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Abstract

Objective—Sleep prepares key neural structures for next-day learning, and sleep obtained after 

learning promotes subsequent memory consolidation supporting long-term retention. This study 

examined whether sleep the night before and after a therapy session predicts aspects of treatment 

adherence.

Method—As part of a randomized clinical trial, 188 adults (61.7% female, mean age = 47.5, 

80.5% Caucasian) with persistent insomnia received cognitive behavioral therapy for insomnia. 

Patients completed a sleep diary before and after treatment sessions. Minutes spent awake during 

the night (total wake time; TWT) and total sleep time (TST) were used as measures of sleep 

disturbance. At each treatment session, therapists rated participant understanding of the session 

and homework compliance from the previous session.

Results—Compared to longer TWT, before session shorter TWT was associated with increased 

treatment understanding the next day. After session shorter TWT was also associated with 

increased understanding, but not homework compliance the subsequent session compared to 

participants with longer TWT. Similar results were obtained for TST.

Conclusions—Improving sleep may benefit patient adherence to treatment. Sleep may influence 

processes related to initial learning and subsequent consolidation of treatment information. Future 
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studies should examine whether improved sleep within other psychiatric disorders is also an 

ingredient to the successful outcome of psychosocial interventions.
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sleep; cognitive behavioral therapy; treatment adherence; insomnia; learning

Nearly 30% of the American population experience mental illness in any 12-month period 

(Kessler, Chiu, Demler, Merikangas, & Walters, 2005). Despite progress toward establishing 

evidence-based psychosocial treatments for many mental illnesses (Chambless & Ollendick, 

2001), 50% of patients do not improve and 10% get worse (Lambert & Ogles, 2004; Mohr, 

1995). Seminal progress toward improving outcome will require the identification of novel 

and modifiable contributors (Kazdin, 2007).

Treatment adherence is an important contributor to treatment outcome (Kazantzis, 

Whittington, & Dattilio, 2010), and could be targeted to improve treatment effectiveness. 

Treatment adherence occurs when a treatment is both received (i.e., the patient understands 

the treatment) and enacted (i.e., the patient practices the treatment outside of the session; 

Lichstein, Riedel, & Grieve, 1994). Research on treatment receipt indicates that therapist 

ratings of patient understanding are associated with treatment outcome (Abramowitz, 

Franklin, Zoellner, & DiBernardo, 2002). Treatment enactment measured by therapist-rated 

homework compliance is also a strong predictor of outcome (Kazantzis et al., 2010). 

Although many factors contribute to treatment adherence (e.g., personality, mood, or 

motivation), sleep may be particularly helpful for fostering treatment understanding and 

homework compliance.

Sleep is a potential novel and modifiable pathway to improving treatment adherence by 

supporting memory and learning (Harvey et al., 2014). Sleep before learning prepares key 

neural structures for efficient next-day memory encoding of fact-based information (Cohen’s 

d = 0.81; Mander et al., 2014; Mander, Santhanam, Saletin, & Walker, 2011). Conversely, 

continued time awake results in the deterioration of learning ability (Cohen’s d = 0.62–1.74), 

associated with impaired hippocampal-encoding activity (Mander et al., 2011; Yoo, Hu, 

Gujar, Jolesz, & Walker, 2007). In the context of insomnia, a disorder characterized by 

nocturnal wakefulness, patients demonstrate decreased memory consolidation despite 

similar sleep duration (Cohen’s d = 1.83; Nissen et al., 2006). The impact of sleep 

deprivation on memory formation is especially pronounced for emotional material such that 

sleep-deprived participants exhibit a 40% reduction in the ability to form new memories 

(Walker & Stickgold, 2006). Sleep after learning also plays a critical role in the 

consolidation of episodic declarative memories (Cohen’s d = 1.42; Gais, Lucas, & Born, 

2006). More specifically, and as reviewed by Stickgold and Walker (2013), sleep (a) 

enhances cognitive flexibility in problem solving, (b) assists in the integration of new 

information, and (c) helps to promote memory associations. In contrast, extended 

wakefulness and/or a lack of sufficient sleep after learning can impair memory consolidation 

success (Abel, Havekes, Saletin, & Walker, 2013).

Together this evidence raises an interesting and novel treatment target; namely, would 

improving sleep the night before and after a treatment session, thereby reducing time awake 
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at night, also improve treatment adherence? The present study sought to begin evaluating 

this potential novel target and examined whether sleep the night before and after a treatment 

session predicts two aspects of treatment adherence: patient understanding of the content of 

the treatment and homework compliance. It was hypothesized that (1) decreased sleep 

disturbance the night before the treatment session will predict improvements in treatment 

adherence over the course of treatment and (2) decreased sleep disturbance the night after 

the treatment session will predict improvements in treatment adherence at the subsequent 

session over the course of treatment.

Method

Participants

Participants were recruited from March 2008 to November 2011 at two sites in Canada and 

the United States. Detailed information on study design including inclusion and exclusion 

criteria can be found elsewhere (Harvey et al., 2014). Participants with persistent insomnia 

(n = 188) were randomized to behavior therapy, cognitive therapy, or cognitive behavioral 

therapy for insomnia (CBTI). Demographic and pre-treatment sleep characteristics are 

displayed in Table 1. Each treatment was 8 sessions. All study procedures were approved by 

the university institutional review boards. Informed consent was obtained for all participants.

Measures

Structured Clinical Interview for DSM-IV (SCID)—The SCID assessed diagnostic 

criteria for Axis I disorders and the Duke Structured Interview for Sleep Disorders assessed 

diagnostic criteria for sleep disorders (Edinger et al., 2004; First, Spitzer, Miriam, & 

Williams, 2002).

Sleep Diary—A daily sleep diary is the gold standard subjective measure of sleep (Buysse, 

Ancoli-Israel, Edinger, Lichstein, & Morin, 2006; Carney et al., 2012). Total wake time 

(TWT) and total sleep time (TST) were selected as the measures of sleep disturbance for this 

study. TWT was calculated as a composite of sleep onset latency (SOL) + wake after sleep 

onset (WASO) + early morning awakening (EMA; Morin, Kowatch, & Wade, 1989). TWT 

was chosen because insomnia is defined as distress or impairment resulting from difficulties 

with SOL, WASO, or EMA (American Psychiatric Association, 2013), and TWT has been 

previously identified as an indicator of treatment response (Eidelman, Talbot, Gruber, & 

Harvey, 2010; McCrae et al., 2008; Morin et al., 1989; Talbot et al., 2012). Shorter TST is 

associated with impaired learning and memory ability (Yoo et al., 2007). Sleep diary was 

recorded each day of the week, which made it possible to examine sleep before and after the 

treatment session.

Treatment Adherence Rating Scale – Therapist Report (TARS-TR)—The TARS-

TR is derived from Lichstein, Riedel, and Grieve’s (1994) treatment implementation model, 

and measures aspects of treatment adherence. The TARS-TR was used at the end of each 

weekly treatment session on a scale from 0–100% (Supplemental Material 1). The present 

analysis included items 1 (treatment understanding) and 3 (homework compliance). The 

Dolsen et al. Page 3

J Consult Clin Psychol. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



TARS-TR has good internal consistency (Cronbach’s α = .87) and good test-retest reliability 

(ICC range: .76–.91; Dong, Lee, & Harvey, under review).

Data analysis

Random effects Tobit regression was used because the data is censored at 100% and has 

repeated measurements (see Supplemental Figure 1; Twisk & Rijmen, 2009). Models 

examined the effect of before session or after session sleep disturbance (TWT or TST) × 

session number (Time) on treatment adherence variables. Models did not examine the effect 

of before session sleep disturbance (TWT or TST) × session number (Time) on homework 

compliance because the TARS-TR evaluates homework compliance during the previous 

week. Following the convention described by Aiken and West (1991), simple slopes were 

used to probe significant interactions. Simple slopes were determined by one standard 

deviation (SD) above and below the mean for TWT or TST. One SD above the mean was 

considered to be ‘longer TWT’ or ‘longer TST’ and one SD below the mean was considered 

to be ‘shorter TWT’ or ‘shorter TST’.

All analyses were conducted across treatment condition for the following three reasons. 

First, previous evidence suggests that all treatment groups will have similar impacts on sleep 

(Harvey, Bélanger, et al., 2014; Morin et al., 2006). Second, we are not aware of empirical 

evidence suggesting that one treatment would have a differential impact on the relationship 

between sleep and adherence. Third, this decision will reduce the number of statistical 

comparisons, which decreases the risk of Type I error. All analyses were performed using 

Stata version 14.0 software (StataCorp, 2015).

Results

Total Wake Time and Treatment Adherence

Results from random effects Tobit regression are presented in Table 2. Before session TWT 

× session number significantly predicted treatment understanding; hence, simple slope 

analyses were conducted (Figure 1A). Treatment understanding increased over the course of 

treatment for participants with both shorter (z = 6.93, p < .001) and longer (z = 2.27, p = .

023) before session TWT. This increase was greater for those with shorter compared to 

longer before session TWT, z = −3.43, p < .001.

After session TWT × session number significantly predicted understanding of the session 

content at the subsequent session (Figure 1B). Although understanding increased throughout 

treatment for participants with shorter after session TWT, z = 4.86, p < .001, there was no 

such association for participants with longer after session TWT, z = −0.03, p = .975. After 

session TWT × session number significantly predicted homework compliance at the 

subsequent session (Figure 1C). Homework compliance decreased over treatment for 

participants with both shorter (z = −2.32, p = .021) and longer (z = −6.97, p < .001) after 

session TWT. This decrease was greater for those with longer compared to shorter after 

session TWT, z = −3.71, p < .001.
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Total Sleep Time and Treatment Adherence

Before session TST × session number significantly predicted understanding of the session 

content (Figure 1D). Treatment understanding increased for participants with both longer (z 
= 6.94, p < .001) and shorter (z = 2.54, p = .011) before session TST during treatment. This 

increase was greater for longer compared to shorter before session TST, z = 2.98, p = .003.

After session TST × session number significantly predicted understanding with the session 

content at the subsequent session (Figure 1E). While understanding increased throughout 

treatment for participants with longer after session TST, z = 5.15, p < .001, there was no 

such association for those with shorter after session TST, z = 1.51, p = .131. After session 

TST × session number significantly predicted homework compliance at the next session 

(Figure 1F). Homework compliance decreased over treatment for participants with both 

longer (z = −4.02, p < .001) and shorter (z = −6.87, p < .001) after session TST. This 

decrease was greater for shorter compared to longer after session TST, z = 2.67, p = .008.

Discussion

The present study examined whether sleep the night before and after a treatment session 

supports treatment adherence. Our first hypothesis was partially supported. Consistent with 

evidence that healthy sleep prepares the brain for next-day encoding while continued time 

awake erodes learning ability (Mander et al., 2011), shorter TWT and longer TST the night 

before a treatment session predicted higher therapist-rated understanding over the course of 

treatment. A finding that was surprising was that both longer TWT and shorter TST also 

predicted higher therapist-rated understanding over the course of treatment. It is possible 

that these findings are driven by differential mechanisms. While less sleep disturbance may 

foster retention of treatment information, one could speculate that participants experiencing 

more sleep disturbance may be more motivated to understand treatment following a night of 

poor sleep. However, the potential effect of motivation appears to not completely counteract 

the effect of sleep disturbance, as understanding increased to a greater degree for individuals 

with less sleep disturbance. Additional research will be necessary to distinguish memory 

versus motivational processes driving treatment adherence, particularly given the strong 

connection between motivation and learning (Daw & Shohamy, 2008).

In support of the second hypothesis, participants with shorter TWT and longer TST after the 

session had higher therapist-rated understanding at the subsequent session over the course of 

treatment. These results are consistent with the hypothesis that better sleep following a 

learning session, thus minimizing excess time awake, supports consolidation of treatment 

information and that poorer sleep after a learning opportunity may negatively impact 

consolidation and retention (Abel et al., 2013). These results are also consistent with 

evidence that sleep after exposure therapy may support memory and learning processes 

(Kleim et al., 2014).

Homework compliance decreased over the course of treatment for all participants. This 

finding is perhaps not surprising given that homework compliance in treatment is often low 

(Jungbluth & Shirk, 2013; Leahy, 2002). Alternatively, it may be that enthusiasm or 

motivation to complete homework wanes after initial homework assignments (Worthington, 

Dolsen et al. Page 5

J Consult Clin Psychol. Author manuscript; available in PMC 2017 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1986). Despite an overall decrease in homework compliance over the course of treatment in 

this sample, it is notable that homework compliance decreased more for participants with 

longer TWT compared to shorter TWT. It may be that decreased sleep duration and more 

time awake negatively impacts memory for homework recommendations. Alternatively, 

individuals with poorer sleep may be less motivated to complete their homework.

Although the present study provides promising evidence for the link between sleep and 

treatment adherence, several limitations are important to consider. First, the TARS-TR is not 

a direct measure of learning or memory. However, the TARS-TR is significantly associated 

with a patient recall task (Dong, Lee, & Harvey, 2017). Second, our study considered the 

influence of sleep on treatment adherence in a disorder characterized by sleep disruption. 

While this may limit the generalizability of these findings, there is encouraging evidence 

that sleep may also be an important contributor to anxiety disorder treatment (Kleim et al., 

2014; Ramsawh, Bomyea, Stein, Cissell, & Lang, 2016). Third, the present study was not 

designed for causal inference, and treatment adherence may also impact sleep. Post-hoc 

analyses indicated that treatment adherence was not related to TWT, which is the primary 

target of CBTI. However, increased treatment understanding was associated with longer TST 

over the course of treatment (z = 3.65, p < .001; Supplemental Table 1). These analyses 

appear to support this study’s findings regarding TWT, but also suggest that increased 

treatment understanding may be related to greater TST. Future studies would benefit from an 

experimental manipulation of sleep to help determine the directionality of these results, 

particularly because CBTI includes instructions to restrict TST and a meta-analysis indicated 

that CBTI has a small effect on TST (Okajima, Komada, & Inoue, 2011). Fourth, participant 

report of treatment adherence was not available. A comparison of therapist and patient 

reported treatment adherence may provide a better understanding of treatment adherence, 

and should be a priority in future research. Finally, the present study did not include 

polysomnography, and memory processes are also influenced by REM sleep and NREM 

slow oscillations (Abel et al., 2013). Future studies should determine whether these other 

components of sleep can influence memory and learning in psychotherapy.

In sum, the current study provides support for the hypothesis that improving sleep may 

benefit the extent to which patients understand the treatment, consistent with the benefits of 

sleep for learning and memory, limiting the detrimental effects of extended wakefulness. 

However, the current findings do not appear to improve homework compliance. Sleep may 

influence processes related to initial learning and subsequent consolidation of treatment 

information delivered to patients. However, future studies should explore if sleep has a 

causal influence on treatment adherence in other psychosocial interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public health significance

This study highlights the potential importance of sleep for patient adherence to treatment. 

This raises the possibility that a modifiable mechanism (i.e., nocturnal wakefulness and 

sleep duration) can be targeted in treatment to improve treatment adherence.
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Figure 1. 
Simple slopes for (A) treatment understanding and before session TWT, (B) treatment 

understanding and after session TWT, (C) homework compliance and after session TWT, 

(D) treatment understanding and before session TST, (E) treatment understanding and after 

session TST, (F) homework compliance and after session TST.

Note. Y-axis exceeds 100% because plotted values are based on adjusted linear predictions 

from simple slopes analyses.
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Table 1

Means, standard deviations, and/or percentages for demographic and baseline sleep variables.

M or N % or SD

Age (Years) 47.48 12.55

Female 116 62.70%

Race

 American Indian/Alaska native 1 0.54%

 Asian 13 7.03%

 Native Hawaiian/Pacific Islander 0 0.00%

 Black or African American 5 2.70%

 White 149 80.54%

 Hispanic/Latino 5 2.70%

 Other 9 4.86%

Education

 Elementary or less 5 2.70%

 Secondary/High school 13 7.03%

 Vocational training 5 2.70%

 Junior college/Professional 31 16.76%

 University (Bachelor) 71 38.38%

 University (Master) 52 28.11%

 University (PhD) 7 3.78%

Marital Status

 Single 52 28.11%

 Married 70 37.84%

 Live with partner 30 16.22%

 Divorced 23 12.43%

 Separated 7 3.78%

 Widowed 3 1.62%

Occupational Status

 Full time 106 57.30%

 Part time 30 16.22%

 Retired 26 14.05%

 Unemployed 19 10.27%

Work Type

 Daytime work 133 71.89%

 Night work 0 0.00%

 Rotating shift 6 3.24%

Income

 Less than $20 000 20 10.81%

 Between $20 000 and $35 000 17 9.19%

 Between $35 000 and $50 000 36 19.46%

 Between $50 000 and $65 000 32 17.30%
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M or N % or SD

 More than $65 000 54 29.19%

 Declined to respond 26 14.05%

Living Situation

 Living alone 41 22.16%

 With spouse or partner 55 29.73%

 With spouse / partner and children 55 29.73%

 With family members 8 4.32%

 With friends/roommates 10 5.41%

 Other 16 8.65%

Sleep

 Time in Bed (TIB) 477.40 66.49

 Total Sleep Time (TST) 341.07 89.71

 Total Wake Time (TWT) 136.82 86.58

 Sleep onset latency (SOL) 30.19 36.27

 Wake after sleep onset (WASO) 59.02 58.70

 Early morning awakening (EMA) 47.42 60.98

 Sleep efficiency (SE) 71.66 17.20

Note. Not all percentages add up to 100% because of missing data.
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