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Designing a Mobile Intervention Platform to Help Alleviate Insomnia Symptoms
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Objectives : An increasing number of people are affected by sleep problems every year. The current study pres-
ents findings from experiments that utilize a mobile application-based cognitive-behavioral treatment for insomnia

(CBT-).

Methods : Our application aims to alleviate insomnia symptoms by providing real-time and direct interventions in
people’s daily lives. We recruited 50 participants to test the effectiveness of the app via a six-week-long prospective

experiment.

Results : We find that insomnia symptoms are reduced significantly for both the treatment group, who used the app,
and the control group, who watched educational videos [F(2,39)=60.82, p<0.001]. Sleep efficiency improved more
quickly in the treatment group than in the control group. Participants who followed higher compliance to the intervention

reduced their wake after sleep onset (WASO) time more substantially.

Conclusion : Our results suggest that app-based CBT-I interventions may have additional benefits for enhancing
objective sleep quality, including sleep efficiency or WASO, compared to sleep hygiene education. The preliminary
findings of the current research shed light on future mobile intervention apps’ design choices for insomnia.

KEY WORDS : Insomnia - Sleep efficiency - Wake after sleep onset - Cognitive behavioral therapy -
Mobile application intervention.
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Fig. 1. Screen capture images from the Sleeps app. The recommendation push alarm stating 'Start walking' (left), de-

fault screen of the app (middle), and the sleep efficiency calendar (right).

Wearing fitbit only Wearing fitbit & using sleeps

2 weeks 2 weeks 2 weeks
? “Initial” *1-2wks" “3—4wks"
Baseline Start After 2 weeks After 4 weeks

Fig. 2. Overall experimental process involving a total of 6
weeks.
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Good compliance
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Application-based CBT-1
(n=20)

Bad compliance
(n=10)

Fig. 3. Explanation of the experimental procedure. Each
tfreatment (Web-based education and app-based
cognitive behavioral therapy for insomnia) is conduct-
ed over a 2-week infervention, and the extent of com-
pliance is measured within the intervention. ISI : Insom-
nia Severity Index.
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Table 1. Population or average characteristics in the treatment and control groups

Treatment with the sleeps

Control with educational )

Characteristic application (n=20) videos (N=22) tory p-value
Age 23.15£2.72 22.59+2.75 0.66 0.51
Gender
Male 9 10
Female 11 12
Education 3.65 0.16
Undergraduate 12 15
Graduate
Other
Exercise (30 mins/day) 5.45 0.25
5 or more/week 3 2
3 or 4/week 8 5
2/week 3 10
1 or less/week 4 2
None 2 3
Alcohol consumption 0.78 0.85
3-5/week 2
1-2/week 4 6
1-2/month 11 11
Barely 4 3
Coffee consumption (cups/day) 4.66 0.32
3 or more 3 0
1-3 2 4
1 8 9
0-1 4 7
None 3 2
ISI 18.70+£1.95 18.09+£2.47 0.88 0.38
PHQ-9 10.15+£4.76 8.04+4.35 1.50 0.14

ISI - Insomnia Severity Index, PHQ-9 : Patient Health Questionnaire-9
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Fig. 4. Line graphs (A), (B) represent the overall changes during six weeks according to the average values of the ISl
and PHQ-9 scores, respectively, for the subjects in each freatment group. ISI : Insomnia Severity Index, PHQ-9 : Pa-
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Table 2. Changes in the sleep variables measured by Fitbit (covariate : age). Each sleep variable is calculated by the
average daily values for every two weeks

Sleep variable Sleeps (N=20) Education (n=22) F statistic (interaction) p-value
Sleep efficiency (%) 3.17 0.047*
“Initial” 87.09+2.92 87.47+2.11
“1-2wks" 87.83+2.17 86.84+1.85
“3—4wks” 87.83+2.21 87.43+1.96
Wake after sleep onset (mins) 1.71 0.195
“Initial” 55.60+13.67 52.78+10.00
“1—2wks” 52.21+13.28 54.42+10.76
“3—4wks" 51.45+12.79 53.41+£12.49
Number of awakenings (n) 0.06 0.943
“Initial * 3.56+0.92 3.45+0.81
“1—2wks" 3.53+£1.22 3.44+1.08
“3—4wks” 3.33+1.03 3.20+£1.04
Total sleep time (hrs) 1.00 0.379
“Initial” 6.24+0.62 6.07+0.97
“1—2wks” 6.22+0.58 6.02+0.79
“3—4wks” 6.09+0.68 6.16+0.78
* 1 p<0.05

Table 3. Differences in sleep profile variables between the subjects by good and poor compliance with the interven-
tions (covariate : age)

Participants with good  Participants with poor

Variables ] ) F statistic (interaction) p-value
compliance (n=10) compliance (n=10)
Insomnia severity index 0.50 0.687
Baseline 18.80+1.55 18.60+2.37
After 2 weeks 12.40+4.22 14.70+3.33
After 4 weeks 10.50+4.81 11.10£3.60
Sleep efficiency (%) 1.52 0.249
“Initial” 85.82+3.13 88.35+2.14
“1—2wks” 86.95+2.20 88.72+1.84
“3—4wks" 87.17+£2.12 88.49+£2.21
Wake after sleep onset (mins) 4.62 0.026*
“Initial” 62.50+12.09 48.70+11.94
“1-2wks" 58.60+14.25 45.83+8.86
“3—4wks” 53.21+£12.91 49.70+£13.11
Number of awakenings (n) 1.45 0.263
“Initial” 3.92+0.69 3.21+1.01
“1—2wks” 4.09+1.15 2.97+£1.06
“3—4wks” 3.49+£1.01 3.18+£1.09
Total sleep time (hrs) 4.14 0.036*
“Initial” 6.31+0.44 6.17+0.79
“1-2wks" 6.42+0.51 6.03+0.60
“3—4wks" 5.96+0.67 6.22+0.71

* 1 p<0.05
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