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THE MECHANISMS OF SLEEP RESTRICTION THERAPY 
 
Summary 

For over 30 years sleep restriction therapy (SRT) has been used to treat insomnia but we know very little about 

how this therapy exerts its effects. When SRT was first described, it was hypothesised to treat insomnia by 

addressing four key factors: strengthening homeostatic sleep pressure, inhibiting perpetuating practices 

(excessive time in bed), attenuating hyperarousal and tightening regulatory control of sleep by the endogenous 

circadian pacemaker. We conducted a systematic literature review in search of evidence for these putative 

mechanisms-of-action. A total of 15 randomised and non-randomised studies investigating SRT met inclusion 

criteria. For each study, we extracted all variables associated with the proposed mechanisms and assessed study 

quality using a structured appraisal tool. The extracted variables were: time in bed (TIB), napping, variability in 

sleep, markers of circadian rhythmicity, measurements of sleep pressure/sleepiness, and assessments of arousal. 

Overall study quality was poor as indicated by a mean quality score of 17 (out of a possible range of 0 to 31). No 

study indicated, or indeed was designed to test, whether changes in the proposed mechanisms act as mediators of 

treatment outcomes. Of all reviewed studies, most reported a reduction in TIB (10/10) and/or revealed a decrease 

in sleep onset latency (10/14), indexing increased sleep pressure. However, such changes were most often 

reported at the end of treatment, reflecting an outcome and not a mechanism of SRT per se. Evidence for reduction 

in arousal (4/4) and night-to-night sleep variability (2/2) was found in only a small number of uncontrolled studies 

while there was no evidence for change in circadian phase or periodicity (0/1). Our review suggests that SRT 

targets some of the hypothesised processes but specifically-designed mechanistic evaluations are needed. We 

introduce a new testable model of SRT mechanism-of-action (Triple-R) and set out a research agenda aimed at 

stimulating prospective investigations.  
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*Arthur Spielman originally referred to ‘SRT’ as a treatment that involves restricting available sleep time and making changes in TIB 
contingent upon the patient's clinical response ([6] p. 46, 7-8). Therefore, strictly speaking, the treatment is considered a ‘time in bed 
restriction’, but is known today as ‘sleep restriction therapy’. As this is the accepted term, it will also be used in the present review. 

 

Abbreviations 

CBT-I 
CT 
DISS 
EEG 
ESS 
GSES 
MSLT 
NREM 
PSG 
RCT 
RT 

 

Cognitive-behavioural therapy for insomnia  
controlled trial 
Daytime Insomnia Symptom Scale 
Electroencephalography 
Epworth sleepiness scale 
Glasgow sleep effort scale 
Multiple sleep latency test 
non-rapid eye movement 
Polysomnography 
Randomised controlled trial 
Reaction time 

 

SE 
SOL 
SRT 
SSS 
SWA 
TIB 
TST 
TWT 
UCT 
WASO 

 

Sleep efficiency 
Sleep onset latency 
Sleep restriction therapy 
Stanford sleepiness scale 
Slow wave activity 
Time in bed 
Total sleep time 
Total wake time 
Uncontrolled trial 
Wake-time after sleep onset 

 

Introduction 

Arthur Spielman first formulated the concept of sleep restriction therapy (SRT) in 1983 [1]. His approach was 

guided by the idea that addressing factors that perpetuate chronic insomnia is essential for therapeutic success 

[2]. People with insomnia may extend time in bed (TIB) to compensate for long sleep onset latencies or disrupted 

sleep [3]. Extra TIB will occasionally yield more sleep, but can also lead to increased wakefulness, fragmented 

sleep, and variability in its timing [4, 5]. Through restriction of TIB*, SRT aims to improve the consolidation of 

sleep and constrains its occurrence to a specific time. According to the original sleep restriction intervention [6], 

patients are asked to fill out a sleep diary for two weeks. Subsequently, the therapist prescribes an initial TIB that 

equals the average reported total sleep time (TST). For example, a patient who spends nine hours in bed, but only 

reports six of those sleeping, would be assigned a six-hour sleep window. In agreement with the patient, the 

therapist establishes a rise-time and then sets the time for retiring at night to equal the new prescribed TIB (which 

is typically no less than five hours). Sleep efficiency (SE) is subsequently used as a criterion for making weekly 

changes to TIB for the duration of the treatment (typically four to six weeks). It is calculated as a percentage by 

dividing TST/TIB and therefore takes into account wake time that occurs before and after sleep onset. High SE, 

reflecting less wakefulness during bedtime, is regarded as an important feature of sleep health, indexing 

consolidated sleep [6, 7]. Hence, only when a patient reports high SE, TIB will be increased (see Table 1). 

Through a series of weekly adjustments to TIB, an optimal bedtime length is reached, with the aim of maintaining 

high SE without excessively curtailing the length of sleep, while delivering improvements in daytime functions.
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However, variability in the implementation of SRT is present at every level (sleep window generation, minimum 

TIB, SE titration criteria, positioning of the sleep window) and may therefore result in different sleep window 

trajectories. That is, adaptation of the sleep window over time (to improve sleep quality and/or quantity) may 

vary markedly depending on what SRT criteria are applied [8].  

[INSERT TABLE 1 HERE] 

Sleep restriction therapy is routinely applied as part of cognitive-behavioural therapy for insomnia (CBT-I) [9-

11], but also as an independent, single-component intervention [12, 13]. The efficacy of SRT was recently 

reviewed by Miller et al. [12]. The authors identified nine studies, four of which met adequate methodological 

strength. Results revealed moderate-to-large effect sizes for sleep diary measures of sleep onset latency (SOL), 

wake-time after sleep onset (WASO), and SE, as well as a small effect size for increased TST. While effective, 

the implementation of SRT may also be associated with short-term side effects. It can lead to transient increases 

in somnolence, fatigue, and impaired vigilance [14].  

Theoretical support for SRT and review aims 

The ‘3P model’ (also known as ‘Diathesis-stress model’) [15] has served as the conceptual basis for the 

application of SRT. It proposes that predisposing factors precede the onset of sleep difficulties and increase 

individuals' vulnerability to insomnia; precipitating factors typically involve acute stressors that trigger the onset 

of insomnia; and perpetuating factors maintain symptoms by mismatching sleep opportunity and sleep ability. 

When Spielman, Saskin and Thorpy first fully articulated SRT in 1987 [6], they stated that SRT therapeutically 

addresses one of the key factors that they believe perpetuates insomnia: the tendency to remain in bed while 

awake. By restricting TIB, sleep opportunity is curtailed, resulting in partial sleep deprivation that may be crucial 

for therapeutic effects. Results of the seminal SRT study revealed that patients experienced an increase in TST 

as well as improvements in SOL, SE, and subjective insomnia symptoms after eight weeks of treatment. When 

discussing the results of this first trial, the authors proposed several mechanisms that may have led to sleep 

improvements:  

‘The mild sleep loss produced at the beginning of sleep restriction therapy may be crucial for its 

effectiveness. The partial sleep deprivation may have consolidated sleep directly, produced daytime 
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fatigue that dampened the insomniacs’ chronic state of hyperarousal, or reduced maladaptive 

conditioning because less time was spent lying awake in bed […]. Getting into bed early, staying in 

bed late, and napping are short-sighted strategies that foster the fluctuations in the distribution and 

amounts of sleep and waking that are characteristic of the sleep of insomniacs. The present approach 

of restricting TIB stabilizes sleep.’ ([6] pages 53-54) 

In 2011, Spielman, Yang and Glovinsky similarly emphasised that SRT may work through strengthening 

homeostatic sleep drive, inhibiting perpetuating practices (excessive TIB and napping), attenuating hyperarousal 

and tightening regulatory control of sleep by the endogenous circadian pacemaker [16]. We are not aware of any 

published review to date that has examined these mechanisms by systematically synthesising observations from 

trials of SRT. Each of these pathways can be indexed via commonly employed measurements in sleep research 

(see Table 2) permitting appraisal of mechanistic change. Building upon the importance of understanding 

mechanisms-of-action of psychological treatments [17], we conducted a systematic review of the available 

literature with the aim of identifying mechanistic variables associated with SRT outcomes. Finally, we conclude 

with a new expanded and testable model of SRT mechanism of action. 

[INSERT TABLE 2 HERE] 

Systematic literature review 

Search strategy 

The systematic review was undertaken in compliance with PRISMA guidelines for the reporting of systematic 

reviews [18] to evaluate evidence regarding mechanisms involved in SRT. We therefore searched for both 

randomised and non-randomised single-component SRT studies which implemented therapy guidelines 

consistent with the approach of Spielman et al. [6]. To identify relevant articles, we conducted a thorough search 

of Web of Knowledge, PubMed, and Scopus. Databases were accessed via the University of Oxford Ovid and 

EBSCO online system, with a final search date of February 2018. Additional records were identified by accessing 

journals focused on sleep research, namely: ‘Journal of Sleep Research’, ‘Sleep’, ‘Sleep Medicine’ and 

‘Behavioral Sleep Medicine’. We applied the same subject and text word strategy as Miller et al. [12], with 



THE MECHANISMS OF SLEEP RESTRICTION THERAPY 
 
‘insomnia’ and’ sleep restriction’ or ‘sleep compression’ as the primary search terms. Sleep compression was 

included as a primary search term to capture articles that might have used a form of sleep restriction that is similar 

to SRT or used SRT as a control group. If the titles included ‘insomnia’, ‘behavior/ behaviour’ or ‘treatment’ the 

online article was accessed, and the abstract examined. We included randomised controlled (RCT), controlled 

(CT) and uncontrolled trials (UCT) as long as SRT was applied in adults with insomnia. We included studies that 

combined SRT with sleep hygiene because there is currently no evidence that sleep hygiene is an active single-

component treatment [13, 19, 20].  

Inclusion criteria 

a) Adults (> 18 years) 

b) Whole sample met criteria for insomnia disorder or insomnia symptoms, as verified by diagnostic criteria; 

self-report; or objective measures in the sleep laboratory 

c) Investigated a standalone intervention (or combination with sleep hygiene) involving restriction of TIB 

for the treatment of insomnia,  consistent with the approach of Spielman et al. [6] 

d) Examined sleep-wake outcomes before and after treatment  

e) Peer reviewed paper published in English between 1987 and 2018 

f) Reported data on at least one variable associated with one of four proposed mechanisms (homeostatic 

sleep drive, circadian sleep-wake cycle, perpetuating practices, arousal; see table 2) 

Exclusion criteria 

a) Conference abstract, dissertation, letter, case study, review or case series 

b) Applied sleep compression as the intervention 

Quality assessment 

The Downs and Black checklist [21] was used to assess the methodological quality of all included studies by the 

first author (LFM). It is considered one of the ‘best’ tools for evaluating randomised and non-randomised 

intervention studies [22]. The checklist includes 27 items assessing study reporting, external and internal validity, 

and has good inter-rater reliability [21]. Item 14, regarding participant blinding to intervention was removed given 
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the nature of behavioural treatment. Thus, the possible score ranged from 0 to 31, with higher scores indicating 

better methodological quality. 

Data extraction 

Articles were screened based on title, abstract and full text by the first author (LFM). Search results were exported 

to a reference management software (EndNote X7) and duplicates were removed. Eligibility of the papers was 

finalised following review and discussion between authors (SDK). We extracted information from each study in 

relation to the four mechanistic pathways proposed by Spielman and colleagues. We then organised review results 

by these four pathways and measurements used to index them (see Table 2). 

Results 

Records identified through database searching with keywords yielded 1671 papers (WEB OF KNOWLEDGE = 

786, PubMed = 600, SCOPUS = 284). An additional 582 records were identified through journal specific search. 

Duplicates were removed, and 1620 titles were screened; of which 358 abstracts were acquired. From these, 27 

studies were deemed potentially eligible and a full version of the article was therefore accessed. Of these 27 

studies, 12 were excluded as they did not meet the inclusion/exclusion criteria. The selection process is shown in 

Figure 1. 

[INSERT FIGURE 1 HERE] 

Study characteristics  

Fifteen studies met all criteria and were included in the synthesis. This comprised seven controlled [23-29] and 

eight uncontrolled trials [6, 14, 30-35]. Studies took place at various sites worldwide: seven in the USA, four in 

Great Britain, two in Australia, one in New Zealand, and one in China. Seven studies had less than 18 participants, 

four yielded between 32 and 46 participants, and four reported over 70 participants. The total number of 

participants included in the analyses was 598. The average age of participants ranged from 36 to 69 years. All 

studies included mixed-gender groups, however there was a greater proportion of women reported in the 

descriptions of the study population (66.21%). Six studies implemented SRT in combination with sleep hygiene 

[24, 26, 27, 29, 30, 36]. Assessment of study quality by the Black and Downs questionnaire revealed that overall 
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study quality was poor, scoring between 13 and 21 (mean score 17.13 + 2.2) out of a possible 31. More than half 

of the studies did not employ a randomised-controlled design and therefore lacked internal validity. Reports of 

side effects, treatment delivery (therapist, facilities) and detailed descriptions of the recruitment processes were 

typically missing, resulting in low scores on external validity. 

Narrative Synthesis 

No study reported, or was designed to report, whether changes in the proposed mechanisms act as mediators of 

treatment outcomes. Nevertheless, in line with the inclusion criteria, all studies reported information on at least 

one of the proposed mechanisms. Hence, 10 studies reported information regarding perpetuating practices (i.e. 

TIB and napping), four on arousal (physiological and cognitive measurements), 14 on markers of homeostatic 

sleep drive (mainly SOL) and three on the circadian sleep-wake cycle (variability in sleep parameters and markers 

of circadian rhythmicity). However, changes in variables were most often reported at the end of treatment, 

reflecting an outcome and not necessarily a mechanism of SRT. In fact, only five studies (33%; mostly 

uncontrolled) obtained measurements of hypothesised mechanisms during the course of SRT, in addition to 

measurements after treatment completion. An overview of all included studies and their mechanistic findings can 

be found in Table 3. 

[INSERT TABLE 3 HERE] 

Perpetuating practices 

All studies [6, 24, 26, 27, 29, 30, 32, 33, 35, 37] (3 RCTs, 7 UCTs) that reported on perpetuating practices found 

that participants spent less TIB at the end of treatment. Only four studies (all uncontrolled) revealed a reduction 

of TIB during the course of SRT [26, 32, 35, 37] and only two studies (1 RCT, 1 UCT) reported data on napping 

[6, 27]. Time in bed decreased by an average of 94.42 (+ 17.83) minutes from baseline to post-treatment and 

about 107 (+ 30.15) minutes during treatment, as indicated by sleep diary analysis. In addition, actigraphy data 

from two controlled studies showed a reduction of 78.64 (+ 30.67) minutes in TIB after SRT [24, 30]. 

 Friedman et al. [27] described a reduction in TIB from baseline to post-treatment by both actigraphy (~73 

min) and polysomnography (PSG, ~ 56 min). However, those reductions were not reported to be significant, 

likely due to the low sample size (N=8). No detailed description of how PSG was conducted or how long 
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participants were asked to stay in bed was provided. Nap data from the same study revealed that six participants 

in the SRT group stopped napping entirely during treatment, eight remained non-nappers and two remained 

nappers (reported napping > 6 min/day), indicating an overall reduction in napping consistent with treatment 

instructions.  

 Additionally, Spielman, Saskin and Thorpy [6] reported that 10 participants napped at baseline (for a 

mean time of 26.5 minutes) compared with only two (for an average of 13.3 minutes) on completion of treatment. 

The authors also analysed whether mild relapses in sleep at follow-up could be accounted for by an increase in 

TIB. Results showed that change in TIB from the end of treatment to follow-up was positively correlated with 

change in total wake time and sleep latency, suggesting that the degree to which TIB is increased following 

treatment is related to the degree to which sleep deteriorates.  

Overall, TIB seems to be reliably decreased from pre- to post-treatment, across both controlled and 

uncontrolled studies. Data on TIB reductions during treatment and changes in napping are limited and have not 

been investigated as mediators of treatment outcome. 

Hyperarousal/Conditioned arousal 

Four uncontrolled studies reported data on arousal measurements [14, 32-34] but all investigated different aspects 

of arousal. In the study of Miller et al. [32] participants completed the ‘Daytime insomnia symptom scale‘ (DISS) 

[38] at four assessment points per day (rise-time, 12:00 hours, 18:00 hours and bedtime) for one week before-, 

and for three weeks during the intervention. Alert cognition is one of the DISS sub-scales, comprised of five 

items (Forgetful, Clear-headed, Concentrate, Effort, Alert). Compared with baseline, alert cognition decreased 

during the first week of SRT. At week three of SRT, alert cognition was significantly increased at rise-time but 

significantly decreased at bedtime, resembling those of good sleeping controls. The authors suggest that 

modification to alert cognition may reflect a re-structuring of cognitive arousal by SRT; inhibiting it before 

bedtime and restoring it in the morning. These changes could reveal a potential mechanism by which SRT exerts 

its therapeutic effect. However, the interpretation of the results is limited by the small sample size (N=9) and the 

lack of a control group. 
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 Vallières, Ceklic, Bastien and Espie [34] investigated physiological mechanisms of action of SRT. In this 

study, five participants underwent a treatment protocol with daily sleep measurements, actigraphy, PSG and daily 

cortisol assays. The authors conducted power spectral analysis on PSG nights across baseline and treatment 

focussing on change in high frequency patterns. There was an overall decrease across the three nights in beta-1 

power during stages two and three, as well as total non-rapid eye movement sleep (NREM) among responders 

(N=3). For beta-2, significant reductions from baseline to treatment night one and two were observed during 

NREM sleep. Furthermore, visual inspection of morning and evening cortisol levels suggested that by the second 

week of treatment levels were lower than at baseline. The authors concluded that these results demonstrate a 

potential action of SRT on cortisol levels although it should be noted that cortisol levels showed a tendency to 

increase after treatment. While interesting, this study is preliminary given the small sample size and absence of a 

control group.  

Another study investigated physiological markers of arousal during SRT [33]. Overnight measures of 

temperature and cortisol in six participants were collected at baseline and at 6 weeks (post SRT). Results revealed 

that core body temperature decreased significantly by 0.09°C, suggesting that SRT may reduce physiological 

arousal in insomnia after six weeks of treatment. Contrary to the hypothesis, cortisol concentrations were found 

to be higher in the morning at post-treatment. The authors suggest that this might represent normalization of the 

cortisol awakening response. However, the reliability of these results is limited by the quality of the study (N=8, 

[6 with complete overnight data], no control group). 

 Kyle et al. [14] conducted a mixed methods study focussing on the patient experience of SRT. The 

questionnaire battery included the ‘Glasgow sleep effort scale’ (GSES, [39]), which purports to measure sleep 

effort, a construct thought to be closely linked to cognitive and emotional arousal [40]. Results revealed that the 

mean GSES score decreased significantly with SRT from baseline to post-treatment. The pattern remained robust 

at 3-month follow-up. However, reduction in sleep effort was not investigated as a predictor of clinical 

improvement, and the study is limited by the absence of a control group.  
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In summary, there is no strong evidence for a reduction in cognitive or physiological arousal. The only 

studies reporting data on change in measures of arousal with SRT are uncontrolled with sample sizes of n < 18 

and therefore no reliable conclusions can be drawn.  

Homeostatic sleep drive 

All studies were reviewed for subjective and objective markers of homeostatic sleep drive. The finding most 

consistently reported was a reduction in SOL. Fourteen studies reported SOL at baseline and post-treatment. Ten 

(5 RCTs) of them indicated a significant decrease in SOL of 23.93min (+ 6.54) as obtained by sleep diaries. In 

addition, Vallières et al. [34] reported a reduction in SOL of 38.8 minutes during the first two days of treatment 

and a reduction of 37 minutes at post-treatment in treatment responders (N=3), as measured by PSG. Non-

responders (N=2) did not show a decrease in SOL during the first two days of treatment (+ 0.9min), but a 

reduction of 11.8 minutes at the end of treatment. Given the small sample size these results were not tested for 

statistical significance. Reductions in SOL were also reported by six studies presenting follow-up data [6, 14, 23, 

26, 37, 41], indicating that SRT may lead to stable change in SOL. All other markers of sleep pressure were 

obtained by different measurements across studies and are summarised below.  

 Vallières et al. [34] measured SWA at five time-points in five participants (2 at baseline, 3 during 

treatment). Participants were also asked to monitor their sleepiness and alertness levels in the morning and 

evening using a ‘0 to 4 Likert scale’ as part of the sleep diary. Visual inspection of PSG recordings did not indicate 

a greater homeostatic response during SRT, but analysis of subjective sleepiness indicated that greater sleepiness 

at night was associated with higher SE and shorter WASO during the subsequent night. While both measurements 

provide an opportunity to test an association between sleepiness and treatment outcome, a stronger study design 

is needed to investigate if sleep pressure as indicated by SWA or sleepiness is a) reliably observed in SRT versus 

an appropriate control group; and b) a mediator of clinical treatment effects. 

 Friedman et al. [27] compared three groups (SRT, nap-modified SRT, sleep hygiene) on subjective 

sleepiness using the Stanford sleepiness scale (SSS) and objective sleep propensity using the Multiple sleep 

latency test (MSLT). For the SSS, participants were asked to rate their sleepiness every two hours during days in 

which the actigraph was worn (4 consecutive days at baseline, treatment and follow-up). Analysis revealed an 
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overall significant treatment x time interaction on SSS scores. The authors interpreted this result as evidence of 

a treatment-related decrease in sleepiness for both the SRT and sleep hygiene groups but not the nap modified 

SRT group. In contrast, data from the MSLT indicated that participants across all groups were somewhat sleepier 

at the end of treatment, although statistical significance was not reported. Again, associations between sleepiness 

and treatment outcome were not tested and results are clearly limited by the small sample size (N=6 in the SRT 

group). 

 Kyle et al. [14] assessed sleep-restriction related side effects finding 94% (18 participants) reported 

‘extreme sleepiness’ during the first week of treatment. In addition, exploratory correlation analysis revealed that 

higher frequency of side-effects was associated with a greater magnitude of change in symptom severity and SE. 

However, this relationship was not specifically tested for sleepiness.  

 In a follow-up study by Kyle et al. [37],  the psychomotor vigilance task (PVT) and the ‘Epworth 

sleepiness scale’ (ESS) [42] were assessed at baseline, during treatment (week 1 to 4), and after three months 

follow-up. Compared to baseline, results showed that the ESS score increased significantly during treatment 

(from baseline to week 1, week 2 and week 3) but was not different at the end of treatment [week 4 (post-

treatment) and week 12 (follow-up)]. A similar pattern was observed for reaction times (RT) obtained by the 

PVT. Analysis revealed that participants were slower during the acute treatment, returning to baseline levels at 

follow-up. The aim of the study was to investigate whether implementation of SRT was associated with increased 

daytime somnolence and impaired vigilance; therefore, no analyses were conducted to link sleepiness with 

improvements in insomnia. Furthermore, the results are limited by the small sample size (N=16) and the lack of 

a control group.  

 Conversely, Whittall et al. [35] did not observe increased sleepiness during SRT. Sixteen participants 

underwent a brief SRT phase (2 weeks) and completed the ESS and a Go/NoGo task at pre-, mid- (i.e. after one 

week of SRT) and post-SRT (after two weeks of SRT). The authors found no significant changes in ESS scores, 

RTs or accuracy in the Go/NoGo task. Yet, the interpretation of these results is limited by several factors. The 

implementation of SRT was very brief and modified to prevent extreme daytime sleepiness, TST did not decrease 

significantly during the two weeks of treatment, there was no control group and the sample size was small (N=16).  
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 In a small, uncontrolled study (N=9) Miller et al. [47] tested the hypothesis that daytime symptoms would 

deteriorate during SRT. Daily sleepiness was measured by the ‘sleepiness/fatigue’ sub-scale of the DISS 

(containing adjectives; Sleepy, Fatigued, and Exhausted) and compared between baseline, week one and week 

three of SRT. Consistent with the hypothesis, sleepiness increased in the beginning of the treatment (week 1) but 

decreased towards the end of the treatment (week 3). A time of day × week interaction revealed that 

sleepiness/fatigue was increased at bedtime. The authors suggest that this result is indicative of heightened sleep 

pressure, which may help to overcome cognitive arousal to facilitate the initiation of sleep. The interpretation of 

results is limited by the uncontrolled study design and small sample size (N=9, no control group), and because 

fatigue and sleepiness were subsumed within one domain of functioning.  

 Overall, while most studies obtained some indicator of homeostatic sleep pressure, there is little 

standardisation in measurement, studies are of low quality (small sample size, no control group) and only one 

study assessed EEG markers of sleep pressure. 

Circadian sleep-wake cycle 

In this systematic review, only three studies reported results on circadian markers and sleep variability estimates. 

Spielman, Saskin and Thorpy [6] measured change in  night-to-night variability of self-reported SOL, total wake 

time (TWT), TST and SE, between baseline and end of treatment. All variables showed a decrease from baseline 

to the end of treatment, indicating stabilised sleep parameters.  

 Second, the study of Friedman et al. [26] compared TIB variability between a relaxation and a sleep 

restriction arm in 22 elderly participants. Only participants in the sleep restriction group showed a significant 

change in TIB variability, reporting a 22-minute reduction in TIB in the final two weeks of treatment relative to 

baseline. However, there was no treatment x time interaction reported and the results are limited by the small 

sample size (N=10 in the SRT group).  

 Lastly, Miller et al [33] assessed changes in core body temperature from pre to post six-week SRT in a 

small sample of patients. However, there was no change in estimates of circadian phase or periodicity as indicated 

by model parameters for the fitted overnight data. The lack of findings could be explained by the small sample 

size (N=6) and the absence of a control group. 
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 In sum, only two studies reported a decrease in sleep or TIB variability even though SRT is proposed to 

stabilise sleep. As sleep diaries (and actigraphy) are standard measurements in clinical sleep research, data on 

sleep variability were likely collected in most of the studies described in this review but not reported.  
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Discussion 

Summary 

The primary objective of this review was to systematically examine empirical evidence for four proposed 

mechanistic pathways involved in SRT treatment response [6, 43]. One of the most consistent observations across 

studies was that TIB was reliably decreased both during and at the end of SRT, in comparison to baseline values 

and relative to control groups. Spielman et al. proposed that reduced TIB increases sleep pressure and 

subsequently inhibits arousal. However, we did not find research evidence for this temporal pathway, principally 

because no study sought to investigate it directly. Instead, reviewed studies showed that SOL was reliably 

decreased from baseline to post-treatment, as well as from baseline to the first weeks of SRT implementation, 

potentially reflecting increased sleep pressure. In addition, five studies reported increased subjective sleepiness 

during treatment but only one study assessed homeostatic sleep pressure through quantitative EEG. In this small 

study (N=5), participants showed a reduction in high-frequencies but no change in SWA. Limited assessment of 

homeostatic sleep pressure is surprising given that 1) sleep homeostasis may be dysfunctional in insomnia [44]; 

and 2) partial sleep deprivation has well-described effects on sleep homeostatic processes [45, 46]. Equally 

surprising is the lack of investigation of arousal, which is considered a key maintenance factor in the expression 

of persistent insomnia [47, 48]. Physiological arousal was investigated by two uncontrolled studies, indexed by 

core body temperature [33] and cortisol levels [33, 34]. While core body temperature significantly decreased, 

there was no reliable change in evening cortisol, and an increase in morning cortisol levels. Evidence for 

decreased cognitive arousal was limited. Only three small, uncontrolled studies reported results for a decrease in 

sleep effort, alert cognition and cortical arousal. Finally, while a regular TIB is proposed to stabilise sleep-wake 

timing, only two studies reported changes in sleep or TIB variability, indicating less variability at the end of 

treatment. Importantly, no study showed change in objective measures of circadian rhythmicity, but only one 

study included such measures.  

In summary, then, the principal conclusion from this review is that the field lacks high quality evidence 

that SRT achieves therapeutic success through its proposed mechanistic pathways. That is, despite a strong 
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evidence-base for single component SRT we do not know which mechanisms account for change in key insomnia 

outcomes.  

 Methodological considerations 

 To the authors’ knowledge this is the first systematic review to investigate the mechanisms of SRT by focusing 

on its theoretical underpinnings. A systematic review applying selective criteria for identification and screening 

of relevant literature was chosen as the main methodological approach. Studies using SRT as a partial treatment 

(e.g. within CBT-I) were excluded, ensuring that we were able to examine the effects of SRT in the absence of 

possible influence from other evidence-based components of CBT-I, such as stimulus control therapy or 

relaxation.  

There are several limitations of this review. First, uncontrolled studies and secondary analyses were included to 

increase the quantity rather than the quality of studies. Heterogeneity in both study design and measurement of 

proposed mediator variables precluded meta-analysis. A second limitation is that only published studies were 

included, and so our analysis may be influenced by potential publication bias. Third, this review did not consider 

adherence to the SRT protocol or protocol variability. We hypothesise that these factors could significantly 

influence measurements associated with mechanisms and contribute to variability in findings across studies (e.g. 

sleepiness). Fourth, we pre-defined possible mechanisms consistent with the seminal SRT literature and screened 

research articles accordingly. It is possible that other putative treatment mechanisms have been investigated in 

the SRT field. However, given the small size of the SRT literature, and the fact that we sought and read all 

published SRT studies, we consider this highly unlikely.  

 The identification of variables associated with mechanisms was hindered by overlapping constructs and 

the lack of distinction between mediators, indicators of adherence, and outcome variables. For example, reduction 

of TIB is not just part of SRT, it indexes adherence and functions as a mechanism. Increased homeostatic sleep 

pressure is hypothesised to be central to treatment effects and manifests as increased sleepiness before sleep and 

increased SWA during sleep. However subjective sleepiness is also a symptom of insomnia and expected to be 

improved by successful treatment. Therefore, sleepiness would be expected to increase during treatment 

(particularly in the evening), but decrease at the end of treatment as a sign of good quality, restorative sleep 
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(particularly in the morning). Moreover, reviewed variables can often be associated with more than one 

mechanism, for example core body temperature and cortisol can reflect measurements of arousal as well as 

measurements of circadian rhythmicity [49, 50]. Without conducting appropriately powered and hypothesis-

driven mediational analyses in RCTs, it becomes difficult to assess the temporal order of these relationships, 

especially across studies with variable treatment implementation periods (e.g. treatment outcome after 2 vs. 4 

weeks of SRT) [51].  

Towards a mechanistic model of SRT 

When SRT was first developed it was principally based on the 3-P account of insomnia development and 

maintenance. This pragmatic (and generic) model has provided a very useful ‘wide-angle lens’ approach to 

understanding insomnia chronicity and the factors that require modification (e.g., excessive TIB) to achieve 

therapeutic success [6, 15]. We believe that the field is now ripe for a more fine-grained analysis of SRT (a ‘zoom 

lens’ approach), to fully elucidate mechanisms and drive treatment refinement and innovation. Below we outline 

a testable model, specific to SRT, which integrates Spielman’s key observations but also introduces new 

hypotheses based on contemporary understanding of insomnia and basic sleep-wake regulation. 

The Triple-R model of SRT: Restricting, Regularising, and Re-conditioning 

Insomnia is a psychobiological disorder that can be examined across a number of levels of brain and behaviour. 

Psychological processes (thoughts, emotions, behaviours) serve to dysregulate sleep biology and in turn, 

modifications to sleep can feed-back onto key cognitive-behavioural and physiological processes. This interaction 

maintains insomnia over time. We propose that SRT effectively treats insomnia because it influences cognitive-

behavioural and physiological pathways simultaneously and reciprocally. However, it primarily exerts its effects 

by doing three key things:  

1. Restricting time in bed awake,  

2. Regularising timing of sleep and wake, and consequently 

3. Re-conditioning the association between bedroom factors and sleep.  
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Targeted modification of these key processes subsequently drives a cascade of change in subsidiary physiological 

and cognitive-behavioural components that serves to weaken insomnia maintenance factors and restore normal 

sleep (see Figure 2). The immediate and subsequent effects of the three R’s are described below, with respect to 

both physiological and cognitive-behavioural pathways.  

 [INSERT FIGURE 2 HERE] 

Physiological pathway 

During SRT, participants are asked to keep a fixed bed and rise time seven nights a week with only small 

variations over successive weeks of treatment. Hence, a regular TIB will tighten the regulatory control of sleep 

by the endogenous circadian pacemaker and standardise exposure to other zeitgebers (i.e. light, meal times). It is 

recognised that the circadian pacemaker is in permanent interaction with homeostatic sleep pressure [52] and thus 

a regular TIB will make sleep more predictable and stabilise the circadian sleep-wake cycle [16, 53]. The 

restricted TIB prescription is based on subjective estimates of participants’ TST and will, therefore, result in mild 

sleep deprivation since people with insomnia tend to underestimate sleep time [54]. Moreover, even if the patient 

accurately judges TST they would not be expected to sleep 100% of their TIB because good sleepers also spend 

some time awake during the night [6, 15, 55]. Accordingly, sleep pressure (measured, for example, by SWA) will 

increase, reflecting a strengthened homeostatic response to accumulated sleep loss [56, 57], which will 

concurrently feed-back onto the circadian drive [58]. During sleep, homeostatic pressure for sleep dissipates in 

synchrony with decreasing circadian pressure for wakefulness, possibly leading to a greater alignment between 

the processes [59, 60]. Consequently, there is little remaining wake pressure throughout the night, which results 

in a consolidated period of sleep [61]. On a neurobiological level, strong inputs generated by the gradual build-

up of the circadian and homeostatic pressures may lead to changes in the imbalance between sleep-promoting 

areas (i.e., ventrolateral preoptic nucleus; VLPO) and arousal-promoting neurons in the lateral hypothalamus [62, 

63]. Thus, circadian and homeostatic drives, together, enhance the activity of the sleep-promoting areas and 

simultaneously inhibit the arousal system, favouring the sleep state [64]. As a result, cortical (e.g., high-frequency 

EEG) and cognitive arousal (e.g. ‘racing mind’) prior to sleep and throughout the sleep period will diminish [40, 

59, 65]. This strengthened homeostatic sleep drive may suppress conscious awareness during NREM sleep 
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through activity reductions in the left frontoparietal and posterior cingulate, regions that have been associated 

with cognition and self-referential processes [47, 66]. In healthy participants it is known that sleep restriction 

principally reduces time spent in stage 2 and REM sleep [67, 68]; sleep stages which have been linked to 

subjective-objective sleep discrepancy in insomnia [69, 70].  Restriction and consolidation of these sleep stages 

may, therefore, drive reduction in subjective-objective sleep discrepancies [47, 71]. We assume that SRT takes 

advantage of relatively intact, though perhaps poorly co-ordinated, homeostatic and circadian processes. In sum, 

strengthened homeostatic sleep drive, regularised circadian sleep-wake timing and reduced arousal will lead to 

more consolidated and predictable sleep, and ultimately improved perceptions of sleep.   

Cognitive-behavioural pathway 

Sleep restriction therapy has parallel effects on cognitive-behavioural processes. Initial restriction of TIB aims to 

reduce time spent in bed awake which, if adhered to, ensures that bed and sleepiness are paired more consistently 

than bed and wakefulness, promoting counterconditioning against the typical wake-bed association presumed to 

characterise insomnia [72]. Over time, SRT changes the conditioning history and therefore increases the 

probability that sleep-related stimuli will trigger the desired response of sleepiness and sleep [72-74]. Extending 

TIB or taking a nap to compensate for poor sleep are considered counterproductive safety behaviours that 

reinforce erroneous beliefs about sleep and, together with sleep related worries, exacerbate insomnia (e.g. ‘I have 

to stay in bed to get more sleep, I need to nap to cope during the day’) [75, 76]. However, blockade of TIB 

extension provides the opportunity to directly challenge the need for such behaviour, or specific notions that one 

needs to sleep eight hours a night. That is, during SRT, sleep can be short but deep and more restorative. 

Furthermore, partial sleep deprivation caused by decreased TIB potentiates homeostatic sleep pressure to a point 

whereby sleep will occur inevitably, without attention, intention, or effort; processes which typically serve to 

dysregulate sleep in insomnia [40, 64, 77, 78]. The accumulation and discharge of sleep pressure also helps 

demonstrate that the sleep system is not irreversibly damaged and challenges the belief that sleep is entirely 

uncontrollable [79, 80]. In this way SRT may be considered a behavioural experiment, helping to test out and 

challenge beliefs presumed to underlie insomnia and related distress. We postulate that targeting such core beliefs, 

in synchrony with reduced night-time arousal and improved sleep consolidation (direct physiological effects of 
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restricted TIB), will feedback onto daytime cognitive processes (e.g., sleep-related monitoring) and safety 

behaviours, and help improve perceptions of daytime functioning.  

Becoming a good sleeper 

We see the psychobiological interaction as central to the effects of SRT. Modification of both the cognitive-

behavioural and physiological pathways serves to improve sleep consolidation, reduce subjective-objective sleep 

discrepancy and remove (maladaptive) psychological agency. Consequently, those with insomnia will have a 

positive sleep experience that enhances sleep-related self-efficacy [81].  A feedback loop could arise, whereby 

the knowledge provided early in the intervention (i.e. ‘this is how sleep is regulated’, ‘it is inevitable that I will 

sleep’, ‘I have the capacity to sleep like a good sleeper’) may initially increase feelings of sleep self-efficacy and 

deliver a sense of sleep normalcy. This subsequently motivates the individual to continue to implement the new 

(and often challenging) schedule, which then delivers improved sleep and further enhances the patient’s 

confidence that they can make positive changes to sleep and behaviour, encouraging further adherence [82]. 

These processes initially change sleep but over successive weeks begin to modify daytime symptoms [14]. That 

is, a lag likely exists between sleep and daytime functioning improvement because of the side effects of restricted 

sleep time, especially at the beginning of treatment [14, 37]. With continued experience of predictable and 

restorative sleep, alongside sleep window extension and improved daytime function, the insomnia identity is 

challenged (and ultimately revised) despite only modest increases to TST [12, 83].  

 Consistent with Spielman [6], we assume that restricted sleep is central to the rapidity and effectiveness 

of SRT. While SRT has circumscribed targets, it has generalised effects on a range of cognitive-behavioural and 

physiological processes. We assume, therefore, that SRT has the capacity to address different phenotypes of 

insomnia, consistent with recent work showing that behavioural insomnia treatments can drive robust cognitive 

change, similar in magnitude to targeted cognitive therapy [84].  

Summary 

This review sought to investigate the mechanisms of SRT. Evidence for mechanistic relations between proposed 

mediators and treatment outcomes is limited, principally because studies have not been specifically designed to 

elucidate them. We suggest a number of areas for future research with the aim of advancing understanding of 
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SRT (see research agenda). The Triple-R model, based upon Spielman’s seminal work, provides a framework 

specific to SRT from which mechanisms of action can be systematically interrogated through empirical 

evaluation.  

 

  

Practice Points 

• Understanding treatment mechanisms has the potential to refine treatment protocols and tailor therapies to 

presenting phenotype and to maximise efficacy 

• Mechanisms underlying the effects of SRT have been proposed in the literature but only rarely investigated 

• There is a lack of distinction between mediators and outcome variables in the insomnia (and SRT) literature 

• A new testable model (Triple-R) is introduced that proposes that SRT primarily exerts its effects by 

regularising, restricting and re-conditioning TIB, followed by subsequent changes in physiological and 

cognitive-behavioural pathways 

Research agenda 

• Adequately powered and controlled evaluations of single-component SRT are needed which embed 

mechanistic measurements to determine mediating effects on clinical outcomes  

• Accordingly, the following four conditions should be tested and satisfied: a) SRT must be related to 

therapeutic change (e.g. improvement in insomnia severity); b) SRT must be related to the proposed 

mediator (e.g. homeostatic sleep drive); c) The proposed mediator must be related to therapeutic change 

and; d) The relationship between SRT and therapeutic change must be reduced after controlling statistically 

for the proposed mediator  

• High resolution and continuous measurement throughout treatment is needed to track trajectories in sleep 

and putative mediators  

• Key pathways of the proposed Triple-R model of SRT should be interogated through the integration of 

physiological and cognitive-behavioural measurements 



THE MECHANISMS OF SLEEP RESTRICTION THERAPY 
 
References 

[1] A. Spielman, P. Saskin, M. Thorpy, Sleep restriction treatment of insomnia, Sleep Res 12 (1983) 286. 
[2] A.J. Spielman, Assessment of insomnia, Clinical psychology review 6(1) (1986) 11-25. 
[3] V. Natale, D. Leger, M. Martoni, V. Bayon, A. Erbacci, The role of actigraphy in the assessment of primary 
insomnia: a retrospective study, Sleep medicine 15(1) (2014) 111-5. 
[4] A.M. Reynold, E.R. Bowles, A. Saxena, R. Fayad, S.D. Youngstedt, Negative effects of time in Bed 
extension: a pilot study, Journal of sleep medicine and disorders 1(1) (2014). 
[5] P.J. Arnal, F. Sauvet, D. Leger, P. Van Beers, V. Bayon, C. Bougard, A. Rabat, G.Y. Millet, M. Chennaoui, 
Benefits of sleep extension on sustained attention and sleep pressure before and during total sleep deprivation 
and recovery, Sleep 38(12) (2015) 1935-1943. 
[6]* A.J. Spielman, P. Saskin, M.J. Thorpy, Treatment of chronic insomnia by restriction of time in bed, Sleep: 
Journal of Sleep Research & Sleep Medicine  (1987). 
[7] D.J. Buysse, C.F. Reynolds, T.H. Monk, S.R. Berman, D.J. Kupfer, The Pittsburgh Sleep Quality Index: a 
new instrument for psychiatric practice and research, Psychiatry research 28(2) (1989) 193-213. 
[8] S.D. Kyle, M.R. Aquino, C.B. Miller, A.L. Henry, M.R. Crawford, C.A. Espie, A.J. Spielman, Towards 
standardisation and improved understanding of sleep restriction therapy for insomnia disorder: A systematic 
examination of CBT-I trial content, Sleep medicine reviews 23 (2015) 83-8. 
[9]* D.R. Schwartz, C.E. Carney, Mediators of cognitive-behavioral therapy for insomnia: a review of 
randomized controlled trials and secondary analysis studies, Clinical psychology review 32(7) (2012) 664-75. 
[10] J.D. Edinger, T.J. Hoelscher, G.R. Marsh, S. Lipper, M. Ionescu-Pioggia, A cognitive-behavioral therapy 
for sleep-maintenance insomnia in older adults, Psychology and Aging 7(2) (1992) 282. 
[11] D. Riemann, C. Baglioni, C. Bassetti, B. Bjorvatn, L. Dolenc Groselj, J.G. Ellis, C.A. Espie, D. Garcia-
Borreguero, M. Gjerstad, M. Goncalves, E. Hertenstein, M. Jansson-Frojmark, P.J. Jennum, D. Leger, C. 
Nissen, L. Parrino, T. Paunio, D. Pevernagie, J. Verbraecken, H.G. Weess, A. Wichniak, I. Zavalko, E.S. 
Arnardottir, O.C. Deleanu, B. Strazisar, M. Zoetmulder, K. Spiegelhalder, European guideline for the diagnosis 
and treatment of insomnia, Journal of sleep research  (2017). 
[12]* C.B. Miller, C.A. Espie, D.R. Epstein, L. Friedman, C.M. Morin, W.R. Pigeon, A.J. Spielman, S.D. Kyle, 
The evidence base of sleep restriction therapy for treating insomnia disorder, Sleep medicine reviews 18(5) 
(2014) 415-24. 
[13] T. Morgenthaler, M. Kramer, C. Alessi, L. Friedman, B. Boehlecke, T. Brown, J. Coleman, V. Kapur, T. 
Lee-Chiong, J. Owens, J. Pancer, Practice parameters for the psychological and behavioral treatment of 
insomnia: an update, SLEEP-NEW YORK THEN WESTCHESTER 29(11) (2006) 1415. 
[14]* S.D. Kyle, K. Morgan, K. Spiegelhalder, C.A. Espie, No pain, no gain: an exploratory within-subjects 
mixed-methods evaluation of the patient experience of sleep restriction therapy (SRT) for insomnia, Sleep 
medicine 12(8) (2011) 735-47. 
[15] A.J. Spielman, L.S. Caruso, P.B. Glovinsky, A behavioral perspective on insomnia treatment, Psychiatric 
Clinics of North America  (1987). 
[16]* A.J. Spielman, C.-M. Yang, P.B. Glovinsky, Sleep restriction therapy, Behavioral Treatments for Sleep 
Disorders. Oxford: Elsevier  (2011). 
[17]* A.E. Kazdin, Mediators and mechanisms of change in psychotherapy research, Annu Rev Clin Psychol 3 
(2007) 1-27. 
[18] D. Moher, A. Liberati, J. Tetzlaff, D.G. Altman, P. Group, Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement, PLoS medicine 6(7) (2009) e1000097. 
[19] K.F. Chung, C.T. Lee, W.F. Yeung, M.S. Chan, E.W. Chung, W.L. Lin, Sleep hygiene education as a 
treatment of insomnia: a systematic review and meta-analysis, Family practice  (2017). 
[20] A.G. Harvey, Sleep hygiene and sleep-onset insomnia, The Journal of nervous and mental disease 188(1) 
(2000) 53-55. 
[21] S.H. Downs, N. Black, The feasibility of creating a checklist for the assessment of the methodological 
quality both of randomised and non-randomised studies of health care interventions, Journal of Epidemiology 
and Community Health 52(6) (1998) 377-384. 



THE MECHANISMS OF SLEEP RESTRICTION THERAPY 
 
[22] J.J. Deeks, J. Dinness, R. D'Amocio, Evaluating non-intervention studies, Health Technol Assess 7 (2003) 
1-179. 
[23] D.L. Bliwise, L. Friedman, J.C. Nekich, J.A. Yesavage, Prediction of Outcome in Behaviorally Based 
Insomnia Treatments, J. Behav. Ther. &Exp. Psychiat. 26(1) (1995) 17-23. 
[24] D.R. Epstein, S. Sidani, R.R. Bootzin, M.J. Belyea, Dismantling multicomponent behavioral treatment for 
insomnia in older adults: a randomized controlled trial, Sleep 35(6) (2012) 797-805. 
[25] A. Fernando III, Arroll, Bruce, & Falloon, Karen., A double-blind randomised controlled 
study of a brief intervention of bedtime restriction for adult patients with primary insomnia., Journal of primary 
health care 5(1) (2013) 5-10. 
[26] L. Friedman, D.L. Bliwise, J.A. Yesavage, S.R. Salom, A Preliminary Study Comparing Sleep Restriction 
and 
Relaxation Treatments for Insomnia in Older Adults, Journal of Gerontology: PSYCHOLOGICAL SCIENCES 
46(1) (1991) 1-8. 
[27] L. Friedman, K. Benson, A. Noda, V. Zarcone, D.A. Wicks, K. O’Connell, J.O.B. III, D.L. Bliwise, J.A. 
Yesavage, An actigraphic comparison of sleep restriction and sleep hygiene treatments for insomnia in older 
adults, Journal of geriatric psychiatry and neurology 13(1) (2000) 17-27. 
[28] D.J. Taylor, W. Schmidt-Nowara, C.A. Jessop, J. Ahearn, Sleep Restriction Therapy and Hypnotic 
Withdrawal versus 
Sleep Hygiene Education in Hypnotic Using Patients 
with Insomnia, Journal of Clinical Sleep Medicine 6(2) (2010) 169-175. 
[29] J. Wang, G. Yin, G. Li, W. Liang, Q. Wei, Efficacy of physical activity counseling plus sleep restriction 
therapy on the patients with chronic insomnia, Neuropsychiatric disease and treatment 11 (2015) 2771-8. 
[30] J. Brooks 3rd, L. Friedman, D. Bliwise, J. Yesavage, Use of the wrist actigraph to study insomnia in older 
adults, Sleep 16(2) (1993) 151-155. 
[31] S. Kyle, C. Miller, C. Espie, Cognitive behavioral therapy for the management of poor sleep in insomnia 
disorder, ChronoPhysiology and Therapy  (2014) 99. 
[32] C.B. Miller, S.D. Kyle, N.S. Marshall, C.A. Espie, Ecological momentary assessment of daytime 
symptoms during sleep restriction therapy for insomnia, Journal of sleep research 22(3) (2013) 266-72. 
[33] C.B. Miller, S.D. Kyle, C.J. Gordon, C.A. Espie, R.R. Grunstein, A.E. Mullins, S. Postnova, D.J. Bartlett, 
Physiological Markers of Arousal Change with Psychological Treatment for Insomnia: A Preliminary 
Investigation, PloS one 10(12) (2015) e0145317. 
[34] A. Vallieres, T. Ceklic, C.H. Bastien, C.A. Espie, A preliminary evaluation of the physiological 
mechanisms of action for sleep restriction therapy, Sleep disorders 2013 (2013) 726372. 
[35] H. Whittall, M. Pillion, M. Gradisar, Daytime Sleepiness, Driving Performance, Reaction Time and 
Inhibitory Control during Sleep Restriction Therapy for Chronic Insomnia Disorder, Sleep medicine  (2017). 
[36] A. Fernando, 3rd, B. Arroll, K. Falloon, A double-blind randomised controlled study of a brief intervention 
of bedtime restriction for adult patients with primary insomnia, J Prim Health Care 5(1) (2013) 5-10. 
[37] S.D. Kyle, C.B. Miller, Z. Rogers, A.N. Siriwardena, K.M. MacMahon, C.A. Espie, 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 37(2) 
(2014) 229-237. 
[38] D.J. Buysse, W. Thompson, J. Scott, P.L. Franzen, A. Germain, M.L. Hall, D.E. Moul, E.A. Nofzinger, 
D.J. Kupfer, Daytime Symptoms in Primary Insomnia: A Prospective Analysis Using Ecological Momentary 
Assessment, Sleep medicine 8(3) (2007) 198-208. 
[39] N.M. Broomfield, C.A. Espie, Towards a valid, reliable measure of sleep effort, Journal of sleep research 
14(4) (2005) 401-407. 
[40] C.A. Espie, N.M. Broomfield, K.M. MacMahon, L.M. Macphee, L.M. Taylor, The attention-intention-
effort pathway in the development of psychophysiologic insomnia: a theoretical review, Sleep medicine 
reviews 10(4) (2006) 215-45. 
[41] K. Falloon, C.R. Elley, A. Fernando, 3rd, A.C. Lee, B. Arroll, Simplified sleep restriction for insomnia in 
general practice: a randomised controlled trial, The British journal of general practice : the journal of the Royal 
College of General Practitioners 65(637) (2015) e508-15. 



THE MECHANISMS OF SLEEP RESTRICTION THERAPY 
 
[42] M.W. Johns, A new method for measuring daytime sleepiness: the Epworth sleepiness scale, sleep 14(6) 
(1991) 540-545. 
[43] A.J. Spielman, C.M. Yang, P.B. Glovinsky, Sleep Restriction Therapy, 2011. 
[44] W.R. Pigeon, M.L. Perlis, Sleep homeostasis in primary insomnia, Sleep medicine reviews 10(4) (2006) 
247-54. 
[45] D.P. Brunner, D.-J. Dijk, I. Tobler, A.A. Borbély, Effect of partial sleep deprivation on sleep stages and 
EEG power spectra: evidence for non-REM and REM sleep homeostasis, Electroencephalography and clinical 
neurophysiology 75(6) (1990) 492-499. 
[46] H. Van Dongen, G. Maislin, J.M. Mullington, D.F. Dinges, The cumulative cost of additional wakefulness: 
dose-response effects on neurobehavioral functions and sleep physiology from chronic sleep restriction and 
total sleep deprivation, Sleep 26(2) (2003) 117-126. 
[47] D.B. Kay, D.J. Buysse, Hyperarousal and Beyond: New Insights to the Pathophysiology of Insomnia 
Disorder through Functional Neuroimaging Studies, Brain Sci 7(3) (2017). 
[48] M. Basta, G.P. Chrousos, A. Vela-Bueno, A.N. Vgontzas, CHRONIC INSOMNIA AND STRESS 
SYSTEM, Sleep medicine clinics 2(2) (2007) 279-291. 
[49] D. Riemann, K. Spiegelhalder, B. Feige, U. Voderholzer, M. Berger, M. Perlis, C. Nissen, The 
hyperarousal model of insomnia: a review of the concept and its evidence, Sleep medicine reviews 14(1) (2010) 
19-31. 
[50] R. Refinetti, M. Menaker, The circadian rhythm of body temperature, Physiology & behavior 51(3) (1992) 
613-637. 
[51] G. Dunn, R. Emsley, H. Liu, S. Landau, J. Green, I. White, A. Pickles, Evaluation and validation of social 
and psychological markers in randomised trials of complex interventions in mental health: a methodological 
research programme, Health Technol Assess 19(93) (2015) 1-115, v-vi. 
[52] A.A. Borbély, S. Daan, A. Wirz‐Justice, T. Deboer, The two‐ process model of sleep regulation: a 
reappraisal, Journal of sleep research 25(2) (2016) 131-143. 
[53] J.M. Taub, Behavioral and psychophysiological correlates of irregularity in chronic sleep routines, 
Biological psychology 7(1) (1978) 37-53. 
[54] M.K. Means, J.D. Edinger, D.M. Glenn, A.I. Fins, Accuracy of sleep perceptions among insomnia 
sufferers and normal sleepers, Sleep medicine 4(4) (2003) 285-296. 
[55] C. Baglioni, W. Regen, A. Teghen, K. Spiegelhalder, B. Feige, C. Nissen, D. Riemann, Sleep changes in 
the disorder of insomnia: a meta-analysis of polysomnographic studies, Sleep medicine reviews 18(3) (2014) 
195-213. 
[56] A.A. Borbély, P. Achermann, Sleep Homeostasis and Models of Sleep Regulation, Journal of Biological 
Rhythms 14(6) (1999) 559-570. 
[57] D.-J. Dijk, Slow-wave sleep deficiency and enhancement: implications for insomnia and its management, 
The World Journal of Biological Psychiatry 11(sup1) (2010) 22-28. 
[58] D.-J. Dijk, M. von Schantz, Timing and consolidation of human sleep, wakefulness, and performance by a 
symphony of oscillators, Journal of biological rhythms 20(4) (2005) 279-290. 
[59] D. Riemann, C. Nissen, L. Palagini, A. Otte, M.L. Perlis, K. Spiegelhalder, The neurobiology, 
investigation, and treatment of chronic insomnia, The Lancet Neurology 14(5) (2015) 547-558. 
[60] D.-J. Dijk, C.A. Czeisler, Paradoxical timing of the circadian rhythm of sleep propensity serves to 
consolidate sleep and wakefulness in humans, Neuroscience letters 166(1) (1994) 63-68. 
[61] H.P. Van Dongen, D.F. Dinges, Sleep, circadian rhythms, and psychomotor vigilance, Clinics in sports 
medicine 24(2) (2005) 237-249. 
[62] D.J. Buysse, A. Germain, M. Hall, T.H. Monk, E.A. Nofzinger, A Neurobiological Model of Insomnia, 
Drug discovery today. Disease models 8(4) (2011) 129-137. 
[63] C.B. Saper, T.E. Scammell, J. Lu, Hypothalamic regulation of sleep and circadian rhythms, Nature 
437(7063) (2005) 1257-63. 
[64] M. Perlis, P. Shaw, G. Cano, C. Espie, Models of insomnia, Principles and practice of sleep medicine 5 
(2011) 850-850. 
[65] W.R. Pigeon, M.R. Cribbet, The pathophysiology of insomnia: from models to molecules (and back), 
Current opinion in pulmonary medicine 18(6) (2012) 546-553. 



THE MECHANISMS OF SLEEP RESTRICTION THERAPY 
 
[66] D. Kay, H. Karim, A. Soehner, B. Hasler, K. Wilckens, J. James, H. Aizenstein, J. Price, B. Rosario, D. 
Kupfer, Sleep-Wake Differences in Relative Regional Cerebral Metabolic Rate for Glucose among Patients 
with Insomnia Compared with Good Sleepers, Sleep 39(10) (2016) 1779. 
[67] M.A. Carskadon, W.C. Dement, Cumulative effects of sleep restriction on daytime sleepiness, 
Psychophysiology 18(2) (1981) 107-113. 
[68] S. Banks, D.F. Dinges, Behavioral and physiological consequences of sleep restriction, J Clin Sleep Med 
3(5) (2007) 519-528. 
[69] B. Feige, A. AL‐SHAJLAW I, C. Nissen, U. Voderholzer, M . Hornyak, K . Spiegelhalder, C. K loepfer, M . 
Perlis, D. Riemann, Does REM sleep contribute to subjective wake time in primary insomnia? A comparison of 
polysomnographic and subjective sleep in 100 patients, Journal of sleep research 17(2) (2008) 180-190. 
[70] J. Maes, J. Verbraecken, M. Willemen, I. De Volder, A. van Gastel, N. Michiels, I. Verbeek, M. 
Vandekerckhove, J. Wuyts, B. Haex, T. Willemen, V. Exadaktylos, A. Bulckaert, R. Cluydts, Sleep 
misperception, EEG characteristics and Autonomic Nervous System activity in primary insomnia: A 
retrospective study on polysomnographic data, International Journal of Psychophysiology 91(3) (2014) 163-
171. 
[71] M.H. Bonnet, D.L. Arand, The Consequences of a Week of Insomnia, Sleep 19(6) (1996) 453-461. 
[72] R.R. Bootzin, Stimulus control treatment for insomnia, APA 80th Annual Convention, Honolulu, HI, 
September 2-8, 1972, 1973. 
[73] R.R. Bootzin, D.R. Epstein, Understanding and treating insomnia, Annu Rev Clin Psychol 7 (2011) 435-
58. 
[74] M. Perlis, D. Giles, W. Mendelson, R.R. Bootzin, J. Wyatt, Psychophysiological insomnia: the behavioural 
model and a neurocognitive perspective, Journal of sleep research 6(3) (1997) 179-188. 
[75] A.G. Harvey, A cognitive model of insomnia, Behaviour Research and Therapy 40(8) (2002) 869-893. 
[76] A.G. HARVEY, IDENTIFYING SAFETY BEHAVIORS IN INSOMNIA, The Journal of Nervous and 
Mental Disease 190(1) (2002) 16-21. 
[77] E. Rasskazova, I. Zavalko, A. Tkhostov, V. Dorohov, High intention to fall asleep causes sleep 
fragmentation, Journal of sleep research 23(3) (2014) 297-303. 
[78] K. Harris, K. Spiegelhalder, C.A. Espie, K.M. MacMahon, H.C. Woods, S.D. Kyle, Sleep-related 
attentional bias in insomnia: A state-of-the-science review, Clinical psychology review 42 (2015) 16-27. 
[79] J. Woodley, S. Smith, Safety behaviors and dysfunctional beliefs about sleep: testing a cognitive model of 
the maintenance of insomnia, J Psychosom Res 60(6) (2006) 551-7. 
[80] P. Eidelman, L. Talbot, H. Ivers, L. Bélanger, C.M. Morin, A.G. Harvey, Change in dysfunctional beliefs 
about sleep in behavior therapy, cognitive therapy, and cognitive-behavioral therapy for insomnia, Behavior 
therapy 47(1) (2016) 102-115. 
[81] J. Harris, L. Lack, H. Wright, M. Gradisar, A. Brooks, Intensive Sleep Retraining treatment for chronic 
primary insomnia: a preliminary investigation, Journal of sleep research 16(3) (2007) 276-284. 
[82] S. Bouchard, C. Bastien, C.M. Morin, Self-Efficacy and Adherence to Cognitive-Behavioral Treatment of 
Insomnia, Behavioral Sleep Medicine 1(4) (2003) 187-199. 
[83] K.L. Lichstein, Insomnia identity, Behaviour Research and Therapy 97 (2017) 230-241. 
[84] A.G. Harvey, L. Dong, L. Bélanger, C.M. Morin, Mediators and Treatment Matching in Behavior Therapy, 
Cognitive Therapy and Cognitive Behavior Therapy for Chronic Insomnia, Journal of consulting and clinical 
psychology 85(10) (2017) 975-987. 
  

  



THE MECHANISMS OF SLEEP RESTRICTION THERAPY 
 
Figure captions 

Figure 1: 

Prisma flowchart [18] showing the process of selecting studies included in the review. 

Figure 2: 

The Triple-R model states that SRT exerts its treatment effects by doing three key things: restricting time in bed 

awake, regularising timing of sleep and wake, and re-conditioning the association between bedroom factors and 

sleep. Targeted modification of these key processes subsequently drives a cascade of change in subsidiary 

physiological (e.g. diminished arousal) and cognitive-behavioural factors (e.g. reduced sleep effort) that serve to 

weaken insomnia maintenance factors and restore normal sleep. Interaction between cognitive-behavioural and 

physiological pathways improves sleep consolidation, reduces subjective-objective sleep discrepancy and ensures 

that sleep-related psychological agency (which in insomnia serves to disrupt sleep) surrenders to the two-process 

model of sleep-wake regulation. Consequently, those with insomnia will have a positive sleep experience that 

enhances sleep self-efficacy. With continued experience of predictable and restorative sleep, alongside sleep 

window extension and improved daytime function, the insomnia identity is challenged and ultimately revised.  
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Tables 

Table 1. Sleep window titration according to Spielman et al. (1987).  

Sleep Efficiency => Sleep Window (Time in Bed) 

Less than 85% => Decrease by 15 minutes 

85-90%  => Keep sleep window 

More than 90% => Increase by 15 minutes 

 

Table 2. Theoretical mechanisms of SRT and proposed mediator measurements. 

*Note. T = Treatment. PT = Post-Treatment, PSG = Polysomnography, SOL = Sleep onset latency, SWA = Slow 

wave activity, TIB = Time in bed, EEG = Electroencephalography 

Mechanism Measurements 

Perpetuating practices 

(excessive TIB and napping) 

Time in Bed/ Napping during T/ at PT 

(e.g. sleep diary, actigraphy) 

Circadian sleep-wake cycle 

Variability in sleep and bedtime parameters during T/ at PT 

(e.g. sleep diary, actigraphy) 

Markers of circadian rhythmicity during T/ at PT 

(e.g. phase/periodicity/amplitude of body temperature) 

Homeostatic sleep drive 
Sleep pressure during T/ at PT 

(e.g. SOL, SWA, subjective and objective sleepiness) 

Hyperarousal 
cognitive/ physiological Arousal during T/ at PT 

(e.g. Pre-Sleep-Arousal Scale, cortisol concentration, high-frequency EEG) 
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Table 3. Description of mediator variables in SRT trials. 

Study Design Insomnia sample Mediator measures (T&PT) Mediator findings within the SRT group Quality 

rating 

Bliwise et al., 1995 

[23] 

SRT vs. RLT 32 elderly people with 

insomnia (community) 

Homeostatic sleep pressure (SOL) SOL decreased significantly from baseline to post-

treatment.  

17/31 

Brooks et al., 1993 

[30] 

SRT vs. RLT 9 elderly people with 

insomnia (community) 

Perpetuating practices (TIB) & 

homeostatic sleep pressure (SOL) 

TIB decreased significantly from baseline to post-

treatment (sleep diary & actigraphy). SOL showed a 

trend to decrease (sleep diary). 

15/31 

Epstein et al., 2012 

[24] 

SCT vs. SRT 

vs. MCI vs. 

WLC 

179 elderly people with 

insomnia (community) 

Perpetuating practices (TIB) & 

homeostatic sleep pressure (SOL) 

TIB and SOL decreased significantly from baseline 

to post-treatment (sleep diary). 

18/31 

Friedman et al., 

1991 [26] 

SRT vs. RLT 22 elderly people with 

insomnia (community) 

Perpetuating practices (TIB), 

homeostatic sleep pressure (SOL) 

& circadian sleep-wake cycle 

The SRT group displayed significant reductions in 

TIB, TIB variability and SOL from baseline to post-

treatment (sleep diary). 

14/31 

Friedman et al., 

2000 [27] 

SRT vs. 

NSRT vs. 

SH 

39 elderly people with 

insomnia (community) 

Perpetuating practices (TIB) & 

homeostatic sleep pressure (SOL & 

sleepiness) 

TIB and SOL decreased significantly from baseline 

to post-treatment (sleep diary). Subjective sleepiness 

decreased from baseline to end of treatment and 

follow-up, while objective sleepiness seemed to be 

increased after treatment. 

18/31 

Kyle et al., 2011 

[14] 

SRT 18 people with insomnia 

(community) 

Homeostatic sleep pressure (SOL & 

sleepiness) & arousal 

SOL (sleep diary) and sleep effort (indicator for 

arousal) decreased significantly from baseline to 

post-treatment. Ninety-four percent of the 

participants reported “extreme sleepiness” during 

SRT.  

20/31 
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Kyle et al., 2014 

[37] 

SRT 16 people with insomnia 

(community) 

Perpetuating practices (TIB) & 

homeostatic sleep pressure (SOL & 

sleepiness, RT)  

TIB decreased significantly during the first week of 

treatment and increased by 15min over the following 

three weeks of the treatment. SOL decreased 

significantly from baseline to post-treatment (sleep 

diary). Sleepiness (obtained by ESS and RT) 

increased significantly from baseline to week one, 

week two and week three of SRT but decreased at 

post-treatment. 

19/31 

Miller et al., 2013 

[32] 

SRT 9 people with insomnia 

(community) 

Perpetuating practices (TIB), 

homeostatic sleep pressure (SOL & 

sleepiness) & arousal 

TIB and SOL decreased significantly from baseline 

to post-treatment (sleep diary). Subjective sleepiness 

(DISS) increased from baseline to week one but 

decreased from baseline to week three of SRT. 

Overall alert cognition decreased from baseline to 

week one. Alert cognition at bedtime decreased from 

baseline to week three of SRT. 

16/31 

Miller et al., 2015 

[33] 

SRT 11 (8) people with 

insomnia (community) 

Perpetuating practices (TIB), 

homeostatic sleep pressure (SOL), 

arousal & circadian timing of core 

body temperature (N=6) 

TIB decreased significantly from baseline to post-

treatment (sleep diary). SOL displayed a trend to 

decrease. Core body temperature decreased 

significantly, especially in the pre-sleep period. No 

individual changes in phase or periodicity were 

detected. Cortisol concentrations in the morning 

increased from baseline to post-treatment. No change 

was observed in the pre-sleep phase/early night. 

16/31 
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Spielman, Saskin & 

Thorpy, 1987 [6] 

SRT 35 patients with chronic 

insomnia 

Perpetuating practices (TIB), 

homeostatic sleep pressure (SOL) 

& circadian sleep-wake cycle 

TIB, SOL and variability in sleep parameters 

decreased significantly from baseline to post-

treatment (sleep diary).  

13/31 

Taylor et al., 2010 

[28] 

SRT + HW 

vs. SH 

46 people with insomnia 

(community) 

Homeostatic sleep pressure (SOL) SOL decreased significantly from baseline to post-

treatment (sleep diary). 

17/31 

Vallières et al., 

2013 [34] 

SRT 5 people with insomnia 

(community) 

Homeostatic sleep pressure (SOL, 

SWA & sleepiness) & hyperarousal 

(high-frequency EEG/cortisol) 

SOL decreased in responders from baseline to post-

treatment and at the beginning of the treatment 

(PSG). There was no change in SWA. Subjective 

sleepiness correlated with sleep improvements. High-

frequencies in EEG seemed to decrease. Morning and 

evening cortisol levels seemed to be lower by the 2nd 

week of SRT.  

16/31 

Wang et al., 2015 

[29] 

PASR vs. 

SRT 

71 patients with chronic 

insomnia 

Perpetuating practices (TIB) & 

homeostatic sleep pressure (SOL) 

TIB and SOL decreased significantly from baseline 

to post-treatment (sleep diary). 

21/31 

Whittall, Pillion & 

Gradisar, 2017 [35] 

SRT 16 insomnia participants Perpetuating practices (TIB) & 

homeostatic sleep pressure (SOL, 

sleepiness, RT) 

TIB and SOL decreased significantly from baseline 

to post-treatment (sleep diary). No significant 

changes in ESS and RT scores from baseline to mid-

treatment and post-treatment. 

18/31 

 
Note. DISS = Daytime insomnia symptom scale; ESS= Epworth sleepiness scale; HW= Hypnotic withdrawal; MCI = Multicomponent intervention; NSRT = 

Nap-modified SRT; PASR = Physical activity counselling with SRT; PSG = Polysomnography; RLT = Relaxation therapy; RT = Reaction time; SCT = 

Stimulus control therapy; SE = Sleep efficiency; SH = Sleep hygiene, SRT = Sleep restriction therapy; SOL = Sleep onset latency; TIB = Time in bed; TST = 

Total sleep time; TWT = Total wake time 
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