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Abstract
Objective—Insomnia and objectively measured sleep disturbances predict poor treatment
outcomes in patients with major depressive disorder (MDD). However, prior research has utilized
individual clinical trials with relatively small sample sizes and has focused on insomnia symptoms
or objective measures, but not both. The present study is a secondary analysis that examines the
degree to which insomnia, objective sleep disturbances, or their combination, predicts depression
remission following pharmacotherapy and/or psychotherapy treatment.

Methods—Participants were 711 depressed patients drawn from six clinical trials. Remission
status, defined as a score of ≤ 7 on the Hamilton Rating Scale for Depression (HDRS) over two
consecutive months, served as the primary outcome. Insomnia was assessed via the 3 sleep items
on the HDRS. Objectively measured short sleep duration (total sleep time < = 6 hours), and
prolonged sleep latency (SL >30 minutes) or wakefulness after sleep onset (WASO>30) were
derived from in-laboratory polysomnographic (PSG) sleep studies. Logistic regression predicted
the odds of non-remission according to insomnia, each of the objective sleep disturbances, or their
combination, after adjusting for age, sex, treatment modality, and baseline depressive symptoms.

Results—Prolonged sleep latency alone (OR = 1.82; CI: 1.23, 2.70) or in combination with
insomnia (OR = 2.03; CI: 1.13, 3.95) predicted increased risk of non-remission. In addition,
insomnia and sleep duration individually and in combination were each associated with a
significantly increased risk of non-remission (p’s < .05).

Conclusion—Findings suggest that objectively measured prolonged sleep latency and short
sleep duration independently, or in conjunction with insomnia are risk factors for poor depression
treatment outcome.

Insomnia and objectively measured sleep disturbances are associated with slower treatment
response and poorer treatment outcomes in patients with major depression.1–3 Although
complete recovery is the goal of depression treatment, this is often an elusive goal, and sleep
disturbances are among the most common residual symptoms.4–6 A recent study found a
residual insomnia rate of 51% among patients who showed remission of other depressive
symptoms following 20 weeks of either cognitive behavioral therapy or pharmacotherapy.7
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Subjective complaints of insomnia and specific objective sleep disturbances measured with
polysomnography (i.e., increased phasic rapid eye movement (REM) sleep, diminished slow
wave sleep, and disturbed sleep continuity) predict symptom ratings, attrition and remission
rates, stability of treatment response, and suicidal ideation in patients with depression.8–12

Furthermore, in previously remitted depressed persons, insomnia may be a prodromal
symptom heralding the onset of a new depressive episode.13–15

Given that sleep disturbances are highly prevalent, portend poorer treatment outcomes, and
when left untreated, increase risk for relapse in depressed populations, understanding the
links between sleep disturbances and depression treatment outcome is critical. Previous
studies of sleep and depression treatment outcome have been limited by the use of individual
clinical trials with relatively small sample sizes and generally restricted to single treatment
modalities and/or focused exclusively on insomnia complaints or EEG characteristics.
However, the combination of insomnia with an objective marker of sleep disturbance may
represent a biological marker of insomnia severity with added prognostic value. For
instance, insomnia combined with polysomnographically-assessed short sleep duration has
been linked with higher rates of hypertension,16 diabetes,17 and neurocognitive deficits.18

To our knowledge, no study to date has examined the impact of insomnia combined with an
objective indicator of sleep disturbance on depression treatment outcome.

The present study represents a secondary analysis of data drawn from six clinical trials
involving acute or maintenance treatment with psychotherapy, medication, or combination
treatment, to examine the degree to which insomnia complaints and homologous PSG
measures of disrupted sleep (defined as sleep duration <=6 hours, sleep latency > 30
minutes, or wakefulness after sleep onset > 30 minutes) predict depression remission status
(defined as HDRS scores <=7 over two consecutive months) in a sample of 711 treated
depressed patients. These specific PSG sleep disturbances, as opposed to other sleep
architectural anomalies, were selected because they are most consistent with standard
quantitative criteria typically used in clinical trials to define insomnia severity. Specifically,
we examined the degree to which insomnia or PSG characteristics, alone or in combination,
predict remission status in a large sample of clinically depressed adults. We predicted that
insomnia symptoms and PSG sleep disturbances would individually be associated with
increased risk of non-remission, and the combination of insomnia with an objective indicator
would potentiate the risk. We also examined whether the combination of multiple sleep
disturbances (defined as the total number of objective sleep disturbances and insomnia)
increased risk of non-remission. Follow-up analyses explored whether the risk associated
with sleep disturbances differed depending on treatment modality.

Methods
Overview

Data for the current study include 711 depressed patients drawn from 6 clinical trials
conducted at the University of Pittsburgh between 1982 and 2001: Maintenance Therapies in
Recurrent Depression,19 Maintenance Therapies in Late-Life Depression,20 Psychobiology
of Recovery from Depression,21 Nocturnal Penile Tumescence in Depression Study,22

Social Zeitgebers in Depression,23 and Maintenance Psychotherapy in Recurrent
Depression.24 Detailed methods and main hypotheses for each of these studies have been
published previously.

Herein, we briefly summarize methods germane to the present analyses and shared across
the studies. Specifically, all 6 studies had the following in common: (1) an intake diagnosis
of major depressive disorder (nonpsychotic, nonbipolar subtypes) determined according to
DSM-III, DSM-III-R, or DSM-IV criteria on the basis of a semi-structured clinical interview
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conducted by a clinician and faculty psychiatrist; (2) medical stability determined by
physical exam, laboratory studies, and electrocardiogram; (3) sleep measured via 1 or 2
nights of in-laboratory polysomnographic (PSG) sleep studies, following an adaptation sleep
night; (4) baseline depressive symptoms as rated by the Hamilton Depression Rating Scale
(HDRS25); (5) at least two consecutive monthly ratings of depressive symptoms using the
HDRS following at least 8 weeks of treatment; and (6) written informed consent provided
by all patients. As previously reported, psychotherapy modalities included interpersonal
psychotherapy (IPT26) and cognitive-behavioral therapy (CBT27), which had similar rates of
recovery and symptomatic symptoms.28 Pharmacologic treatments included tricyclic
antidepressants (imipramine or nortriptyline), selective serotonin reuptake inhibitors (SSRIs,
including fluoxetine and paroxetine) and bupropion. Based on the current report’s primary
aim of examining the degree to which sleep disturbances predict treatment outcome, and that
comparative efficacy data has been previously reported in a subset of this sample,28 the
various treatment types were grouped and included as a binary covariate in all statistical
models, coded as psychotherapy alone versus pharmacotherapy.

By design, the specific aims and eligibility criteria for each of the protocols resulted in large
differences across demographic and clinical characteristics. Therefore, factors which were
known to distinguish the individual protocols and to be risk factors for treatment prognosis
(i.e., age, sex, depressive symptom severity, duration of follow-up, and treatment modality)
were included as statistical covariates in all models.

Sleep Studies
Sleep studies were conducted after a minimum 14-day, psychotropic medication-free
evaluation period. All protocols recorded sleep using in-laboratory PSG for 2 or 3
consecutive nights. The recording period for sleep studies varied somewhat depending on
protocol. For sleep studies recorded prior to 1990 (n = 403), the recording period was set by
the laboratory. For studies occurring after December 1990 (n = 289), sleep recordings were
scheduled to be consistent with participants’ habitual “goodnight” and morning wake-up
times (determined by self-report or sleep diaries). To minimize adaptation effects associated
with sleep assessment,29 sleep data included only non-adaptation nights, i.e., Night 2 or the
average of Nights 2 and 3. Sleep data were obtained using a standard PSG montage that
includes one channel of electroence phalography (EEG; C3 or C4 referenced to A1–A2),
bilateral electro-oculograms, and bipolar submental electromyograms (EMGs) with sleep
records scored in one-minute epochs according to standard criteria,30 and consistent with
scoring conventions at the time the studies were conducted.31 The derived sleep variables of
consideration in the present study included total sleep time (TST; time spent asleep), sleep
latency (SL; time from beginning of the recording period to the first of 10 consecutive
minutes of Stage 2, slow wave, or REM sleep uninterrupted by no more than 1 minute of
wakefulness, or 2 minutes of stage 1 sleep), and wakefulness after sleep onset (WASO;
minutes of intermittent wakefulness). In accordance with quantitative severity criteria
typically used in insomnia research,32;33 each of these sleep measures were categorized into
binary variables to reflect the presence of a clinically significant sleep disturbance as
follows: short sleep duration (TST < 6 hours), prolonged sleep latency (SL >30 minutes),
and prolonged WASO (WASO >30 minutes). We also analyzed each of the objective sleep
disturbances as continuous predictors and results were similar (analyses available upon
request). Therefore, analyses presented herein are based on dichotomous sleep disturbances
derived from clinically-based quantitative thresholds.

Baseline clinical severity, insomnia, and treatment outcome
For each of the study protocols, at study entry and regularly throughout the treatment
protocol, patients were administered the HDRS25 by a trained, independent clinician. The
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HDRS is a clinician-administered interview scale that assesses the presence and severity of
17 symptoms of depression experienced in the past week using a varied response format
ranging from 0–2 to 0–4 (with higher scores indicating greater depression severity), and
exhibits well-documented reliability and validity.34 The HDRS includes 3 sleep disturbance
items which pertain to early, middle, and late insomnia (i.e., difficulty falling asleep,
difficulty staying asleep, and early morning awakenings). Patients who endorsed a clinically
significant sleep complaint on any of these sleep items (as indicated by a score of >=2) were
categorized as having insomnia. Baseline depressive symptoms were derived from HDRS
scores with sleep items removed and included as a statistical covariate in all models. In
addition, anxiety symptoms as defined by two items on the HDRS assessing psychic and
somatic anxiety symptoms, were also included as a covariate in follow-up analyses. The
primary outcome in the current analyses was remission status, defined by an HDRS score of
≤7 for two consecutive monthly ratings, as this threshold is one of the most commonly used
and recommended criteria for defining remission status in depression treatment studies.35

Analyses
Study hypotheses were examined using a series of logistic regression models, adjusted for
age, sex, treatment modality, number of weeks of follow-up, and baseline depression
severity (HDRS with sleep items removed). Specifically, the first set of logistic regression
models regressed remission status (with non-remission coded as 1 and remission coded as 0)
on the presence of subjective insomnia symptoms or an objective marker or sleep
disturbance (SL>30, WASO >30, or TST <=6 hours, each entered individually). Next, to
examine whether the combination of insomnia symptoms with an objective sleep
disturbance potentiates the risk for non-remission, we entered the insomnia complaint, each
of the objective sleep disturbances (in separate models) and the interaction between
insomnia and the objective marker into the logistic regression models. For significant
interaction effects, we used dummy-coded contrasts to examine the nature of the interaction.
That is, we compared the referent group (those without insomnia and without the particular
objective sleep disturbance) to the following contrasts: those with insomnia only, those with
the objective marker only (no insomnia), or those with insomnia and the objective marker.
For significant effects, we examined the 2-or 3-way interaction terms, respectively, between
individual sleep disturbances, or the combination of objective and subjective sleep
disturbances, and treatment modality (pharmacotherapy or combined treatment versus
psychotherapy alone). Finally, we examined whether increasing numbers of sleep
disturbances (defined as the sum of each objective sleep disturbance and the insomnia
complaint) were associated with increased risk of non-remission.

Given that anxiety symptoms have been shown to predict poor treatment response in
depression,36;37 for all results reported, we conducted analyses with baseline anxiety
symptoms (from HDRS) covaried in place of baseline depressive symptoms. In all cases,
results were unaffected by covarying anxiety symptoms. Therefore, we report results
covarying only for depressive symptoms.

Results
Demographic, clinical, and sleep characteristics for the total sample and according to the
presence of each of the objective sleep disturbances and insomnia complaint are reported in
Table 1. Overall, the sample was predominantly female (74%) and Caucasian (93%) with a
mean age of 43.5 years (SD = 15.2). Overall, baseline depressive symptoms were in the
moderate range of clinical severity for the total sample. Roughly three-quarters of patients
(73%) evidenced a subjective complaints of insomnia. The majority of those with a
significant insomnia complaint had more than one insomnia symptom and the frequency of
each insomnia symptom was roughly equivalent (37% with initial insomnia, 40% for middle
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insomnia, and 39% for “late” insomnia; i.e., early morning awakenings). The prevalence of
objective markers of sleep disturbances was considerably lower (ranging from 20% for
prolonged SL to 37% for WASO >30). Individuals with insomnia or any of the objective
sleep disturbances were older, had higher depressive symptoms at baseline (with or without
sleep items included), and were more likely to have received pharmacologic treatment than
those without the particular sleep disturbance. Thirty-seven percent of the population did not
meet remission criteria, and those with objectively prolonged sleep latency were more likely
to be non-remitters relative to those who had sleep latencies <=30 minutes.

Logistic regression models which regressed each of the individual sleep disturbances on
remission status, after adjusting for covariates, revealed that prolonged SL was an
independent predictor of non-remission (Figure 1). Neither the subjective complaint of
insomnia, nor TST or WASO predicted remission status independently, although the odds
ratios for each of the objective markers were in the direction of increased risk. There were
no significant interactions between individual sleep disturbances and treatment modality
(analyses not shown).

Next, we examined the interaction between insomnia and each of the objective markers of
sleep disturbance. As shown in Table 2, Model 1, when the main effects of insomnia,
objectively measured SL, and their interaction were included, there was a significant main
effect of prolonged SL and a statistically significant interaction between insomnia and
prolonged SL. For the model including TST (Model 3), there were significant main effects
of both insomnia and TST, and their interaction was also statistically significant. There was
not a significant main effect of WASO nor a WASO*insomnia interaction (Model 2). There
were no significant three-way interactions between objective EEG sleep disturbances,
insomnia, and treatment modality (analyses not shown).

To further explore the significant insomnia*SL and insomnia*TST interactions, we
conducted follow-up logistic regression models which included dummy-coded contrasts for
insomnia without EEG sleep disturbance (i.e., either SL>30 or TST <6), EEG sleep
disturbance without insomnia, or the combination of insomnia with EEG sleep disturbance,
in comparison to the referent group (neither insomnia nor EEG sleep disturbance). The
percentage of patients in each of these subgroups is depicted in Figure 2. As shown in Figure
3, prolonged sleep latency without insomnia, or in conjunction with insomnia was associated
with significantly increased risk of non-remission. For the TST criterion, insomnia without
PSG-measured short sleep, short sleep without insomnia, and their combination each were
associated with significantly increased risk of non-remission.

Given these differences, we explored potential demographic (age at baseline, sex) and
clinical characteristics (age of depression onset, duration of depressive episode, baseline
depressive symptoms, and baseline anxiety symptoms) which might distinguish these sleep
subgroups. Neither age, sex, age of onset, or duration of depressive episode were associated
with sleep subgroups, independent of study entry criteria. However, baseline depressive
symptoms (with sleep items removed) and anxiety symptoms did differ among the groups.
Specifically, the combination of insomnia with either objective marker (prolonged sleep
latency or short sleep time) was associated with significantly higher baseline depressive and
anxiety symptoms (p < .05).

Finally, we examined whether the total number of sleep disturbances (ranging from 0 to 4)
was associated with increased risk of non-remission. Due to the distribution of this summary
score, individuals with 3 or 4 sleep disturbances were combined into a single group. As
shown in Figure 4, compared to the referent group with no sleep disturbances, those with 3
or more sleep disturbances were 3 times as likely to be non-remitters.
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Discussion
In this secondary analysis of a large, well-characterized sample of clinically depressed
patients, we identify specific objective sleep disturbances that are associated with poor
treatment outcome in depression. In particular, we found that objectively measured
prolonged sleep latency (>30 minutes) is associated with significantly increased risk of non-
remission following pharmacologic and/or psychotherapeutic treatment for depression.
Results were independent of baseline clinical characteristics (depression or anxiety
symptoms), length of follow-up, treatment modality (psychotherapy alone versus
pharmacotherapy with or without psychotherapy) and demographic characteristics (age, sex)
which are known to influence treatment outcomes. We also found that increasing numbers
of sleep disturbances, particularly those with 3 or more disturbances were 3 times more
likely to be non-remitters than those without any sleep disturbances. These findings are
consistent with previous evidence linking prolonged sleep latency with adverse physical
health outcomes, including risk of developing the metabolic syndrome38 and mortality.39 In
contrast, subjective insomnia complaints alone were not associated with increased risk of
poor treatment outcome. In populations in which insomnia is commonly comorbid, perhaps
only the more severe insomnia phenotypes, characterized by objective sleep disturbance, are
associated with increased risk for poor outcomes.

Indeed, we found that insomnia in combination with objectively measured prolonged sleep
latency predicted increased risk of non-remission. In addition, insomnia and short sleep
duration individually and in combination were associated with a significantly increased risk
of non-remission. Notably, with regards to both combinations of objective criterion with or
without insomnia, the population with the objective marker but lacking the insomnia
complaint were the smallest subgroups (n=27 for prolonged sleep latency without insomnia
and n=44 for short sleep duration without insomnia). Thus, caution is warranted in
interpreting the odds ratios associated with these specific subgroups due to the relatively
small sample sizes.

Nevertheless, these findings suggest important avenues for future research as they highlight
the heterogeneity in traditional characterizations of sleep disturbances. This is perhaps most
striking when considering the consistently reported health risks associated with short sleep
duration. Epidemiologic investigations typically define short sleepers on the basis of
subjective responses to a single-item question assessing typical sleep duration, without
assessing distress associated with short sleep (necessary for identifying insomnia), and
without assessing sleep duration objectively. Therefore, the question remains whether the
risk associated with short sleep duration is due to the pathophysiological effects of short
sleep in the absence of distress (i.e., non-complaining short sleepers), or the combination of
short sleep with concomitant distress that may potentiate risk.

Investigation of these sleep subgroups has clear clinical implications as they may be
characterized by differential risk trajectories and may require different treatment approaches.
For instance, a limited number of studies have sought to characterize “non-complaining
short sleepers,” with some evidence suggesting higher rates of subclinical hypomanic
symptoms in this subgroup40. Other studies have shown that non-complaining short sleepers
primarily differ from their complaining, short sleeping counterparts, in their lack of
psychological distress.41–43

Our exploratory analysis did not identify specific clinical or demographic characteristics that
distinguished the subgroup with short sleep duration or prolonged sleep latency, without
insomnia (the smallest subgroups). Rather, consistent with our hypothesis that the
combination of an objective marker of sleep disturbance with insomnia may represent a
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more biologically severe phenotype of insomnia, we found that the subjective + objective
disturbance groups had significantly higher baseline measures of depressive and anxiety
symptoms. These findings are also consistent with Vgontzas and colleagues’ work showing
that the combination of insomnia with objectively measured short sleep duration potentiates
the risk for adverse outcomes, ranging from neurocognitive functioning to hypertension,
diabetes, and mortality.16–18;44 Given robust links between depression and cardiometabolic
consequences,45–48 the combination of insomnia with objectively measured sleep
disturbances may confer increased risk for poor depression outcomes, as well as accelerated
risk trajectories for cardiometabolic morbidity and mortality. Previous evidence also
suggests that the combination of insomnia with high stress responsivity may represent a
distinct endophenotype of depression49–52.

Several inherent limitations associated with this secondary data analysis warrant caution in
interpreting the findings. Based on stringent eligibility criteria for each of the included
protocols, patients with severe, comorbid psychiatric diagnoses were excluded, which may
limit generalizability to the broader population of depressed individuals. Other limits to
generalizability concern the fact that the sample was predominantly female and Caucasian,
and included a disproportionate number of patients with recurrent depression. In addition,
the outcome in the current study, remission status, was based on HDRS scores of ≤7 for two
consecutive monthly ratings, as this threshold is one of the most commonly used and
recommended criteria for defining remission status in depression treatment studies.35

However, given that the total score includes sleep items, it is possible that non-remission
reflects stability of sleep complaints rather than non-remission of depression per se.
However, in follow-up analyses that restricted the sample to those with scores on the HDRS
sleep items at baseline <4 (29% of the sample), results were unchanged, suggesting that our
definition of non-remission was reflecting symptoms other than sleep complaints present at
baseline. More generally, pooling data from multiple protocols inherently introduces
heterogeneity which may pose a threat to the validity of the findings. However, these threats
were mitigated by statistical covariation for patient characteristics that differentiated the
individual protocols, by the absence of significant interactions based on treatment modality,
and the fact that all patients were selected from the same stable community population, were
diagnosed and assessed using standard, reliable measures, and were evaluated and treated at
the same institution by affiliated investigators. Regarding the in-laboratory sleep studies,
heterogeneity may also have been introduced due to differences in the protocols for the
timing of sleep recordings (based on fixed lab time or according to patients’ habitual sleep-
wake patterns). However, we conducted follow-up analyses controlling for sleep recording
methodology (habitual sleep/wake times versus fixed laboratory time) and results were
unchanged. Finally, given that the majority of patients included in these protocols conducted
between 1982 and 2001 were treated with tricyclic antidepressants, rather than SSRIs and
other current medications, it is possible that findings may differ, in a more contemporaneous
pharmacologically treated population. These caveats notwithstanding, this approach of
pooling data across individual clinical trials which utilize common assessment tools and
standardized treatment protocols offers the powerful opportunity to address research
questions that would otherwise be unanswerable by individual clinical trials.

Clinical implications of this research suggest that more aggressive depression treatment,
including treatment of sleep disturbances, is warranted in depressed individuals who
evidence subjective sleep complaints as well as objective sleep disturbances. Importantly,
while the presence of insomnia was nearly ubiquitous in the total sample of depressed
patients (73%), only 16–20% of the population had both insomnia and short sleep duration
or prolonged sleep latency, respectively. The use of non-invasive, and relatively inexpensive
sleep methodologies, such as actigraphy may facilitate the identification of these specific
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subgroups who may be at increased risk for poor treatment outcome as well as downstream
health consequences.
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Clinical Points

• Sleep problems are highly prevalent, often intractable symptoms which increase
the risk of poor depression treatment response and recurrence.

• Insomnia combined with objectively measured sleep disturbance may represent
a biologically more severe phenotype of insomnia.

• Treating sleep problems using empirically-supported behavioral or
pharmacologic interventions may play an important role in optimizing
depression treatment and prevention efforts.
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Figure 1. Logistic regression model predicting the odds of non-remission according to insomnia
or individual objective sleep disturbances
Filled diamonds depict adjusted odds ratios predicting non-remission; filled circles depict
lower and upper 95% confidence limits. Odds ratios are adjusted for age, sex, antidepressant
medication usage (yes/no), duration of follow-up, and baseline depressive symptom severity
(HRSD with sleep items removed). SL = sleep latency; WASO = wakefulness after sleep
onset; TST = total sleep time.
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Figure 2.
Distribution of sleep subgroups according to insomnia and objective Sleep Criterion (TST <
6 hours or SL > 30 minutes, respectively).
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Figure 3. Logistic regression model predicting the odds of non-remission according to the
presence or absence of insomnia and objective sleep disturbances
Filled diamonds depict adjusted odds ratios predicting non-remission; filled circles depict
lower and upper 95% confidence limits. Odds ratios are adjusted for age, sex, antidepressant
medication usage (yes/no), duration of follow-up, and baseline depressive symptom severity
(HRSD with sleep items removed). SL = sleep latency; WASO = wakefulness after sleep
onset; TST = total sleep time.
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Figure 4. Logistic regression model predicting the odds of non-remission according to increasing
numbers of sleep disturbances
Filled diamonds depict adjusted odds ratios predicting non-remission; filled circles depict
lower and upper 95% confidence limits. Odds ratios are adjusted for age, sex, antidepressant
medication usage (yes/no), duration of follow-up, and baseline depressive symptom severity
(HRSD with sleep items removed). Referent group are those with no sleep disturbances.
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Table 1

Sample Characteristics (N=711)

Mean SD

Sociodemographics

 Age 43.5 15.0

N %

 Female 526 74

 Caucasian 660 93

Clinical Characteristics Mean SD

 Current episode duration (weeks) 30.8 36.9

 Duration of follow-up (weeks) 15.9 11.6

 Total HDRSa score 20.7 4.3

 HDRS score (Sleep Items Removed) 17.6 3.6

Treatment Modality/Outcome N %

 Psychotherapy only 325 46

 Non-Remission 260 37

Subjective Sleep Disturbance N %

 Insomnia Complaint (endorses) 517 73

EEG Sleep Disturbance

 Sleep Latency >30 minutes 144 20

 Wake after Sleep Onset >30 minutes 264 37

 Total Sleep Time <= 6 hours 206 29

Note.

a
Hamilton Depression Rating Scale.
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Table 2

Logistic Regression Model Predicting Odds of Non-Remission Status according to Insomnia, EEG Sleep
Disturbances, and their interaction, adjusted for clinical and demographic risk factors (N = 711).

OR 95% CI

Model 1

 Insomnia 1.36 0.91, 2.05

 SL >30 4.71** 1.92, 11.57

 Insomnia × SL>30 0.33* 0.12, 0.88

Model 2

 Insomnia 1.33 0.85, 2.08

 WASO>30 1.84 0.92, 3.67

 Insomnia × WASO>30 0.65 0.30, 1.41

Model 3

 Insomnia 1.55* 1.01, 1.05

 TST <=6 hours 3.43** 1.64, 7.17

 Insomnia × TST<=6 0.32** 0.14, 0.74

Note.

*
p< .05,

**
p< .01. Insomnia= Endorses one or more insomnia complaint on HDRS sleep items. SL >30 = sleep latency > 30 minutes versus referent (SL

<=30); WASO>30= wakefulness after sleep onset >30 minutes versus referent (WASO <=30); TST<=6 = total sleeptime<= 6 hours versus referent
(TST>6). Covariates include: age, sex, antidepressant medication usage (yes/no), duration of follow-up, and baseline depressive symptom severity
(HDRSwith sleep items removed).
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