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Factors influencing the
e�ciency of cellphone-based
CBT for treating sleep disorders

Nannan Hu, You Xu and Hongjing Mao*

A�liated Mental Health Center and Hangzhou Seventh People’s Hospital, Zhejiang University

School of Medicine, Hangzhou, China

Objective: This survey aimed to better comprehend the factors influencing

patient response to insomnia treatment.

Methods: We conducted an online survey. A total of 1,395 patients completed

the questionnaire at baseline. Insomnia, anxiety and depressive symptoms

were evaluated using the Pittsburgh Sleep Quality Index (PSQI), 7-item

Generalized Anxiety Disorder assessment (GAD-7) and 9-item Patient Health

Questionnaire (PHQ-9), respectively. A total of 488 patients completed at least

two surveys (baseline and monthly surveys thereafter) and reported that the

onlineCBTwas e�ective at the 1-year follow-up. The 488 patientswere divided

into three groups: the rapid (treatment e�ective at 4 weeks), intermediate

(4–16 weeks), and delayed-response group (over 16 weeks).

Results: Analysis of the demographic characteristics of the 488 patients did not

reveal significant sex di�erences among the three groups (P= 0.111). However,

the groups significantly di�ered in age (P = 0.001) and education (P = 0.006).

Compared to the rapid response group, the delayed-response group had a

highermean age (P< 0.01) and a slightly lower level of education. The duration

of the disorder was longer in the delayed-response group. Multivariate logistic

regression showed that male sex, junior high school education, and higher

PSQI were independent risk factors for the delayed response to treatment.

Conclusion: Many factors a�ected the e�ciency of insomnia treatment. Male

sex, junior school education, and a high PSQI score predicted delayed response

to insomnia treatment.
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Introduction

Insomnia is the most common sleep disorder, affecting 10–25% of adults in most

countries (1). Insomnia imposes a psychological and financial burden on individuals and

society; This disorder is associated with an increased risk of illness, such as heart attack,

depression, anxiety, stroke, or hypertension (2–5).

Insomnia treatments are mainly divided into drug treatments, psychotherapy,

and physical therapy. Drug treatments include benzodiazepines, antihistamines, and

antipsychotics. In most cases, benzodiazepines are effective for facilitating sleep. In

terms of psychotherapy, cognitive behavioral therapy (CBT), has been widely used to

treat insomnia. Physical treatments for insomnia currently under investigation include

transcranial magnetic stimulation (6).
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At present, the main non-drug treatment for insomnia

is CBT for insomnia (CBT-I), which focus on changing bad

sleep habits by, providing sleep hygiene education, changing

negative thoughts, attitudes, and beliefs about sleep, and using

a series of behavioral methods to improve sleep (7). CBT-I

incorporates findings from studies of sleep hygiene, stimulation

control therapy, sleep restriction therapy, cognitive therapy, and

relaxation therapy (7). This insomnia treatment is effective (8).

However, the patient response to CBT-I is slow. Additionally,

CBT is time consuming and labor-intensive, with high demands

for personnel, space, time, etc. Therefore, the implantation of

CBT in clinical practice is often hindered by insufficient medical

resources or poor patient compliance.

Internet-based CBT-I provides additional mobility, allowing

patients to receive CBT-I at any time and in any place

through a mobile phone application, reducing labor and

material resources. Compared to other non-CBT treatments,

online CBT better improves sleep efficiency, reduces fatigue,

improves mood, and improves overall daytime functioning

(9–12). Internet-based CBT has the potential to be used in

primary care institutions (13) and is as efficacious as face-to-

face CBT (14). The present study was a real-world study that

examined the factors surrounding the efficiency of online CBT

plus pharmacotherapy. According to their speed of response to

insomnia treatment, patients were divided into three groups:

the rapid, intermediate- and delayed response groups. We then

identify factors associated with the speed of response among

three groups of insomnia patients.

Materials and methods

Ethics approval

The Ethics Committee of the Institutional Review Board

of Hangzhou Seventh’s Hospital approved this study. All

participants provided written informed consent. All procedures

were performed in accordance with relevant guidelines.

Participants

Outpatients of Hangzhou Seventh People’s Hospital were

enrolled from January 1, 2017 to September 30, 2020.

Participants were instructed to keep a sleep diary and undergo

online CBT through the “Good Sleep 365” platform. “Good

Sleep 365” is a cellphone app for insomnia patients that allows

patients to keep a sleep diary, undergo evaluation in the app.

Abbreviations: PSQI, pittsburgh sleep quality index; GAD-7, 7-item

generalized anxiety disorder assessment; PHQ-9, 9-item patient health

questionnaire; NA, not applicable; CBT, cognitive behavior therapy.

The online CBT included sleep restriction, stimulus control,

relaxation training, and cognitive reappraisal.

Inclusion and exclusion criteria

The following inclusion criteria were applied to patients:

(1) insomnia [according to the criteria of the International

Statistical Classification of Diseases and Related Health

Problems, 10th edition (ICD-10)] lasting at least 1 month, and

(2) age in the range of 18–65 years. A total of 1,395 patients

had a Pittsburgh Sleep Quality Index (PSQI) score >9 at

baseline, indicating moderate or severe insomnia, and were

followed up at least once. The patients underwent online CBT

combined with drug treatment. After 1 year followed-up, 488

patients responded to treatment (PSQI < 9 on at least two

assessments). Patients were excluded if they met any of the

following criteria: (1) severe physical disease; (2) alcohol/drug

abuse or dependence; or (3) women who were pregnant,

lactating, or experiencing their menstrual period.

Study design

Our study used self-reported questionnaires. All participants

completed the questionnaires and received online CBT through

the app. The online CBT included sleep restriction, stimulus

control, cognitive reappraisal, sleep hygiene education,

relaxation training and other CBT-I methods and skills. The app

also provided information about insomnia, its impacts, and how

to prevent its recurrence. This information was presented to

the patients in the form of video or audio recordings. After the

patient completed the daily sleep diary, the platform provided

a new recording (62 videos and 4 audio recordings providing:

relaxation training instruction); patients could also repeat

previous content.

The following questionnaires were administered at baseline

and monthly thereafter to evaluate mental health.

Demographic questionnaire. This questionnaire

collected information on patient sex, age, marital status

and education level.

The Pittsburgh Sleep Quality Index (PSQI). The PSQI is a

self-rating scale with 19 items and a total score of 21 points.

A score of 5 points or higher indicates low-quality sleep (15).

PSQI scores can also be used to classify insomnia: 0–4 indicates

no insomnia; 5–9 indicates mild insomnia; 10–14 indicates

moderate insomnia, and 15–21 indicates severe insomnia.

The 7-item Generalized Anxiety Disorder assessment

(GAD-7). The GAD-7 is used to assess the severity of anxiety

(16) and has good reliability and validity (17). The GAD-7 has

seven items, with a total score of 21 points. GAD-7 scores can be

used to classify the severity of anxiety: 0–4 indicates no anxiety;
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5–9 indicates mild anxiety; 10–14 indicates moderate anxiety,

and 15–21 indicates severe anxiety.

The 9-item Patient Health Questionnaire (PHQ-9). The

PHQ-9 has 9 items and mainly evaluates depressive symptoms

(18), with a total score of 21 points. Higher PHQ-9 scores

indicate more severe depressive symptoms. 0–4 indicates

no depressive symptoms; 5–9 indicates mild depression;

10–14 indicates moderate depression, and 15–21 indicates

severe depression.

Statistical analysis

Data were analyzed with SPSS version 25.0 (IBM Corp),

and a significance level of 0.05. We compared the three

groups at baseline. Missing data were inputted by using the

last observation carried forward (LOCF) method. Analyses

of variance (ANOVAs) were used to compare the three

groups. Data are expressed as numbers and percentages.

To identify potential risk factors for delayed response to

insomnia treatment, multivariate logistic regression analysis

was performed. After adjusting for sex, age, and educational

level, the associations between the risk factors and outcomes

are presented as odds ratios (ORs) and 95% confidence

intervals (CIs).

Results

Demographic characteristics

First, we assessed the demographic data of the 488 patients in

whom treatment was effective. The timing of treatment response

was divided into quartiles, forming the following three groups:

the rapid- (treatment effective within 4 weeks; 135 patients),

intermediate group (treatment effective in 4–16 weeks; 115

patients) and delayed-response group (treatment effective after

more than 16 weeks; 238 patients). There was no significant sex

difference among the three groups (P = 0.111). However, the

delayed-response group contained a higher percentage of males

(29.8%) than the rapid-and intermediate-response groups (22.2

and 20.9%, respectively). There was no significant difference in

the duration of insomnia among the three groups (P = 0.185;

Table 1). However, the three groups significantly differed in

age (P = 0.001) and education (P = 0.006). Specifically, the

delayed-response group had a higher percentage of patients aged

>50 years than the repaid-response group, implying that the

delayed-response group had a higher mean age than the rapid-

response group. The percentage of patients with an education

level above college in the rapid-response group was higher

than that in the delayed-response group, implying that the

rapid-response group had a higher education level than the

delayed-response group.

Comparison of baseline data

The PSQI scores of the rapid-, intermediate-, and delayed-

response groups were 13.09 ± 2.44, 14.11 ± 2.61, and 14.82 ±

2.77, respectively. Thus, there was significant difference (P <

0.001) at baseline in PSQI scores among the three groups. The

GAD-7 scores of the groups were 4.51 ± 3.49, 4.55 ± 3.29, and

4.58 ± 3.33, respectively. There was no significant difference in

the GAD-7 scores among the groups (P = 0.991). The PHQ-9

scores of the groups were 2.31 ± 1.59, 2.63 ± 1.51, and 2.52 ±

1.71, respectively. There was no significant difference in PHQ-

9 scores among the groups (P = 0.273). The delayed-response

group had higher PSQI scores than the other groups (Table 2).

The PSQI scale has 7 factors: subjective sleep quality, sleep

latency, sleep maintenance, sleep efficiency, sleep disorders,

hypnotic drug use and daytime function. There were significant

differences in subjective sleep quality (P = 0.006), sleep latency

(P = 0.030), sleep maintenance (<0.001), and sleep efficiency

(<0.001) among the three groups. The factor scores of the

delayed-response group were higher than those of the rapid-

response group (Table 3; Figure 1).

Risk factors for poor mental health
outcomes

Multivariate logistic regression analysis showed that male

sex, junior high school education, higher PSQI scores and older

age were associated with delayed response to insomnia treatment

(male sex: OR: 0.44, 95%CI: 0.03–0.084, P = 0.036; junior

high school education: OR: 1.04, 95%CI: 0.14–1.95, P = 0.024;

Table 4).

Discussion

Insomnia treatment is complicated and time consuming.

Drugs are highly important for insomnia treatment.

Benzodiazepines, for example, are effective, but patients

are likely to develop a tolerance to them over the long-term

use. Combining drug treatment with CBT-I effectively reduces

the frequency of hypnotic use (19). Additionally, behavioral

intervention is recommended as a first-line treatment (8), as

the therapeutic effect of CBT-I has been clearly demonstrated

(20, 21). CBT-I mainly targets the factors maintain insomnia,

as well as the psychological and behavioral problems that cause

insomnia. CBT-I as the first-line choice for the treatment to

insomnia (22), has been recommended that all patients with

chronic insomnia should receive CBT-I by “Guidelines for

Management of Chronic Insomnia in Adults”. However, was

access to CBT is often limited by time, and available clinicians

trained in these skills; thus, individual, face-to-face CBT-I

from professional psychiatrists is often unavailable. Similarly,
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TABLE 1 Demographic characteristics of participants.

Characteristic Rapid response, Intermediate Delayed response, P-value

N (%) response, N (%) N (%)

Sex P = 0.111

Male 30 (22.2) 24 (20.9) 71 (29.8)

Female 105 (77.7) 91 (79.1) 167 (70.2)

Age, year 45.50± 10.92 47.82± 11.66 49.68± 10.72 P = 0.002*

<20 1 (0.8) 0 (0) 2 (0.8)

20–30 11 (8.4) 7 (6.1) 12 (5.1)

30–40 33 (25.2) 27 (23.5) 31 (13.1)

40–50 40 (30.5) 33 (28.7) 73 (30.8)

51–60 37 (28.2) 29 (25.2) 87 (36.7)

>60 9 (6.9) 19 (16.5) 32 (13.5)

Education level P = 0.006*

Primary school 13 (9.9) 20 (17.4) 33 (13.9)

Junior high school 18 (13.7) 21 (18.3) 61 (25.7)

Senior high school 34 (26.0) 26 (22.6) 69 (29.1)

College 55 (42.0) 45 (39.1) 65 (27.4)

≥Postgraduate 11 (4.6) 3 (2.6) 9 (3.8)

Duration of disorder P = 0.185

<3 months 39 (29.8) 30 (30.0) 52 (21.9)

3 months−1 year 24 (18.3) 23 (23.0) 47 (19.8)

1 year−3 years 24 (18.3) 19 (19.0) 39 (16.5)

3–5 years 15 (11.5) 14 (14.0) 29 (12.2)

>5 years 29 (22.1) 29 (29.0) 70 (29.5)

*P < 0.05.

TABLE 2 Scores of the three groups at baseline [mean ± standard deviation (SD)].

Scale Rapid response Intermediate response Delayed-response F P-value

PSQI (insomnia) 13.09± 2.44 14.11± 2.61 14.82± 2.77 18.578 <0.001*

GAD-7 (anxiety) 4.51± 3.49 4.55± 3.29 4.58± 3.33 0.009 0.991

PHQ-9 (depression) 2.31± 1.59 2.63± 1.51 2.52± 1.71 1.300 0.273

PSQI, 19-item pittsburgh sleep quality index; GAD-7, 7-item generalized anxiety disorder assessment; PHQ-9, 9-item patient health questionnaire. *P < 0.05.

the success of CBT-I depends on patient’ compliance. Thus,

the efficacy of individual and face-to-face CBT-I are often

affected by follow-up and supervision (23). With the increasing

popularity of the internet and smartphones in recent years, it

has become possible to administer online CBT-I (24).

Our study mainly focused on 488 patients in whom

insomnia treatment was effective. These patients were divided

into early-, intermediate- and delayed response groups. Analysis

of demographic data revealed that no significant sex difference

among the three groups. However, the proportion of males in

the delayed-response group was higher than that in the other

groups. Multivariate logistic regression analysis showed that,

male sex was associated with delayed response to treatment.

Specifically, men were 44-fold more likely to have delayed

response to treatment compared to women. Thus, male sex

was a risk factor for delayed response to insomnia treatment.

Multivariate logistic regression suggested that age was an

independent risk factor for delay response. A 1-year increase in

age increased the probability of delayed response to treatment

increased by 11%. Thus, we concluded that as age increased,

response to treatment slowed. Multivariate logistic regression

analysis showed that attaining only junior high school’ education

was associated with delayed response to treatment. Patients

with junior high school were 1.04-fold more likely to have

delayed response to treatment than patients with postgraduate

education. Patients with a higher level of education might have

a better understanding of online CBT or better compliance.

Educational attainment also has protective effects against mental
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TABLE 3 PSQI factors scores of insomnia patients in the three groups at baseline (mean ± SD).

PSQI factor Rapid response Intermediate response Delayed response F P-value

Subjective sleep quality 1.83± 0.89 2.06± 0.75 2.11± 0.84 5.113 0.006*

Sleep latency 1.87± 0.93 2.04± 0.89 2.14± 0.93 3.549 0.030*

Sleep maintenance 2.11± 1.00 2.33± 0.95 2.53± 0.84 9.120 <0.001*

Sleep efficiency 2.04± 0.99 2.21± 0.94 2.46± 0.81 10.139 <0.001*

Sleep disorders 1.13± 0.43 1.17± 0.49 1.20± 0.50 1.076 0.342

Hypnotic drug use 2.01± 0.30 2.21± 1.20 2.27± 1.16 2.098 0.124

Daytime function 2.04± 0.93 2.10± 0.89 2.08± 0.97 0.137 0.872

PSQI, pittsburgh sleep quality index; *represents P < 0.05.

FIGURE 1

Di�erences in PSQI factor scores of insomnia patients among the three groups.

disease, as demonstrated in another study (25). Additionally,

multivariate logistic regression analysis indicated that higher

PSQI scores were associated with delayed response to treatment.

Specifically, a 1-point increase in PSQI scores at baseline

increased the probability of delayed response to treatment by

18%. The delay-response group also had higher PSQI scores at

baseline than the other groups. Thus, these patients took longer

to achieve significant improvement of insomnia, suggesting that

the treatment of severe insomnia takes much longer. In general,

patients with a longer duration of insomnia are believed to

have a slower response to treatment. However, the duration of

insomnia was not a risk factor for delayed response to treatment

in our study.

A previous study showed that female patients are more

likely to be anxious and report poor sleep quality than male

(26). In the present study, we found that more female patients

were enrolled, consistent with previous research. However, we

found that male insomnia patients improved more slowly than

female patients. Additionally, patients who attained only junior

high school education had a slower response to treatment,

which might be related to differences in the understanding

of online CBT. Generally, the acceptance of online CBT-I is

related to its efficacy. However, in the present study, it was

difficult to assess patient’ compliance with CBT, which might

cause bias.

Subjective sleep quality, sleep latency, sleep maintenance,

and sleep efficiency were significantly different among

the three groups. The mean score on these factors in the

delayed-response group was higher than that in the rapid-

response group, implying that the delayed-response group

experienced worse sleep in these aspects than the rapid-

response group. After treatment, there were no significant

group differences in subjective sleep quality and sleep

latency. Therefore, online CBT mainly improved these two

aspects of sleep quality. Sleep restriction, a common CBT-

I method, is related to increased slow-wave activity (27).

By increasing the time spent out of bed and awake, sleep

restriction enhances sleep drive and regulates sleep rhythm.
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TABLE 4 Risk factors for delayed response to insomnia treatment

according to multivariate logistic regression analysis.

Variable Adjusted OR (95%) P-value

Sex

Male 0.44 (0.03–0.84) 0.036

Female 1 [Reference] NA

Age 0.11 (0.00–0.03) 0.043

PSQI score 0.18 (0.12–0.25) <0.001

GAD7 score −0.03 (−0.09–0.03) 0.275

PHQ9 score 0.07 (−0.06–0.20) 0.243

Education level

Primary school 0.75 (−0.21–1.71) 0.124

Junior high school 1.04 (0.14–1.95) 0.024

Senior high school 0.67 (−0.21–1.54) 0.135

College 0.339 (−0.50–1.18) 0.428

≥Postgraduate 1 [Reference] NA

Duration of disorder

<3 months −0.29 (−0.79–0.21) 0.254

3 months−1 year −0.08 (−0.62–0.45) 0.785

1–3 years −0.33 (−0.87–0.21) 0.236

3–5 years −0.11 (−0.72–0.51) 0.731

>5 years 1 [Reference] NA

PSQI, 19-item pittsburgh sleep quality index; GAD-7, 7-item generalized anxiety disorder

assessment; PHQ-9, 9-item patient health questionnaire; NA, not applicable.

In some diseases such as Parkinson’s disease (28), cancer

(29) and heart disease, sleep disorders are very common.

Indeed, a genetic study identified the causal effects of insomnia

on depression, diabetes, and cardiovascular disease (25).

Intriguingly, CBT-I is effective for treating sleep disorders

comorbid with somatic disease (30). CBT-I can also be used

to treat insomnia comorbid depression, anxiety, PTSD or

substance abuse disorders (31, 32). The use of online CBT-I

increased access to treatment for geographically remote patients,

and the self-directed CBT-I model that does not require the

involvement of therapists (33). A study published in JAMA

found that after a 1-year follow-up, online CBT-I improved the

vast majority of insomnia patients (34). Patients can receive CBT

online, increasing access to treatment by reducing obstacle of

a lack of trained clinicians and difficulty accessing treatment

due to distance. Therefore, the use of online CBT-I should

be promoted.

Previous studies have found that online CBT-I is an effective

treatment to insomnia, but few studies have examined the

latency of response to treatment.

Limitation

This study has the following limitations. First, it was limited

in scope. Most participants were from Zhejiang Province; Thus,

the results may not fully represent other regions. Second, patient

compliance was difficult to qualify as the platform had no means

of tracking patient compliance. Third, volunteer bias may have

been present. Individuals willing to participate in the study may

have had worse sleep quality, leading to a high rate of severe

insomnia in the study.

Conclusion

Many factors affect the speed of response to insomnia

treatment, but few studies have identified these factors. We

found that male sex, junior high school education, and high

PSQI scores predicted delayed response to insomnia treatment,

allowing prediction of the prognosis of insomnia patients.

Data availability statement

The original contributions presented in the study are

included in the article/supplementary material, further inquiries

can be directed to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed

and approved by Ethics Committee of Hangzhou Seventh

People’s Hospital. The patients/participants provided their

written informed consent to participate in this study.

Author contributions

Writing of the manuscript: NH. Statistical analysis of data:

YX and NH. Concept and design: HM. All authors contributed

to the article and approved the submitted version.

Funding

This study was supported by the Hangzhou Science and

Technology Bureau (20191203B119) and the Nature Science

Foundation of Zhejiang Province (LDF20H090004).

Acknowledgments

The authors thank the medical staff who assisted with

the study.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Frontiers in Psychiatry 06 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.974888
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Hu et al. 10.3389/fpsyt.2022.974888

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Morin CM, LeBlanc M, Daley M, Gregoire JP, Merette C.
Epidemiology of insomnia: prevalence, self-help treatments, consultations,
and determinants of help-seeking behaviors. Sleep Med. (2006)
7:123–30. doi: 10.1016/j.sleep.2005.08.008

2. Sivertsen B, Lallukka T, Salo P, Pallesen S, Hysing M, Krokstad S, et al.
Insomnia as a risk factor for ill health: results from the large population-
based prospective HUNT study in Norway. J Sleep Res. (2014) 23:124–
32. doi: 10.1111/jsr.12102

3. Fernandez-Mendoza J, Shea S, Vgontzas AN, Calhoun SL, Liao D, Bixler EO.
Insomnia and incident depression: role of objective sleep duration and natural
history. J Sleep Res. (2015) 24:390–8. doi: 10.1111/jsr.12285

4. Blank M, Zhang J, Lamers F, Taylor AD, Hickie IB, Merikangas KR.
Health correlates of insomnia symptoms and comorbid mental disorders in
a nationally representative sample of US adolescents. Sleep. (2015) 38:197–
204. doi: 10.5665/sleep.4396

5. Wang SH, Chen XY, Wang XP. Jidong restless legs syndrome cohort
study: objectives, design, and baseline screening. Front Neurol. (2021)
12:682448. doi: 10.3389/fneur.2021.682448

6. Riemann D, Nissen C, Palagini L, Otte A, Perlis ML, Spiegelhalder K. The
neurobiology, investigation, and treatment of chronic insomnia. Lancet Neurol.
(2015) 14:547–58. doi: 10.1016/S1474-4422(15)00021-6

7. Trauer JM, Qian MY, Doyle JS, Rajaratnam SM, Cunnington D. Cognitive
behavioral therapy for chronic insomnia: a systematic review and meta-analysis.
Ann Intern Med. (2015) 163:191–204. doi: 10.7326/M14-2841

8. National Institutes of Health. National institutes of health state of the science
conference statement on manifestations and management of chronic insomnia in
adults, June 13–15, 2005. Sleep. (2005) 28:1049–57. doi: 10.1093/sleep/28.9.1049

9. Espie CA, Kyle SD, Williams C, Ong JC, Douglas NJ, Hames P. Brown, JS.
A randomized, placebo-controlled trial of online cognitive behavioral therapy for
chronic insomnia disorder delivered via an automated media-rich web application.
Sleep. (2012) 35:769–81. doi: 10.5665/sleep.1872

10. Lancee J, Eisma MC, van Straten A. Kamphuis, JH. Sleep-related safety
behaviors and dysfunctional beliefs mediate the efficacy of online CBT for
insomnia: a randomized controlled trial. Cognit Behav Therapy. (2015) 44:406–
22. doi: 10.1080/16506073.2015.1026386

11. Espie CA, Kyle SD, Miller CB, Ong J, Hames P, Fleming L. Attribution,
cognition and psychopathology in persistent insomnia disorder: outcome and
mediation analysis from a randomized placebo-controlled trial of online cognitive
behavioural therapy. Sleep Med. (2014) 15:913–7. doi: 10.1016/j.sleep.2014.03.001

12. Thorndike FP, Ritterband LM, Gonder-Frederick LA, Lord HR, Ingersoll KS,
Morin CM, et al. A randomized controlled trial of an internet intervention for
adults with insomnia: effects on comorbid psychological and fatigue symptoms.
J Clin Psychol. (2013) 69:1078–93. doi: 10.1002/jclp.22032

13. Kay-Stacey M, Attarian H. Advances in the management of chronic
insomnia. BMJ. (2016) 354:i2123. doi: 10.1136/bmj.i2123

14. Zachariae R, Lyby MS, Ritterband LM, O’Toole MS. Efficacy of internet-
delivered cognitive-behavioral therapy for insomnia: a systematic review and
meta-analysis of randomized controlled trials. Sleep Med Rev. (2016) 30:1–
10. doi: 10.1016/j.smrv.2015.10.004

15. Buysse DJ, Reynolds CF, Monk TH, Hoch CC, Yeager AL, Kupfer DJ.
Quantification of subjective sleep quality in healthy elderly men and women using
the pittsburgh sleep quality index (PSQI). Sleep. (1991) 14:331–8.

16. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092–
7. doi: 10.1001/archinte.166.10.1092

17. Lowe B, Decker O, Muller S, Brahler E, Schellberg D, Herzog W,
et al. Validation and standardization of the generalized anxiety disorder
screener (GAD-7) in the general population. Med Care. (2008) 46:266–
74. doi: 10.1097/MLR.0b013e318160d093

18. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity
of a brief depression severity measure. J Gen Intern Med. (2001)
16:606–13. doi: 10.1046/j.1525-1497.2001.016009606.x

19. Morin CM, Vallieres A, Guay B, Ivers H, Savard J, Merette C, et al.
Cognitive behavioral therapy, singly and combined with medication, for
persistent insomnia: a randomized controlled trial. JAMA. (2009) 301:2005–
15. doi: 10.1001/jama.2009.682

20. Rajabi Majd N, Brostrom A, Ulander M, Lin CY, Griffiths MD, Imani V, et al.
Efficacy of a theory-based cognitive behavioral technique app-based intervention
for patients with insomnia: randomized controlled trial. J Med Internet Res. (2020)
22:e15841. doi: 10.2196/15841

21. Morin CM, Benca R. Chronic insomnia. Lancet. (2012) 379:1129–
41. doi: 10.1016/S0140-6736(11)60750-2

22. Schutte-Rodin S, Broch L, Buysse D, Dorsey C, Sateia M. Clinical guideline
for the evaluation and management of chronic insomnia in adults. J Clin Sleep Med
JCSM Off Publ Am Acad Sleep Med. (2008) 4:487–504. doi: 10.5664/jcsm.27286

23. Kyle SD, Miller CB, Rogers Z, Siriwardena AN, Macmahon KM, Espie CA.
Sleep restriction therapy for insomnia is associated with reduced objective total
sleep time, increased daytime somnolence, and objectively impaired vigilance:
implications for the clinical management of insomnia disorder. Sleep. (2014)
37:229–37. doi: 10.5665/sleep.3386

24. Ritterband LM, Thorndike FP, Gonder-Frederick LA, Magee JC,
Bailey ET, Saylor DK, et al. Efficacy of an Internet-based behavioral
intervention for adults with insomnia. Arch Gen Psychiatry. (2009)
66:692–8. doi: 10.1001/archgenpsychiatry.2009.66

25. Jansen PR, Watanabe K, Stringer S, Skene N, Bryois J, Hammerschlag
AR, et al. Genome-wide analysis of insomnia in 1,331,010 individuals
identifies new risk loci and functional pathways. Nat Genet. (2019) 51:394–
403. doi: 10.1038/s41588-018-0333-3

26. Bigalke JA, Greenlund IM, Carter JR. Sex differences in self-report anxiety
and sleep quality during COVID-19 stay-at-home orders. Biol Sex Differ. (2020)
11:56. doi: 10.1186/s13293-020-00333-4

27. Krystal AD, Edinger JD. Sleep EEG predictors and correlates of the
response to cognitive behavioral therapy for insomnia. Sleep. (2010) 33:669–
77. doi: 10.1093/sleep/33.5.669

28. Zhang Y, Zhao JH, Huang DY, Chen W, Yuan CX, Jin LR, et al. Multiple
comorbid sleep disorders adversely affect quality of life in Parkinson’s disease
patients. NPJ Parkinsons Dis. (2020) 6:25. doi: 10.1038/s41531-020-00126-x

29. Kwak A, Jacobs J, Haggett D, Jimenez R, Peppercorn J. Evaluation and
management of insomnia in women with breast cancer. Breast Cancer Res Treat.
(2020) 181:269–77. doi: 10.1007/s10549-020-05635-0

30. Redeker NS, Conley S, Anderson G, Cline J, Andrews L, Mohsenin V, et al.
Effects of cognitive behavioral therapy for insomnia on sleep, symptoms, stress, and
autonomic function among patients with heart failure. Behav Sleep Med. (2020)
18:190–202. doi: 10.1080/15402002.2018.1546709

31. Taylor DJ, Pruiksma KE. Cognitive and behavioural therapy for insomnia
(CBT-I) in psychiatric populations: a systematic review. Int Rev Psychiatry. (2014)
26:205–13. doi: 10.3109/09540261.2014.902808

32. Wallsten D, Norell-Clarke A, Alfonsson S, Gryphon D, Eriksson H, Tillfors
M. Treating co-morbid insomnia and social anxiety disorder with sequential
CBT protocols: a single-case experimental study. Behav Cogn Psychother. (2021)
2021:1–17. doi: 10.1017/S1352465821000278

33. Hsieh C, Rezayat T, Zeidler MR. Telemedicine and the management of
insomnia. Sleep Med Clin. (2020) 15:383–90. doi: 10.1016/j.jsmc.2020.05.004

34. Ritterband LM, Thorndike FP, Ingersoll KS, Lord HR, Gonder-Frederick
L, Frederick C, et al. Effect of a web-based cognitive behavior therapy
for insomnia intervention with 1-year follow-up: a randomized clinical
trial. JAMA Psychiatry. (2017) 74:68–75. doi: 10.1001/jamapsychiatry.2016.
3249

Frontiers in Psychiatry 07 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.974888
https://doi.org/10.1016/j.sleep.2005.08.008
https://doi.org/10.1111/jsr.12102
https://doi.org/10.1111/jsr.12285
https://doi.org/10.5665/sleep.4396
https://doi.org/10.3389/fneur.2021.682448
https://doi.org/10.1016/S1474-4422(15)00021-6
https://doi.org/10.7326/M14-2841
https://doi.org/10.1093/sleep/28.9.1049
https://doi.org/10.5665/sleep.1872
https://doi.org/10.1080/16506073.2015.1026386
https://doi.org/10.1016/j.sleep.2014.03.001
https://doi.org/10.1002/jclp.22032
https://doi.org/10.1136/bmj.i2123
https://doi.org/10.1016/j.smrv.2015.10.004
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1001/jama.2009.682
https://doi.org/10.2196/15841
https://doi.org/10.1016/S0140-6736(11)60750-2
https://doi.org/10.5664/jcsm.27286
https://doi.org/10.5665/sleep.3386
https://doi.org/10.1001/archgenpsychiatry.2009.66
https://doi.org/10.1038/s41588-018-0333-3
https://doi.org/10.1186/s13293-020-00333-4
https://doi.org/10.1093/sleep/33.5.669
https://doi.org/10.1038/s41531-020-00126-x
https://doi.org/10.1007/s10549-020-05635-0
https://doi.org/10.1080/15402002.2018.1546709
https://doi.org/10.3109/09540261.2014.902808
https://doi.org/10.1017/S1352465821000278
https://doi.org/10.1016/j.jsmc.2020.05.004
https://doi.org/10.1001/jamapsychiatry.2016.3249
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Factors influencing the efficiency of cellphone-based CBT for treating sleep disorders
	Introduction
	Materials and methods
	Ethics approval
	Participants
	Inclusion and exclusion criteria
	Study design
	Statistical analysis

	Results
	Demographic characteristics
	Comparison of baseline data
	Risk factors for poor mental health outcomes

	Discussion
	Limitation
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


