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Abstract

Background—In the context of a randomized controlled trial evaluating the efficacy of
augmenting fluoxetine treatment in young adults with major depressive disorder (MDD) using a
modified repeated partial sleep deprivation protocol contrasting two weeks of restricted time in
bed (i.e., 6h TIB) to no time in bed restriction (i.e., 8h TIB) the study examines whether sleep
duration and the timing of repeated partial sleep deprivation predicts patient reported affect
ratings.

Participants—Participants included 58 young adults with DSM-IV-diagnosed MDD.

Methods—Daily ratings of affect and sleep were collected during the first two weeks of initiating
fluoxetine treatment, yielding 630 person-days. Actigraphy monitoring was employed to assess
compliance with time in bed condition.

Results—Negative affect ratings and positivity ratios in the morning were more improved among
participants assigned to the 6h TIB condition compared to the 8h TIB group. Participants whose
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bedtime was delayed by 2 hours nightly demonstrated the most significant improvement in
negative affect and positivity ratio during the first two weeks of fluoxetine therapy. Moreover, the
trajectory of morning negative affect ratings in the first two weeks was predictive of remission
after 4 weeks of fluoxetine therapy.

Conclusions—These findings suggest that monitoring changes in daily affect may be a valuable
marker of early treatment response in young adults with MDD.

TRIAL REGISTRATION—-ClinicalTrials.gov identifier: NCT01545843
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Evidence-based pharmacotherapy for major depressive disorder (MDD) is readily available,
commonly employed and associated with a 60% improvement in symptoms during the first
two weeks of therapy (Posternak & Zimmerman, 2005). This early improvement is
positively correlated with long-term treatment outcomes (Henkel et al., 2009; Stassen,
Angst, Hell, Scharfetter, & Szegedi, 2007; Szegedi et al., 2009; Tadic et al., 2010). However,
some patients experience delays in response time or do not respond, with failure rates as
high as 30-40% (Bech et al., 2000; Nierenberg et al., 2000; Trivedi et al., 2006). Thus,
identifying characteristics that are connected to treatment response early in antidepressant
treatment is of clinical importance.

Important aspects of emotional functioning associated with treatment response may be
overlooked during the initial stages of antidepressant treatment when relying on periodic
symptom severity assessments (Bagby, Ryder, Schuller, & Marshall, 2004). Experience
sampling methods (ESM), by contrast, may provide a window into the dynamic mechanisms
underlying treatment response since these methods prospectively sample an individual’s
experiences (e.g., affect, behavior) overtime (Portell, Anguera, Hernandez-Mendo, &
Jonsson, 2015). They also have the advantage of reducing recall bias in depressed patients
(Hamilton & Gotlib, 2008) relative to weekly or bi-monthly assessments. Using ESM to
elucidate underlying affective states may aid treatment strategies and clinical decision
making by identifying factors that impact antidepressant treatment response over time.

Previous studies using ESM characterize mood by assessing two underlying affective states-
positive affect (PA) and negative affect (NA) - that represent separate orthogonal dimensions
and are negatively correlated within a person (Clark, Watson, & Leeka, 1989). Within this
framework, depression is characterized by a state of high NA and low PA or a low PA/NA
ratio, referred to as the positivity ratio (Diener, 2000) and an indicator of emotional well-
being (Fredrickson, 2001). Individuals with depression have a later peak in PA relative to
healthy controls (Murray, Allen, & Trinder, 2002; Watson, Wiese, Vaidya, & Tellegen, 1999)
and a distinct N-shaped diurnal pattern for NA, which is absent in healthy controls (Gordijn,
Beersma, Bouhuys, Reinink, & Van den Hoofdakker, 1994; Murray, 2007; Peeters, Berkhof,
Delespaul, Rottenberg, & Nicolson, 2006). These affective states are sensitive to
antidepressant treatment, with PA increasing and NA decreasing over the course of a 6-week
medication trial. Moreover, significant PA increases during the initial week of treatment
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have been associated with a reduction in depression symptom severity following
antidepressant treatment (Geschwind et al., 2011). While previous studies suggest that NA
and PA have different trajectories during depression treatment, no study has evaluated
whether experimental manipulations in the early stages of antidepressant therapy impact
these affective states.

In healthy adults, sleep deprivation can have adverse effects (c.f., Pilcher & Huffcutt, 1996)
specially impairments in affect (Krause et al., 2017), cognitive processing (e.g., attention
and working memory, cognitive control; Acheson, Richards, & de Wit, 2007; Demos et al.,
2016; Krause et al., 2017), and stress reactivity (Minkel et al., 2014), but it has also been
used therapeutically in patients with depression, including both total (Dallaspezia &
Benedetti, 2015) and partial-night sleep deprivation (PSD), (Dallaspezia & Benedetti, 2015;
Hemmeter, Seifritz, Hatzinger, Muller, & Holsboer-Trachsler, 1995; Holsboer-Trachsler &
Seifritz, 2000; Holsboer-Trachsler, Wiedemann, & Holsboer, 1988).). Limited evidence from
largely uncontrolled PSD studies indicates that late-PSD (i.e., restricting wakefulness to the
second half of the night by moving rise time earlier, i.e., advancing rise time) is more
effective than early-PSD (i.e., delaying bedtime) for depression (Sack, Duncan, Rosenthal,
Mendelson, & Wehr, 1988).

In a clinical trial where we experimentally manipulated time in bed (T1B) during the initial
two weeks of antidepressant treatment, we found that remission rates after 8 weeks were
loweramong depressed participants randomized to 6 hours’ time in bed (T1B) relative to
those assigned to 8 hours’ TIB. We further found that there were no differences in mood
outcomes between participants assigned to a 2-hour delay of bedtime (Late Bedtime group)
vs. those assigned to a 2-hour advance of rise time (Early Rise Time) (Arnedt et al., 2016).
In the current study, we extended these findings and fill an important gap in the literature by
evaluating the effects of a TIB manipulation on daily affect ratings (with consideration of
time of day) in the context of initiating antidepressant therapy using ESM. In addition, we
evaluate whether this information might have clinical utility by assessing whether changes in
affect are associated with antidepressant treatment response. The aims were to examine: (1)
the effect of time in bed (i.e., 6h TIB vs. 8h TIB) on affect i.e., NA, PA and PA/NA ratio; (2)
whether the dynamics of NA, PA and PA/NA ratio relate to the timing of PSD (i.e., Late
Bedtime vs Early Risetime); and (3) whether the dynamics of NA, PA, and PA/NA ratio
during the first two weeks are associated with treatment response at 2, 4, and 8 weeks.

Participant data were obtained from a randomized controlled clinical trial (ClinicalTrials.gov
identifier: NCT01545843) comparing treatment response following two weeks of 6h TIB or
8 h TIB delivered adjunctive to antidepressant therapy in outpatient adults with MDD. Study
characteristics are briefly summarized here with additional details regarding study design
and methods described elsewhere (Arnedt et al., 2016).

Participants were recruited through advertisements and clinical referrals and study
procedures were approved by the University of Michigan Medical School Institutional
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Review Board. All participants provided written informed consent. To be eligible,
participants had to be 18-65 years old, meet DSM-IV criteria for MDD of at least moderate
severity (= 18 on the 17-item Hamilton Rating Scale for Depression, HAMD-17), habitually
spend 7-10 hours in bed at night, and be free of antidepressants =2 weeks (=4 weeks for
longer-acting antidepressants). Exclusion criteria included: (1) lifetime DSM-IV diagnosis
other than MDD or generalized anxiety disorder; (2) past 6-month DSM-1V diagnosis of
alcohol abuse; (3) medical conditions associated with depression or that interfered with
sleep; (4) sleep disorder other than insomnia; (5) use of prescription or over-the-counter
remedy for sleep or depression; (6) failed fluoxetine trial within the past six months; (7)
overnight shift work; (8) pregnancy, breastfeeding, or inadequate contraception in women of
childbearing potential; (9) known contraindication to fluoxetine; and (10) clinical laboratory
values outside normal limits. Eight participants were excluded for suspicion of either sleep-
related breathing disorder (6 participants) or periodic limb movement disorder (2
participants), based on International Classification of Sleep Disorders-2 criteria during in-
laboratory screening with polysomnography that followed standard procedures (Iber, Ancoli-
Israel, Chesson, & Quan, 2007).

Study Design and Procedures

In this randomized, controlled parallel trial design, participants received open-label
fluoxetine 20-40 mg for eight weeks and were randomized (1:1:1) to the following TIB
conditions: 8h TIB (e.g., 23:00 to 07:00) or one of two 6h TIB schedules: Late Bedtime (a
two-hour delay of bedtime, e.g., 01:00 to 07:00); or Early Risetime (a two-hour advance of
rise time, e.g., 23:00 to 05:00) for the first two weeks of the study. Following a 3-night sleep
laboratory assessment, participants maintained their assigned TIB schedule for 14 (SD =
1.6) nights and took fluoxetine each morning. At-home compliance with the assigned TIB
condition was evaluated with wrist-worn actigraphy (Actiwatch-2™, Philips Respironics,
Murrysville, PA).

Outcome Measures

The Positive and Negative Affect Scale (PANAS; Watson, Clark, & Tellegen, 1988) was the
primary outcome measure with ratings completed twice daily, in the morning and evening,
for the first 2 weeks of the study. The PANAS is comprised of two 10-item scales measuring
positive affect (PA) and negative affect (NA). Scales consist of adjectives rated on a 5-point
scale ranging from 1 (very slightly or not at all) to 5 (extremely). Scores range from 10 — 50
with higher scores indicating a greater level of positive (sample M= 15.2, SD=5.2; range =
10 — 40) or negative affect (sample M= 14.8, SD = 5.6; range = 10 — 41). In the present
study, the PANAS had Cronbach’s alphas of .91and .85 for the PA and NA subscales,
respectively. To explore the relative balance between positive and negative affect, PA/NA
ratios were computed by dividing PA by NA scores with a higher PA/NA ratio indicting
greater well-being (sample M=1.1, SD=0.4; range 0.3 — 3.0).

Self-reported depression severity was assessed using the 16-item Quick Inventory of
Depressive Symptomatology-Self-Report (QIDS-SR; Rush et al., 2003). Total scores range
from 0 to 27 with higher scores indicating greater depression severity and scores < 5 indicate
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remission (sample M= 13.1, SD=3.9; range = 4 — 21). Ratings were completed at baseline
and weeks 2, 4, and 8 of treatment.

Participants recorded their daily sleep and wake patterns each morning for the first 2 weeks
of the study by completing a brief online sleep/wake diary via SurveyMonkey. The primary
dependent variables derived from the diaries included: total sleep time (TST) and sleep
efficiency (SE; TST/TIB*100). Sleep diaries have been shown to be a reliable estimate of
sleep parameters and are considered the gold standard measure of subjective sleep (Buysse,
Ancoli-Israel, Edinger, Lichstein, & Morin, 2006).

Statistical Analyses

All analyses were performed using Stata 13 (StataCorp LP, College Station, TX). Data are
reported as mean (standard deviation) or 77 (%) and an alpha level of .05 was set a priori.
Outcome measures for 58 participants were recorded daily for 14 days and this nesting of
repeated measures within a participant makes our data multilevel. The statistical dependence
that arises from multilevel data structures needs to be appropriately accounted for in
statistical modeling to arrive at the appropriate statistical inference. Since linear mixed
models (also known as hierarchical linear models or mixed models) are a used to analyze
relationships while accommodating statistical dependence we employed these methods to
assess the relationship between daily affect outcomes (NA, PA, and PA/NA ratio) and the
predictors of day and TIB condition.

The models included fixed effects for day, TIB condition, and an interaction between day
and TIB condition. This interaction term tests whether or not the TIB conditions had
different trends over the two-week intervention period, which is of primary interest. Failing
to find meaningful interactions between TIB condition and day would indicate that the effect
of TIB condition on daily affect was stable over the intervention period. The 8h TIB group
was used as the reference in all models; therefore a significant coefficient for an interaction
term would indicate a change or difference relative to the trend observed for the 8h TIB
group. NA and PA ratings from the previous evening were included in all models to account
for the possible influence of affective spillover (i.e., affect from previous day). All models
contained a random intercept per participant and a random slope associated with day was
included to allow trajectories over the study period to vary by participant. For each outcome
(NA, PA, and PA/NA ratio) two models were estimated to address Aims 1 (i.e., 6h TIB vs 8h
TIB) and 2 (i.e., the timing of PSD). Standardized empirical best linear unbiased predictors
(EBLUPs) were generated for the model’s random slope for day (Raudenbush & Bryk,
2002) and represent participant specific linear trajectory measures. Multivariable logistic
regressions were used to model self-rated remission (QIDS-SR < 5) at weeks 2, 4 and 8.
These models controlled for baseline depression severity and included the EBLUPSs from the
prior linear mixed models to determine if the trajectory of NA, PA, or PA/NA ratio predicted
treatment response (Rowe, Raudenbush, & Goldin-Meadow, 2012) (i.e., Aim 3).
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Demographic and Sleep Characteristics

Sixty-eight participants were initially randomized to one of three TIB conditions and 58
participants (85.2%) completed two weeks of daily assessment (51.7% [/7= 30] female;
81.0% [n= 47] Caucasian; mean age 25.8, SD = 7.0 years). Dropouts did not differ from
completers on any demographic or clinical variables assessed. Study participants were well-
matched across groups among demographic and clinical characteristics (Table 1).
Preliminary analyses indicated that the 8h TIB group had a higher level of education relative
to the 6h TIB groups (p’s < .05).

Sleep diary and actigraphy variable means adjusted for group, day, and education are
displayed in Table 2. Consistent with study requirements the 6h TIB group slept less than the
8h TIB groups (p’s < .001; Table 2) according to both sleep diary and actigraphy estimates.
There were no group differences in sleep efficiency. The Early Risetime group demonstrated
less compliance with TIB requirements compared to the 8hr TIB group.

Daily Affect Ratings by Time in Bed (TIB) Condition

Association

Results regarding the prediction of affect ratings by TIB condition and day are shown in
Table 3. Morning NA and PA/NA ratio were associated with a TIB condition by day
interaction, with the 6h TIB group reporting lower morning NA and higher morning PA/NA
ratio than the 8h TIB group. Meaningful TIB condition by day interactions were not
observed for evening affect ratings and there were no associations between affect ratings and
sleep diary or actigraphy derived variables (data not shown).

between Daily Affect Ratings and Timing of Partial Sleep Deprivation

After separating the 6h TIB group into the Late Bedtime and Early Risetime groups, a day
by TIB condition interaction was observed for the Late Bedtime group (Table 4). For
morning NA (Figure 1) a downward trend (i.e., a decrease in NA) was observed for the 6h
Late Bedtime group compared to the positive trend (i.e., an increase in NA) for morning NA
observed for the 8h TIB group. Similarly, for the morning PA/NA ratio (Figure 2) a positive
trend (i.e., an improvement in affect) was observed for the Late Bedtime group compared to
a negative trend (i.e., a deterioration in affect) in the 8h TIB group. In both models, the Early
Risetime group does not meaningfully change during the two week intervention period.
These results, suggest that improvement in morning affect ratings was associated with
staying up later than habitual bedtime when restricted to a 6h TIB schedule. There were no
associations between affect ratings and sleep diary or actigraphy derived variables (data not
shown).

Prediction of Depression Remission

The slope of morning NA ratings over the first two weeks of antidepressant treatment
predicted QIDS-SR remission at week 4 (OR = 0.39, 95% Cl, 0.15 - 0.96, p=.042) when
controlling for sleep condition and accounting for baseline depression severity. More
specifically, a 1 standard deviation increase in the slope of morning NA (i.e., worsening
negative affect) reduced the odds of remission at week 4 on the QIDS-SR by 62%. A similar
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effect for morning NA predicting remission was observed at week 2 (OR = 0.45, 95% ClI,
0.19 - 1.08, p=.075) but the effect did not persist at week 8 (OR = 0.59, 95% CI, 0.28 —
1.25, p=.60). The trajectories of morning PA and PA/NA ratio over the first two weeks were
not predictive of remission at any time point (results not shown).
Discussion

This study utilized ESM to assess twice-daily affect and sleep/wake patterns across 600+
days (approximately 14 days per person), providing a novel window into the dynamics of
MDD phenomenology and response to treatment in the context of an experimental TIB
manipulation. Our study is the first to systematically characterize the associations between
sleep duration on outpatient ratings of daily affect with a restricted TIB intervention
delivered adjunctive to antidepressant therapy. During the initial two weeks of fluoxetine
therapy, ratings of daily morning affect were related to nightly TIB duration and the timing
of repeated PSD. Specifically, a delayed bedtime on a 6h TIB schedule reduced morning NA
and increased morning PA/NA ratios more rapidly than 6h TIB with an advance of rise time
or 8h TIB. Irrespective of TIB randomization, improvement in morning NA was predictive
of self-rated depression remission after 4 weeks of fluoxetine therapy. These results suggest
that the duration and timing of sleep when initiating fluoxetine may be important clinical
considerations. Monitoring daily affect in the morning, with a focus on changes in NA or the
PA/NA ratio, may help identify subtle changes to gauge early treatment response in
individuals with MDD and represent an improvement over conventional cross-sectional
depression severity assessment measures.

Our results indicate that the timing of repeated PSD was important to changes in patient
reported daily affect ratings. Evidence regarding the timing of repeated PSD is mixed
(Benedetti & Colombo, 2011) with some evidence indicating that sleep deprivation per se
rather than the timing at which is take places is critical for mood improvement (Giedke,
Geilenkirchen, & Hauser, 1992). Early studies indicating that restricting sleep to the first
half of the night was superior to the second half (Sack et al., 1988) differed from the current
study in several important ways including the frequency and duration of repeated PSD (2
nights of approximately 5 hours of total sleep vs. two consecutive weeks of 6 hours TIB);
and demographics of the study sample (larger age range and diversity of psychopathology).
In addition, assessment of mood outcomes has relied primarily on clinician-rated depression
symptom inventories that measure several distinct symptom domains (e.g., affect, behavior,
cognitive, and somatic) relative to the emphasis on an individual’s affective state as
measured by the PANAS. These assessments were also not completed daily as in the present
study and not validated for more frequent use, highlighting the utility of ESM in identifying
subtle changes in patient’s subject experiences that may not be identified with longer
assessment intervals (e.g., weekly, bi-monthly). The underlying sources of these differences
requires additional clarification and future studies comparing the timing and duration of
repeated PSD are required to replicate and extend these findings to more diverse clinical
samples.

Of note, findings from the parent trial, which was focused on depression outcomes, indicate
that the 6-hour TIB restriction did not augment treatment response or accelerate

Behav Sleep Med. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Huntley et al.

Page 8

antidepressant response when using the clinician-rated Hamilton Rating Scale for
Depression as the main outcome measure (Arnedt et al., 2016). In contrast, findings from the
present study, which was focused on more subtle changes in affect and the role of these
changes in predicting depression outcomes, found that that a 6-hour TIB schedule with a
delayed bedtime may help improve affect across the first 2 weeks of antidepressant
initiation. In turn, we also found that improvement in morning NA, regardless of TIB
schedule, predicted depression remission using a self-report depression measure after 4
weeks of antidepressant therapy. Differences in the findings between the parent trial and the
present study could be due to the use of different outcome measures for depression (e.g., the
parent trial utilized the clinician-rated Hamilton Rating Scale for Depression, vs. the self-
report measure used in the present study, the Quick Inventory of Depression Symptoms), and
the discrepancies between affect and depression—although affect is one dimension of
depression, negative affect alone does not fully characterize the construct of depression. The
predictive utility of the improvement in morning NA being limited to predicting treatment
response at only 4 weeks (2 weeks following the TIB intervention) may reflect to the short-
term nature of the gain associated with the TIB intervention on affect. In addition, the daily
affect and sleep patterns were not monitored after the initial two weeks of intervention so we
cannot rule out additional moderators associated with clinical trajectories after week 2.

This study has several important strengths including prospective data collection using ESM
to assess daily affect and careful monitoring of adherence to assigned sleep schedules. In the
current study, the participants were predominantly young adults, which may have
contributed to an evening preference that made the Early Risetime schedule more difficult to
maintain, as observed by lower adherence in this group. Previous studies evaluating mood
variation in depression have relied on one item measures of mood variability derived from
clinician-rated scales and used uni-dimensional mood scales (Peeters et al., 2006). Inclusion
of a multidimensional inventory like the PANAS affords the opportunity to measure
correlated yet distinct affective states that are sensitive to change. In the current sample, the
TIB groups were not differentiated by positive affect ratings, rather the TIB groups were
differentiated by variability associated with the morning of negative affect. In addition, data
collection in participants’ natural environments provides the study with high ecological
validity and the ESM sampling framework reduces recall bias which is common in MDD
(Beck, 1963).

While our study demonstrated several strengths, specifically the use of ESM, there were also
limitations. Study participants were relatively young and the effects of repeated PSD on
affect and symptom severity changes early in therapy may differ across the developmental
spectrum. In addition, the sample was preliminary white which may limit the
generalizability of our findings to more diverse clinical samples. Compliance with the sleep
schedule was variable in the 6h TIB group, especially for participants assigned to the Early
Risetime group, potentially limiting conclusions drawn about the timing of repeated PSD for
improving mood ratings. It is possible that the timing of repeated PSD may be best informed
by circadian preferences and this warrants further investigation. This issue may be
particularly relevant to young adults with MDD who may have a stronger preference for an
evening schedule, which in turn may make it difficult to consistently implement an earlier
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rise time since circadian preferences have been correlated with circadian period in young
adults (Duffy, Rimmer, & Czeisler, 2001).

In summary, this study indicates that the timing and duration of sleep when starting
antidepressant therapy may have implications for treatment response. Two weeks of repeated
PSD (when timed so that bedtime is delayed by two hours) in young adults with MDD who
are starting an antidepressant is associated with reduced NA and an improved PA/NA ratio in
the morning. Importantly, reduction of morning NA in the first two weeks of therapy was
predictive of depression remission after 4 weeks of antidepressant therapy. These novel
findings suggest that close monitoring of morning affect, which can be easily implemented
in clinical settings, may be a tool to predict early treatment response.
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Figurel.
Morning negative affect ratings (PANAS) across the first two weeks of antidepressant

therapy for each sleep schedule condition. 8h TIB indicates randomization to no partial sleep
deprivation. Late bedtime and Early Risetime indicate randomization to repeated partial
sleep deprivation on a 6h TIB schedule. An increase in NA indicates a deterioration in affect.
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Figure 2.

Morning positivity ratios (PANAS PA/NA ratio) across the first two weeks of antidepressant
therapy for each sleep schedule condition. 8h TIB indicates randomization to no partial sleep
deprivation. Late bedtime and Early Risetime indicate randomization to repeated partial
sleep deprivation on a 6h TIB schedule. An increase in the positivity ratio indicates greater

well-being.
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Table 1

Participant Demographic and Psychiatric Characteristics (N = 58)

8h TIB 6h TIB
Late Bedtime Early Risetime

(n=16) (n=20) (n=22)

n % n % n %
Sex, % female 16 16 145 1.7 14.5 15

M  SD M SD M SD
Age (years) 269 8 24.7 6.1 26.1 7.2
Education (years) * 16 16 140" 17 146 15
Baseline depression severity (QIDS-SR) 124 30 124 4.1 14.2 4.2
Length of current depressive episode (months)  10.7 8.1 161  23.9 10.1 8.8

Page 14

Note. QIDS-SR indicates the 16-item Quick Inventory of Depressive Symptomatology-Self-Report. Post-hoc comparisons indicated 8h TIB > both
Late Bedtime and Early Risetime.

*
p<.05.
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