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Objectives: To evaluate the clinical relevance of night-to-night variability of sleep schedules and insom-
nia symptoms.
Methods: The sample consisted of 455 patients (193 men, mean age = 48) seeking treatment for insomnia
in a sleep medicine clinic. All participants received group cognitive behavioral therapy for insomnia
(CBTI). Variability in sleep parameters was assessed using sleep diary data. Two composite scores were
computed, a behavioral schedule composite score (BCS) and insomnia symptom composite score (ICS).
The Insomnia Severity Index, the Beck Depression Inventory, and the Morningness–Eveningness Compos-
ite Scale were administered at baseline and post-treatment.
Results: Results revealed that greater BCS scores were significantly associated with younger age, evening-
ness chronotype, and greater depression severity (p < 0.001). Both depression severity and eveningness
chronotype independently predicted variability in sleep schedules (p < 0.001). Finally, CBTI resulted in
reduced sleep variability for all sleep diary variables except bedtime. Post-treatment symptom reductions
in depression severity were greater among those with high versus low baseline BCS scores (p < 0.001).
Conclusions: Results suggest that variability in sleep schedules predict reduction in insomnia and depres-
sive severity following group CBTI. Schedule variability may be particularly important to assess and
address among patients with high depression symptoms and those with the evening chronotype.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Insomnia treatment outcome studies typically assess sleep on-
set and offset over several nights using sleep diaries or actigraphy.
These include bed time (BT), time at lights off (LO), wake time
(WT), and time out of bed (TOB). Indices of sleep disturbance are
also recorded (e.g., sleep onset latency [SOL] and time awake after
sleep onset [WASO] or derived [e.g., total sleep time, TST, and sleep
efficiency, SE]). The average value of a given sleep parameter is typ-
ically computed to obtain a more stable variable and therefore
more reliable measure of an insomnia symptom than a value on
a single night. However, averages of sleep parameters often fail
to fully convey the nature of an individual’s sleep disturbance or
sleep schedule because variability from night to night in sleep con-
tinuity, quality, duration, and schedule is common among those
with insomnia. Such variations in sleep constitute an important
clinical feature of insomnia disorder [1,2]. In fact, intra-individual
ll rights reserved.
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variability in sleep duration and fragmentation appears to exceed
differences between individuals across these measures [3,4].

With increased recognition that distress about the unpredict-
ability of sleep may be an important determinant of sleep-related
anxiety in individuals with insomnia [5–7], there has been growing
interest in the study of variability of sleep in individuals with
insomnia. Even so, up until recently, research has primarily focused
on the variability in sleep parameters that measure insomnia
symptoms such as SOL, WASO, TST, and SE rather than sleep sched-
ules. Night-to-night variability in insomnia symptoms is greater
among people with chronic insomnia than controls [8], and it is
greater among individuals with insomnia related to a mental disor-
der than among those with primary insomnia [9]. Vallières et al.
[10] identified three clusters of sleep patterns among adults with
chronic insomnia based on variability of SOL, WASO, and SE;
unpredictable sleep pattern was present in approximately one
third of the sample.

Variability of sleep schedules can be differentiated from vari-
ability of insomnia symptoms, which consist of sleep parameters
such as BT, LO, TOB, WT, and TIB. Existing research has found great-
er night-to-night variability in sleep schedules among certain
populations, including young adults and patients with depressive
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symptoms, as well as acute suicidal distress [11–13]. Additionally,
individuals classified as evening chronotypes have greater variabil-
ity in their out of bed time than those classified as morning or
intermediate chronotypes [14]. Among adolescents and young
adults, more variable sleep patterns (>2 h difference between
weekday and weekend sleep bouts) predict a variety of adverse
outcomes, including short sleep duration, daytime sleepiness,
depressive symptoms, and increased risk for obesity [13,15–17].

Among individuals with insomnia distress about the conse-
quences of insufficient sleep, decisions about when to attempt
sleep and when to get out of bed are often based on the quality
of sleep in the night prior. The variability in such voluntary sleep
parameters, particularly wake and rise times, is the target of stim-
ulus control and sleep restriction therapy for insomnia; both are
central components of cognitive behavioral therapy for insomnia
(CBTI) that recommend regular wake and out of bed times.

Utilizing a clinical dataset, the aims of the present study were
to: (1) explore the correlates of night-to-night sleep variability of
insomnia symptoms and sleep schedules; (2) examine the unique
contribution of depressive symptom severity and chronotype ten-
dency to variability in sleep parameters; (3) examine whether CBTI
reduces night-to-night sleep variability in sleep-related behaviors
and, separately, insomnia symptoms; and (4) evaluate whether
variability in sleep parameters impacts outcomes following CBTI
in terms of reductions in insomnia symptoms and depressive
symptom severity. We hypothesized that, at baseline, the variabil-
ity of insomnia symptoms and sleep schedules would be positively
correlated with measures of insomnia severity, depressive symp-
tomatology, and evening chronotype. Based on past research, we
also expected that depression symptom severity and chronotypes
will independently account for a significant proportion of the var-
iance for night-to-night sleep variability. Finally, we hypothesized
that night-to-night variability for both insomnia symptoms and
sleep schedules is predicted to decrease following CBTI and that
individuals with high variability will exhibit a more robust treat-
ment response compared to those with low variability.
2. Methods

2.1. Participants

This study analyzes data gathered from patients who partici-
pated in group CBTI at the Stanford Sleep Disorders Clinic between
2000 and 2004. Prior to participation in the CBTI group treatment
program, patients were evaluated by sleep center physicians or
psychologists. Patients who were referred to the program pre-
sented with an initial complaint of insomnia. Four hundred and
fifty five individuals completed the self-report questionnaires at
baseline and at the final group sessions (see below). All partici-
pants completed sleep diaries during the week prior to the start
of treatment and after treatment. All patients who underwent
group CBTI were eligible to participate in this study. Those with
co-morbid psychiatric, sleep, or medical disorders as well as con-
comitant use of sleep or other medications were not excluded.
The protocol was pre-approved by the Institutional Human Sub-
jects Review Board at Stanford University. The protocol permitted
use of de-identified, archival data collected prior to 2004.
2.2. Procedure

The most widely used non-pharmacological treatment for
insomnia is CBTI. This effective treatment is currently recognized
as the first-line treatment for insomnia by the National Institutes
of Health (NIH) Consensus Statement [20] and the British Associa-
tion of Psychopharmacology [21]. CBTI is a multicomponent
intervention that includes a combination of stimulus control treat-
ment, sleep restriction, relaxation training exercises, and cognitive
restructuring techniques. It has been found to be as effective as
hypnotic medications in the short-term treatment of insomnia,
and, compared to psychopharmacology, is associated with better
long-term outcomes after treatment is discontinued [22]. Treat-
ment for the current study consisted of seven (90-min) sessions
of group CBTI delivered in a structured sequence. The first five ses-
sions were delivered weekly and the last two biweekly. Therapists
were licensed psychologists. This structured intervention included
psychoeducation about sleep, sleep hygiene, stimulus control
instructions, sleep restriction, relaxation (deep breathing exercises
and other relaxation strategies for calming the mind), and cogni-
tive restructuring. Relapse prevention was discussed during the
last session. Treatment recommendations were tailored to pa-
tients’ presentations. At each session the therapist reviewed each
patient’s progress and recommended adjustments to the behav-
ioral program as necessary.

2.3. Materials

2.3.1. Insomnia Severity Index (ISI)
The ISI is a 7-item self-report scale that assesses subjective

symptoms of insomnia, including the degree of distress caused
by this particular sleep complaint [23]. Each item is scored on a
zero to four scale, with a maximum total scale score of 28. A higher
score represents greater insomnia severity. Scores above 14 are
generally consistent with clinical levels of insomnia.

2.3.2. Beck Depression Inventory (BDI)
The BDI is a 21-item self-report inventory used to assess the

severity of depressive symptoms [24]. Participants are asked to
indicate which statement best describes the way they have been
feeling over the past week. Total scores on the BDI can range from
0 to 63, with higher scores reflecting greater levels of depressive
symptoms. The BDI has yielded adequate reliability estimates,
and has been well validated as a measure of depressive
symptomatology.

2.3.3. Morningness–Eveningness Composite Scale (MECS)
The MECS is a 13-item scale used to determine an individual’s

preference for various activities and ease of rising in the morning
(e.g., times to get up and to go to sleep, how easy to rise at 6 am)
[25]. The scale was developed using the Horne–Ostberg Morning-
ness–Eveningness scale and the Torsvall and Akerstedt scales.
The MECS has excellent internal consistency (alpha = 0.87) and
demonstrated psychometric properties that are comparable or bet-
ter than the Horne–Ostberg and Torsvall and Akerstedt scales.
Since its development, the MECS has been widely used.

Based on the MECS scores in the present sample, participants
were classified into morning (scores >43), intermediate (scores
23–43), and evening chronotypes (scores <23). For increased
power, the morning group and intermediate group were grouped
together for analyses.

2.3.4. Sleep diaries
Patients completed prospective sleep/wake diaries every morn-

ing for one week at baseline before receiving any specific treat-
ment instructions for improving sleep. Nighttime diary items
included BT, LO, SOL, WT, TOB, and TST. From these variables, TIB
was extracted as the time between lights out and time getting
out of bed and the amount of WASO was calculated as TIB–TST–
SOL. Sleep diaries are routinely used for clinical and research pur-
poses and are considered the standard of practice for measuring
subjective sleep in insomnia populations [26].
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To assess night-to-night variability in sleep habits, we followed
the recommendations proposed by Jahng et al. [27], also used by
Sánchez-Ortuño et al. [9] in their study of night-to-night variability
in insomnia symptoms. For each individual, we calculated a vari-
ability score as follows: the differences between consecutive mea-
surement time points were squared (e.g., [value of night 2 � value
of night 1]^2) and averaged for each week of data. For example, in
our study, a given individual had seven nights of observations, so
there would be six successive differences in the variable of interest
(e.g., [value of night 2 � value of night 1]^2, [value of night
3 � value of night 2]^2, [value of night 4 � value of night 3]^2,
and so forth. The advantage of this method is that it incorporates
both variability across nights and temporal dependency in a time
series. These computations were performed separately for BT, LO,
WT, TOB, and TIB. We then derived a composite measure of the
variability of sleep schedules, the behavioral schedule composite
score (BCS), as the average of the z-scores of these five variables.
Thus, the BCS is comprised of variables measuring behaviors that
are within an individual’s control. In contrast, the average of vari-
ability in SOL, WASO, and TST constituted the insomnia symptom
composite score (ICS), which represents variability in symptoms
of insomnia that are outside of one’s control.
Table 1
Demographics and descriptive values at
baseline and posttreatment.

Baseline
2.4. Statistical methods

For Aim 1 we used Pearson’s correlations to examine the rela-
tionship between all sleep variability estimates and other clinical
measures for continuous variables. For categorical variables, we
used Spearman’s rank correlation coefficient. For Aim 2 we used
multiple regression analyses with BCS (and separately ICS) as the
dependent variable and BDI and MECS scores and their interaction
(after centering) as independent variables. Age was also entered
into the equation as a covariate because it was highly correlated
with the sleep variability measures. For Aim 3 we first performed
paired t-tests comparing ICS and BCS scores pre- to post-treatment
(omnibus test) and then followed with a series of t-tests on indi-
vidual variables constituting each composite score that was
significant.

For Aim 4 we created high and low variability groups using the
median of the BCS and ICS. Median cutoff scores were used because
there have been no empirically established cutoffs in the literature.
To test changes in ISI and BDI scores over time we used mixed-ef-
fects modeling. Mixed-effects models are advantageous for analyz-
ing longitudinal data because the procedure accounts for the
correlations among repeated assessments within an individual
and are less sensitive to missing values than other methods. Both
the fixed-effects (group average effects) and random-effects (with-
in-individual variability) were estimated. Specifically, the group ef-
fect tested baseline differences in ISI and BDI scores between the
high variability and low variability group. The time effect tested
whether the outcome changed from pre- to post-treatment for
the whole sample. The Group � Time effect tested whether the rate
of change in the high variability group was significantly different
from that in the low variability group.
Mean (SD) or %

Age 48.12 (14.38)

Gender
Male 41.8%
Female 57.6%

ISI Baseline 21.92 (3.72)
ISI Post-treatment 13.95 (4.90)

BDI Baseline 12.81 (8.75)
BDI Post-treatment 4.11 (5.95)

Abbreviations: ISI = Insomnia Severity
Index; BDI = Beck Depression Inventory.
3. Results

3.1. Demographic and clinical data

Data were obtained for 455 participants who had completed
sleep diaries for a week at baseline and again before the last ses-
sion. Participants (57.6% female) ranged in age from 19 to 88 with
a mean age of 48 (SD = 14) years. Data on marital status, ethnicity,
and education level were not collected systematically and there-
fore not reported. The ISI, BDI, and MECS were administered at
baseline and at the end of the last group session. The average base-
line scores were 21.9 (SD = 3.7) for ISI and 12.8 (SD = 8.7) for BDI.
Based on established MECS cutoff scores, 21.1% of the sample
was morning types, 56.9% were intermediate types, and 5.7% were
evening types. Tables 1 and 2 provide descriptive statistics of base-
line characteristics of the sample.

Among the participants in the study, 87.3% (n = 397) completed
treatment. Average number of sessions attended were 5.5 (±1.8)
sessions. Participants who dropped out of the study did not differ
with those who completed the study on BCS, ICS, ISI, BDI, or
MECS.

3.2. Correlates of night-to-night sleep variability

Table 3 summarizes the correlation between sleep variables
within BCS and ICS, independently. Table 4 summarizes the corre-
lation between the composite scores of night-to-night variability
and other baseline measures. BCS was significantly correlated with
age (r = �0.13, p = 0.005). Specifically, older age was associated
with lower variability on BT (r = �0.19, p = 0.001), LO (r = �0.12,
p = 0.02), and TIB (r = �0.12, p = 0.02). BCS was also significantly
correlated with baseline BDI (r = 0.26, p < 0.001) and MECS scores
(r = 0.18, p < 0.001), but not with ISI scores. Specifically, greater
depressive symptom severity was associated with greater variabil-
ity in LO (r = 0.14, p = 0.009), WT (r = 0.26, p < 0.001), TOB (r = 0.26,
p < 0.001), and TIB (r = 0.26, p < 0.001). A greater tendency towards
an evening chronotype was associated with greater variability of
BT (r = 0.16, p = 0.005), LO (r = .16, p = 0.003), WT (r = 0.18,
p = 0.001), TOB (r = 0.18, p = 0.001), and TIB (r = 0.13, p = 0.01).

ICS was correlated with BDI (r = 0.19, p < 0.001) but not with ISI
or MECS scores. Specifically, greater severity of depression symp-
tom was associated with greater variability in TST (r = 0.26,
p < 0.001), but not with other ICS variables.

3.3. Unique contribution of depressive symptom severity and
chronotype tendency to variability in sleep

Multiple regression analyses were employed to examine the ef-
fects of depression, chronotype tendency, and their interaction
(after centering each) on BCS, and, separately, ICS, while controlling
for the effects of age in each of the two models. For BCS, the model
(Adjusted R2 = 0.19) had significant effects for depression (b = 0.30,
p < 0.001), chronotype tendency (b = 0.27, p < 0.001), and their
interaction (b = 0.20, p = 0.003). Post-hoc analyses to explore the
interaction revealed that, among those with higher depression
severity (BDI >14), patients with evening chronotype exhibited sig-
nificantly greater variability in BCS than non-evening chronotypes
(t = �2.44, p = 0.03). Among those with low depressive symptoms,
there was no significant difference in BCS between those with



Table 2
Night-to-night variability of sleep parameters at baseline.

Mean SD (h) aRange of variability (MSSD)

Sleep schedules Bed time 11.09 1.25 0–12.51
Lights out 11.27 1.21 0–17.31
Wake time 7.02 1.67 0–54.41
Time out of bed 7.40 1.47 0–58.81
Total time in bed 8.21 1.18 0–54.05

Insomnia symptoms Sleep onset latency 0.61 0.52 0–58.81
Wake after sleep onset 1.44 0.91 0–72.21
Total sleep time 6.16 1.35 0–112.36

a These values used mean squared successive differences (MSSD).

Table 3
Intercorrelation table of variability of sleep schedules and insomnia symptoms.

BCS BT LO WT TOB TIB

BT * 0.872** 0.40** 0.40** 0.546**

LO * 0.37** 0.37** 0.51**

WT * 1.0** 0.77**

TOB * 0.77**

TIB *

ICS SOL WASO TST

SOL * 0.09 0.13**

WASO * 0.39**

TST *

Abbreviations: BCS = Behavioral Schedule Component Score; BT = bed time;
LO = lights out; WT = wake time; TOB = time out of bed; TIB = time in bed;
ICS = insomnia symptom composite score; SOL = sleep onset latency; WASO = wake
after sleep onset; TST = total sleep time; SE = sleep efficiency; ISI = Insomnia
Severity Index; BDI = Beck Depression Inventory.
* p < 0.05.
** p < 0.01.

Fig. 1. Unique contribution of depressive symptom severity and chronotype
tendency to variability in sleep schedules. ⁄Abbreviation: BCS = behavioral schedule
composite score.
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evening versus non-evening chronotypes (t = �1.60, p = 0.016).
These interactions are depicted in Fig. 1. For ICS, the model (Ad-
justed R2 = 0.03) had a significant effect for depression (b = 0.12,
p = 0.001), but not chronotype tendencies (p = 0.98) or their interac-
tion (p = 0.06).

3.4. Change in night-to-night variability following treatment

Both BCS and ICS were significantly reduced following CBTI
(p < 0.001). Reductions were observed in the variability of WT
(t = 4.09, p < 0.001), TOB (t = 6.23, p < 0.001), TIB (t = 3.07,
Table 4
Correlation table of variability of sleep schedules and insomnia symptoms with age,
insomnia severity, depression, and chronotype.

Age ISI BDI Chronotype

BCS �0.32 (0.001)** 0.01 (0.88) 0.26 (<0.001)*** 0.24 (<0.001)***

BT �0.19 (0.001)** – 0.10 (0.06) 0.16 (0.005)**

LO �0.12 (0.02)* – 0.14 (0.009)** 0.16 (0.003)**

WT �0.07 (0.14) – 0.26 (<0.001)*** 0.18 (0.001)**

TOB �0.07 (0.14) – 0.26 (<0.001)*** 0.18 (0.001)**

TIB �0.12 (0.02)* – 0.26 (<0.001)*** 0.13 (0.01)*

ICS 0.04 (0.39) 0.05 (0.64) 0.19 (0.001)** 0.04 (0.48)
SOL – – 0.07 (0.15) –
WASO – – 0.05 (0.33) –
TST – – 0.26 (<0.001)*** –

SE 0.12 (0.02)* 0.07 (0.50) 0.07 (0.21) �0.06 (0.25)

Abbreviations: BCS = Behavioral Schedule Component Score; BT = bed time;
LO = lights out; WT = wake time; TOB = time out of bed; TIB = time in bed;
ICS = insomnia symptom composite score; SOL = sleep onset latency; WASO = wake
after sleep onset; TST = total sleep time; SE = sleep efficiency; ISI = Insomnia
Severity Index; BDI = Beck Depression Inventory.
* p < 0.05.
** p < 0.01.
*** p < 0.001.
p = 0.002), SOL (t = 4.36, p < 0.001), WASO (t = 5.56, p < 0.001),
and TST (t = 5.69, p < 0.001). Variability for BT and LO did not
change significantly following treatment. The impact of the treat-
ment on insomnia and other measures has been published else-
where [12,28].
3.5. Impact of night-to-night sleep variability on treatment outcomes

To explore whether variability in BCS and ICS impacted change
in the severity of insomnia and depressive symptoms we split the
sample into four groups using median cutoff scores as follows:
Using BCS median score (�0.24) we created a high behavioral var-
iability group (HiBCSvar, n = 227) and a low behavioral variability
group (LowBCSvar, n = 227); using ICS median score (�0.23) we
created a high ICS variability group (HiICSvar, n = 225) and a low
ICS variability group (LowICSvar, n = 227).
3.5.1. Behavioral schedule composite score
Mixed effects analysis with BDI scores as the dependent vari-

able revealed a significant Time � Group interaction (p < 0.001)
and a significant effect for time, reflecting a decrease in BDI scores
(p < 0.001). Compared to the LowBCSvar group, the HiBCSvar group
had significantly higher levels of depressive symptom severity at
baseline, but had greater reduction in depression severity from
baseline to the end of treatment. The mixed effects model for ISI
revealed a significant effect for time reflecting a decrease in ISI
from pre- to post-treatment (p < 0.001), but the Time � Group
interaction was not significant (p = 0.29). Values for the mixed ef-
fects model for BCS are summarized in Table 5.



Table 5
Descriptive statistics for BCS and ICS.

LowBCSvar HiBCSvar p-value

Mean
(n = 227)

SD Mean
(n = 227)

SD

Descriptive statistics for BCS
ISI Baseline 20.05 5.13 22.87 3.02 0.11
ISI Posttreatment 13.32 4.67 13.91 5.50 0.83

BDI Baseline 11.30 7.65 14.11 9.44 0.001**

BDI Posttreatment 3.80 5.18 4.41 6.78 0.57

Descriptive statistics for ICS
ISI Baseline 21.88 3.90 21.95 3.54 0.92
ISI Posttreatment 13.82 4.51 14.10 5.44 0.83

BDI Baseline 12.04 8.32 13.44 9.11 0.16
BDI Posttreatment 3.30 5.20 4.94 6.73 0.03*

Abbreviations: BCS = behavioral schedule composite score; ICS = insomnia symptom
composite score; ISI = Insomnia Severity Index; BDI = Beck Depression Inventory.
* p < 0.05.
** p < 0.01.
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3.5.2. Insomnia symptom composite score
Mixed effects models revealed that reductions in ISI scores from

pre- to post-treatment were significant (p < 0.001) but indepen-
dent of variability in insomnia symptoms. Values for the mixed
effects model for ICS are summarized in Table 6.
4. Discussion

The goal of this study was to investigate night-to-night sleep
variability in insomnia symptoms and, separately, sleep schedules
among individuals seeking treatment for insomnia in a sleep clinic.
We found that greater variability in sleep schedules (BT, LO, WT,
TOB, and TIB) was associated with younger age, eveningness chro-
notype, and greater depression severity, but not with greater
insomnia severity. Effect sizes were moderate for variability in
wake time, time out of bed, and time spent in bed, but small for
bed time and lights out. Our findings are consistent with existing
literature that documented high night-to-night variability in sleep
schedules among young adults, patients with depressive symp-
toms, and eveningness chronotypes [11,13,14]. To the best of our
knowledge our study is the first to test a model that includes all
three factors, documenting that depression severity and evening-
ness chronotype independently contributes to variability in sleep
schedules and that those with both evening chronotypes and ele-
vated depression severity had the greatest variability in sleep
schedules. This may be because, among patients with depressive
symptoms, trying to sleep may be an escape from emotional pain
Table 6
Mixed-effects models comparing trajectories of insomnia patients in low variability and h

Variability type Outcome Effects

BCS ISI Group
Time
Group � Time

BDI Group
Time
Group � Time

ICS ISI Group
Time
Group � Time

BDI Group
Time
Group � Time

Abbreviations: BCS = Behavioral Schedule Composite Scale; ICS = insomnia symptom com
and, therefore, daily variation in mood may contribute to the pa-
tient’s decision when to get in and out of bed. Moreover, diurnal
variation in mood, present in some patients with depression,
may be more pronounced among patients with evening chrono-
type [29,30]. It was surprising that there was an absence of corre-
lation between insomnia severity and variability in sleep
schedules. This may be due to a relatively restricted range of
insomnia severity scores in this tertiary clinic-based sample or be-
cause the eveningness chronotype is associated with greater sche-
dule variability, even in the absence of insomnia [31,32].

Patients with high schedule variability had significantly higher
depressive symptom severity at baseline than those with low sche-
dule variability, but at the end of treatment the two groups had the
same level of depression. As expected, cognitive-behavioral ther-
apy for insomnia (CBTI) reduced the variability of all sleep sche-
dule variables except BT and LO. This is not surprising because
the combination of stimulus control and sleep restriction recom-
mends maintaining a consistent wake time and limiting time in
bed, but it does not recommend a fixed bed time. Instead, the rec-
ommendation is to ‘‘go to bed when sleepy.’’ Importantly, among
patients with high sleep variability, the reduction in schedule var-
iability was associated with a reduction in depression symptom
severity, but this concurrent association may not be causal; for
example, it may represent regression to the mean. However, one
previous study found that regularizing sleep schedules among
young adults with irregular sleep schedules leads to improvement
in mood [18]. In contrast, variability in sleep schedules at baseline
did not predict reductions in insomnia severity.

Similar to Edinger et al. [19] we found that night-to-night vari-
ability in insomnia symptoms was reduced from baseline to post
CBTI. We also found that reductions in depressive and insomnia
symptom severities were similar among patients with high and
low variability in ICS at baseline. BDI was significantly correlated
with ICS total score and variability in TST at baseline (moderate ef-
fect sizes); greater variability in TST was associated with greater
depression symptoms. One of two other studies that examined var-
iability in TST and depression severity found greater variability in
TST among patients with insomnia due to a mental disorder than
among those with primary insomnia [9], but the second did not
[6]. However, ICS did not correlate significantly with chronotype,
suggesting that night-to-night variability in insomnia symptoms
is independent of morningness/eveningness. This is somewhat sur-
prising because people with eveningness chronotype tend to be in
bed on weekends at times that are more congruent with their bio-
logical clocks than on weekdays (workdays) and therefore would
be expected to fall asleep faster, have fewer sleep continuity dis-
turbances, and sleep longer on weekend, thus have greater vari-
ability in these variables between weekends and weekdays. One
possible explanation for the absence of a relationship between
igh variability groups for BCS and ICS.

Estimate SE t p

0.83 0.79 1.05 0.46
–7.39 0.89 –8.31 p < 0.001
–0.92 1.24 –0.74 0.29

4.40 0.74 5.92 p < 0.001
–6.99 –6.90 –10.54 p < 0.001
–3.62 –3.62 –3.89 p < 0.001

�0.008 0.78 �0.01 0.99
–7.94 0.85 –9.37 p < 0.001

0.04 1.24 0.03 0.97
1.22 0.76 1.60 0.10

–8.72 0.67 –12.96 p < 0.001
0.06 0.95 0.07 0.95

posite score; ISI = Insomnia Severity Index; BDI = Beck Depression Inventory.
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chronotype and ICS variables is the presence of conditioned insom-
nia, whereby a patient with eveningness tendency has difficulty
sleeping even when their TIB window is congruent with their bio-
logical clocks.

Strengths of the study include the large sample size and the fact
that the sample consisted of patients seeking treatment for insom-
nia, thus increasing external validity and the generalizability of the
results for real life patients. The results of this study should none-
theless be considered exploratory and in the context of its limita-
tions. First, this investigation was not a controlled trial and
therefore we cannot rule out the possibility that the observed
reduction in sleep variability may represent regression to the mean
and, therefore, may not be definitively attributable to CBTI. Second,
because the ISI and BDI were only administered at baseline and the
last session we could only assess the relevance of schedule vari-
ability on outcome among treatment completers. The clinic-based
sample, while a strength to external validity, limits the internal
validity of the results. In other words, we cannot rule out the pos-
sibility that the heterogeneity of the sample with respect to comor-
bidities, concurrent treatment of comorbid conditions, and
hypnotic use limit the interpretation of our results. Additionally,
lack of information about the characterization of our sample, such
as information about ethnicity and comorbidities, also limits the
interpretations of our study. We also note that results pertaining
to the relationship between sleep variability and depressive symp-
toms cannot be extended to a major depressive disorder (MDD) be-
cause we have not systematically assessed clinical diagnoses of
MDD. Finally, it remains unclear if our findings would generalize
to the delivery of CBTI using individual rather than group modality
treatment or to group CBTI protocols that differ in terms of the
number of sessions or the ordering of treatment components.

Despite these limitations, the present findings provide impor-
tant preliminary insights about the clinical relevance of night-to-
night variability in sleep schedules. We have identified two sub-
groups of patients for whom variability in sleep schedules may
be a particularly important therapeutic target – those with ele-
vated depressive symptoms and those with evening chronotype.
We have also demonstrated that CBTI, which targets sleep variabil-
ity, reduces both variability and depressive symptoms among pa-
tients with high sleep variability, but the mechanism by which
regularizing sleep may contribute to reduction in depressive symp-
tom severity is unknown. Regularizing WT strengthens the under-
lying circadian clock and may also strengthen the social rhythms.
Both rhythms seem important to mood and its regulation [33,34]
and therefore may be mechanistically involved.

We believe that our results and the existing literature, including
evidence that sleep irregularity is associated with inflammatory
markers [35], highlight the clinical relevance of sleep variability
and the importance of further investigation of its role in insomnia
and the relationship between insomnia and other health indices,
such as mood disorders and inflammatory processes.
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