
129Journal of Clinical Sleep Medicine, Vol. 15, No. 1� January 15, 2019

Study Objectives: The current archival analyses examine the direct and indirect effects of cognitive behavioral therapy for insomnia (CBT-I) on depression in 
cancer survivors.
Methods: We report on 67 cancer survivors from a 2 × 2 randomized controlled trial of CBT-I and armodafinil for insomnia, after collapsing across the 
noneffective study medication conditions (armodafinil/placebo) to create CBT-I (yes/no). Depression and insomnia were assessed before, during the 7-week 
CBT-I intervention, at postintervention, and 3 months later by the Patient Health Questionnaire and the Insomnia Severity Index, respectively.
Results: Mean depression at baseline for all participants was 6.44 (standard error = 0.41, range 0–15). Paired t tests showed that depression improved 
from baseline to postintervention by 48% (P < .001) in the CBT-I group versus 15% (P = .016) in the non-CBT-I group. Analysis of covariance controlling for 
baseline found that participants receiving CBT-I had significantly less depression at postintervention (effect size = −0.62; P = .001), compared to those who 
did not receive CBT-I. These benefits were maintained at the 3-month follow-up. Spearman rank correlations showed that changes in insomnia severity from 
baseline to postintervention were significantly correlated with concurrent changes in depression (r = .73; P < .001). Path analysis revealed that improvement in 
depression was mediated by improvement in insomnia severity (P < .001).
Conclusions: Our findings provide preliminary support that in cancer survivors, CBT-I reduces depression via improvement in insomnia. Further, this 
reduction in depression remained stable 3 months after completing CBT-I. This suggests that a CBT-I intervention has a meaningful effect on depression.
Clinical Trial Registration: Registry: ClinicalTrials.gov; Title: Cognitive Behavioral Therapy +/- Armodafinil for Insomnia and Fatigue Following 
Chemotherapy; Identifier: NCT01091974; URL: https://clinicaltrials.gov/ct2/show/record/NCT01091974
Keywords: cancer, cancer survivors, CBT-I, depression, insomnia, sleep deficiency, sleep-wake disturbances
Citation: Peoples AR, Garland SN, Pigeon WR, Perlis ML, Wolf JR, Heffner KL, Mustian KM, Heckler CE, Peppone LJ, Kamen CS, Morrow GR, Roscoe JA. 
Cognitive behavioral therapy for insomnia reduces depression in cancer survivors. J Clin Sleep Med. 2019;15(1):129–137.

INTRODUCTION

Cancer and its treatment cause short-term and long-term 
psychological and physical side effects, such as depression 
and sleep disruption, which are very common and debilitat-
ing problems. Depression includes a variety of mood distur-
bances and clinical presentations and may range in severity, 
with nonpathologic sadness at the milder end, minor or sub-
threshold depression in the middle, and major depression at the 
more severe end of the spectrum.1 Up to 52% of individuals 
with cancer report depression spectrum syndromes,2 mostly 

SCIENTIF IC INVESTIGATIONS

Cognitive Behavioral Therapy for Insomnia Reduces Depression in 
Cancer Survivors
Anita R. Peoples, PhD, MPH1; Sheila N. Garland, PhD2; Wilfred R. Pigeon, PhD3; Michael L. Perlis, PhD4; Julie Ryan Wolf, PhD, MPH5; Kathi L. Heffner, PhD6; 
Karen M. Mustian, PhD, MPH7; Charles E. Heckler, PhD, MS7; Luke J. Peppone, PhD, MPH7; Charles S. Kamen, PhD, MPH7; Gary R. Morrow, PhD, MS7; 
Joseph A. Roscoe, PhD7

1Clinical and Translational Science Institute, University of Rochester Medical Center, Rochester, New York; 2Departments of Psychology and Oncology, Memorial University, 
Newfoundland, Canada; 3Departments of Psychiatry and Public Health Sciences, University of Rochester Medical Center, Rochester, New York; 4Department of Psychiatry, 
University of Pennsylvania, Philadelphia, Pennsylvania; 5Departments of Dermatology and Radiation Oncology, University of Rochester Medical Center, Rochester, New York; 
6School of Nursing and Department of Psychiatry, University of Rochester Medical Center, Rochester, New York; 7Department of Surgery, University of Rochester Medical Center, 
Rochester, New York

pii: jc-18-00207� ht tps://dx.doi.org/10.5664/jcsm.7586

reflecting differences in patient cohorts and assessment meth-
ods. Additionally, the meta-analytical pooled prevalence of 
major depression in individuals with cancer is approximately 
15%, whereas for minor depression it is 19%,3 which is ap-
proximately three to five times greater than that found in the 
general population.4 Untreated depression can become chronic 
and persist for many years after the completion of cancer treat-
ment, interfering with patients’ ability to fully recover.5

In patients with cancer and cancer survivors, most de-
pressive symptoms are in the subthreshold range and there-
fore are frequently underdiagnosed or underestimated by 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Depression is a significant and persistent side effect of cancer and its treatment. Depression is strongly 
correlated with insomnia, allowing for the possibility that cognitive behavioral therapy for insomnia (CBT-I) may also reduce associated depression.
Study Impact: This study shows that in cancer survivors with insomnia, CBT-I has the potential to improve not only insomnia, but also comorbid 
depression through improvements in insomnia severity. In addition, this study highlights the importance of screening for insomnia in cancer survivors 
with depression and providing access to CBT-I as a treatment option.
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professionals.1 Underrecognition of depressive symptoms may 
result in inadequate treatment, which can put patients at risk of 
the development of a major depressive disorder.5 Individuals 
with unaddressed and untreated depression are more likely to 
experience exacerbation of symptom burden and less likely to 
exercise, and they have worsened quality of life, greater psy-
chological burden on the family, higher suicide risk, and in-
creased health care utilization and expenditures.1,4,6 Depression 
also negatively affects the body’s inflammatory response7 and 
is an independent risk factor for cancer mortality, with a 39% 
greater mortality rate among patients in whom major or minor 
depression has been diagnosed and 26% higher mortality rate 
among those with depressive symptoms.8 Thus, depression is 
an important clinical and public health problem that is exacer-
bated by cancer and its treatment requiring management before 
it becomes severe and/or contributes to additional morbidity 
and mortality.

There are limited data on effective pharmacologic and psycho-
therapeutic treatment options for depression in individuals with 
cancer. The evidence for the effectiveness of currently available 
pharmacologic agents for treating depression is also limited in 
patients with cancer.1 Further, antidepressants are more effective 
in patients with severe depression, and they are not usually rec-
ommended for subthreshold or mild depression.1,9 Behavioral in-
terventions targeting the risk factors of depression may be more 
feasible strategies, especially for milder cases of depression.10 
Thus, more studies on treatment options are warranted.

Depression rarely occurs in isolation in cancer populations 
but commonly coexists with other symptoms, such as sleep 
disruption, sleep-wake disturbances, and sleep deficiency. For 
instance, between 30% to 87% of newly diagnosed or recently 
treated patients with cancer report sleep disruption.11 Addition-
ally, 30% to 60% experience insomnia symptoms, whereas at 
least 20% meet the diagnostic criteria for insomnia12 with high 
rates of insomnia persisting for years after the completion of 
cancer treatments.11 Considerable data in the general population 
have shown that insomnia is not only associated with depres-
sion, but is an independent risk factor for its development.13 Fur-
ther, a growing body of literature has shown a strong association 
between sleep disruption and depression in patients with can-
cer.14,15 One study in particular found that patients with cancer 
and insomnia had significantly more depression than patients 
without insomnia.15 The relationship between sleep disturbance 
and depression could be because of shared common biopsy-
chosocial mechanisms, such as neuroendocrine imbalances, 
systemic and neuroinflammation, dysregulation of circadian 
rhythms, and hypothalamic-pituitary-adrenal (HPA) axis dys-
function.4,10,16,17 Further, feelings of helplessness or hopelessness 
and the reduced ability to cope with stressors of life because of 
cancer diagnosis and treatment may also be common underly-
ing factors for both the symptoms.16,17 Although the understand-
ing of the causal relationship between insomnia and depression 
in individuals with cancer is limited, these two symptoms can 
exacerbate as well as maintain each other. Therefore, interven-
tions targeting sleep disruption could provide a promising ap-
proach to treating depression among patients with cancer.

In the general population, cognitive behavioral therapy for 
insomnia (CBT-I) is considered the gold standard treatment for 

insomnia, resulting in sustained sleep improvements over time, 
and its acceptability by participants is high.18 CBT-I is a sleep-
focused, multimodal intervention consisting of sleep restric-
tion, stimulus control, cognitive restructuring, and education 
to reestablish a regular sleep pattern.19 Further, a recent meta-
analysis of studies in the general population found that insom-
nia treatments, such as CBT-I, had moderate to large effects 
on depressive symptoms in individuals with both disorders.20 
There is also growing evidence from randomized controlled 
trials (RCTs) that CBT-I is an effective method for reducing 
insomnia in individuals with cancer.21 A recent systematic re-
view and meta-analysis of RCTs in cancer survivors showed a 
large effect size for the pooled self-reported insomnia severity 
(Cohen’s d = 0.77) for those who underwent CBT-I compared 
to those who did not.21 Some of these studies in cancer survi-
vors evaluated the effect of CBT-I on secondary measures such 
as depression, but revealed mixed results.22–26 Additionally, 
though one study in the general population with comorbid in-
somnia and depression did find that improvement in insomnia 
mediated the improvement in depression with no direct effects 
of CBT-I on depression,27 no study to date in cancer survivors 
has evaluated whether the effects of CBT-I on depression are 
mediated by improvements in insomnia.

The objectives of the current archival data analysis of a 
phase II RCT in cancer survivors are to: (1) examine the effect 
of CBT-I on depression, and (2) determine whether change in 
insomnia severity mediates the effects of CBT-I on depression.

METHODS

Study Design
This study is a secondary analysis from a previously completed 
multicenter, randomized, placebo-controlled trial evaluating 
interventions for insomnia in cancer survivors with chronic 
insomnia, where insomnia severity was the primary outcome 
measure.28 The parent trial was a four-arm factorial study of 
CBT-I (yes/no) versus armodafinil (yes/no), in which partici-
pants were randomized to one of the four intervention arms: (1) 
CBT-I+placebo; (2) CBT-I+armodafinil; (3) armodafinil; and 
(4) placebo. Randomization was performed using an online 
computer-generated random table with block size 8 and strati-
fied by city and sex.

The institutional review boards of the University of Roches-
ter and University of Pennsylvania approved the protocol, and 
all participants provided written informed consent. This trial is 
registered with ClinicalTrials.gov, number NCT01091974.

Participants
The participants in the parent trial were recruited in Rochester, 
New York and Philadelphia, Pennsylvania, between Septem-
ber 2008 and November 2012 as previously described in full 
detail.28 Briefly, eligible participants were survivors with any 
cancer type who had completed all cancer treatments not less 
than 1 month before study start, had no measurable disease, 
met Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition diagnostic criteria for insomnia and that the 
insomnia began or became worse with the onset of cancer or 
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treatment, and were required to discontinue any prescribed or 
over-the-counter sleep medications for an 11-week study pe-
riod (including 2 weeks at baseline). Participants who had pre-
vious exposure to CBT-I; had taken modafinil or armodafinil; 
or had a history of seizures, severe headaches, hypertension, 
sleep apnea, substance abuse, or an unstable medical or psychi-
atric illness (including suicidality) were not eligible.

Intervention
CBT-I Group
The participants were randomized to CBT-I with either ar-
modafinil or placebo. The CBT-I intervention is a multicompo-
nent intervention and included sleep restriction, stimulus control, 
cognitive restructuring, and sleep hygiene guidelines. The partic-
ipants randomized to CBT-I received seven weekly one-on-one 
sessions with therapists trained in CBT-I. The CBT-I interven-
tion was individually tailored based on baseline sleep diaries, 
and closely followed a published treatment manual.19 Sessions 1, 
2, and 4 (30 to 60 minutes) were conducted in person, and ses-
sions 3, 5, 6, and 7 (15 to 30 minutes) were conducted over the 
telephone to reduce burden and increase retention of participants.

Non-CBT-I Group
The participants who were not randomized to the CBT-I inter-
vention also received either armodafinil or placebo along with 
the sleep hygiene guidelines. The sleep hygiene guidelines (eg, 
keep bedroom cool and free of light, avoid naps, avoid using 
alcohol as sleep aid, etc.) were provided only at the time of con-
sent and was considered as part of the waitlist condition. The 
non-CBT-I group did not have any sessions with the therapists 
during the 7-week intervention period.

Measures
On-study questionnaires and clinical record information forms 
were used to obtain demographic and clinical information, 
such as age, sex, race and ethnic background, marital status, 
educational background, cancer type, and previous treatments.

Patient Health Questionnaire
Depression was assessed by the Patient Health Questionnaire 
(PHQ-9), a 9-item patient self-report questionnaire corre-
sponding to the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition diagnostic criteria for major depres-
sive disorder29 with well-established psychometric proper-
ties.30 The PHQ-9 is commonly used in patients with cancer for 
screening, diagnosing, monitoring, and measuring the severity 
of depression.31 For each item, the participants are asked to as-
sess how much they were bothered by the symptoms over the 
past 2 weeks on a scale of 0 (not at all) to 3 (nearly every day). 
The total score ranges from 0 to 27 measuring the severity of 
depression with the following commonly used cutoffs: 0 to 4 no 
depression, 5 to 9 mild depression, and ≥ 10 moderate to severe 
depression.29 A score of > 4 on the PHQ-9 total score indicates 
any level of depression. Because one of the items on the PHQ-9 
includes a sleep question “trouble falling asleep/staying asleep, 
sleeping too much,” this sleep item was excluded from PHQ-9 
to also calculate PHQ-8, that is, summation of eight items.

Insomnia Severity Index
Insomnia severity was assessed by the Insomnia Severity In-
dex (ISI), a commonly utilized seven-item psychometrically 
validated instrument for rating insomnia and recommended for 
use in cancer trials.32 Items are rated on a scale of 0 to 4, with 
higher summed scores (0 to 28) indicating worse insomnia.33

Participants had the option of completing the questionnaires 
either using paper and pen on scannable forms or using an In-
ternet data portal. Both PHQ-9 and ISI were completed by all 
the participants at consent, preintervention (average of weeks 1 
and 2), weekly during the intervention period, postintervention 
(average of weeks 10 and 11), and 3 months after the comple-
tion of the intervention, that is, 3-month follow-up (average of 
weeks 23 and 24). Baseline was considered average of weeks 
1 and 2, because all participants were required to discontinue 
any sleep medications from week 1 onward as some of them 
were on sleep medication until consent. Treatment adherence 
in the parent trial was assessed by sleep diaries.

Sample Aggregation
In the parent trial, 114 participants were eligible, 96 were ran-
domized, 88 began the interventions, and 73 completed the 
interventions.28 We conducted an initial analysis of covariance 
(ANCOVA) to assess differences in depression, with CBT-I (yes/
no) and armodafinil (yes/no) as main effects, but found no sig-
nificant effect of armodafinil on depression. Therefore, for the 
current secondary analysis, the data were collapsed across the 
ineffective armodafinil and placebo conditions and two groups 
were created: participants who received CBT-I versus those who 
did not (Figure 1). We included 67 participants (out of 73 who 
completed the interventions) in the current analysis who had no 
missing postintervention data for the variables of interest.

Statistical Analyses
The main outcome variable for this secondary analysis was 
depression at postintervention, as measured by PHQ-9 total 
score. Descriptive statistics were performed for all variables of 
interest. Percentages were calculated for categorical variables, 
and means and standard error (SE) for continuous variables. 
t tests for continuous variables and chi-square tests for categori-
cal variables were performed on all baseline characteristics to 
determine if significant baseline differences existed. Means 
and SE were calculated for baseline, postintervention, follow-
up, and change scores (baseline-post). Paired t tests were per-
formed to assess within-group changes in depression. We used 
ANCOVA to assess differences in mean change in depression 
between the two groups (CBT-I [yes/no]), consisting of a lin-
ear model including postintervention depression as a dependent 
variable, baseline depression as a covariate, and CBT-I (yes/
no) as a fixed effect. The stratification variables were initially 
entered, but were insignificant, and therefore dropped. We also 
re-ran the ANCOVA analysis for the PHQ-8 (after excluding the 
single sleep item from PHQ-9) to assess if differences in mean 
change in depression between the CBT-I (yes/no) groups were 
consistent with the PHQ-9 analysis. Paired t tests were per-
formed to examine changes in depression from postinterven-
tion to 3-month follow-up among the two intervention groups 
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in order to assess if changes in depression were maintained at 
the 3-month follow-up after the completion of the intervention.

Spearman rank correlations were used to examine the as-
sociation between depression and insomnia severity change 
scores from baseline to postintervention. To determine if 
CBT-I affected depression directly or whether its effect on de-
pression was mediated by insomnia severity, we performed 
a path analysis using a structural equation model with maxi-
mum likelihood estimation. In the model, direct effects from 
CBT-I (yes/no) on both insomnia severity change score and de-
pression change score were included. For the indirect effects, 
insomnia severity change score as a predictor of depression 
change score was included. Two-sided value of P ≤ .05 was 
considered statistically significant in all analyses. All statis-
tical analyses were performed using SPSS version 24 (IBM 
Corp., Armonk, New York, United States) and STATAIC ver-
sion 14 (StataCorp, College Station, Texas, United States) for 
analyses as appropriate.

RESULTS

Participant Characteristics
Table 1 shows the baseline characteristics of the 67 participants 
included in the current analyses, who had no missing postint-
ervention data, with 35 participants who underwent the CBT-I 

intervention and 32 who did not. Briefly, for all 67 participants, 
mean age was 56 years (range 30–75), 90% were female, 88% 
were white, 94% were non-Hispanic or Latino, 69% were treated 
for breast cancer, and mean time since last cancer treatment to 
intervention was 43 months. Sixty-six percent of the 67 partici-
pants (n = 44) reported at least some depression (ie, score > 4) at 
baseline, with 21% (n = 14) having moderate to severe depres-
sion (ie, score ≥ 10). Overall mean depression at baseline was 
6.4, indicating mild depression. These characteristics were not 
significantly different between the two groups at baseline.

Effect of CBT-I on Depression
The unadjusted means for depression from baseline to follow-
up for the two groups are shown in Figure 2. Post-interven-
tion depression and insomnia severity means for the CBT-I 
group were 3.16 (SE = 0.55) and 4.51 (SE = 0.75), respectively; 
whereas for the non-CBT-I group they were 5.81 (SE = 0.66) 
and 11.27 (SE = 0.96), respectively. For the CBT-I group, 74% 
(n = 26) had no depression, 17% (n = 6) had mild depression, 
and 9% (n = 3) had moderate to severe depression at postinter-
vention; for the non-CBT-I group, 38% (n = 12) had no de-
pression, 50% (n = 16) had mild depression, and 13% (n = 4) 
had moderate to severe depression. Overall, only 26% (n = 9) 
of survivors reported having any depression (ie, score > 4) at 
postintervention in the CBT-I group compared to 63% (n = 20) 
in the non-CBT-I group (P = .002). Paired t tests showed that the 

Figure 1—CONSORT diagram.

CBT-I = cognitive behavioral therapy for insomnia.
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CBT-I group had 48% reduction in depression from baseline to 
postintervention (mean change = 2.93; SE = 0.43; 95% confi-
dence interval = 2.05, 3.81; P < .001), whereas the reduction 
in the non-CBT-I group was only 15% (mean change = 1.02; 
SE = 0.40; 95% confidence interval = 0.20, 1.83; P = .016).

ANCOVA, controlling for baseline depression, showed that 
participants receiving CBT-I had significantly less depres-
sion (PHQ-9 total score) at postintervention (by 2.08 units, ie, 
a 38% improvement) compared to those who did not receive 
CBT-I (P = .001). Even after excluding the single sleep item 
from the PHQ-9, there was greater improvement for the PHQ-8 
(8-item score) at postintervention in the CBT-I group, while 
controlling for baseline score, compared to those who did not 
receive CBT-I (P = .015). Details on the ANCOVA are pro-
vided in Table 2. Descriptively, 23% (n = 8) of survivors in 
the CBT-I group achieved a clinically important reduction in 
depression (ie, ≥ 5-point reduction on the PHQ-9 total score) 
at postintervention, compared to 6% (n = 2) of survivors in the 
non-CBT-I group.

At the 3-month follow-up after completion of the inter-
vention, the unadjusted mean depression and insomnia se-
verity for the CBT-I group were 2.17 (SE = 0.44) and 3.80 
(SE = 0.66), respectively; for the non-CBT-I group they were 
5.93 (SE = 0.88) and 11.57 (SE = 1.14), respectively. For the 
CBT-I group, 71% (n = 25) had no depression and 14% (n = 5) 
had mild depression at 3-month follow-up; for the non-CBT-
I group, 47% (n = 15) had no depression, 25% (n = 8) had 
mild depression, and 22% (n = 7) had moderate to severe 
depression. Overall, only 14% of survivors (n = 5) reported 
having any depression (ie, score > 4) at 3-month follow-up 
in the CBT-I group versus 47% (n = 15) in the non-CBT-I 
group. Paired t tests showed that there was no statistically 
significant difference between depression at postintervention 
and 3-month follow-up for either group (both Ps ≥ .18). Thus, 
these findings indicate that improvements in depression as-
sessed at postintervention for participants in the CBT-I were 
sustained at 3-month follow-up even after the completion 
of CBT-I.

Table 1—Baseline characteristics of participants.
Characteristics a Total (n = 67) No CBT-I (n = 32) CBT-I (n = 35)

Age, years
Mean (SE) 56.1 (1.2) 55.1 (1.8) 56.9 (1.7)
Range 30–75 31–75 30–74

Sex
Female 60 (89.6%) 28 (87.5%) 32 (91.4%)
Male 7 (10.4%) 4 (12.5%) 3 (8.6%)

Race
White 59 (88.1%) 27 (84.4%) 32 (91.4%)
Black/African American 7 (10.4%) 4 (12.5%) 3 (8.6%)
Unknown 1 (1.5%) 1 (3.1%) –

Ethnicity
Non-Hispanic/Latino 63 (94.0%) 30 (93.8%) 33 (94.3%)
Unknown 4 (6.0%) 2 (6.3%) 2 (5.7%)

Education

Bachelor’s or higher 32 (47.8%) 15 (46.9%) 17 (48.6%)
Partial college training 28 (41.8%) 15 (46.9%) 13 (37.1%)
High school graduate or less 6 (9.0%) 2 (6.3%) 4 (11.4%)
Unknown 1 (1.5%) – 1 (2.9%)

Marital status

Married 40 (59.7%) 19 (59.4%) 21 (60.0%)
Divorced/widowed/separated 17 (25.4%) 7 (21.9%) 10 (28.6%)
Single 9 (13.4%) 6 (18.8%) 3 (8.6%)
Unknown 1 (1.5%) – 1 (2.9%)

Cancer diagnosis
Breast Cancer 46 (68.7%) 21 (65.6%) 25 (71.4%)
Other 21 (31.3%) 11 (34.4%) 10 (28.6%)

Previous treatments
Surgery 5 (7.5%) 2 (6.3%) 3 (8.6%)
Chemotherapy 55 (82.1%) 29 (90.6%) 26 (74.3%)
Radiation Therapy 51 (76.1%) 23 (71.9%) 28 (80.0%)

Time, months
Last cancer treatment to intervention 42.8 31.4 53.3
Range 1.6–329.9 3.4–201.0 1.6–329.9

Insomnia b Mean (SE) 14.0 (0.6) 14.6 (0.8) 13.4 (0.8)
Depression c Mean (SE) 6.4 (0.4) 6.8 (0.6) 6.1 (0.6)

Depression cutoffs c

None (score 0–4) 23 (34.3%) 10 (31.3%) 13 (37.1%)
Mild (score 5–9) 30 (44.8%) 14 (43.8%) 16 (45.7%)
Moderate-severe (score ≥ 10) 14 (20.9%) 8 (25.0%) 6 (17.1%)

Data might not add to 100% because of rounding. Superscript letters indicate: a = there were no significant differences in characteristics between CBT-I 
and No-CBT-I groups, b = assessed by Insomnia Severity Index, c = assessed by Patient Health Questionnaire. CBT-I = cognitive behavioral therapy for 
insomnia, SE = standard error.
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Mediating Effect of Insomnia Severity on CBT-I’s Effect 
on Depression
Correlational analysis showed that change in insomnia se-
verity from baseline to postintervention was significantly 
associated with concurrent change in depression (r = .73, 
P < .001), indicating that improvement in insomnia is as-
sociated with improvement in depression. Similarly, change 

in insomnia severity from baseline to postintervention was 
significantly associated with the PHQ-8 (r = .59, P < .001), 
after excluding the single sleep item from PHQ-9, indicating 
that improvement in insomnia is associated with improve-
ment in depression independent of the single sleep item in the 
PHQ-9 measure.

The path analysis (Figure 3) revealed that the only statisti-
cally significant direct effects (standardized path coefficient, 
B) were from CBT-I on the insomnia severity change score 
(B = 0.53; P < .001) and from the insomnia severity change 
score on the depression change score (B = 0.74; P < .001). 
CBT-I did not have a significant direct effect on the depres-
sion change score (B = −0.02; P = .865). However, CBT-I had 
significant indirect effect on the depression change score via 
the insomnia severity change score (B = 0.39; P < .001). This 
indicates that CBT-I has only indirect beneficial effects on de-
pression, through its positive effect on insomnia severity. The 
path model fit the data very well with a root mean square error 
of approximation (RMSEA) < 0.001 (RMSEA < 0.01 is con-
sidered ideal). Similar results were found with PHQ-8, that 
is, after the single sleep item was removed from the PHQ-9 
(data not shown).

DISCUSSION

We have previously reported for this trial that our 7-week 
CBT-I treatment program was effective in improving insom-
nia severity and sleep quality,28 sleep continuity,34 fatigue,35 
and quality of life36 in cancer survivors who have chronic in-
somnia. The goal of this secondary analysis was to assess the 

Figure 3—Path diagram for the structural equation model.

Changes in insomnia severity and depression are from baseline to postintervention. Statistically significant paths are in red with standardized path 
coefficients marked (P ≤ .05). Dotted lines indicate nonsignificant paths. CBT-I = cognitive behavioral therapy for insomnia.

Figure 2—Unadjusted mean depression, assessed by 
PHQ-9, over time by intervention groups.

Numbers per group at baseline, postintervention, and 3-month follow-up 
were as follows: CBT-I group, 35, 35, and 30; non-CBT-I group, 32, 32, 
and 30, respectively. CBT-I = cognitive behavioral therapy for insomnia, 
PHQ-9 = Patient Health Questionnaire.

Table 2—Comparison of depression at postintervention.
Coefficient Mean Difference SE P 95% CI ES

CBT-I (yes [n = 35] versus no [n = 32])
PHQ-9 (total score) −2.08 0.57 .001 −3.22 to −0.93 −0.62
PHQ-8 (8-item score after excluding single sleep item) −1.11 0.44 .015 −1.99 to −0.22 −0.39
Single sleep item from PHQ-9 −1.00 0.21  < .001 −1.41 to −0.59 −1.13

Mean difference and associated statistics refer to adjusted differences between groups in mean change from baseline. ES is standardized mean difference 
(Cohen’s d). 95% CI is the lower and upper 95% confidence limits. P values denote improvements using analysis of covariance, while controlling for baseline 
values. CBT-I = cognitive behavioral therapy for insomnia, ES = effect size, PHQ-9 = Patient Health Questionnaire, PHQ-8 = Patient Health Questionnaire 
after excluding single sleep item, SE = standard error.
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ability of CBT-I to alleviate depression in cancer survivors 
and determine whether positive effects of CBT-I on depres-
sion were mediated by reduced insomnia severity. These addi-
tional analyses showed that the intervention for insomnia also 
improved comorbid depression.

The results showed that survivors receiving CBT-I had a 
38% greater improvement in depression at postintervention 
compared with those who were not treated with CBT-I. We 
also found that the improvement in depression remained sta-
ble 3 months after the completion of CBT-I. These findings 
are consistent with previous studies that have also shown a 
secondary benefit of CBT-I on reducing depression in cancer 
survivors in addition to ameliorating subjective sleep difficul-
ties22–24 and that treatment benefits were sustained over time. 
One study showed the benefits were maintained up to 1 year 
after the intervention.23

Another important finding was that improvement in de-
pression was due to improvement in insomnia severity via 
CBT-I and not due to CBT-I having a direct effect on depres-
sion. This finding is consistent with a study in breast cancer 
survivors by Dirksen and Epstein,37 which found through me-
diational analysis that CBT-I did not have a direct effect on 
psychosocial outcomes, such as depression, although they did 
not assess the indirect effect of the intervention. In their study, 
they only found significant improvement in depression in the 
CBT-I group, whereas there was no significant group differ-
ence between CBT-I and control conditions.

There could be several plausible reasons why an insomnia 
intervention, namely CBT-I, could lead to an improvement in 
depression in cancer survivors. Chief among these is that in-
somnia is not only comorbid with depression, but has been 
shown to predict new onset depression and blunt the effect 
of depression care.38,39 Further, the development of insomnia 
and depression in individuals with cancer may share common 
bio-behavioral mechanisms. From a psychological perspec-
tive, chronic insomnia is associated with increased fatigue 
and cognitive difficulties, which may reduce the ability to 
cope with stressors of life, thus being perceived as a lack of 
control.16,17 These, in turn, may lead to depressive symptoms 
related to helplessness and hopelessness, and may trigger 
neuroendocrine imbalances.16,17

Studies have shown that both sleep disruption and depres-
sion are also associated with increased inflammation, dysreg-
ulation of circadian rhythms, and HPA axis dysfunction.4,10 
Cancer treatments, such as chemotherapy and radiotherapy, 
are known to elevate proinflammatory cytokines resulting 
in systemic inflammation, which may persist long after the 
completion of treatment.40 Sleep disruption can also further 
increase proinflammatory cytokines, contributing to sys-
temic inflammation.4,10,41 These proinflammatory cytokines 
can dysregulate cortisol levels, cause HPA axis dysfunc-
tion, and cross the blood-brain barrier, resulting in oxida-
tive stress and inflammation in the brain.1,10 This can lead to 
alternations in neurotransmitter and neuroendocrine func-
tion1,10; thereby, causing depression and behavioral altera-
tions.42 Indeed, some studies have shown that administration 
of cytokine immunotherapy for cancer treatment, such as in-
terluken-2 and/or interferon-α-2b, results in the development 

of depression.43 Behavioral therapies for treating insomnia 
may have positive effects on inflammation, immune regula-
tion, and HPA axis activity via its positive effects on sleep.10 
In an RCT in older adults with insomnia, CBT-I significantly 
reduced systemic inflammation and expression of genes en-
coding proinflammatory mediators.44 Further, Savard et al. 
found preliminary evidence that successful treatment of 
insomnia with CBT-I resulted in immune improvement in 
breast cancer survivors.45 Additional research is needed to 
determine the relationship between insomnia and depression 
in individuals with cancer.

The following limitations should be considered when in-
terpreting the results from this study. First, this was a sec-
ondary data analysis of a completed multicenter randomized 
controlled trial that did not have treatment of depression as 
a focus. Despite this, participants entered the trial with de-
pressive symptomatology worthy of clinical attention. Future 
longitudinal RCTs in individuals with cancer specifically 
designed to investigate the effect of CBT-I on clinically rel-
evant depression as well as the links between depression and 
insomnia are needed. Also, future studies should examine 
the effect of CBT-I on mood, coping, and stress management. 
Second, the participants were predominantly white women of 
non-Hispanic ethnicity, which may limit the generalizability 
of these findings to men and to those with different racial and 
ethnic backgrounds. Further, these analyses were limited by 
the small sample size of the parent trial and the high drop-
out rates, that is, only 75% and 65% of the participants in the 
CBT-I and non-CBT-I groups, respectively, completed the in-
tervention and provided postintervention data. Also, the non-
CBT-I group was a waitlist condition in regard to the CBT-I 
and its participants did not receive an equivalent amount of 
attention from research staff compared to those in the CBT-
I group. Thus, the time and attention the participants in the 
CBT-I group received may be a potential confounder. Last, 
improvements in depression and insomnia severity were mea-
sured at the same time, thus limiting firm conclusions about 
the directionality of the relationship. Nonetheless, there were 
several strengths, namely treatment randomization, the use of 
reliable and validated measures, and longitudinal data with 
3-month follow-up.

Clinical Implications
Considerable advances in the treatment of cancer have been 
made during the past few decades, but attention to the physical 
and psychological symptoms of cancer and its treatment has 
been given less priority in clinics. The current study has im-
portant clinical implications. It provides additional evidence of 
the link between depression and insomnia, indicating the im-
portance of screening for both symptoms in cancer survivors, 
as survivors who have insomnia may be more likely to have 
comorbid depression and vice versa. More importantly, this 
study strengthens the evidence that CBT-I, through its posi-
tive effects on insomnia, may be effective in reducing depres-
sion in survivors with insomnia. Thus, insomnia interventions 
should be offered on a more routine basis to cancer survivors 
with insomnia, as targeting insomnia may have a meaningful 
effect on other associated symptoms such as depression.
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CONCLUSIONS

The findings from the current analyses suggest that CBT-I is 
both efficacious and durable for reducing depression in cancer 
survivors who have chronic insomnia. These beneficial effects 
of CBT-I on depression appear to be mediated by improvement 
of insomnia severity. Because of the high prevalence of de-
pression and insomnia in cancer survivors and their profound 
detrimental effect on quality of life, these results highlight the 
importance of increasing awareness of early screening and ac-
cess to evidence-based insomnia interventions for alleviating 
these symptoms.

ABBRE VI ATIONS

ANCOVA, analysis of covariance
B, standardized path coefficient
CBT-I, cognitive behavioral therapy for insomnia
HPA, hypothalamic-pituitary-adrenal
ISI, Insomnia Severity Index
PHQ-8, Patient Health Questionnaire after excluding single 

sleep item
PHQ-9, Patient Health Questionnaire
RCT, randomized controlled trial
RMSEA, root mean square error of approximation
SE, standard error
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