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Abstract

Background: Pre-treatment sleep disturbance has been shown to predict antidepressant
treatment outcomes. How changes in sleep disturbance during acute treatment affect longitudinal
outcomes, or whether continuation-phase treatment further improves sleep disturbance, is unclear.

Methods: We assessed sleep disturbance repeatedly in: a) 523 adults with recurrent MDD who
consented to 12-14 weeks of acute-phase cognitive therapy (A-CT) and b) 241 A-CT responders at
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elevated risk for depression relapse/recurrence who were randomized to 8 months of continuation-
phase treatment (C-CT vs. fluoxetine vs. matched pill placebo) and followed protocol-treatment-
free for 24 months. Trajectories of change in sleep and depression during and after A-CT were
evaluated with multilevel models; individual intercepts and slopes were retained and input into
Cox regression models to predict remission, recovery, relapse, and recurrence of MDD.

Results: Sleep disturbance improved over the course of A-CT, but most patients continued to
report clinically significant sleep complaints. Response and remission were more likely in patients
with less overall sleep disturbance and those with greater reduction in sleep disturbance during A-
CT; these patients also achieved post-A-CT remission and recovery sooner. Sleep improvements
endured throughout follow-up but were not enhanced by continuation-phase treatment. Sleep
disturbance did not predict relapse or recurrence consistently.

Limitations: Objective sleep disturbance was not assessed. Analyses were not specifically
powered to use sleep changes to predict outcomes.

Conclusions: Improvements in sleep disturbance during A-CT are linked to shorter times to
remission and recovery, supporting consideration of monitoring and targeting sleep disturbance in
adults with depression.

Keywords
depression; sleep; relapse; recurrence; randomized clinical trial

Introduction

Major depressive disorder (MDD) is a debilitating disorder prevalent in approximately 4.4%
of the population worldwide (Baxter et al., 2014). Because depression frequently recurs
following acute-phase treatment, research has aimed to identify risk factors for depression
relapse and recurrence, most notably incomplete remission. Sleep disturbance is known to
precede incident depression (Fernandez-Mendoza et al., 2015), and frequently remains
following treatment (Carney et al., 2007; Nierenberg et al., 2010; Taylor et al., 2010).

Objective and subjective measures of sleep disturbance are associated with poor depression-
treatment response. Decreased REM latency has been associated with slower, more variable
response to depression treatment (Dew et al., 1997), and abnormal electroencephalographic
(EEQG) profiles have been associated with lower recovery rates following Cognitive
Behavioral Therapy (CBT; Thase et al., 1996). Greater objective sleep-onset latency
combined with subjectively reported insomnia at baseline also has been associated with
increased risk of non-remission (Troxel et al., 2012). Increased subjective sleep disturbance
during pharmacotherapy treatment has been linked to a lower likelihood of remission (Jha et
al., 2018); however, studies exploring how the rate of /mprovement of subjective sleep
disturbance during treatment affects stability or speed of remission are needed. As
individuals with recurrent MDD are already at higher risk of relapse relative to individuals
experiencing a first episode (Keller et al., 1983), real-time monitoring of the change rate of
modifiable risk factors may be key to optimal outcomes.
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The literature is mixed regarding relations of sleep disturbance to risk for relapse and
recurrence. Some studies document increased risk for relapse or recurrence associated with
greater sleep disturbance (e.g., Cho et al., 2008; Combs et al., 2014; Dombrovski et al.,
2007, 2008; Perlis et al., 1997; Thase et al., 1996), but others fail to show a relation between
residual insomnia and depression relapse or recurrence (e.g., lovieno et al., 2011;
Nierenberg et al., 2010; Taylor et al., 2010; Yang et al., 2010). These conflicting reports may
be due to methodological differences. There is broad heterogeneity in depression treatment
types and assessment of sleep disturbance. Sleep disturbance items from the same
depression rating scales used to assess outcome (e.g., the Hamilton Rating Scale for
Depression; HRSD; Hamilton, 1960) are often used as predictors, which can influence
results. Validated sleep measures such as the Pittsburgh Sleep Quality Index (PSQI; Buysse
et al., 1989), the Insomnia Severity Index (ISI; Morin et al., 2001), or polysomnography
(PSG) are used, albeit less frequently.

Discrepant findings may also be due to the fact that individuals with similar sleep
disturbance severity at baseline may differ in their trajectories of sleep change during
treatment. Overwhelmingly, studies use single baseline or post-acute-treatment assessments
of sleep disturbance to predict response, relapse or recurrence after acute-phase treatment,
but because rate of change of sleep disturbance can be actively monitored in treatment, its
relation to depression outcome may be particularly useful in treatment planning. In the
insomnia treatment literature, Manber et al. (2016) showed that early improvements in
depression following treatment with Cognitive Behavioral Therapy for Insomnia (CBT-I)
plus escitalopram predicted depression remission in adults with comorbid insomnia and
MDD. Additionally, individuals in that cohort classified as “optimal responders” in terms of
depression symptoms were found to have the most rapid early improvement in insomnia
(Bei et al., 2018). To our knowledge, only a few studies focused solely on depression
treatments have taken this approach. Gulec et al. (2011) and Perlis et al. (1997) reported
significantly greater sleep disturbance in patients who relapsed/recurred following
depression treatment relative to those who did not, with Perlis et al. also reporting steadily
increasing sleep disturbance in the weeks leading up to recurrence. Gebara et al. (2018a)
found that worse depression at baseline was associated with a poor sleep-improvement
trajectory, and Hartwig et al. (2019) found that inpatients with comorbid MDD and GAD
with a non-responsive sleep disturbance trajectory exhibited greater disability and lower
levels of well-being at both discharge and 6-month follow-up. What remains to be tested is
whether changes in sleep disturbance during acute depression treatment are associated with
likelihood of depression treatment response or remission, a finding that could inform real-
time treatment planning.

Whether continuation-phase treatment for depression further improves sleep is also unclear.
Continuation-phase treatment effectively reduces the risk for relapse/recurrence (Frank et
al., 1990; Jarrett et al., 2001, 2013; Kocsis et al., 1996; Kupfer et al., 1992; Rapaport et al.,
2004). Indeed, the parent randomized controlled trial (RCT) of the present analysis
demonstrated that both continuation-phase cognitive therapy (C-CT) and fluoxetine (FLX)
were associated with reduced odds of relapse relative to matched pill placebo (PBO) (Jarrett
et al., 2013). Whether sleep complaints continued to improve post-acute phase or were
linked to longitudinal outcomes in that study was not tested. A handful of studies examined
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the effects of continuation treatment on sleep disturbance with positive effects; however,
they were pharmacotherapy studies with limited generalizability to psychotherapy (Kupfer et
al., 1994; Reynolds et al., 1991), or did not extend analyses past the first month of
continuation treatment (Reynolds et al., 1997). A greater understanding of the longer-term
effects of continuation treatment on sleep disturbance could inform optimization of long-
term outcomes.

The current study examined the extent to which changes in sleep disturbance predicted
response across 12-14 weeks of acute-phase cognitive therapy (A-CT) in adults with
recurrent MDD. We hypothesized that a steeper reduction of subjective sleep disturbance
during A-CT and a better sleep-improvement trajectory would be associated with increased
likelihood of acute-phase response. Next, in A-CT responders, we examined whether these
changes, or presence or absence of sleep disturbance after A-CT, predicted time to post-
acute remission, recovery and relapse/recurrence over 32 months of follow-up, including 8
months of continuation-phase treatment with: C-CT, FLX plus clinical management, or PBO
plus clinical management, followed by a 24-month protocol-treatment-free follow-up. We
hypothesized that greater reductions in sleep disturbance over A-CT and absence of sleep
disturbance would both predict shorter time to remission and recovery and longer time to
relapse/recurrence. For comparability to previous reports that use mean values of sleep
disturbance to predict outcome, we conducted parallel analyses using A-CT responders’
overall levels of sleep disturbance throughout A-CT as predictors. Finally, we examined the
impact of continuation-phase treatment on sleep disturbance among higher risk A-CT
responders. Prior research did not inform specific hypotheses as to the degree to which the
continuation treatments, C-CT or FLX, would affect sleep complaints; thus, this analysis
was exploratory.

Methods are detailed in previous reports (Jarrett et al., 2010, 2013); here we highlight
methods relevant to current aims. Data collection took place at the University of Texas
Southwestern Medical Center (UT Southwestern; Dallas) and the Western Psychiatric
Institute and Clinic of the University of Pittsburgh Medical Center (UPMC). All study
procedures were approved by the trial’s Data Safety Monitoring Board, and the UT
Southwestern and UPMC institutional review boards. All patients provided verbal and
written informed consent for participation.

Participants responded to community advertisements or were referred by providers between
2000 and 2008. Eligibility criteria included: 1) diagnosis of recurrent MDD via the
Structured Clinical Interview for the DSM-/V (APA, 1994) and 2) a 14 or higher score on
the 17-item version HRSD in both initial and second diagnostic interviews. Adults were
excluded if they (1) experienced uncontrolled medical conditions that may be linked to
depression or treated by medications with the capacity to alter mood; (2) were diagnosed
with psychosis, bipolar disorder, active substance dependence, obsessive compulsive
disorder (as the prominent presenting disorder), or any eating disorder; (3) were unable to
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complete written questionnaires in English; (4) were actively suicidal; (5) had previous
history of non-response to CT or 40mg of FLX; (6) were pregnant or had plans to become
pregnant during the first 11 months post baseline, or (7) did not provide informed consent.
Of 1359 individuals screened, 523 began A-CT. Each participant who was taking
antidepressant medications at evaluation began a medication-washout period supervised by a
highly experienced psychopharmacologist. Taper time matched the medication being
withdrawn and was conducted to minimize discomfort. Participants were free of a mood-
altering medication prior to study entry.

Acute phase cognitive therapy.—Participants received 12-14 weeks of A-CT from
experienced psychotherapists, consisting of 16 to 20, 50-to-60-minute individual sessions.
The A-CT was based on the Beck et al. (1979) manual, which includes cognitive-behavioral
models and strategies. Therapists were experienced in using the HRSD-17 to guide selection
of symptom targets during sessions, which could have included sleep when it was a
predominant complaint. Therapist competence was monitored using the Cognitive Therapy
Scale (CTS; Young & Beck, 1980) and weekly group supervision. Sessions occurred twice
weekly for 4 weeks followed by weekly sessions for patients who achieved a 40% or greater
reduction in HRSD-17 scores. Those who had yet to reach that threshold continued with
twice weekly sessions for an additional 4 weeks before switching to weekly therapy.

After 12-14 weeks of A-CT, patients who achieved response (i.e., no DSM-IV MDD and an
HRSD-17 score < 12), were stratified into lower and higher risk groups based on their final
seven HRSD-17 evaluations. Lower risk participants (s = 50) were those patients who had
HRSD-17 scores of < 7 during all final seven assessments (i.e., achieved acute-phase
remission). Higher risk patients (7= 241) were those who had at least one HRSD-17 score =
7 during the final seven acute-phase assessments, reflecting unstable or partial remission and
consequently a greater likelihood of relapse. As the goal of the parent trial was to test the
relative efficacy of C-CT in preventing relapse/recurrence, only higher risk patients were
randomized to the continuation phase of the RCT; lower risk patients participated in follow-
up assessments.

8-month continuation-phase treatment.—Higher risk participants were randomly
assigned to eight months of C-CT, FLX plus clinical management, or PBO plus clinical
management. The C-CT consisted of 10 approximately 60-minute sessions every other week
for the first 2 months, followed by six monthly sessions. The C-CT was tailored to the
individual’s specific target problems, symptoms, and symptom severity. Clinical
management plus FLX or PBO (Fawcett et al., 1987) was provided in sessions of equivalent
length and frequency as C-CT and conducted by experienced psychiatrists blinded to
randomization. Patients began with 10 mg of FLX or PBO pills that appeared identical.
Dosages were titrated up to 40 mg as tolerated.

24-month protocol-treatment-free follow-up phase.—All consenting participants
(both higher and lower risk) entered a 2-year longitudinal, protocol-treatment-free follow-up
phase lasting 32 months post-A-CT. During this time, responders agreed not to take mood-
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altering medications. All patients were instructed to contact research staff if they
experienced symptoms of relapse or recurrence, at which time a blinded evaluation occurred.
If the participant met DSM-/V/ criteria for a major depressive episode, he or she was referred
for non-protocol treatment. Participants continued in the longitudinal follow-up period
regardless of their status for relapse/recurrence and/or non-protocol treatment.

Assessment of depression outcomes.—Analyses examined the following depression
treatment outcomes, clinically based on consensus conceptual definitions from the
MacArthur Foundation Research Network of the Psychobiology of Depression task force
(Frank et al., 1991): (1) “response” marks the beginning of clinically significant
improvement in depressive symptoms, defined as absence of DSM-/VMDD andan
HRSD-17 score of < 12; (2) acute-phase “stable remission,” is consistent evidence of
asymptomatic status, defined as the last seven consecutive acute phase HRSD-17 scores < 7;
(3) post-acute “remission” is defined as six Psychiatric Status Ratings (PSR) of two or less
over the 6 weeks post randomization using the Longitudinal Interview Follow-up Evaluation
(LIFE; Keller et al., 1987) a semi-structured interview used to assess psychiatric disorders in
longitudinal studies; (4) “recovery” is sustained remission, defined as remission lasting = 8
consecutive months; (5) “relapse” is defined as exacerbation of the presenting episode after a
response but before recovery; and (6) “recurrence” is defined as meeting DSM-/V criteria
for MDD after recovery. Depression outcomes are consistent with the parent RCT, which
used a more liberal definition of response. This had the effect of increasing the rates of
relapse and recurrence, examination of which was the goal of the parent RCT.

Assessment of depression symptoms.—Depression-symptom severity was measured
by the following instruments administered on approximately the same schedule as sleep
measures (i.e., pre-A-CT; A-CT weeks 1, 4, 8, 12; post-acute months 1, 4, 8, 12, 16, 18 20,
24, 28, 32):

Hamilton Rating Scale for Depression (Hamilton, 1960).: Considered the gold-standard
clinician-rated scale of depression-symptom severity, the HRSD-17 was used to assess
symptom severity and to help operationalize clinical outcomes of remission, recovery,
relapse and recurrence.

Inventory of Depressive Symptomatology Self Report (IDS-SR; Rush et al., 2000).: The
IDS-SR is a well-validated 30-item self-report measure of depressive symptoms that
correlates highly with the HRSD-17 (Rush et al., 2000).

Beck Depression Inventory (Beck, Steer & Brown, 1996).: The BDI is a 21-item self-
report instrument assessing severity of affective, cognitive, motivational, and somatic
symptoms of depression. Internal consistency and retest reliability of this measure are well-
established (Beck et al., 1988).

The HRSD-17, IDS-SR, and BDI scales were re-scored after removing items reflecting
insomnia or hypersomnia, standardized (M = 50, SD =10) using their distributions at study

J Affect Disord. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boland et al.

Page 7

intake, and averaged to form a depression severity composite (cf. Vittengl et al., 2013).
Alpha internal consistency was .95.

Assessment of sleep disturbance.—We operationalized “subjective sleep
disturbance” to include insomnia-like symptoms such as difficulty falling asleep, waking
after sleep onset, waking too early, and/or sleeping too little. To capture this construct, we
used the following measures:

Pittsburgh Sleep Quality Index Global Scale (PSQI; Buysse et al., 1989).: The PSQl is a
widely used self-report measure of sleep disturbance, assessing 19 items related to sleep
quality over the previous month. It has good sensitivity and specificity for identification of
sleep disorders (Buysse et al., 1989). The global scale summed the seven component scores:
sleep quality, latency, duration, efficiency, disturbance, medication use, and daytime
sleepiness. Alpha internal consistency was .71.

Sleep-problems scale.: For consistency with the extant literature, we conducted parallel
analyses using a scale composed of sleep items from two depression measures. Six items
were extracted from the HRSD-17 (items 4-6) and IDS-SR-30 (items 1-3) to form a sleep-
problems scale, with two items each for early, middle, and late insomnia. The IDS-SR item 4
(hypersomnia) was excluded because it correlated weakly with the insomnia items, and the
BDI item 16 (late insomnia) was excluded to keep the sleep-problems scale content
balanced. These six items were standardized as the percent of maximum score (HRSD-17
items were rated 0-2, whereas the IDS-SR items were rated 0-3) and averaged. Alpha
internal consistency was .77. Higher scores on the sleep-problems scale indicate greater
subjective sleep disturbance.

Sleep disturbance trajectories.—Using the cutoff of PSQI = 5 to define clinically
significant sleep disturbance, we formed 4 groups of patients using the pre-A-CT and A-CT
week-12 assessments: Decreasing (pre PSQI = 5 and week-12 PSQI < 5), persisting (both
pre and week-12 PSQI = 5), absent (both pre and week-12 PSQI < 5), and emerging (pre
PSQI < 5 and week-12 PSQI = 5) sleep disturbance. At randomization, we categorized
patients in terms of presence or absence of sleep disturbance, again using a cutoff of PSQI >
5.

Statistical Analyses

Acute-phase (V= 523) and post-acute (/= 241) analyses were conducted on the intent-to-
treat sample. To address missing data, we generated 10 complete data sets with missing
values imputed via the Markov chain Monte Carlo method in PROC MI, computed standard
analyses on each dataset, and pooled the results via PROC MIANALYZE in SAS software
version 9.3 (SAS Institute, Inc., Cary, NC). All reported statistical tests and parameter
estimates used multiply imputed data.

Changes in the PSQI, sleep-problems, and depression-severity scales during A-CT were first
analyzed in a series of repeated-measures multilevel models that included the fixed effect of
assessment as a discrete variable plus random intercepts and slopes for each patient. Main
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effects of site (Dallas/Pittsburgh) and site-by-time interactions on sleep-disturbance
variables were non-significant (p > .05) and were excluded from final models.

These multilevel models captured the sample’s average level (fixed intercept) and change
(fixed slope), as well as individual patients’ deviations from the average level (random
intercept) and change (random slope), in repeated assessments of sleep during A-CT. Larger
intercepts marked more sleep disturbance, and smaller (i.e., more strongly negative) slopes
marked greater reductions in sleep disturbance during A-CT. Individual patients’ sleep-
disturbance intercepts and slopes were tested as predictors of treatment outcomes. Models of
dichotomous outcomes were logistic, whereas models of continuous depression severity
were linear.

Among higher risk responders randomized to continuation treatment, we predicted time to
relapse (over the 8-month continuation phase), relapse/recurrence (32 months), post-acute
remission (32 months), and recovery (32 months) in a series of Cox regression analyses. Due
to limited variability in sleep disturbance during the continuation phase, and to minimize
regression to the mean, intercepts and slopes from acute-phase models were used to predict
continuation-phase outcomes. Patients were censored at the earliest of: the end of the study,
dropping out of the study, or relapse/recurrence. Time was measured in weeks with the LIFE
retrospective interview. Post-acute-phase models controlled treatment arm. Non-significant
interactions of acute-phase sleep-disturbance intercept and slope with treatment arm were
removed from the final models.

Among higher risk responders to A-CT, we tested the main effects of time, continuation
treatment (C-CT, FLX, or PBO), and their interactions on post-acute sleep disturbance. The
repeated-measures multilevel models focused on months 0-8 after A-CT, during which
continuation treatment was provided and sleep disturbance was measured approximately
every 4 months. Time and treatment condition were modeled as discrete fixed effects, and
the models included random intercepts and slopes.

For sleep-disturbance trajectories, logistic regression models were used to calculate the
probability of A-CT response and remission. Time to relapse, recurrence, remission and
recovery based on presence or absence of clinically significant sleep disturbance was
assessed with Cox regression models.

Sample Characteristics

Participants (V= 523) were predominantly female (67.5%) and white (80.9%) with a mean
age of 42.4 (SD = 12.1). Based on HRSD scores at diagnostic evaluation, 38.4%, 58.5%, and
3.1% had mild, moderate, and severe depression, respectively. Demographic and clinical
characteristics of the study sample are displayed in Table 1.

Do Subjective Sleep Disturbance and Depression Improve After A-CT?

Yes, both depression and sleep-disturbance severity decreased during A-CT (see Figure 1).
Mean PSQI global scores dropped from 9.98 to 6.10 during A-CT (H4,1385) = 132.37, p<.
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001), although scores = 5 indicate “poor sleep.” Using this threshold, 93.7% (SE = 1.1%)
and 64.1% (SE = 2.1%) of patients reported “poor sleep” before and after A-CT,
respectively. Table 2 shows percentages of individuals demonstrating poor sleep on the PSQI
at each time point. Means on the sleep-problems scale (A4,1340) = 156.70) and the
depression-symptom scale (~4,804) = 560.39) decreased substantively during A-CT, p<.
001. Figure 1 depicts standardized mean changes in the PSQI, sleep-problems scale, and
depression severity scores during A-CT estimated in the discrete-time models. Changes
depicted in this figure can be interpreted in deffect-size units. Overall decreases in the
PSQI, d=0.99 (SE = 0.05), and sleep-problems, &= 1.08 (SE = 0.05), scales were large but
not as large as depression-symptom change, = 2.67 (SE = 0.07). Data regarding convergent
and discriminant validity of the sleep and depression scales and descriptive statistics for
these scales during the acute phase is available in supplemental material.

Does Subjective Sleep Disturbance Predict Response, Remission, and Depression-
symptom severity During A-CT?

Yes, patients with less overall subjective sleep disturbance, and those with greater reduction
in sleep disturbance, experienced larger decreases in depression severity and were more
likely to achieve response and acute-phase remission. Table 3 shows prediction of response,
acute-phase remission, and change in depression-symptom severity from sleep-disturbance
intercepts and slopes. A one-SD decrease in the change of sleep disturbance (slope) over the
course of A-CT was associated with 48% (SE = 7%) and 56% (SE = 7%) lower odds of
response per the PSQI and the sleep-problems scales respectively. Similarly, each unit
increase in overall levels of sleep disturbance (intercept) was associated with 47% (SE =
6%) and 54% (SE = 6%) lower odds of response per the PSQI and sleep-problems scales.
Odds of remission were similar: a one-SD decrease in the change of sleep disturbance over
the course of A-CT was associated with 27% (SE = 7%) and 32% (SE = 8%) lower odds of
acute-phase remission, and each unit increase in overall levels of sleep disturbance was
associated with 32% (SE = 9%) and 43% (SE = 11%) lower odds of response per the PSQI
and sleep-problems scales, respectively.

A similar pattern of results emerged from analyses of sleep-disturbance improvement
trajectories. Patients with decreasing versus persisting sleep disturbance had significantly
higher probabilities of A-CT response (79.6 vs. 52.1%) and acute-phase remission (18.4 vs.
2.6%), ps < .001 (see Table 4).

Does Subjective Sleep Disturbance Predict Post-A-CT Relapse at 8 months?

Findings were mixed. Table 5 shows prediction of relapse, relapse/recurrence, post-acute
remission, and recovery from sleep-disturbance intercepts (levels during A-CT) and slopes
(reductions during A-CT), among the 241 higher risk A-CT responders. Overall levels of
sleep disturbance on the PSQI and sleep-problems measure did not predict relapse at 8
months. Changes in subjective sleep disturbance measured with the PSQI, or presence
versus absence of sleep disturbance at randomization likewise did not predict relapse (see
Table 6). When measured with the sleep-problems scale, however, less improvement in sleep
disturbance predicted longer time to relapse (HR = 0.70), an unexpected, counter-intuitive
finding. We explored whether floor effects or incomplete control of pre-A-CT sleep
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problems may have contributed to this non-hypothesized result. Consistent with this
possibility, prediction of relapse from sleep-problems slopes became non-significant, p=.
36, when baseline sleep problems score was added to the model as a covariate.

Does Subjective Sleep Disturbance Throughout A-CT and at Randomization Predict Post-
A-CT Relapse/Recurrence at 32 months?

No. Neither sleep-disturbance intercepts nor slopes measured throughout the acute phase,
nor presence versus absence of sleep disturbance at randomization predicted depression
relapse or recurrence over the full 32 months of follow-up.

Does Subjective Sleep Disturbance Throughout A-CT and at Randomization Predict Post-
A-CT Remission and Recovery at 32 months?

Yes. Both the PSQI and sleep-problems scales predicted remission and recovery. Patients
with greater reduction in sleep disturbance during A-CT remitted and recovered sooner. In
addition, patients with less sleep disturbance overall on the PSQI recovered sooner. For the
sleep-problems scale, the intercept interacted significantly with treatment arm, A2,
2.25*108) = 3.58, p= .03, when predicting recovery. Simple slopes analysis showed that
fewer sleep problems predicted recovery in the FLX arm only (see Table 5, Model 8, for
simple slopes).

Among the sample of higher risk A-CT responders randomized to continuation treatment (A
= 241), 60.2% had clinically significant sleep disturbance (PSQI = 5) at randomization.
Controlling depression-symptom severity at randomization, the presence (versus absence) of
clinically significant sleep disturbance predicted longer time to remission (HR = 0.69) and
recovery (HR = 0.59; see Table 6). At the end of the continuation phase, the estimated
proportions of patients reaching remission were 86.7 versus 94.5%, and 25.8 versus 39.7%
reaching recovery, for those with versus without clinically significant sleep disturbance at
randomization. Similarly, at the end of the follow-up phase (32 months post-randomization),
the estimated proportions of patients reaching remission were 97.4 versus 99.5%, and 90.4
versus 98.1% reaching recovery, for those with versus without clinically significant sleep
disturbance at randomization.

Does Subjective Sleep Disturbance Continue to Improve During 8 months of Continuation-
phase Treatment?

Improvements in sleep endured, but no additional reduction in sleep disturbance was
observed. For both scales, the main effects of time, continuation treatment, and their
interaction, were non-significant (s > .16). Parallel analyses contrasting active treatment
(C-CT or FLX) with PBO also yielded no significant main effects or interactions (s > .22).

Does Subjective Sleep Disturbance Continue to Improve 32 Months After A-CT?

Again, enduring improvement but no additional gains were evident. All main effects of time,
continuation treatment, and their interaction were non-significant for both scales (s > .20).
Parallel analyses contrasting active treatment (C-CT or FLX) with PBO also yielded no
significant main effects or interactions, (s > .26). The lack of significant effects suggests
that sleep-disturbance means were relatively stable for 32 months after A-CT. Figure 2,
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which displays estimated scale means, and Table 2 reporting proportions of patients with
clinically elevated PSQI scores, also support this conclusion.

Conclusions

The aim of these analyses was to clarify the extent to which changes in subjective sleep
disturbance over the course of A-CT may affect treatment response, remission, episode
recovery, and risk for relapse/recurrence during and after continuation-phase treatments.
Results offered mixed support for links between changes in sleep and shorter- and longer-
term outcomes in depressive symptoms. Findings support that A-CT can improve subjective
sleep disturbance compared to baseline; however, the average participant and roughly 64%
of the sample still met the threshold for “poor sleep,” which is consistent with reports of
high rates of residual sleep disturbance following depression treatment (e.g., Carney et al.,
2011; Pigeon et al., 2009). Furthermore, patients with “persisting” sleep disturbance had
only a 2.6% probability of acute-phase remission in our sample. Responders to A-CT with
greater subjective improvement in sleep are more likely to achieve response and acute-phase
remission and have a shorter time to post-acute remission and recovery compared to
responders with less improvement in sleep disturbance. However, we found a significant
interaction with treatment, such that overall sleep problems during A-CT predicted slower
recovery only in the FLX arm. This may be because FLX has negative effects on sleep
architecture, including increased stage-1 sleep and reduced REM sleep (Armitage et al.,
1997; Rush et al., 1998). Individuals already experiencing sleep problems who begin FLX
treatment may experience continued sleep disturbance that could prolong depression
symptoms. This finding should be evaluated in future studies with exploration of
directionality and potential mechanisms.

For the most part, sleep changes during A-CT did not predict relapse or recurrence during or
after continuation phase treatments. We did, however, observe a contrary finding. Less
reduction in subjective sleep disturbance (measured only by the sleep-problems scale)
predicted a longer time to relapse over the 8-month continuation phase. This finding may
reflect a Type | error because it did not replicate across measures and time points and could
have been linked to baseline sleep-disturbance severity (e.g., floor effects) that was not fully
captured by the sleep-problems intercept. Indeed, when baseline sleep-problem scores were
added to the model, the effect was no longer significant. Future studies that stratify patients
at baseline according to their initial levels of sleep disturbance, including hypersomnolence,
and then examine trajectories over time would shed light on this finding.

None of the continuation-phase treatments further improved sleep; however, the importance
of achieving quicker recovery and maintaining gains in sleep improvement should not be
underestimated. Sleep disturbance is independently associated with negative health
outcomes including greater risk of cardiovascular and metabolic disorders (Grandner et al.,
2012), cognitive impairment (Blackwell et al., 2006), and suicide (Pigeon et al., 2012).
Given that these outcomes are likewise associated with MDD (Angst et al., 1999;
Musselman et al., 1998; Rock et al., 2014; Vancampfort et al., 2015), treatment of sleep
disturbance in the context of MDD has the potential to reduce overall burden of illness, a
hypothesis that should be tested in future research. Our finding that sleep improvements
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predicted quicker depression remission and recovery supports careful targeting of sleep
disturbance in acute-phase treatment, pending replication. Notably, the parent RCT was
designed prior to research that established the efficacy of CBT-I (Trauer et al., 2015).
Nevertheless, our findings are in line with burgeoning research showing that insomnia
treatment is associated with improvements in depressive symptoms (Ballesio et al., 2018;
Cunningham & Shapiro, 2018; Gebara et al., 2018b). The efficacy of CBT-I as an adjunct to
continuation-phase treatment for residual sleep disturbance has not been tested as a relapse-
prevention strategy and is an important area for further research.

The present study has several strengths. First, building on the foundation of Manber et al.
(2016) who explored how changes in insomnia severity following CBT-1 affected depression
symptoms during acute-phase depression treatment, our analyses incorporate post-
continuation outcomes, demonstrating longer term effects of improved sleep on depression
recovery. Second, we both used a widely validated measure of sleep disturbance (PSQI) and
derived a psychometrically sound scale of sleep disturbance from clinician-rated and self-
reported measures of depression symptoms, demonstrating that results are consistent across
measures and lessening the likelihood that mixed findings in the literature are predominantly
due to heterogeneity in measurement. Analyses were performed on a large two-site sample
with 32 months of post-randomization follow-up.

Notwithstanding these strengths, the study did not include objective measures of sleep
disturbance and did not assess for sleep disorders such as obstructive sleep apnea or restless
leg syndrome. Findings are limited by design characteristics (e.g., a focus on adults with
recurrent depression, highly experienced CT therapists providing a relatively large “dose” of
therapy). Our findings are generalizable only to those with similar sample characteristics.

As sample size was generated based on power calculations for the original RCT, current
analyses may be under powered to examine relations between sleep disturbance and relapse/
recurrence. Additionally, we did not systematically assess the degree to which sleep
disturbance was addressed during A-CT. Finally, our derived sleep-problems scale was
constructed in part from items from the HRSD-17, the remaining items of which were used
to assess treatment outcome.

Our findings highlight the importance of addressing sleep disturbance in both acute- and
continuation-phase treatment to enhance depression outcomes. Monitoring and treating
changes in self-reported sleep disturbance during acute-phase treatment could prove key to
hastening recovery. Given mounting evidence that insomnia treatment yields antidepressant
effects, future research should explore individual factors that may predict which patients are
more likely to need adjunctive insomnia treatment to achieve faster and more stable
remission.
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Highlights

. Greater reductions in sleep disturbance predicted increased likelihood of
remission

. Patients with greater reductions in sleep disturbance recovered sooner

. Sleep disturbance did not predict relapse/recurrence of major depression
consistently

. Continuation treatment did not further improve sleep disturbance

. Improvements in sleep achieved during the acute phase were maintained
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Figure 1.

Changes in sleep and depression during A-CT.

Decreases in the Pittsburgh Sleep Quality Index (PSQI) global score, sleep-problems scale,
and the depression-symptom severity index (which excluded sleep items) were statistically
significant, ps < .001, during acute-phase cognitive therapy for recurrent depression (A-CT).
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Changes in sleep disturbance among higher risk A-CT responders.

PSQI = Pittsburgh Sleep Quality Index. A-CT = Acute-phase cognitive therapy. Cont. Tx. =
continuation treatment. w = week, m = month. Among higher risk responders to A-CT,
additional changes in the PSQI global score and sleep-problems scale were not statistically
significant through 8 months of continuation treatment (Cont. Tx; continuation cognitive
therapy, fluoxetine with clinical management, or pill placebo with clinical management) or
through 32 total months of follow-up.
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Table 1.

Demographic and clinical characteristics of sample at diagnostic evaluation

Variable M or % SD

Patient Characteristics at Diagnostic Evaluation Prior to the Acute Phase (V= 523)

Age (years) 42.37 12.11
Gender

Female 67.5%

Male 32.5%

Race/ethnicity

Asian 1.9%
Black 10.3%
Hispanic 5.2%
Other 1.7%
White 80.9%
Education (years) 15.06 293
Hamilton Rating Scale for Depression 21.22 4.19
Mild (< 20) 38.4%
Moderate (20-29) 58.5%
Severe (= 30) 3.1%
Acute-phase Cognitive Therapy Outcomes (V= 523)
Non-response 38.2%
Response 61.8%
Stable response / remission 9.4%

Observed Outcomes among Randomized Higher-risk Responders after the Acute Phase (V= 241)

Remission 69.7%
Recovery 46.9%
Relapse / recurrence 33.2%
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Page 21

Estimated proportions of patients with clinically significant sleep disturbance on the Pittsburgh Sleep Quality

Index.

Time Point

%

Acute-phase Cognitive Therapy (V= 523)

Diagnostic Intake
Week 1

Week 4

Week 8

Week 12

93.7%
92.2%
81.1%
72.1%
64.1%

Acute-phase Responders Randomized to Continuation-Phase Treatment (V= 241)

Month 0 (randomization)
Month 4

Month 8

Month 12

Month 16

Month 20

Month 24

Month 28

Month 32

58.1%
56.5%
51.5%
47.9%
52.8%
51.2%
51.7%
53.4%
52.9%

Note. Scores = 5 on the Pittsburgh Sleep Quality Index (PSQI) mark clinically significant sleep disturbance.
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Table 3.
Prediction of response, remission, and depression-symptom change in all patients during acute phase cognitive
therapy (AV=523).
Model: Outcome Predictor Beta SE OR
1: Response PSQI Global: Acute-phase intercept -0.760°* 0.124 047
PSQI Global: Acute-phase slope —0.7407** 0.138 0.8
2: Response Sleep problems: Acute-phase intercept -0.612** 0.112 0.54
Sleep problems: Acute-phase slope 0572 0130 056
3. Acute-phase remission PSQI Global: Acute-phase intercept ~1.1277* 0.254 0.32
PSQI Global: Acute-phase slope -1.3077* 0.259 0.27
4. Acute-phase remission Sleep problems: Acute-phase intercept  -0.841 " 0.243  0.43
Sleep problems: Acute-phase slope 1142 0254 0.32
5. Depression-symptoms at week 12 PSQI Global: Acute-phase intercept 0.305°*  0.044
PSQI Global: Acute-phase slope 0455 0.042
6. Depression-symptoms at week 12 Sleep problems: Acute-phase intercept 0,239  0.044
Sleep problems: Acute-phase slope 0.402°*  0.046

Note. N=523. PSQI = Pittsburgh Sleep Quality Index. Sleep-problems scale derived from depression inventories. Depression severity scale does
not include sleep items. Models 1-4 are logistic, and models 5-6 are linear, regression. All predictors and the symptoms outcome are standardized
(M=0, SD=1). All models control depression severity at intake to the acute phase. OR = odds ratio.

HokA

p<.001, two-tailed. Note: “Response” marks the beginning of clinically significant improvement in depression symptoms, defined as absence
of DSM-1VMDD andan HRSD-17 score of < 12. “Remission” is consistent evidence of asymptomatic status, defined as the last seven consecutive

acute-phase HRSD scores <7.
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Table 4.

Patterns of clinically significant sleep problems during acute-phase cognitive therapy.

Clinically significant  Proportion of A-CT  Probability of A-CT  Probability of A-CT

sleep disturbance sample response remission
Decreasing 31.4% 79.6% 18.4%
Persisting 62.3% 52.1% 2.6%
Absent 4.5%
Emerging 1.8%

Note. N=523. A-CT = Acute-phase Cognitive Therapy. Probabilities of response and remission were not estimated for absent or emerging sleep
disturbance groups due to small sample sizes.
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Table 5.
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Prediction of time to relapse, recurrence, remission, and recovery among A-CT responders across 8 and 32

months (N=241).

Model: Outcome Predictor Beta SE HR
1: Relapse (8 months) PSQI Global: Acute-phase intercept 0.078 0.168 1.08
PSQI Global: Acute-phase slope 0.035 0.176 1.04
2: Relapse (8 months) Sleep problems: Acute-phase intercept -0.103 0.151 0.90
Sleep problems: Acute-phase slope ~0353F 0.178 0.70
3. Relapse/recurrence (32 months) PSQI Global: Acute-phase intercept -0.023 0.125 0.98
PSQI Global: Acute-phase slope 0.034 0.127 1.03
4. Relapse/recurrence (32 months) Sleep problems: Acute-phase intercept ~ —0.072  0.108 0.93
Sleep problems: Acute-phase slope -0.148 0.121 0.86
5. Post-acute remission (32 months)  PSQI Global: Acute-phase intercept -0.139  0.093 0.87
PSQI Global: Acute-phase slope —0.276*° 0.099 0.76
6. Post-acute remission (32 months)  Sleep problems: Acute-phase intercept -0.015 0.074 0.98
Sleep problems: Acute-phase slope —0.184F 0.092 0.83
7. Recovery (32 months) PSQI Global: Acute-phase intercept —0.267 0117 0.77
PSQI Global: Acute-phase slope ~0.345*F 0113 0.71

8. Recovery (32 months) Sleep problems: Acute-phase intercept
SS: Continuation cognitive therapy 0.122 0.170 1.13
SS: Continuation fluoxetine -0.399% 0.159 0.67
SS: Continuation pill placebo 0.139 0.170 1.15
Sleep problems: Acute-phase slope -0.307%F 0107 0.74

Models 1-8 are Cox regression. PSQI = Pittsburgh Sleep Quality Index. SS = simple slope. Sleep-problems scale derived from depression

inventories. Depression severity does not include items referencing sleep directly. All predictors and the symptoms outcome are standardized (M=
0, SD=1). HR = hazard ratio. All models controlled depression-symptom severity at intake to the acute phase, as well as continuation treatment
arm (cognitive therapy, fluoxetine, or pill placebo with clinical management). Non-significant (o > .05) interactions of acute phase intercept and
slope with treatment arm were removed from the final models. Note: “Post-acute Remission” is defined as six Psychiatric Status Ratings of 2 or
less over the six weeks post randomization using the Longitudinal Interview Follow-up Evaluation; “Recovery,” is sustained remission, defined as
remission lasting = eight consecutive months; “Relapse,” is defined as exacerbation of the presenting episode after a response but before recovery;

and “Recurrence,” defined as meeting DSM-/V criteria for MDD after recovery.

*
p<.05,

p<.01, two-tailed.
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Predictors of time to post-acute outcomes from clinically significant sleep disturbance.

Table 6.

Model: Outcome Predictor Beta SE HR
1: Relapse (8 months) PSQI=5  -0.004 0.328 1.00
2: Relapse/recurrence (32 months) PSQI=5 -0.085 0.234 0.92
3. Post-acute remission (32 months)  PSQI>5 _gg3g6* 0.175 0.69
4. Recovery (32 months) PSQI25 _gg539** 0199 059

Note. N=241. Models are Cox regression. PSQI = Pittsburgh Sleep Quality Index. HR = hazard ratio. All models controlled depression-symptom
severity at randomization to continuation treatment, as well as continuation-treatment arm (cognitive therapy, fluoxetine, or pill placebo with
clinical management). Non-significant (o> .05) interactions of sleep problems with treatment arm were removed from the final models.

*
p<.05,

Ak
p<.01, two-tailed
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