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associated with greater depressive symptom severity,8 slower 
and lower rates of remission from depression,9 and higher risk 
for depression relapse.10 Chronotype, or morningness-evening-
ness, refers to an individual’s diurnal preference for rest and 
activity, and is closely associated with the circadian system 
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Results: Multilevel structural equation modeling revealed 
that from Baseline to End, SE increased and BDI decreased 
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Baseline to End. Chronotype did not predict improvement in SE.
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improvement, but those with greater eveningness and/or less 
sleep improvement experienced less reduction in depressive 
symptom severity. This suggests that evening preference 
and insomnia symptoms may have distinct relationships 
with mood, raising the possibility that the effect of CBT-I on 
depressive symptoms could be enhanced by assessing and 
addressing circadian factors.
Keywords: CBT-I, depression, chronotype, morningness-
eveningness, circadian, insomnia, mood
Citation: Bei B, Ong JC, Rajaratnam SM, Manber R. 
Chronotype and improved sleep effi ciency independently 
predict depressive symptom reduction after group cognitive 
behavioral therapy for insomnia. J Clin Sleep Med 
2015;11(9):1021–1027.

pii: jc-00065-15
http://dx.doi.org/10.5664/jcsm.5018 

Cognitive behavioral therapy for insomnia (CBT-I) is an 
effi cacious non-pharmacological treatment for insom-

nia,1 with comparable short-term effi cacy and better long-term 
maintenance of gains compared to sleep medication.2 Its effec-
tiveness on outcomes beyond sleep has also been demonstrated. 
For example, CBT-I has been shown to reduce depressive 
symptom severity and to have other benefi ts, such as better 
perceived energy levels, productivity, and self-esteem.3,4 Sev-
eral studies identifi ed predictors of improvements in insomnia 
following CBT-I.5,6 However, to the best of our knowledge, fac-
tors associated with the effects of CBT-I on depressive symp-
tom severity have not been examined. Given high prevalence 
of depressive symptoms among insomnia patients, identifying 
factors associated with depressive symptom reduction after 
CBT-I could have signifi cant clinical implications, as it could 
provide clinically relevant information on how to enhance the 
benefi ts of CBT-I.

The importance of sleep and circadian factors to the de-
velopment and maintenance of depressive symptoms is well 
recognized.7 Poor sleep and symptoms of insomnia have been 
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Prevalence of depressive 
symptoms is high among individuals with insomnia, and cognitive be-
havioral therapy for insomnia (CBT-I) has been shown to improve both 
sleep and depressive symptoms. Factors associated with depressive 
symptom reduction after CBT-I have not been well examined and could 
provide clinically relevant information on how to enhance the benefi ts 
of CBT-I.
Study Impact: In a large outpatient insomnia sample, stronger evening 
preference and less improvement in sleep effi ciency independently 
predicted less reduction in depressive symptom severity following 
CBT-I. Empirically, this suggested evening preference and insomnia 
symptoms have distinct relationships with mood; clinically, this raises 
the possibility that the effect of CBT-I on depressive symptoms could be 
enhanced by assessing and addressing circadian factors.
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involved in the regulation of sleep timing. The circadian sys-
tem and associated chronotype are not only intimately related 
to sleep duration and quality,11 but have also increasingly been 
linked to mood and depressive symptomatology. Evening 
chronotype is associated with higher depressive symptoms in 
community samples12 and among adults seeking treatments 
for insomnia,13 as well as with higher prevalence of clinical 
depression.14 Recently, a study of 253 individuals with major 
depressive disorder found that greater insomnia severity and 
eveningness were independently associated with higher risk of 
non-remission from depression at five-year naturalistic follow-
up.15 Taken together, these studies suggest that poor sleep and 
eveningness, strongly linked to the circadian timing system, 
might have distinctive involvements in the development and 
maintenance of depressed mood.

In a large sample of outpatients seeking treatment for in-
somnia, this study aims to investigate factors associated with 
depressive symptom reduction after CBT-I, with focuses on 
the roles of morningness-eveningness and improvement in 
sleep quality (operationalized as sleep efficiency; primary 
findings in this study were replicated when self-report sleep 
quality was examined in place of sleep efficiency). It was 
hypothesized that stronger evening preference and less im-
provement in sleep efficiency will be associated with lower re-
duction in depressive symptoms after CBT-I, after controlling 
for baseline depressive symptom severity, sleep efficiency, 
age, and sex.

METHODS

Data were collected as part of routine care from 595 insom-
nia outpatients who attended group CBT-I between March 
1999 and May 2004 at the Stanford Sleep Disorders Clinic. 
Ethical approval was obtained from the institutional review 
board (IRB) at Stanford University Medical Center. All par-
ticipants provided written informed consent or were exempt by 
a waiver obtained from the IRB.

Participants
The sample consisted of 419 insomnia patients (43.2% 

males) with an average age of 48.14 (SD 14.02) years. All pa-
tients were referred to group CBT-I after being assessed by a 
sleep specialist as having significant symptoms of insomnia 
such that CBT-I was indicated. Patients with coexisting sleep 
disorders, psychiatric disorders, and medical conditions were 
not excluded, resulting in a heterogeneous outpatient sample. 
To be included in this study patients had to (a) be ≥ 18 years old, 

(b) have received sleep restriction and stimulus control, which 
are the core CBT-I components (operationalized as not having 
dropped out before the fourth session,16 when these compo-
nents were introduced), and (c) have completed the Composite 
Scale of Morningness.17

Intervention
Treatment consisted of six 90-min group CBT-I sessions 

with the following treatment components: sleep education 
(Session 1), relaxation and other stress management tech-
niques (Session 2), stimulus control and sleep restriction (Ses-
sion 3, and adjusted in subsequent sessions), cognitive therapy 
and mindfulness principles (integrated into all sessions), and 
relapse prevention (Session 6). The first 4 treatment sessions 
were conducted weekly and the last 2 biweekly. Treatment was 
delivered by licensed psychologists as part of routine clinical 
care. A week before Session 1, patients attended an initial as-
sessment and orientation to CBT-I and to group therapy. This 
discussion was led by the same psychologist who provided 
the treatment, and included information about the efficacy of 
CBT-I, the general agenda for each therapy session, the limits 
of confidentiality, etiquette of group therapy, and individual 
introductions.

Measures

Sleep Diary
Sleep diaries are routinely used to assess sleep in the course 

of CBT-I, and are standard in insomnia research. In this study, 
patients were asked to complete sleep diary every morning 
throughout the entire group program. The diary items cov-
ered the following aspects of sleep the night before: lights out 
(LO), rise time (RT), total sleep time (TST), sleep onset latency 
(SOL), and time awake after sleep onset (WASO), Subjective 
Quality (overall sleep quality rated on 1–10, with higher score 
indicating better perceived sleep). Sleep efficiency (SE) was 
calculated as the percentage of TST relative to time in bed 
(TIB, the time between LO and RT). Sleep efficiency provides 
an index of overall sleep quality for a given night that is mean-
ingful for patients with difficulties with sleep initiation and/or 
sleep maintenance.

Patients were asked to return the diaries at each session. The 
sleep diary obtained prior to Session 1 was considered “Base-
line” diary. The last sleep diary form returned by a patient was 
considered as “End” diary, even if it was reported prior to the 
final group session (see Table 1).

Chronotype
Chronotype was assessed with the Composite Scale of 

Morningness (CSM)17 at baseline. It has 13 items asking 
about preferences for various activities and ease of rising in 
the morning, and has excellent psychometric properties. The 
CSM had excellent internal consistency reliability in this study 
(Cronbach α = 0.91). Higher total scores on CSM indicate more 
morning preference. Total scores of ≤ 22 are indicative of eve-
ning type, 23–43 intermediate type, and ≥ 44 morning type.17 
If one or two items were missing, mean replacement was ap-
plied; if > 2 items were missing, the entire scale was consid-
ered invalid and treated as missing.

Table 1—Frequency table for last session attended and 
End diary obtained.

Session number 1 2 3 4 5 6
Last session attended -- -- -- 52 83 284
Last diary entry 0 4 13 56 88 224

Sample included 419 adults (age ≥ 18) who did not drop out before 
Session 4 and completed baseline CSM. Some individuals discontinued 
sleep diary during treatment but continued attending the groups.
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Beck Depression Inventory
The Beck Depression Inventory (BDI) was administered 

at Baseline and at the last group session (End). Patients who 
did not attend the last session did not complete the End BDI. 
The BDI is a 21-item, well validated self- report scale for as-
sessing symptoms of depression.18 Higher total scores of BDI 
indicate higher depressive symptoms. Total scores ≤ 9 indicate 
minimal, 10–18 mild, 19–29 moderate, and ≥ 30 severe depres-
sion. If one or two items was missing, mean replacement was 
applied; if > 2 items were missing, it was considered invalid 
and treated as missing. In this study, item 16 on sleep was not 
included in the total scores of BDI to avoid overlap between 
measurements of insomnia and depressive symptoms. In this 
study, the BDI demonstrated good internal consistency reli-
ability at both Baseline (Cronbach α = 0.89) and End (Cronbach 
α = 0.86) assessments.

Statistical Analysis
Preliminary intent-to-treat analyses were conducted to 

examine whether previous findings that sleep (SE in this 
study) and depressive symptom severity (BDI scores in this 
study) improved significantly following CBT-I were repli-
cated in this sample. Specifically, the following analyses 
were conducted: (a) The change in SE from Baseline to End 
assessments was examined testing a multilevel model, in 
which seven daily observations were nested within each in-
dividual. The model included a random intercept and ran-
dom slope based on all available daily data. Session numbers 
were integrated linearly in the model, and operationalized 
by dividing session numbers by 6 (i.e., 0 for Baseline days, 
and 2/6, 3/6, 4/6, 5/6, or 6/6 for End days). This takes into 
account that End sleep diary was obtained at different ses-
sions during the program, and allows for the linear session 
slope to be estimated as overall change in SE from Baseline 
to Session 6. (b) The change between Baseline and End BDI 
was examined using a latent difference score (LDS)19 model 
based on Structural Equation Modelling (SEM). The LDS 
of BDI in this step represent change in BDI from Baseline 
to Session 6.

Primary intent-to-treat analyses examined how chronotype 
(CSM) and changes in SE are related to changes in depres-
sive symptom severity (BDI) controlling for age, sex, as well 
as SE and BDI at baseline. A multilevel SEM20 model with 
the following components were tested: (a) The change in BDI 
(i.e., LDS of BDI) was predicted by Baseline (i.e., the random 
intercept) and the change (i.e., the linear session slope) of SE, 
Baseline BDI, CSM, age, and sex; (b) the change in SE was 
predicted by Baseline SE, CSM, age, and sex; (c) Baseline SE 
and BDI were both predicted by CSM, age, and sex; (d) CSM 
was predicted by age and sex.

Analyses were conducted using R 3.1 and Mplus 7.11 via 
MplusAutomation 0.6–2. Missing data were handled using full 
information maximum likelihood, which allows data from all 
individuals to be included and outperforms list-wise deletion.21 
Distributions of all continuous variables were considered nor-
mal, except for the BDI, which had a positively skewed distri-
bution. Root square transformation was therefore applied on 
the total scores of BDI. Two-tailed tests were used with α set at 
0.05 for statistical significance.

RESULTS

Missing Data
Frequencies for session attendance and session numbers 

when the End sleep diaries were obtained are shown in Table 1. 
Baseline and End sleep diaries were available from 343 (81.9%) 
and 385 (91.9%) of the sample, respectively. Compared to 
those who provided End sleep diary, those who only provided 
Baseline sleep diary scored significantly higher on Baseline 
BDI (F1, 411 = 17.50, p < 0.001) and had higher Baseline SE 
(F1, 318 = 4.07, p = 0.04); those who did and did not provide End 
sleep diary did not differ significantly on CSM or sex. Base-
line BDI was available from 413 patients (98.6% of the sam-
ple). Among the 284 patients who attended the final session 
when End BDI was administered, 237 (83.5%) returned valid 
response. One-way analyses of variance and χ2 test showed no 
significant differences in Baseline BDI, SE, CSM, or sex be-
tween those who returned End BDI versus those who did not.

Preliminary Analyses: Changes in Sleep and 
Depressive Symptoms

Descriptive statistics of Baseline and End SE and total BDI 
scores less the item on sleep are presented in Table 2. The 
multilevel model testing the change in SE in the intent-to-
treat sample indicated that there was a statistically significant 
increase in SE (p < 0.001), with an average increase of 8.9% 
(Std Err = 1.09). This suggests that overall SE improved sig-
nificantly from Baseline to the end of the group program. The 
variability of change in SE over time, defined by the slope of 
SE, was also significant, σ2 (Std Err) = 132.08 (14.16), p < 0.001, 
suggesting significant individual differences in the changes in 
SE. To help interpret the change in SE, changes in sleep param-
eters that are related to SE were also evaluated using the same 
statistical method as previously described for SE, and results 
were as follows: (a) SOL and WASO decreased significantly 

Table 2—Model estimated mean (standard error) for 
baseline and changes in depressive symptoms and sleep 
diary variables.

Baseline Change
BDI 10.15 (0.37) −4.26 (0.36)***
SE (%) 75.24 (0.68) 8.94 (0.77)***
SOL (hours) 0.51 (0.029) −0.22 (0.03)***
WASO (hours) 1.48 (0.073) −0.66 (0.083)***
Subjective quality 5.25 (0.098) 0.75 (0.12)***
TST (hours) 6.21 (0.072) 0.032 (0.067)
TIB (hours) 8.22 (0.060) −0.84 (0.061)***
LO (hours past 00:00) −0.61 (0.063); 23:24 0.32 (0.043)***
RT (hours past 06:00) 7.60 (0.098); 07:36 −0.60 (0.068)***

Baseline measures were taken before the CBT-I intervention. ***p < 0.001. 
Change, model estimated differences between Baseline and the end of 
intervention; BDI, Beck Depression Inventory (less Item 16 on sleep); 
SE, sleep efficiency, SOL, sleep onset latency, WASO, wake after sleep 
onset, subjective quality, sleep diary overall sleep quality rated on 1–10 
(higher indicates better sleep), TST, total sleep time, TIB, time in bed, 
LO, lights out, RT, rise time. 
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by an average of 13.2 and 39.6 min, respectively, consistent 
with the significantly improved overall subjective sleep qual-
ity; (b) TIB deceased significantly by an average of 50.4 min, 
while TST did not change significantly; (c) LO delayed while 
RT advanced significantly by an average of 19.2 and 36 min, 

respectively. Model estimated baseline and changes in these 
variables are summarized in Table 2.

The distribution of BDI scores at Baseline were as follows: 
42.4% mild, 16.6% moderate, and 4.4% severe depressive 
symptoms; these decreased to 28.3%, 5.5%, and 0.8% respec-
tively at End. The LDS used to test changes in BDI suggested 
that there were significant changes in BDI scores less the sleep 
item (square root transformed) and its variance (p < 0.001). 
This suggests that the total scores of BDI (less the sleep item) 
decreased significantly by an average of 4.26 points from 
Baseline to the end of treatment, and individual differences in 
this change were also significant.

Primary Analyses: Sleep Efficiency, Chronotype, and 
Depressive Symptom

Mean CSM score was 35.70 (SD 9.13), with 8.6% evening 
type, 67.8% intermediate type, and 23.6% morning type. 
Controlling for age and sex, the model evaluating the contri-
butions of CSM and SE on BDI showed that greater evening 
preference (p < 0.01), less improvements in SE (p < 0.01), as 
well as lower Baseline BDI (p < 0.001) and SE (p < 0.001) each 
significantly and uniquely predicted less reduction in BDI 
from Baseline to Session 6. These results are summarized in 
Table 3. Among those who scored moderate to severe depres-
sive symptoms at Baseline (BDI scores 19–52 in this study), 
every 5% increase in SE (i.e., increased sleep quality) and 
every 5-point increase on CSM (i.e., less eveningness), was 
associated with an average of 1.38- and 1.43-point decrease 
in BDI (less the sleep item) scores, respectively. Figure 1 
highlights age- and sex-adjusted effect of CSM on changes 
in BDI (less the sleep item) for Evening, Intermediate, and 
Morning types when baseline BDI and SE were held at their 

Table 3—Results of simultaneous regressions on the relationships among sleep efficiency, depressive symptoms, and CSM.
Dependent Variable Independent Variable b (Standard Error) p

∆BDI Baseline BDI −0.380 (0.055) < 0.001***
Baseline SE −0.031 (0.008) < 0.001***

∆SE −0.025 (0.009) 0.005**
CSM −0.022 (0.007) 0.003**
Age 0.013 (0.004) 0.004**
Sex −0.105 (0.123) 0.391

∆SE Baseline SE −0.663 (0.058) < 0.001***
CSM 0.082 (0.063) 0.191
Age −0.075 (0.040) 0.060
Sex −2.484 (1.093) 0.023*

Baseline SE CSM −0.054 (0.076) 0.477
Age −0.162 (0.048) 0.001**
Sex 0.756 (1.353) 0.576

Baseline BDI CSM −0.041 (0.006) < 0.001***
Age 0.001 (0.004) 0.724
Sex 0.019 (0.110) 0.865

CSM Age 0.162 (0.031) < 0.001***
Sex −0.817 (0.873) 0.350

*p < 0.05, **p < 0.01, ***p < 0.001. SE, sleep efficiency (%), BDI, Beck Depression Inventory (less Item 16 on sleep), scores were root square transformed, 
∆, change from Baseline to Session 6, b, unstandardized parameter estimate.

Figure 1—Age and sex adjusted changes in BDI score 
(less the sleep item) from Baseline to End with 95% 
confidence intervals for individuals who fell within the 
Evening, Intermediate, and Morning type based on the CSM. 

Baseline BDI and SE were held at respective sample means.
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respective means. Therefore, the primary hypotheses of this 
study were confirmed.

The model tested also indicates that controlling for age and 
sex: (a) lower Baseline SE was associated with significantly 
greater increase in SE (p < 0.001), but evening preference did 
not predict change in SE (p > 0.05); (b) at Baseline, greater 
evening preference was associated with significantly higher 
BDI (p < 0.001). Older age was associated with stronger morn-
ing preference (p < 0.001), lower Baseline SE (p < 0.01), and 
less improvement in SE (p = 0.06). Age was not significantly 
associated with Baseline BDI, but older age significantly pre-
dicted less improvement in BDI (p < 0.01). Being female was 
associated with less improvement in SE (p < 0.05); however, 
the associations between sex and other variables were not 
significant.

DISCUSSION

In a large outpatient insomnia sample, both sleep and mood 
improved significantly after group CBT-I intervention. A novel 
aspect of the current study is its focus on predictors of the 
mood-improving effect of CBT-I: after controlling for base-
line SE, BDI, age and sex, stronger evening preference (lower 
MCS scores) and less improvement in SE independently pre-
dicted less reduction in depressive symptom severity follow-
ing CBT-I. To the extent that the morningness-eveningness 
trait can be regarded as a reflection of the circadian phase, 
findings from this study suggest that sleep and circadian fac-
tors might play distinctive roles in the maintenance of depres-
sive symptoms in insomnia patients. Other predictors of less 
reduction in depressive symptom severity included lower 
baseline depressive symptoms, lower baseline SE, and older 
age. This suggests that those with higher depressive symp-
toms might particularly benefit from the mood-improving ef-
fects of CBT-I, while those with poorer sleep and older age 
might benefits less.

In this study, stronger evening preference was not only as-
sociated with higher depressive symptom severity at baseline, 
but also with lower reduction in depressive symptom severity 
after group CBT-I. This is consistent with previous findings 
that documented associations between eveningness and de-
pressive symptomology,12,14 as well as eveningness and lower 
likelihood of remission from depression over time.15 Several 
possible mechanisms may underlie the association between 
stronger evening preference and more persistent depressive 
symptoms after CBT-I. First, evening preference has been as-
sociated with a number of known risk factors for depression, 
for example, neuroticism,22 substance use,23 and dysfunctional 
cognition such as dysfunctional beliefs about sleep.13 Neuroti-
cism and substance use are not addressed in CBT-I. Although 
CBT-I therapeutically targets sleep-related cognitions, it does 
not directly address non-sleep related cognitions that consti-
tute cognitive vulnerability for depression and sleep-related 
mood problems,24 such as negatively biased thoughts and 
beliefs about the world, self, and the future.25 Second, larger 
inter-individual differences in circadian phase and phase 
angle of entrainment have been reported in individuals with 
late sleep-wake timing compared to those with relatively ear-
lier sleep-wake timing.26 This finding suggests that a greater 

proportion of circadian phase misalignment would be evident 
in individuals with late sleep/wake timing, and by implication, 
those with evening preference. Circadian misalignment is as-
sociated with mood disturbances.27 Although chronotype is 
often assessed in CBT-I, circadian phase is not systematically 
assessed in clinical settings, including in the present study. 
The real-life implementation of CBT-I in the current study did 
consider chronotype when selecting a time in bed window for 
sleep restriction therapy, but it did not include treatment com-
ponent for circadian realignment. Third, evening preference 
has been associated with significantly greater sleep/wake vari-
ability28 and greater discrepancies between socially preferred 
and biologically determined sleep/wake schedules (i.e., social 
jet lag).29 Although CBT-I aims to, and based on follow-up 
analyses (variability analysis was conducted using a purpose-
built Bayesian framework.30), resulted in significantly reduced 
BT and RT intra-individual variability in this sample (both 
p < 0.01), more variable RT (but not BT) remained to be associ-
ated with more evening preference (p = 0.052). Variable sleep/
wake patterns could contribute to restriction of sleep duration 
and/or displacement of sleep timing, both of which have been 
associated with mood problems.31,32 Finally, there is evidence 
for the role of the circadian system in the genetic susceptibil-
ity to major depression.33 Circadian timing mechanisms may 
therefore, in some cases, underlie both evening preference and 
depression symptomology.

As expected, following CBT-I, sleep efficiency improved 
significantly by an average of approximately 9%, which is 
comparable magnitude to that estimated in a review of ran-
domized controlled CBT-I trials.1 Post hoc analyses in this 
study showed that although SOL and WASO decreased signifi-
cantly, changes in TST were minimal. This pattern of change 
in sleep parameters is common in CBT-I, possibly because 
sleep restriction therapy involves an initial abrupt decrease, 
and subsequent slow and gradual increase of TIB. Change 
in TST usually follows a similar pattern, decreasing initially 
and increasing slowly later. In addition to improving sleep, by 
spending less time in bed, more time is available for engaging 
in wake activities. In fact, to promote and facilitate adherence 
to the recommended restriction of time spent in bed, clinicians 
delivering CBT-I often recommend and discuss engagement 
in wake activities (e.g., taking a walk outside, scheduling an 
appointment with a friend).34 Increase in wake activities is a 
form of behavioral activation, which has been found to be an 
efficacious treatment for adults with major depression.35

In addition to predictors of depressive symptom reduction, 
this study also examined predictors of increase in SE. Chrono-
type did not emerge as a predictor of either baseline or changes 
in SE. This suggests that all chronotypes could benefit from 
the sleep-improving effect of CBT-I, even though patients with 
evening tendency were less likely to benefit from the positive 
impact of CBT-I on depressive symptoms. In contrast, lower 
baseline SE was associated with significantly greater improve-
ment in SE. This suggests that those with poorer sleep quality 
might be more likely to experience improvement in sleep with 
CBT-I. It is, however, also possible that regression to the mean 
might have contributed to this association. That said, the fact 
that in this study, older age was associated with significantly 
lower SE at baseline yet less improvement in SE suggests that 
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regression to the mean does not fully explain the association 
between lower SE at baseline and greater improvement in SE. 
It is also to be noted that there are mixed findings in the lit-
erature regarding the relationship between age and responses 
to CBT-I. While this and other studies found less increase in 
SE among older patients after CBT-I,36 some others found that 
older adults (≥ 60) had greater reduction in wake time com-
pared to younger (≤ 44) adults at 1-year follow-up.37

Limitations and Strengths
Findings of this study need to be interpreted in light of 

some limitations. First, due to the lack of a control condition 
in this clinical setting, factors other than the CBT-I interven-
tion might have also contributed to changes in sleep efficiency 
and depressive symptoms. In addition, information regarding 
concurrent treatments for depression such as antidepressant 
medications and psychotherapy was not systematically col-
lected, and therefore it is not possible to rule out the possi-
bility that those with greater morning preference (also greater 
reduction in depressive symptoms severity) were more likely 
to be receiving concomitant treatments for depression. Second, 
analysis excluded those who dropped out from treatment very 
early, before receiving recommendations to follow stimulus 
control or sleep restriction therapy, two core components of 
CBT-I. Therefore findings might not generalize to those who 
dropped out early. Also, the current sample consisted of pa-
tients seeking treatment for insomnia in a sleep clinic, and 
might not be generalizable to patients with a major depressive 
disorder seeking treatment for depression. In addition, infor-
mation regarding the presence and treatment of comorbid sleep 
disorders (e.g., obstructive sleep apnea) is not available in the 
current dataset, and therefore cannot be controlled for. Finally, 
this study assessed morningness-eveningness rather than cir-
cadian phase. Although morningness-eveningness is strongly 
associated with circadian phase, the trait is also influenced by 
the homeostatic sleep system38; therefore direct associations 
between circadian phase and changes in depressive symptoms 
are premature based on these data.

This is the first study that examined the distinctive roles of 
sleep improvements and morningness-eveningness on changes 
of depressive symptoms following CBT-I. A strength of this 
study is the nature of the population sampled, which consisted 
of patients seeking treatment for insomnia in a sleep clinic, and 
results are likely to have good generalizability. An additional 
strength is the use of all available daily data through appro-
priate statistical methods that accounted for missing data that 
commonly occur in a longitudinal design.

Clinical Implications and Conclusions
The prevalence of depressive symptoms among patients 

seeking treatment for insomnia is high (63% in the current 
sample). This study suggested that despite the mood-improv-
ing benefits of CBT-I, depressive symptoms might remain el-
evated, especially those with greater evening chronotype, less 
improvement in SE, poorer sleep at baseline, and older age. It is 
important to recognize that appropriate management of insom-
nia comorbid with depression should involve the combination 
of CBT-I with depression treatment. Antidepressant medica-
tion and behavioral activation therapy,39 for example, can be 

easily integrated into CBT-I. Our findings suggest that indi-
viduals with stronger evening preference might benefit from 
additionally included circadian interventions. For example, 
timed light therapy40 and melatonergic antidepressants41 have 
been shown to be efficacious in reducing depressive symptoms, 
and can be combined relatively easily with CBT-I. Assessment 
of chronotype prior to CBT-I, and in the future, easier and 
more accurate assessment of circadian phase, may identify 
who needs this additional component and thus enhance clinical 
care. Finally, CBT-I was effective in improving sleep quality 
regardless of chronotype. For individuals whose sleep remains 
disturbed, pharmacotherapy for insomnia and/or individual 
(one-on-one) CBT-I should be trialed to address persistent in-
somnia symptoms.

ABBREVIATIONS

BDI, Beck Depression Inventory
CBT-I, cognitive behavioral therapy for insomnia
CSM, Composite Scale of Morningness
IRB, Internal Review Board
LDS, latent difference score
LO, light out
RT, rise-time
SE, sleep efficiency
SE, sleep efficiency
SEM, structural equation modeling
SOL, sleep onset latency
TIB, time in bed
TST, total sleep time
WASO, wake after sleep onset
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