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A transdiagnostic sleep and circadian intervention for 
adolescents: six-month follow-up of a randomized controlled 
trial

Lu Dong, Michael R. Dolsen, Armando J. Martinez, Haruka Notsu, Allison G. Harvey
Department of Psychology, University of California, Berkeley. Berkeley, CA, USA

Abstract

Background: This study examined the 6-month follow-up outcomes of the Transdiagnostic 

Sleep and Circadian Intervention (TranS-C), compared to Psychoeducation about sleep and health 

(PE).

Methods: Adolescents (mean [SD] = 14.77 [1.84] years) with eveningness chronotype and “at-

risk” in at least one of five health domains were randomized to receive TranS-C (n = 89) or PE (n 
= 87) at a university-based clinic. Primary outcomes were average weeknight total sleep time and 

bedtime calculated from sleep diary, a questionnaire measure of circadian preference, and 

composite risks in five health domains. Secondary outcomes were selected sleep diary indices, 

sleepiness, and self- and parent-reported sleep, parent-reported risks in five health domains.

Results: Relative to PE, TranS-C showed treatment effects through 6-month follow-up on only 

one primary outcome; namely eveningness circadian preference. TranS-C also showed treatment 

effects on two sleep and circadian secondary outcomes, including the Pittsburgh Sleep Quality 

Index and sleep-diary measured weeknight-weekend discrepancy in wakeup time. TranS-C did not 

show treatment effects on self-report or parent-report composite risks in five health domains. PE 

showed benefit, relative to TranS-C, from posttreatment to 6-month follow-up for reducing parent-

reported behavioral health risk (secondary outcome).

Conclusions: In at-risk adolescents, the evidence supports the TranS-C treatment effects over 

six months on improving sleep and circadian functioning on selected outcomes but not on 

reducing risk in five health domains.
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Introduction

The delayed sleep-wake pattern emerges during adolescence and remains stable until early 

adulthood (Roenneberg et al., 2004). Adolescents with eveningness chronotype, compared to 
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those with morningness chronotype, follow a delayed sleep schedule, with later bedtime and 

wakeup time and increased activities later in the day. Eveningness chronotype is associated 

with greater sleep problems in adolescents, most notably sleep deprivation and greater 

weekday-weekend discrepancy in sleep (Crowley, Acebo, & Carskadon, 2007; Gradisar et 

al., 2013), and a wide range of psychological and physical problems, including depression, 

anxiety, substance use, and physical inactivity (Adan et al., 2012; Schaal, Peter, & Randler, 

2010). Indeed, mounting evidence suggests that sleep deprivation and weekday-weekend 

discrepancy in sleep are prevalent during adolescence and confer more risk for 

psychopathology and other health problems (Owens, 2014). In light of this evidence, the 

Transdiagnostic Sleep and Circadian Intervention (TranS-C) for youth was developed to 

target modifiable psychosocial, cognitive and behavioral factors thought to contribute to 

eveningness (Harvey, 2016).

In the randomized controlled trial, for which the 6-month follow-up data are reported in this 

study, we tested whether TranS-C modifies eveningness, improves sleep, and reduces risk in 

health-related domains from pretreatment to posttreatment. From pretreatment to 

posttreatment, relative to Psychoeducation (PE), TranS-C was associated with shifting away 

from eveningness, an earlier endogenous circadian phase, a less weeknight-weekend 

discrepancy in total sleep time and wakeup time, less daytime sleepiness, and better self- and 

parent-reported sleep. TranS-C did not directly affect primary and secondary outcomes in 

health-related domains relative to PE, except for parent-reported risk in the cognitive domain 

(Harvey et al., 2018). However, a mediation analysis suggested indirect effects of TranS-C 

(vs. PE) on reducing risk in multiple mental and physical health domains via improving 

sleep and circadian problems from pretreatment to posttreatment (Dong, Gumport, Martinez, 

& Harvey, 2019). Although these pretreatment to posttreatment effects of TranS-C are 

promising, longer-term effects have not been examined.

The goal of the current study is to investigate the longer-term effects of TranS-C relative to 

PE. The first aim was to examine the effects of TranS-C (vs. PE) on sleep and circadian 

outcomes at 6-month follow-up, and whether they were maintained from posttreatment to 6-

month follow-up. The second aim was to examine the effects of TranS-C (vs. PE) on risks in 

five health domains at 6-month follow-up, and whether they were maintained from 

posttreatment to 6-month follow-up. We also conducted exploratory analysis for specific 

measures comprising the composite risk scores to understand the TranS-C effects further and 

be consistent with the previous report on the pre-post effects (Harvey et al., 2018). We 

hypothesized that TranS-C would demonstrate greater improvements than PE in both sleep 

and circadian outcomes and risks across health domains at 6-month follow-up and that 

TranS-C treatment effects would be maintained from posttreatment to 6-month follow-up.

Methods

Participants and procedures

A parallel RCT design was used and CONSORT RCT requirements for nonpharmacological 

trials were followed (see Appendix S1 in the Supporting Information for CONSORT 

checklist). Participants were recruited from January 2013 to February 2016 through 

advertisements and clinician referrals. Participants and their parents or guardians were first 
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screened via phone for eligibility, with potentially eligible individuals completing a 

subsequent in-person assessment to ascertain eligibility. Eligible participants were 

randomized to receive TranS-C or PE. Randomization was conducted using a computerized 

random number generator and was stratified by sex and age. Only the project coordinators in 

charge of randomization and therapists knew the treatment allocation of each participant. 

The Committee for Protection of Human Subjects at University of California Berkeley 

approved the study protocol. Parents or guardians of all participants provided informed 

consent and participants provided informed assent. A detailed study procedure was reported 

elsewhere (Harvey et al., 2018). Participant flow was illustrated in Figure 1.

Primary outcomes of the trial are weeknight TST, weeknight BT, CMEP, and youth self-

report risk composites in the five health domains. Secondary outcomes are weeknight-

weekend discrepancy in TST, BT, and wakeup time, sleepiness, PSQI, CBCL Sleep 

Composite, and parent-report risk composites in the five health domains. These outcomes 

were pre-registered on clinicaltrials.gov and tested in the previous report on the pre-post 

effects (Harvey et al., 2018).

Inclusion criteria were: (a) 10- to 18-years old, living with a parent or guardian, and 

attending a class/job by 9 a.m. at least 3 days per week; (b) fluent in English; (c) able and 

willing to give informed assent; (d) reported eveningness as demonstrated by scoring within 

the lowest quartile of the CMEP (27 or lower; Dagys et al., 2012) and had a 7-day sleep 

diary showing a sleep onset time of 10:40 p.m. or later for 10–13-year-olds, 11 p.m. or later 

for 14–16-year-olds, and 11:20 p.m. or later for 17–18-year-olds for at least 3 nights per 

week in the last 3 months1; and (e) participants must fall into an ‘at risk’ range on measures 

in at least one of the five health domains (see Appendix S2).

Exclusion criteria were: (a) an active, progressive physical illness or neurological 

degenerative disease directly related to the sleep disturbance; (b) evidence of obstructive 

sleep apnea, restless legs syndrome, or periodic limb movement disorder via the Duke 

Structured Interview for Sleep Problems; (c) significantly impairing pervasive 

developmental disorder; (d) bipolar disorder, schizophrenia, or another current Axis I 

disorder if there was a risk of harm if treatment was delayed (assessed via the K-SADS-PL); 

(e) history of substance dependence in the past six months or current suicide risk (assessed 

via the K-SADS-PL) sufficient to preclude treatment on an outpatient basis; and (f) 

Participants ceased taking medications that alter sleep (e.g., hypnotics) 4 weeks prior to the 

assessment (2 weeks for melatonin) or were excluded.

Treatment conditions

Both treatments consisted of a total of six 50-minute sessions delivered over six weeks 

during the school year by doctoral or masters-level therapists. A key difference between 

treatment conditions is that TranS-C promotes behavior change whereas PE only provides 

information without facilitating behavior change, and this treatment differentiation has been 

confirmed by coding. Full details about the treatment conditions are reported elsewhere 

(Harvey et al., 2018).

1age-group cutoffs based on Giannotti et al. (2002) and Maslowsky & Ozer (2014)
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Transdiagnostic Sleep and Circadian Intervention for Youth (TranS-C).—As 

documented elsewhere (Harvey, 2016; Harvey & Buysse, 2017), TranS-C was developed 

based on sleep and circadian principles and the transdiagnostic approach. There are four 

sources for TranS-C: Cognitive Behavior Therapy for Insomnia (Morin et al., 2006; Perlis, 

Aloia, & Kuhn, 2011), Interpersonal and Social Rhythm Therapy (Frank et al., 2005), 

Chronotherapy (Wirz-Justice, Benedetti, & Terman, 2009), and Motivational Interviewing 

(Miller & Rollnick, 2002). TranS-C targets psychosocial, behavioral, and cognitive 

processes that maintain sleep and circadian problems in youth. TranS-C includes 4 cross-

cutting modules (functional analysis, goal setting, motivational interviewing, education), 4 

core modules (behavioral components, daytime impairment, unhelpful beliefs, relapse 

prevention), and 7 optional modules (e.g., bedtime worry).

Psychoeducation (PE).—PE is an active control associated with short- and long-term 

sleep improvement (Harvey et al., 2015). PE sessions focus on providing information about 

the interplay between sleep, stress, diet, health, exercise, accidents, and mood. Participants 

sample through meditation, yoga, and/or outdoor appreciation activities.

Measures

All measures described below were collected at pretreatment, posttreatment, and 6-month 

follow-up assessment and assessors were blind to treatment allocations.

Sleep and Circadian Outcomes

Sleep diary.: 7-day sleep diary was collected every morning via phone by trained research 

assistants during the week leading up to treatment, the week after treatment, and the week 

leading up to the 6-month follow-up assessment. A standardized sleep diary was used 

(Carney et al., 2012). The following variables were derived using the sleep diary: 1) 

weeknight total sleep time (TST), calculated as time in bed - sleep onset latency - wake after 

sleep onset - terminal wakefulness; 2) weeknight bedtime (BT), using response to “time 

getting into bed”; 3) weeknight-weekend discrepancy in TST; 4) weeknight-weekend 

discrepancy in bedtime; and 5) weeknight-weekend discrepancy in wakeup time (time of 

final awakening).

Children’s Morningness-Eveningness Preference Scale (CMEP): (Carskadon, Vieira, & 

Acebo, 1993). CMEP is a self-report measure of the degree of eveningness. The scores range 

from 10 (Extreme Evening Preference) to 43 (Extreme Morning Preference). Morningness-

eveningness is subject to change in adults (Vedaa, Bjorvatn, Magerøy, Thun, & Pallesen, 

2013) and CMEP scores decrease as children age (Díaz-Morales, 2015).

Sleepiness scale.: The Sleepiness Scale consists of ten items from the School Sleep Habits 

Survey asking about sleepiness in the past two weeks (Wolfson & Carskadon, 1998). Items 

were rated on a 4-point scale (0 = No, 1 = Struggled to Stay Awake, 2 = Fallen Asleep, 3 = 

Both Struggled to Stay Awake and Fallen Asleep).
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Pittsburgh Sleep Quality Index (PSQI).: The PSQI consists of 19 self-reported 

questionnaire generating a global score (Buysse et al., 1989). The score ranges from 0 to 21, 

with higher scores indicating greater sleep problems in the past month.

Child Behavior Checklist (CBCL) sleep composite.: A CBCL sleep composite was 

derived based on seven items on the parent-report CBCL that measure sleep functioning 

(Becker, Ramsey, & Byars, 2015). Items were rated on a 3-point scale (0 = Not True, 1 = 

Somewhat/Sometimes True, 2 = Very True/Often True). Higher scores indicate more sleep 

problems.

Functioning in five health domains.: Two sets of composite scores were used to indicate 

functioning or risk in five health domains, namely, youth self-reported composite risk scores 

and parent-reported composite risk scores. Both sets of composite scores were composed of 

measures of emotional, cognitive, behavioral, social, and physical health. The Youth Self-

Report Composite Risk Scores were derived from psychometrically validated questionnaires 

representing the five health domains (see Appendix S3). The Parent-Reported Composite 

Risk Scores are derived using parent responses to the CBCL. Further details on specific 

measures for each domain are in Appendix S3.

Data analysis—A priori power analysis based on two independent groups t-test yielded 69 

participants per condition to achieve at least 80% power, assuming two-sided significance of 

0.05 and an expected effect size d = 0.48, which was derived by averaging across estimates 

of the treatment effects on sleep duration and outcomes in the five health domains 

(Cappuccio et al., 2008; Dewald, Meijer, Oort, Kerkhof, & Bögels, 2010; Talbot, 

McGlinchey, Kaplan, Dahl, & Harvey, 2010). The recruitment allowed for at least 20% more 

for potential attrition. The final sample size for the analysis was 176.

Data analysis was conducted in Stata 15. All analyses were adjusted by age and sex, which 

were the stratification factors used during the randomization. Intent-to-treat method was 

used. Multilevel modeling with maximum likelihood estimation with the assumption of 

missing at random was used to examine all continuous variables. We used multilevel 

modeling because it ensures that the analysis includes all randomized participants and 

ensures an unbiased approach to deal with attrition through maximum likelihood estimation 

with the assumption of missing at random (Enders & Bandalos, 2001). The fixed component 

of the model included stratification factors (age and sex), indicator variables for time 

(pretreatment = 0, posttreatment = 1, 6-month follow-up = 2) and treatment (TranS-C = 1, 

PE = 0), and time by treatment interaction terms. The random part of the model included a 

subject-specific random intercept and a subject- and occasion-specific error term. 

Benjamini-Hochberg procedure (Benjamini & Hochberg, 1995) was used to correct for 

multiple comparisons assuming 15% false discovery rate for four subgroups of analyses: 

effects of TranS-C vs. PE on change from pre to 6 months follow-up for primary outcomes 

(1) and secondary outcomes (2), and effects of TranS-C vs. PE on change from post to 6 

months follow-up for primary (3) and secondary outcomes (4). The Benjamini-Hochberg 

critical values are report in Table 2.
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Results

Demographic and descriptive statistics

Table S1 presents demographic variables. Table 1 presents the descriptive statistics of all 

outcome variables. Additional summary statistics (N for each variable, median and range for 

skewed outcomes) are presented in Table S2. Attrition was not significantly different across 

treatment groups at post treatment (TranS-C: 6 [6.7%], PE: 4 [4.6%], z = .60, p = .54) or at 

6-month follow-up (TranS-C: 9 [10.0%], PE: 5 [5.7%], z = 1.10, p = .28). The two treatment 

groups did not differ with respect to season in which treatment was provided (X2 = 0.75, p = 

0.69) or at 6-month follow-up (X2 = 0.81, p = 0.67).

Sleep and circadian outcomes (aim 1)

There were three primary sleep and circadian outcomes: weeknight TST, weeknight BT, and 

CMEP. As shown in Table 2, relative to PE, TranS-C was associated with greater reduction 

in eveningness as indexed by greater increase in CMEP score from pretreatment through 6-

month follow-up (b = 1.84, p = 0.006), and there was no significant difference between 

treatment conditions on CMEP from posttreatment to 6-month follow-up (b = −0.16, p = 

0.83). There was no significant difference between treatment conditions on weeknight TST 

or BT from pretreatment or posttreatment to 6-month follow-up.

There were six secondary sleep and circadian outcomes: weeknight-weekend discrepancy in 

TST, BT and wakeup time, sleepiness, PSQI, and CBCL Sleep Composite. Previously we 

reported that wakeup time weeknight-weekend discrepancy, sleepiness, PSQI, and CBCL 

Sleep Composite all showed significant improvement for TranS-C relative to PE from 

pretreatment to posttreatment. As shown in Table 2, among these outcomes, the additional 

treatment gains associated with TranS-C relative to PE were maintained through 6-month 

follow-up for wakeup time weeknight-weekend (b = 0.72, p = 0.013) and PSQI (b = −1.09, p 
= 0.02), and there was no significant difference between treatment conditions from 

posttreatment to 6-month follow-up on these two measures. For sleepiness, both TranS-C 

and PE exhibited significant decrease from posttreatment to 6-month follow-up, so there was 

no advantage of TranS-C over PE by 6-month follow-up. For the CBCL Sleep Composite, 

there was an increase for TranS-C and a decrease for PE from post to 6-month follow-up, 

thus at 6-month follow-up TranS-C no longer had an advantage over PE.

Five health risk domains (aim 2)

There were five primary health outcomes: youth self-report composite risk scores in the five 

health domains. As shown in Table 2, none of the five youth self-report composite risk 

scores were significantly different between treatment conditions in terms of their changes 

from pretreatment to posttreatment and to 6-month follow-up. We also conducted 

exploratory analyses using the specific measures within each health domain. TranS-C did 

not produce additional changes above and beyond PE on these measures. For the Attention 

Control Scale (ACS), there was a treatment by time interaction from posttreatment to 6-

month follow-up (b = −2.59, p = 0.03) in favor of PE, such that PE had greater improvement 

in attention control (as indicated by an increase in ACS score) than TranS-C during this 

period.
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There were five secondary health outcomes: parent-reported composite risk scores in the five 

health domains. None of the five parent-report composite risk scores were significantly 

different between treatment conditions from pretreatment to 6-month follow-up. As shown 

in Table 2, from posttreatment to 6-month follow-up, there was a significant treatment by 

time interaction in the behavioral health domain follow-up in favor of PE (b = 0.26, p = 

0.023), such that there was significantly more reduction in the parent-reported composite 

scores in the behavioral domain for PE over TranS-C during that period. We again conducted 

exploratory analyses using the specific measures within each health domain. For the CBCL 

thought problem subscale, while we have previously reported a significant advantage of 

TranS-C relative to PE from pretreatment to posttreatment, this advantage has diminished by 

6-month follow-up (PE had greater reduction of thought problems relative to TranS-C during 

this period, b = 0.79, p = 0.02).

Discussion

The current study examined TranS-C treatment effects on sleep and health, compared to PE, 

at 6-month follow-up and whether treatment effects were maintained from posttreatment to 

6-month follow-up. Among the three primary outcomes of sleep and circadian functioning, 

TranS-C treatment effects were maintained through 6-month follow-up only for eveningness 

(Aim 1). None of the primary outcomes of health-related domains were significant at 6-

month follow-up (Aim 2). Among the secondary outcomes, TranS-C treatment effects were 

maintained through 6-month follow-up for weeknight-weekend discrepancy in wakeup time 

and PSQI, but not for weeknight-weekend discrepancy in TST, sleepiness, and CBCL sleep 

composite (Aim 1).

These findings add to the growing literature on cognitive and behavioral sleep interventions 

in adolescents that shows benefits for improving sleep and reducing risk or symptoms of 

psychopathology (e.g., Blake et al., 2016; de Bruin, Bögels, Oort, & Meijer, 2018). A 

previous mediation analysis has shown the indirect effects of TranS-C on the five health 

domains via improving sleep and circadian outcomes from pretreatment to posttreatment 

(Dong, Gumport, Martinez, & Harvey, 2019). As such, clinicians working with adolescents 

should consider targeting eveningness to improve adolescent sleep and health outcomes.

It is noteworthy that previous studies have used wait-list control or a control condition that 

does not involve sleep-related content. In contrast, the current study used an active control–

Psychoeducation–which provides sleep education and produces real benefits (Clarke et al., 

2015; Harvey et al., 2015). This may have contributed to the relatively smaller effect sizes 

associated with TranS-C. PE was associated with improving reducing parent-reported 

behavioral risk, as well as self- and parent-reported attention control/thought problems in 

exploratory analysis, from posttreatment to 6-month follow-up. It is possible that the PE-

specific activities (e.g., meditation, yoga, outdoor activities) may have produced these effects 

given prior evidence that they may improve attention (e.g., Semple, 2010; Sheard & Golby, 

2006) and self-control in adolescents (Oberle, Schonert-Reichl, Lawlor, & Thomson, 2012). 

Nevertheless, future research needs to replicate and understand these effects.
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Several limitations are important to note. The current paper only included subjective sleep 

measures. Also, we did not measure the endogenous circadian phase at 6-month follow-up; 

however, changes in eveningness measured by the CMEP was aligned with changes in Dim 

Light Melatonin Onset from pretreatment to posttreatment. Generalizability of the current 

findings to samples with fewer exclusion criteria and to lower-income families should be 

assessed. Additionally, while in the current study we used a structural interview to screen for 

sleep disorders, objective sleep recordings are needed for the diagnosis of several sleep 

disorders (e.g., obstructive sleep apnea).

In sum, adolescence is associated with high a prevalence of eveningness and risk in multiple 

health domains. TranS-C is a short modular, transdiagnostic intervention that addresses 

modifiable psychosocial contributors to eveningness and real-world sleep and circadian 

problems that often co-occur. As such, it has great potential for dissemination. This study 

provides evidence for the maintenance of TranS-C treatment gains through 6-month follow-

up in terms of reducing eveningness and a few other sleep and circadian outcomes, 

compared to PE. TranS-C did not significantly increase sleep duration or advance bedtime, 

or reduce overall risk in the five health domains.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points

• The current study reports the effects of a transdiagnostic sleep and circadian 

intervention (TranS-C), relative to psychoeducation, on sleep, circadian, and 

health outcomes at 6-month follow-up in a sample of at-risk youth who are 

“night-owls.”

• We found that the durability of TranS-C treatment effects was strongest for 

selected sleep and circadian outcomes, particularly self-reported eveningness 

preference.

• The trial is consistent with a small number of randomized controlled trials 

supporting that treating sleep problems in adolescents can benefit not only 

sleep but also other mental health outcomes.
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Figure 1. 
CONSORT Diagram Illustrating the Flow of Participants Through the Study

Note. 6-month follow-up assessment was completed 6 months after randomization.
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