Abstract

Background: Insomniaisacommon sleep disorder, especially among older adults, with a significant impact on the quality of
life (QoL) and is associated with various comorbidities. Traditional pharmacotherapy for insomniais often unsuitable for older
adultsbecause of potential drug interactionsand side effects, making nonpharmacol ogical interventions such as cognitive behavioral
therapy for insomnia (CBT-I) more appropriate. However, delivering CBT-1 in atraditional face-to-face setting poses challenges
including accessibility and adherence, particularly for older adults.

Objective: Thisstudy aimed to eval uate the effectiveness of an information and communication technology (ICT)—based CBT-I
program, “Smart Sleep,” specifically designed to improve insomnia among community-dwelling older persons.

Methods: A single-blind randomized controlled trial was conducted with 59 older participants from Incheon, South Korea.
Participants were divided into an intervention group, which used the Smart Sleep mobile app, and acontrol group. Theintervention
group received 8 weeks of non—face-to-face CBT-1 through the app, which included sleep diaries, relaxation exercises, and
real-time consultations. Outcomes were measured at baseline, week 4, and week 8, with a focus on insomnia severity, sleep
quality, sleep efficiency, dysfunctional beliefs about sleep, depression, and QoL.

Results. The intervention group showed significant improvements in insomnia severity, sleep quality, seep efficiency, and
dysfunctional beliefs about sleep compared to the control group. However, there was no significant differencein the QoL between
the 2 groups (F,114=0.998, P=.37). Participation rates in the Smart Sleep program were high, with a 94% completion rate for
deep diary tasks and 100% participation in real-time consultations. In addition, subgroup analysis based on sleep medication use
showed significant improvements in insomnia severity for both medicated and nonmedicated participants.

Conclusions: ThelCT-based CBT-I program “Smart Sleep” effectively improved sleep-rel ated outcomes among ol der participants,
demonstrating the potential of non—face-to-faceinterventionsin managing insomniain this population. The program is user-friendly,
and | CT-based coaching contributed to high engagement. To ensure broader accessfor older adults, distribution through community
welfare or public health centersis recommended.

Trial Registration: Clinical Research Information Service KCT0007287;
https://cris.nih.go.kr/cris/search/detail Search.do?seq=23344
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Introduction

Insomnia, defined as difficulty with falling adeep or maintaining
sleep throughout the night [1], isaprevalent public health issue
across a variety of age groups worldwide. This condition is
often unrecognized or underreported and is considered adisease
with significant economic costs[2]. The prevalence of insomnia
increases significantly with age, with studies reporting achronic
insomnia prevalence of 20% to 40% among individuals aged
65 years and older [3]. Insomnia is associated with a high
comorbidity with other physical and mental disorders, exhibiting
abidirectional relationship in which each can influence the other
[4]. In particular, insomniain older adults can increase the risk
of falls, aswell as the onset and worsening of neuropsychiatric
disorders, such as depression and dementia, and chronic
diseases, such as cardiovascular disease, diabetes, and obesity,
thereby reducing the overall quality of life (QoL) [5].
Considering these factors, insomnia in older adults can
ultimately have a negative impact on their overall health,
necessitating appropriate treatment.

The most common treatments for insomniainclude medications
and cognitive behavioral therapy for insomnia (CBT-1) [6].
Pharmacological treatments are widely used for insomnia in
clinical settings. However, pharmacotherapy may not be
appropriatefor older people or those with various comorbidities
because of drug-drug interactions and side effects[7]. Research
has shown that long-term benzodiazepine use in older adultsis
associated with an increased risk of falls, hip fractures, and
cognitive decline [8-10]. Considering that the older population
may be more sensitiveto drug side effects than other age groups,
it is especialy important to focus on nonpharmacological
approaches to treating insomnia [11]. According to insomnia
treatment guidelines, sleep medicine researchers strongly
recommend nonpharmacological treatments, particularly CBT-
[12].

CBT-I aims to change dysfunctional thoughts, attitudes, and
sleep-related habits. It consists of sleep restriction, stimulus
control therapy, relaxation techniques, and sleep hygiene
education [13]. Unlike drug therapy, in which patients passively
follow atreatment regimen, CBT-I requires patients to actively
recognize and assess their problems and engage in the process
[14]. For effective treatment, it is essential that patients adhere
to the treatment schedule and faithfully follow the recommended
sleep-related measures. However, there are practical challenges
in providing CBT-I to insomnia patients, such as participant
adherence, costs, and time and space constraints [15].

To address these cost and accessibility issues, information and
communication technologies (ICTs) can be used to provide

therapeutic tools such as CBT-1, enabling the delivery of these
interventions in a non—face-to-face manner. Using ICT, it is
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possible to overcome the limitations of time and space, making
it easier for older adults, who may have difficulty visiting clinics
multiple times, to receive treatment [15]. In addition, ICT
facilitates real-time monitoring and feedback to participants,
which can help enhance patient engagement [16]. Previous
studies have demonstrated the effectiveness of internet- or
telephone-based CBT-Is in adults with insomnia [17-20].
However, to the best of our knowledge, few programs have
specifically applied mobile app—-based non—-face-to-face CBT-I
to improveinsomniaamong community-dwelling ol der people.
Therefore, this study aimed to implement and evaluate the
effectiveness of an ICT-based CBT-I program, “Smart Sleep”
devel oped for older individualswith insomniain the community.

Methods

Study Design and Setting

Thisrandomized, single-blind, controlled study was conducted
between May 2022 and October 2022 in Incheon Metropolitan
City, Republic of Korea (Multimedia Appendix 1).

Ethics Approval

This study was approved by the Gachon University institutional
review board (1044396-202203-HR-068-01) and registered in
the Clinical Research Information Service (KCT0007287).
Approval from the institutional research ethics committee was
obtained before the experiment began, and the study was
conducted in accordance with the principles set forth in the
Declaration of Helsinki. Participants were briefed on the purpose
of the study and the measures taken to protect their privacy
before the study commenced. All participants provided written
informed consent. Participants received a stipend of KRW
10,000 (US $7.34) for each study visit (baseline, 4 weeks, and
8 weeks) as compensation for their time and participation.

Participants

A total of 100 participants were enrolled in this study between
May 2022 and July 2022. We included community-dwelling
older people older than 60 years of age living in Incheon City,
and those scoring 8 or higher on the Insomnia Severity Index
(ISl) questionnaire [21] were selected as subjects. Participants
were recruited through a local public health center, where
individuals were registered for the home-visit nursing care
program. The exclusion criteria included people with serious
neuropsychiatric problems, hearing or seeing difficulties, a
history of alcohol or drug abuse, or diseases and disabilitiesthat
could hinder participation in the exercise program.

Of the 100 patients, 25 did not consent to participate in the
study, 1 was excluded due to difficulty in walking, 10 were
excluded due to a score of less than 8 on the insomnia scale,
and 4 were excluded for persona reasons. Among the 25
individuals who declined participation, the most commonly
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cited reasons were lack of time due to persona schedules,
limited interest in participating in research, and concerns about
potential increasesin electricity costs associated with using the
app. Finally, 60 patients were included in the study. On thefirst
day of the study, 1 participant in the control group was excluded
for personal reasons and expressed refusal. Ultimately, the
intervention was conducted on 30 participants in the
experimental group and 29 participants in the control group.

G*Power (version 3.1.9.7; Helsinki Heine University) software
was used to determine the sample size. Following the Cohen
method, a medium effect size (0.25) was selected, which is
appropriate for behavioral intervention studies. The alphaerror
probability and power were set at .05 and .95, respectively,
resulting in arequired sample size of 44 participants. In addition,
considering that the study participants are older adults and the
potential impacts of the COVID-19 pandemic, anatural attrition
rate of 25% was accounted for. This calculation reflects the
study’s focus on older adults and the adaptations made to the
CBT-I protocol, including moderated sleep restrictionstailored
to their needs.

Randomization and Blinding

Simple randomization and hidden assignmentswere performed
using a computer-generated randomization table before data
collection. Participants were randomly classified into two
groups. intervention and control groups. The order of the
assignments was hidden from the participants until the
intervention was complete. To reduce bias, controls were also
provided with tablets (Lenovo, 10.1, 1920x1200) and smart
bands (Story4you, Korea) and weretrained on how to use basic
devices.

Intervention

The intervention provided CBT to older people with insomnia
using a Smart Sleep app for 8 weeks. The app was devel oped
following a systematic process, including content determination
through a systematic review and preference survey, interface
design, and iterative usability testing. Key features, such as
deepinformation, habit improvement, and real-time counseling,
werefinalized based on preference analysis and expert feedback.
These steps are detailed in a separate published manuscript
[22,23].

Preliminary training was conducted for 5 days before the
intervention. All conditionswereidentical between the groups,
except for the program, which ensured that the control group
received the same conditions as the intervention group. This
included training in tablet use, internet access, and provision of
digital devices (tablets and smart bands) with limited content
on today's to-do tasks to the control group. During the
intervention, non—face-to-face services were used for the
experimental group for 8 weeks to manage the participants.
Questions and answers from users were answered, and
participation was encouraged.

The control group received usual care at apublic health center.
After all interventions and outcome measures were completed
in the experimental group, the wait-listed participants in the
control group received the intervention. To minimize potential
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contamination between the intervention and control groups,
participants were assigned to different time slots and locations
for their respective sessions. They were also instructed not to
discuss the study details or their participation with individuals
outside their group. These steps were taken to reduce the
likelihood of information-sharing or cross-interaction.

The main program content consisted of dleep information (sleep
diary), relaxation training, sleep-related videos, exercise, and
real-time consultation (Table 1). All contents were set and
managed in today’s to-do list according to their frequency.

Sleep information was collected and an appropriate sleep plan
was presented to each individual . Based on the dleep information
collected through the sleep diary and sleep band, such as the
time the participant went to bed, the time they actually fell
as eep, the time they woke up in the morning, and the time they
fully woke up, the sleep time appropriate for the participant was
presented on the My Sleep Plan screen of sleep management.
The participants completed asleep diary every day for 8 weeks
to obtain subjective sleep data. Sleep activity records were
automatically uploaded and managed dailly on the
administrator’s screen by having patients wear a sleep band.

The videosincluded relaxation training and educational videos.
The participants were encouraged to watch relaxation and
abdominal breathing training videos daily. In addition, in the
deep helpers category, meditation, sounds of nature, and
sleeping music were included to help participants sleep with
peace of mind. The educational videosincluded videoson sleep
and insomnia, healthy sleeping habits, insomniatreatment, and
relaxation training. By watching educational videos and
providing accurate information about sleep through rea-time
education, sleep awareness was improved. For real-time
exercise, participants were asked to engage twice a week in
silver gymnastics and awalking program conducted at the public
health center. In addition, one of the regular exercises was to
walk more than 7000 steps per day. The number of steps was
measured using a sleep band and uploaded to the manager’s
program. To ensure safety, the mobile app provided video
demonstrations. Participants were advised to consult their health
care providers before starting the program. Further safety
measures included recommending seated exercises for those
experiencing discomfort and encouraging caregiver assistance
when needed.

The researchers monitored participants engagement and
encouraged active participation, with the program content
provided exclusively to the intervention group. When today’s
to-do taskswere not implemented, the manager delivered apush
notification to the target person so that they could perform
today’s to-do tasks. In addition, feedback was provided to
participants at least once a week using video or phone calls
connected to the mobile app. Live classesincluded consultations
and training. Through real-time consultation and education, we
communicated with researchers and devel oped knowl edge about
sleep to correct cognitive distortions. In addition, pre-registered
participants, along with their families and friends, were allowed
video calls to provide emotional support.
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Table 1. Contents of the CBT-I program “ Smart Sleep.”
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Contents of program Program frequency Description

Sleep diary Daily Self-reporting information about last night's sleep

Sleep band Daily Collecting sleep information wearing a sleep band

Survey Once aweek Self-reporting theinsomniaquestionnaire using the 1S1-K 2 Self-reporting the sleep
habits questionnaire

Sleep management Daily Based on deepinformation by diary, band, and survey, providing recommendations
on appropriate sleep duration for sleep restriction

Relaxation training video Daily Providing video for relaxation technique

Sleep helper Daily Equipped with slegp-aiding meditation, sleep music, and nature sounds

Sleep-related educational video Daily Providing video about correct information about sleep, proper sleep hygiene, sleep
stimulus control methods, etc

Exercise Daily Offering areal-time exercise program twice aweek and afall prevention exercise
video and providing a pop-up notification to encourage walking 7000 steps

Today’sto-do list Daily Sending push notification for incomplete tasks. Applying goal achievement stamp

Real-time training and consulting ~ Onceaweek, with addition-

for completed tasks
Based on sleep information by diary, band, and survey, providing personalized

al sessions upon request

sleep consultation and improving sleep-related cognition

8 SI-K: Korean version of the Insomnia Severity Index.

Outcome M easures

All assessments were performed in the same week for both the
intervention and control groups at baseline (week 0) and weeks
4 and week 8. We collected data through a self-administered
survey conducted when the participants visited the public health
center.

The primary outcome of this study was insomnia severity,
assessed using the Korean version of the Insomnia Severity
Index (1SI-K). Secondary outcomes included quality of sleep,
deep efficiency, dysfunctional beliefsand attitudes about sleep,
depression levels, and quality of life.

Insomnia Severity

The 1S, an insomnia severity scale, was adapted by Cho [24]
from the tool developed by Bastein [21]. The IS| consists of 7
items rated on a 5-point Likert scale, with total scores ranging
from 0 to 28. Higher scores indicate more severe insomnia.

Quality of Sleep

Sleep quality was measured using the Pittsburgh Sleep Quality
Index (PSQI) [25], a self-report measure of perception of
habitual sleep trandated by Sohn [26] into the Korean version
of the PSQI (PSQI-K). The PSQI-K comprises 19 items. The
total score ranges from a minimum of O to a maximum of 21,
with higher scores indicating poorer sleep quality.

Sleep Efficiency

Sleep efficiency is calculated as a percentage by dividing the
total sleep time by the total time spent in bed and is the most
common indicator for objectively evaluating seep quality. Total
sleep time was calculated as the total time spent in bed minus
sleep latency and awakening time after sleep [27,28]. In our
program, dleep efficiency was calculated based on sleep diaries.

https://www.jmir.org/2025/1/e67751

Dysfunctional Beliefs and Attitudes About Sleep

Dysfunctional Beliefs and Attitudes About Sleep (DBAS) isa
self-report scale with a total of 16 questions developed to
evaluateinsomniapatients' incorrect beliefs and attitudes about
deep developed by Morin [29]. This study used the Korean
version of the DBAS (K-DBAS-16), adapted and validated by
Yoo et a [30]. The lower the score on the DBAS, the more
positive results can be inferred from CBT-1.

Depression

The depression scale translated by Cho et a [31] was used,
based on the Geriatric Depression Scale (GDS) [32]. The total
score is 15 points; the higher the score, the higher the level of
depression.

QoL

EQ-5D is atool developed by the EuroQol Group to measure
health-related QoL and consists of 5 items: exercise ability,
self-care, daily activities, pain, inconvenience, anxiety, and
depression [33].

Statistical Analysis

The collected data were analyzed using SPSS WIN 28.0 (IBM
Corp). Thegenera characteristics of participantswere anayzed
using the chi-square and t tests. Intention-to-treat analysis was
applied, which includes all participants as originally assigned,
regardless of whether they completed the intervention. The
normality of each variable was tested using the Shapiro-Wilk
test, a statistical method to determine whether adataset follows
anormal distribution. All indicators were found to be normally
distributed and were analyzed using an independent t test.

The results of the app usability measurement conducted in the
eighth week for the experimental group were analyzed using
meansand SD. To analyze the mean differences between groups
and over time, repeated measures ANOVA was conducted on
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deep quality, depression, QoL, dysfunctiona beliefs and
attitudes toward sleep, insomnia, and sleep efficiency. A paired
t test was used to compare changesin sleep quality, depression,
QoL, dysfunctional beliefsand attitudestoward sleep, insomnia
scale, sleep efficiency, and baseline scores between the
experimental and control groups over time. The significance
level was set at P<.05.

Effect sizeswere reported aspartial eta-squared (np) to quantify
the proportion of variance explained by each effect. Partial
eta-squared values were interpreted using the following
thresholds: small (0.01), medium (0.06), and large (0.14) as
recommended by Cohen [34]. In addition, Cohen d was
calculated as astandardized effect sizeto facilitate comparisons
with previous studies. It was computed using the mean
difference between groups at week 8, divided by the pooled SD.
Effect sizeswere interpreted as small (0.2), medium (0.5), and
large (0.8) based on conventional thresholds [34]. The number
needed to treat (NNT) was cal culated for the primary outcome,
ISl, to assess the clinical significance of the intervention [35].

Kimet al

NNT indicates the number of participants required to treat to
achieve one additional remission compared with the control
group. Remission was defined as an 1Sl score<8, consistent
with previous studies on CBT-1 [36].

Results

Participant Characteristics

One of the 60 participants was excluded from the trial for
personal reasons after randomization on the first day of the
experiment (one from the control group). A total of 59
participants (30 in the experimental group and 29 in the control
group) completed the study (Figure 1). All baseline general
characteristics were well-matched between the experimental
and control groups (Table 2). The average age of the participants
was 70.7 (SD 4.49) years in the experimental group and 70.27
(SD 4.97) years in the control group. The experimental and
control groups included 6 (20%) men and 24 (80%) women,
and 6 (20.6%) men and 23 (79.3%) women, respectively.

Figure 1. Study flowchart. A total of 60 participants were randomized (30 per group), with one 1 participant in the control group excluded due to
personal reasons. Both groups were followed up at weeks 4 and 8, and the final analyses were conducted using the intention-to-treat (ITT) approach,
including 30 participants in the experimental group and 29 in the control group. Intention to treat refers to the analysis based on the initial treatment
group division, rather than dividing the patient group according to whether the patient actually received treatment.

(n=100)

Assessed for eligibility

Excluded (n=40)

- Did not consent to trial

(n=25)

- Subjects with an insomnia
scale score of less than 8

Randomized

(n=10)

- Other reasons (n=5)

Randomized to the

experimental group (n=30)

Randomized to the
control group (n=30)

Eliminated (n=1)
on the first day of the
experiment due to personal
reasons

Followed up (n=30)
(Week 4)

Followed up (n=29)
(Week 4)

Followed up (n=30)
(Week 8)

Followed up (n=29)
(Week 8)

Included for *ITT analysis

(n=30)

Included for ITT analysis
(n=29)
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Table 2. Baseline characteristics of participants.
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Parameter Experimental group (n=30) Control group (n=29) P vaue
Age (years), mean (SD) 70.70 (4.49) 70.27 (4.97) 59
Gender, n (%) 75
Men 6(20) 6 (20.6)
Women 24 (80) 23(79.3)
Education, n (%) .29
Uneducated 1(3.3) 2(6.9)
Elementary school 8(26.7) 9(3)
Middle school 10 (33.3) 6 (20.6)
High school 8(26.7) 9(3D)
>College 3(20) 2(6.8)
Living state, n (%) 44
Alone 25(83.3) 23(79.3)
With family 5(16.6) 6 (20.6)
Number of drugs, n (%) 45
<3 25(83.3) 26 (89.6)
>4 5(16.7) 5(16.7)
Smoking, n (%) .16
Yes 2(6.6) 2(6.8)
No 28(93.3) 27(93.1)
Drinking, n (%) 74
Yes 3(10) 4(13.7)
No 27 (90) 25 (86.2)
Use of dleeping pills, n (%) .23
Yes 13 (43.3) 10 (34.4)
No 17 (56.6) 19 (65.5)
ISI-K2 mean (SD) 14.47 (4.52) 14.93 (6.09) 51
Sleep efficiency, mean (SD) 61.25 (16.64) 59.13 (18.75) 56
PSQI-KP, mean (SD) 11.73(3.33) 10.24 (3.94) 92
K-DBAS-16°, mean (SD) 104.4 (32.55) 109.9 (35.45) 65
SGDSKY, mean (D) 6.23 (3.99) 6.65 (4.58) 27
EQ-5D, mean (SD) 0.75 (0.16) 0.65 (0.22) 91

4 3I-K: Korean version of the Insomnia Severity Index.
bPSQI -K: Korean version of the Pittsburgh Sleep Quality Index.

®K-DBAS-16: Korean version of the Dysfunctional Beliefs and Attitudes About Sleep.

dSGDSK: Korean version of the short geriatric depression scale.

Asaresult of testing the homogeneity of the research variables
before the experiment using at test, there was no significant
difference between the experimental and control groupsinterms
of the main research variables (Table 2). For theinsomniascale,
the scores were 14.47 (SD 4.52) points in the experimental
group and 17.28 (SD 5.87) points in the control group. Sleep
quality wasrated at 11.73 (SD 3.33) pointsin the experimental
group and 10.24 (SD 3.94) points in the control group. The

https://www.jmir.org/2025/1/e67751

recorded sleep efficiency was 61.25 (SD 16.64) in the
experimental group and 59.13 (SD 9.88) in the control group.

Comparison of the Effects Between the I ntervention
and Control Groups

Statistically significant differences were observed in the 1SI-K,
PSQI-K, sleep efficiency, K-DBAS-16, and SGDS-K (the
Korean version of the short geriatric depression scal€) scores
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(P<.001 for all), whereas the EQ-5D scores (P=.37) did not
show statistical significance. The control group showed no

Kimet al

significant changes in any of the indicators before or after the
intervention (Figure 2 and Table 3).

Figure 2. Effect of the intervention on outcome measures at baseline, 4 weeks, and 8 weeks. |1SI-K: insomnia severity index; K-DABS: Dysfunctional

Beliefs and Attitudes about Sleep; PSQI: Pittsburgh sleep quality index;
between groups: P<.05. Error bars represent the SEM.

IS1-K

SGDS-K: short geriatric depression scale. *t test for change from baseline

PsQI

Sleep Efficiency

Bl

Data analysis revealed the following results regarding the
interaction effects between time points and groups. The primary
outcome was insomnia severity, which showed a statistically
significant interaction (F.;,=18.923, n°p=0.25) with a large
effect size. The Cohen d value was 1.88. Using an | Sl score <8
to define remission, the intervention group demonstrated a
significantly higher remission rate compared with the control
group, reflected in an NNT of 1.37 (95% CI 1.11-1.80).
Secondary outcomes al so showed significant interactions. Sleep

quality (F,114=97.806, N%p=0.632, d=1.92), sleep efficiency
(F114=22.394, n%p=0.48, d=3.65), DBAS (F2,114=77.233,

https://www.jmir.org/2025/1/e67751
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n°p=0.58, d=3.05), and depressive symptoms (F11,=25.715,
N?p=0.31, d=1.41) showed statistically significant interactions
between time points and groups (P<.001 for all). The partial
eta-sguared values ranged from 0.249 to 0.632, which are
considered large effect sizes [34]. In contrast, QoL scores did
not show a statistically significant interaction between time
points and groups (F1,,=0.998, n%p=0.02, d=0.99; P=.37).
However, there were significant differences between the groups
(F15,=9.779; P=.003) and across time points (F;;14=5.423,
P=.006).
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Table 3. Comparison of the effects between the intervention and control groups.

Outcome measures Mean (SD) Change from baseline, mean (95% ClI) Time and group in-
teraction, P value
Baseline Week 4 Week 8 Week 4 Week 8
ISl-K? <.001
Intervention 1447 (452) 7.70(485)  457(455) 760 (L019t0-496)  —9.90%(~12.24to—7.55)
Control 17.28(5.87) 14.93(6.09) 15.00(6.38) 0.00(-3.20t0 3.20) —2.27 (-5.50t0 0.94)
PSQI-K°© <.001
Intervention 11.73(333)  6.77(274)  490(272) _4967(-654t0-339)  —6.83%(-8.40 t05.26)
Control 10.24(3.94) 11.72(3.98) 11.48(4.02) 1.48(-0.60t0 3.56) 1.24 (-0.85 0 3.33)
Sleep efficiency <.001
Intervention 6125(1664) 7816(7.44) 8457(506) 16912(14.131019.69)  23.32%(21.43 10 25.21)
Control 50.13(9.88) 59.0(8.06)  58.04(8.94) —0.04(-3.05 10 2.97) -1.09 (-4.43 10 2.25)
K-DBAS-16 <.001
Intervention 104.0 (32.56) 53.40(54.85) 32.58 —51.0%(—65.96 t0-36.03) —71.862(~86.18 to
(21.78) —57.55)
Control 109.93(35.45) 107.28(30.43) 109.83 —2.65(-20.03t014.72)  —0.10 (-17.02t0 16.81)
(28.5)
SGDSK*® <.001
Intervention 6.23 (3.99) 3.17 (3.36) 2.27(2.83)  _306%(-4.97 to—1.15) 3.962 (-5.75 to —2.17))
Control 6.66(459)  6.76(437)  7.72(468) 0.1(-2.25t02.46) 1.06 (—1.36 to 3.50)
EQ-5D 37
Intervention 0.75(0.16)  0.80(0.14)  0.85(0.11)  0.05(-0.02 to 0.13) 0.1 (0.03 t0 0.18)
Control 065(0.22) 068(021) 069(0.2)  0.37(-0.781t0 0.15) 0.04 (-0.06 10 0.15)

8 SI-K: Korean version of the Insomnia Severity Index.
Bt test for change from baseline between groups. P<.05.
®PSQI-K: Korean version of the Pittsburgh Sleep Quality Index.

9K -DBAS-16: Korean version of the Dysfunctional Beliefs and Attitudes About Sleep.

®SGDS-K: Korean version of the short geriatric depression scale.

Further analysis of within-group changes showed significant
improvementsin the intervention group from baseline to week
4 and week 8. Intheintervention group, thelSI-K scores showed
a statistically significant reduction at weeks 4 (—6.76, 95% ClI
—9.19 to —4.34) and 8 (-9.90, 95% CI -12.24 to —7.55).
Similarly, the PSQI-K scores demonstrated a notable decline
at week 4 (—4.96, 95% ClI —6.54 to —3.39) and further at week
8 (-6.83, 95% CI —8.40 to —5.26) from the baseline. In terms
of sleep efficiency, there was a significant increase at weeks 4
(16.91, 95% CI 10.25-23.58) and 8 (23.32, 95% Cl 16.86-29.68).
The K-DBAS-16 scores also showed a considerable drop, with
week 4 recording adecrease of -51.0 (95% Cl —65.96 to —36.03)
and week 8 showing a further reduction to —71.86 (95% ClI
-86.18 to -57.55). Finaly, the SGDSK scores were
significantly lower by week 4 (—3.06, 95% Cl —4.97 to —1.15)
and continued to decrease by week 8 (—3.96, 95% Cl -5.75 to
—2.17) compared with the baseline. Although the EQ-5D scores
tended to increase at week 8 (0.10, 95% CI 0.03-0.18) from the
baseline, the difference between the 2 groups was not
statistically significant. In the within-group comparison before

https://www.jmir.org/2025/1/e67751

and after the intervention, the experimental group showed a
significant difference at 8 weeks (P=.006), whereas the control
group did not (P=.44).

Subgroup Analysis: Participation Rate and Sleep
Medication Use in the Experimental Group

Participation rates in the Smart Sleep program were high, with
a 94% completion rate for sleep diary tasks and 100%
participation in real-time consultations.

Differencesin outcome measures according to the participation
rate in the Smart Sleep app program were investigated. In the
experimental group, participants were divided into high- and
low-parti cipation groups based on a 70% total participation rate
in the Smart Sleep program. Neither group followed a normal
distribution; therefore, the Wilcoxon test was conducted. The
results showed that changes in the ISI-K, PSQI-K, sleep
efficiency, K-DBAS-16, and SGDS-K scores before and after
the intervention were significant in the group with high
participation rates. Participants with aparticipation rate of 70%
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or higher showed an improvement in their QoL, while the
EQ-5D results did not significantly change in the group with

Kimet al

lower participation rates after the intervention (Table 4).

Table 4. Subgroup analysis according to program participation in the intervention group.

QOutcome measures and group Baseline, mean (SD)

Week 8, mean (SD)

Comparison by timein group, z (P value)

1SI-K?

High (n=20) 14.2 (4.50) 4.25 (4.15) —3.826 (<.001)

Low (n=10) 15.00 (4.76) 5.20 (5.43) —2.805 (.005)
PSQI-KP

High 11.60 (3.66) 4.95(2.62) —3.931 (<.001)

Low 12.00 (2.70) 4.80 (3.04) —2.814 (.005)
Sleep efficiency

High 61.25 (18.33) 85.00 (4.54) -3.824 (<.001)

Low 60.90 (13.16) 83.90 (6.22) —2.805 (.005)
K-DBAS-16°

High 100.80 (32.99) 31.85 (24.19) —3.920 (<.001)

Low 111.60 (32.11) 33.90 (17.01) —2.803 (.005)
SGDSK!

High 4.90 (3.38) 1.40 (1.84) —3.768 (<.001)

Low 8.90 (3.90) 4.20 (3.61) —2.809 (.005)
EQ-5D

High 0.78 (0.14) 0.87(0.12) —2.741 (.003)

Low 0.68 (0.19) 0.81(0.07) —1.886 (.059)

8 SI-K: Korean version of the Insomnia Severity Index.
bPSQI -K: Korean version of the Pittsburgh Sleep Quality Index.

®K-DBAS-16: Korean version of the Dysfunctional Beliefs and Attitudes About Sleep.

dSGDS-K: Korean version of the short geriatric depression scale.

Participants in the experimental group were divided into high-
(=70%) and low-participation (<70%) groups. Changesin I SI-K,
PSQI-K, deep efficiency, K-DBAS-16, SGDS-K, and EQ-5D
scores are presented, with significant improvements observed
in the high-participation group.

Among the 30 participants in the experimental group, 17 were
taking sleep medications, while 13 were not (Table 5). A
subgroup analysis based on sleep medication use was conducted
to examine pre-post changes within each group. The results
indicated that both the medication and nonmedication groups
demonstrated significant improvements across all measured

https://www.jmir.org/2025/1/e67751

outcomesfrom baselineto week 8. For insomniaseverity, paired
t tests revealed statistically significant reductions in scores for
the medication group (t,5=10.616; P<.001) and the
nonmedication group (t;,=6.159, P<.001). The effect size (d)
for ISI-K was 0.59. Similar patterns were observed for other
variables, including PSQI-K (d=0.87) and K-DBAS-16 (d=0.90).

Participants were divided into “ Yes” (taking sleep medication)
and “No” (not taking sleep medication) groups. Both groups
demonstrated significant improvementsin 1SI-K, PSQI-K, and
K-DBAS-16 scores from baseline to week 8, regardless of
medication use.
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Table 5. Subgroup analysis according to sleep medication use in the intervention group.

Outcome measures and group Baseline, mean (SD)

Week 8, mean (SD)

Comparison by timein group, t (df; P value)

Isl-k?
Yes (n=17) 12.35 (2.34) 341 (353 10.616 (16; <.001)
No (n=13) 17.23 (5.25) 6.08 (5.39) 6.159 (12; <.001)
PSQI-KP
Yes 10.12 (2.57) 3.94 (2.41) 7.757 (16; <.001)
No 13.85 (3.08) 6.15 (2.67) 10.435 (12; <.001)
K-DBAS-16°
Yes 88.18 (29.03) 24.47 (15.98) 8.934 (16; <.001)
No 125.62 (24.04) 43.08 (24.36) 9.671 (12; <.001)

8 SI-K: Korean version of the Insomnia Severity Index.
bPSQI -K: Korean version of the Pittsburgh Sleep Quality Index.

°K-DBAS-16: Korean version of the Dysfunctional Beliefs and Attitudes About Sleep.

Discussion

Effectsof ICT-Based CBT-l on Insomnia

This study confirmed that a mobile app—based CBT-1 program
ishighly effectiveinimproving deepin older people. Significant
improvements were observed in deep-related indicators,
including insomnia severity, sleep efficiency, sleep quality, and
DBAS, in the intervention group compared with the control
group.

The significant improvement in the IS scores was consistent
with previous CBT-I studies on the older using a telephone- or
internet-based program [17,18,34]. However, to the best of our
knowledge, only afew studies have examined CBT-I programs
using ICTs (mobile or digital CBT-I) that are more advanced
than web-based CBT-1 in older adults. A case report of mobile
app-assisted CBT-I for older adults in Taiwan reported that a
64-year-old woman successfully quit sleeping pills, and her
deep quality, evaluated using a Likert scale, improved after
using a mobile app [37]. In addition, a pre-post comparison
study using a mobile app in Korea found that changes in
subjective dleep quality based on the PSQI after theintervention
were significant [38]. Although this study was not an RCT, it
demonstrated the possibility that amobile phone—based self-help
CBT-I app could be useful in improving sleep in older adults

[38]. Our study demonstrated an effect size (n2P=.249, d=1.88,
categorized as large) for reducing insomnia severity, which
aligns with the large effect sizes (d=0.21~1.09) reported in a
review study [39] for digital CBT-I interventions. Thesefindings
indicatethat | CT-based CBT-I can deliver clinically meaningful
outcomes similar to those of traditional face-to-face CBT-I
(d=0.98, classified as large). Furthermore, the NNT was
caculated as 1.37 (95% Cl 1.11-1.80), meaning that
approximately 1-2 participants would need to be treated with
this program to achieve one additional remission of insomnia.
Given that our study specifically focused on older adults, these
findings suggest that digital interventions could help address
the unique needs of this population, who often face challenges
in accessing traditional face-to-face therapy.

https://www.jmir.org/2025/1/e67751

In this study, sleep restriction was somewhat more flexible than
in the general population, considering the characteristics of
older users, which may have helped to keep participants more
engaged. The use of a moderated sleep restriction approach
specifically tailored for older adults led to improvements in
sleep-related measures, even among the older people targeted
in this study. Older adults may struggle with strict components
of CBT-I, such as dleep restriction, due to the physical and
cognitive demands of aging [40]. Considering the characteristics
of the older with reduced adaptability to abrupt changesin sleep
patterns [41], sleep restriction was not excessively enforced,
but was gradually adjusted to improve sleep efficiency at an
appropriate pace. While previous studies have set the sleep
efficiency target for adults at 85% [42,43], we adjusted the target
to 75% to account for the unique sleep characteristics of older
individuals.

In addition, by combining the subjective sleep diary, which
participants filled out themselves, with objective sleep data
collected from wearable devices, more appropriate sleep
restrictions could be applied to each individual. Using a
combination of subjective and objective sleep data may help
correct sleep misperceptionsin older adults, allowing for amore
accurate sleep plan. Both the ISl and PSQI arewidely validated
tools for assessing insomnia severity, treatment response, and
deep quality, respectively, but they rely on participants
subjective perceptions of sleep [44]. Thisreliance may introduce
potential biases, particularly in older adults, due to cognitive
decline or varying interpretations of survey items. However,
the integration of wearable device datain this study effectively
mitigated such biases, providing a more reliable and
comprehensive evaluation of sleep patterns. Older adults tend
to overestimate or underestimate their actual sleep duration,
making it difficult to accurately assess sleep problems based
solely on subjective data [45]. Therefore, this study
supplemented subjective perceptions by rechecking objective
data from a wearable device, leading to more accurate sleep
prescriptions and effective outcomes for insomnia. Significant
improvements were observed in the ISl scores and Sleep
efficiency among participantsin our study, which is consistent
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with thefindings of other studies conducted in adult populations
[46,47].

Other possible reasons why the treatment program used in this
study might have been effective include various elements based
on CBT-1, such as deep diaries for sleep stimulus control and
seep hygieneimprovement, non—face-to-face counseling, sleep
management for sleep restriction, and exercise programs for
relaxation training, which are expected to have contributed to
the systematic improvement of participants’ sleep patterns and
perceptions about sleep. Recent evidence [48] emphasizes that
sleep stimulus control and sleep restriction are highly effective
components of CBT-I, which aligns with the approach used in
thisstudy. Whilethey caution that certain relaxation techniques
may be counterproductive [48], the structured exercise program
in this study could have supported relaxation in a controlled
and beneficial way, complementing other CBT-I elements. This
suggests that the integration of well-designed exercise routines
into CBT-I programs could enhance their overall effectiveness
when tailored appropriately.

Moreover, cognitive restructuring through cognitive therapy
components, sleep stimulus control methods, and sleep hygiene
in our treatment program may have led to improvementsin the
dysfunctional beliefs scored using the DBAS scale. A previous
mobile CBT-I study did not show a significant improvement in
the DBAS scores, possibly because of its sole focus on sleep
restriction [46]. In contrast, our multifaceted CBT-1 approach
incorporated cognitive therapy al ongside sleep stimulus control
and sleep hygiene practices, which may have contributed to
these positive outcomes. In our study, sleep stimulus control
was adjusted to suit the adaptability of the older adults. While
recommendationsfor adults suggest |eaving the bed after 15-20
minutes of being awake [43], we modified the protocol to allow
up to 30 min beforeinstructing the participantsto | eave the bed.
This adjustment aimed to provide amore flexible approach that
was better suited to the needs of older individuals, ensuring that
they could adapt to changes more comfortably while maintaining
the principles of stimulus control therapy. In addition, daily
reinforcement of sleep hygiene practices and non—face-to-face
counseling provided participants with ongoing support, likely
enhancing the intervention's overall effectiveness. These
findings emphasize the value of incorporating cognitive therapy
into CBT-l programs to address dysfunctional beliefs,
particularly in older populations.

Effectsof ICT-Based CBT-I on QoL

The results of this study showed that QoL improved in the
intervention group before and after the intervention, whereas
the control group did not show a statistically significant
difference. However, when comparing the intervention and
control groups, there was no significant difference in the
improved QoL . The effect of CBT-I on QoL has shown varying
results across studies, with some finding it effective and others
not [22,49]. QoL is a multidimensional concept comprising
physical, mental, and economic factors. These are assessed
through multiple domainsin the EQ-5D, such asexercise ahility,
self-care, daily activities, pain, discomfort, and anxiety and
depression [50]. Since CBT-I mainly focuses on improving
sleep quality, its impact on other aspects of QoL may be

https://www.jmir.org/2025/1/e67751
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relatively small or indirect. External factors, such as medical
comorbidities, physical activity levels, employment status, and
emotional well-being, could have diluted the observed effects
of insomnia improvement on QoL scores in this study. In
particular, older adults have multiple medical and psychiatric
comorbidities and environmental factors that are difficult to
change; therefore, global QoL improvement from improving
insomnia may be limited. Nevertheless, the significant effects
observed before and after the intervention in the intervention
group, unlikein the control group, suggest that | CT-based CBT-I
has the potential to improve QoL. In our study, QoL also
improved in the high adherence group (=70% adherence),
suggesting that improving adherence will lead toimproved QoL .
Future studies should consider how | CT-based CBT-1 programs
can improve other factorsrelated to the QoL such asemotional
stability, stress management, and social interaction, in addition
to deep.

Boosting Engagement in Non—Face-to-Face CBT-I:
InsightsInto Adherence

This study showed a dropout rate of 1.6%, which islower than
the 6% to 48% reported in other studies [51]. In addition, the
sleep diary mission completion rate was 94%, and the real-time
consulting participation rate was 100%, both of which were
very high. Due to cognitive decline, older adults find it easier
to record deep patterns using simple, predefined options rather
than writing complex responses [40]. Reflecting on this
characteristic of the older, this study designed asleep diary that
proceeds automatically by presenting questions with a simple
touch, allowing participantsto compl ete the survey more easily.
This could be akey factor inincreasing adherence rates among
older adults. Although older adults may be slower to adapt to
I CT, such as mobile apps, than younger generations, the design
of mobile apps with high user-friendliness and appropriate
feedback and support, such as telephone coaching, can lead to
higher treatment retention rates and better treatment outcomes.

Increasing the participation rate in non-face-to-face
interventions is a challenging task [52]. In this study, the
analysis of the Smart Sleep app participation rate showed that
the group with a high participation rate showed improvement
in both the sleep scale and QoL, whereas the group with alow
participation rate did not show asignificant improvement in the
QoL. Therefore, enhancing user involvement is crucial for the
effective treatment of insomnia in non-face-to-face
environments. Thisis consistent with an important element of
CBT-I, which improves misconceptions about insomniathrough
the active participation of subjects. In addition, strategies such
as goal achievement stamps and incentives to encourage
continuous participation are believed to enhance this effect. As
this study was based on data limited to a specific population,
further research isrequired on the rel ationship between program
components, participation rates, and outcomes.

CBT-1 and Sleep M edication Use: Toward Sustainable
Insomnia M anagement

In this study, both the sleep medication and nonmedication
groups demonstrated significant improvements in insomnia
severity and related outcomes over the 8-week intervention
period. The effect size for 1SI, based on group comparisons,
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was medium (d=0.59), highlighting the meaningful impact of
the intervention. These findings align with previous evidence
summarized in a review [53], which reported that CBT-1 and
sleep medication exhibit comparable short-term effects. This
suggests that CBT-1 can achieve meaningful improvementsin
insomnia symptoms irrespective of medication use.

CBT-l is generally considered a first-line treatment due to its
superior safety and sustained effectiveness compared with sleep
medications, which often fail to maintain their effects after
discontinuation [53]. These characteristics highlight the potential
of CBT-l as a key strategy for long-term management of
insomnia.

Moreover, a study suggests that combining CBT-l with sleep
medication may provide benefits in terms of faster symptom
relief during theinitial stages of treatment [53]. However, such
combined therapy may compromise the long-term benefits of
CBT-I, underscoring the need for cautious management. This
indicates that while combining medication with CBT-I1 might
be beneficial for initial symptom relief, transitioning to CBT-I
as a stand-alone treatment may be one of the effective
approaches.

As this study primarily focused on short-term effects over an
8-week period, further research is needed to evaluate the
long-term impacts of CBT-I. Future studies with extended
follow-up periods could provide valuable insights into the
durability of CBT-1's effectsand the potential risks of symptom
recurrence. Such research would also help clarify the advantages
and limitations of combining CBT-I with medication, offering
evidence-based guidance for optimizing treatment strategies.

Integrating | CT-Based CBT-I Into Community Health
Systems

This study suggests that despite being provided in a
non—face-to-face manner, the program can successfully alter
participants’ perceptions of sleep. Although CBT-I is a highly
effective treatment for insomnia, its limited availability and
accessibility mean that only asmall number of insomnia patients
benefit from it [54]. Therefore, Smart Sleep using ICT may
offer an opportunity to provide CBT-I to a larger number of
insomnia patients, and it is thought that it can contribute to the
improvement of insomniain the community. A study highlighted
the effectiveness of in-person therapist-led programsin CBT-I
due to their structured nature and personalized support [48].
However, the results of thisstudy suggest that similar outcomes
can be achieved in anon—face-to-face environment when mobile
apps are designed with interactive features and tailored support
mechanisms. For example, the real-time consulting and
individualized feedback provided through the Smart Sleep app
inthis study may have replicated some of the benefits associated
with therapist-led interventions, thereby contributing to the high
retention and adherence rates observed among participants. This
demonstrates the potentia of |CT-based approachesto broaden
the accessibility of CBT-I while maintaining its effectiveness.
Particularly for older adults, who may require flexible and
user-friendly digital solutions, such approaches could serve as
an effective alternative to traditional in-person therapies.

https://www.jmir.org/2025/1/e67751
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However, it is necessary to use existing infrastructure for
scalability and integrate it into local public health systems to
reduce logistical barriers. To achieve scalability, leveraging
existing infrastructureis not only cost-effective but also essential
for streamlining implementation processes. Integrating these
efforts into local public health systems can further enhance
operational efficiency and reduce logistical barriers, ensuring
that solutions are accessible and sustainable within diverse
community settings. This approach is particularly important as
initial feedback revealed that concerns about potential costsled
someindividual sto decline participation in the study. By relying
on existing infrastructure and public health resources, it becomes
possible to reduce financial barriers and promote greater
inclusivity in implementation. Future efforts should focus on
evaluating these approaches to ensure the program’s broad
applicability and sustainable impact.

Limitations

This study was conducted in a specific group (ie,
community-dwelling older adults), and the sample size was
small, which limited the generalizability of the results to all
older people. To ensure broader applicability, future research
should involve diverse regions and larger sample sizes. In
addition, while baseline medical conditions were assessed in
this study, they were not explicitly included inthe main analysis,
which may have influenced the observed outcomes. Participants
in this study may have had relatively higher technological
literacy, asthey voluntarily engaged in an |CT-based program.
Moreover, participantswererecruited fromalocal public health
center, which may have introduced selection bias by including
individuals already engaged in health services. This potential
selection bias underscores the importance of including
individuals with varying levels of tech literacy and service
access in future studies.

Second, insomnia is a chronic condition with a risk of
recurrence, making continuous management and monitoring
necessary, even after short-term treatment. While CBT-I was
effective for insomnia in this study, symptoms may recur
because of factors such as stress or life changes. Therefore,
long-term follow-up is essential to assess the sustained effects
of theintervention.

Finally, the older might require more time to adapt to program
usage than the younger age groups. In this study, an experiment
was conducted while the researcher continued to educate
participants on how to use the program. In the case of the older,
programs that are easy to use, either by telephone coaching, as
in thisstudy, or by being very interactive, should be devel oped,
and ongoing efforts should be made to improve and evaluate
the usability of treatment programs.

Conclusions

The results of this study showed that Smart Sleep is an
ICT-based CBT-I that can provide effective non—face-to-face
treatment for older adults with insomnia. Individuals who
participated in the Smart Sleep program were ableto effectively
improve their sleep and most related measures through various
treatment contents such as slegp assessment, sleep diary, and
deep monitoring viawearable devices, deep restriction, stimulus

JMed Internet Res 2025 | vol. 27 | e67751 | p. 12
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kimet d

control, cognitive therapy, sleep hygiene education, relaxation  to the high usagerate. Inthefuture, to effectively provide Smart
techniques, sleep knowledge education, exercise programs, and ~ Sleep to the older adults in the community, it is recommended
telephone coaching. The program is easy to use and has an to distribute it through community welfare or public health
intuitive menu structure, which makes it easy for the older to  centers to improve the sleep health of many older people.

use, and the telephone coaching is thought to have contributed
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