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Abstract

Most adults with Major Depressive Disorder (MDD) will not experience a remission with the first 

antidepressant trial. No practical biomarkers presently exist to predict responsiveness to 

antidepressants. Herein we report pilot data for a rest-activity biomarker of antidepressant 

response.

Fifty-eight medication-free adults with MDD underwent a week-long collection of actigraphic 

data before beginning a 9 week open label trial of fluoxetine, coupled with blinded randomized 

assignment to eszopiclone/placebo. Depression severity was repeatedly measured with the 

Hamilton Rating Scale for Depression (HRSD). Baseline actigraphic data was analyzed with 

functional data analysis to create smoothed 24-hour curves of activity. The time of the lowest 

point of activity (the bathyphase) was calculated for each patient, as well the mean difference 

between bedtime and the bathyphase (BBD). At the end of treatment, patients were characterized 

as treatment responders (50% reduction in HRSD) or non-responders, and receiver operating 

curves were calculated to find the optimal cut point of the BBD for prediction of treatment 

response.

The best cut point for BBD was at 260.2 minutes, resulting in an effect size of 1.45, and with a 

positive predictive value of 0.75 and a negative predictive value of 0.88.

We conclude that actigraphically-determined measures of rest-activity patterns show promise as 

potential biomarker predictors of antidepressant response. However, this conclusion is based upon 

a small number of patients who received only one choice of antidepressant, for a single trial. 

Replication with a larger sample is needed.
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INTRODUCTION

Selective serotonin reuptake inhibitors (SSRIs) are the mainstay pharmacotherapy for major 

depressive disorder (MDD).(Kubitz et al., 2013) Yet the enthusiasm for SSRIs was severely 

tested by the Star*D effectiveness trial, which showed that the antidepressant remission rate 

for an initial trial of citalopram (a SSRI) monotherapy was only 36.8%. Non-remitters to 

citalopram in Star*D were then offered a series of sequenced antidepressant alternatives and 

augmentation strategies, with the second, third, and fourth sequential treatment trials 

associated with remission rates of 30.6%, 13.7%, and 13%, respectively. The overall 

cumulative remission rate was 67% at the end of about a year.(Rush et al., 2006)

The low cumulative rate of remission with antidepressant medications has highlighted the 

public health importance of treatment resistant depression (TRD). While definitions of TRD 

vary somewhat, the emerging consensus definition is the failure to remit from an episode of 

MDD after “at least two courses of evidenced based antidepressant treatment approaches of 

adequate duration and dose.”(Bennabi et al., 2015;Kubitz et al., 2013) Under conditions of 

‘care as usual’, an average of 479 days elapse before a patient in the USA meets the 

definition of TRD.(Kubitz et al., 2013)

A recent review of potential biomarkers of TRD noted some evidence to support the 

measurement of brain neurotransmitters with proton magnetic resonance spectroscopy, or 

peripheral blood brain derived neurotrophic factor, or genetic polymorphisms.(Bennabi et 

al., 2015) However, these approaches are logistically or financially difficult for many 

psychiatric providers and their patients. As a result, present-day practitioners and patients 

are left with a long and painful trial-and-error approach to the treatment of MDD.

The NIMH has stated a desire to support development of predictive tests in psychiatry, with 

the expectation that such tests have acceptable effect sizes and positive and negative 

predictive values ‘assuming realistic contexts,’(Kapur & Phillips, 2012) thus advancing 

development of ‘precision medicine’.(Insel, 2014)

Investigations into the role of rest-activity patterns as biomarker predictors of SSRI-response 

meet these expectations. While the relationship between insomnia, MDD, and 

polysomnography (PSG, “sleep studies”), have garnered a lot of interest, the same has not 

been true for circadian rhythms and MDD. Short rapid eye movement (REM) sleep latencies 

are established as a specific finding in severe MDD, (Kupfer & Foster, 1972) and are related 

to MDD treatment outcomes. (Steiger & Kimura, 2010) However, less is known about how 

circadian rhythms may affect MDD and its treatment. The arousal/modulatory system of the 

brain, including the study of biological rhythms, has been stipulated as a biological domain 

of interest in the understanding of mental illness and mental health treatments. (Cuthbert & 

Insel, 2013) The master governor for circadian rhythms resides within the suprachiasmatic 

nucleus (SCN) of the hypothalamus.(Moore, 2013) Enhanced serotonin activity in the SCN 

during light exposure phase advances circadian rhythms. (De Berardis et al., 2013) Light 

and melatonin influence circadian rhythms through modulation of the activity of a select 

group of genes, including CLOCK and PER. Studies of the contribution of single nucleotide 

polymorphisms (SNPs) in circadian genes to the susceptibility for mood disorders have been 
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mostly disappointing , especially with unipolar depression.(Kripke et al., 2009) However, at 

least one study found that response to SSRIs (fluvoxamine) in depressed patients is related 

to SNPs of the CLOCK gene.(Kishi et al., 2009) The SSRI fluoxetine has been reported to 

produce a phase advance in SCN neuronal firing, (Courtet & Olie, 2012) and a shortening of 

rhythms of the Per1 gene.(Nomura et al., 2008) Complimentarily, the melatonin-1 receptor 

agonist, agomelatine, advances circadian rhythms and has antidepressant properties.

(Castanho et al., 2014;Srinivasan et al., 2012) Similarly, early evidence points towards a 

phase-advancing effect of electroconvulsive therapy (ECT) in depressed patients.(Winkler et 

al., 2014) In sum, pre-clinical data suggest linkage between circadian systems, serotonergic 

systems, and MDD.

In cross-sectional samples, a delay in circadian patterns of the rest-activity cycle, as 

determined by wrist-worn actigraphy, is associated with prevalent depression in older adults.

(Maglione et al., 2014) Among depressed patients, a tendency toward a preference for 

‘eveningness’ (late bedtimes and late rising times) is associated with greater severity of 

MDD. (Courtet & Olie, 2012) This ‘morningness-eveningness’ dimension shows about 50% 

heritability.(Kripke et al., 2009) A recent cross-sectional study found that a self-report of 

‘eveningness’ was associated with poorer antidepressant response in a naturalistic study. 

(Chan et al., 2014) The cross-sectional nature of these studies and the absence of systematic 

treatment makes it impossible to know whether variability in circadian rhythms play a 

causative role in MDD or play a role in the effectiveness of antidepressant medications.

We have completed a secondary analysis of rest-activity patterns in a sample of medication-

free outpatient with MDD, for the purpose of collecting pilot data to develop a rest-activity 

biomarker of antidepressant response, and ultimately serve as a predictive test of TRD. 

Actigraphy is a practical, noninvasive measure of activity, continuously records changes in 

velocity in any direction for weeks at a time, providing ‘ecologically-valid’ measurement of 

a patient’s activity in their home environment. The activity counts are locked to the time of 

day and allow the data to be analyzed in relation to the clock-time. We recently reported a 

new analytic approach to actigraphy data that calculates averaged and smoothed 24-hour 

restactivity patterns.(Xian et al., 2014) As we detail, below, this novel approach has revealed 

a candidate biomarker for SSRI antidepressant effect.

MATERIALS AND METHODS

Overview

Fifty-eight adult non-psychotic MDD patients with insomnia, free of psychotropics, 

completed a weeklong collection of actigraphy data prior to beginning treatment with 

fluoxetine, and after signing informed consent.(McCall et al., 2010) The study was approved 

by the IRB. After collection of actigraphy, participants received a one-week run-in of open-

label FLX monotherapy, followed by 8 more weeks of open label FLX combined with 

randomization 1:1 to the hypnotic eszopiclone 3 mg versus placebo at bedtime. FLX was 

initiated at 20 mg with the option to increase to 40 mg after 4 weeks if the 24-item Hamilton 

Rating Scale for Depression (HRSD) score was > 15 at the end of 4 weeks. The HRSD was 

administered at baseline and every 1–2 weeks until study completion.(Hamilton, 1960) 
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Insomnia was measured with the Insomnia Severity Index(Bastien et al., 2001) and with 

daily sleep diaries.

Participants

Participants were 18–70 years old, reporting baseline sleep latency > 30 minutes and sleep 

efficiency < 85% at least 4 nights per week. Participants were excluded if their reported 

habitual bedtime was earlier than 9 PM or later than 1 AM more than 2 times per week per 

baseline sleep diaries, or if their reported habitual rising time was later than 9 AM more than 

twice per week. All participants met criteria for MDD episode per the Structured Clinical 

Interview for DSM-IV, (American Psychiatric Association, 1994) with a Mini Mental State 

Exam score > 24,(Folstein et al., 1975) and a baseline HRSD score > 20.(Hamilton, 1960) 

Further, all participants completed one night of in-lab polysomnography and were free of 

moderate-severe sleep apnea or periodic limb movement disorder.

Measures of 24-hour rest-activity

Sleep diaries were completed each morning, noting the time of bedtime. Actigraphic data 

were collected with a Mini Mitter actigraphy monitor (AW64 Actiwatch, Mini Mitter, Bend, 

OR, USA) on the non-dominant wrist, set at medium sensitivity setting at 30-seconds 

epochs, and then analyzed with functional data analysis (FDA). FDA extends classical 

statistical methods for analyzing sets of numbers (scalars for univariate analyses, and vectors 

for multivariate analyses) to analyzing sets of functions. (Symanzik & Shannon, 2008;Ding 

et al., 2012;Ramsey & Silverman, 2005;Xian et al., 2014) For example, actigraphic data can 

be naturally viewed as random functions over time. The goal of FDA is to analyze 

functional data or curves in their natural form and study functional features by assuming a 

smooth underlying process. The actigraphy data were averaged into a single 24 hour profile 

and a smooth Fourier expansion function was fitted using 24 hour periodicity. This produced 

a single summarized 24 hour circadian activity pattern for each subject that can be used to 

estimate a patient’s activity level at any time point throughout the day. By fitting a cosine 

function with 24 hour cycle, we calculated the time of lowest activity (i.e., the bathyphase) 

for the week-long average of the activity curves for each patient. (for an example, see arrow 

on Figure 1).(Marler et al., 2006) FDA and bathyphase analysis were conducted using R.

(2008) We chose the bathyphase as our actigraphic variable of interest as we suspect it is 

most closely tied to the patient’s underlying circadian clock.

Statistics

Averages are presented as means with standard deviations. Univariate associations between 

continuous variables are tested with Pearson’s r. Logistic regression was used for modeling 

of dichotomous outcomes. ANOVA was used to test the multi-sample means.

RESULTS

The participants’ mean age was 42.1 ± 12.4, with 67% women. The mean of the individual 

median bedtimes was 11:10 PM ± 55.5 minutes. The mean bathyphase was at 2:58 AM ± 

117 minutes, and the mean difference between bedtime and the bathyphase was 227.8 ± 98.5 

minutes. Of note, the bathyphase did not significantly change after 8 weeks of FLX. 
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Bathyphase was negatively correlated with final HRSD score (Pearson’s r= −0.38, p< 0.05), 

meaning that a later bathyphase was correlated with lower final HRSD scores. The strength 

of the correlation was improved by testing the correlation of ‘bathyphase minus bedtime 

difference’ (BBD) with final HRSD score (r= −0.45, p=0.01), meaning that a greater BBD 

was associated with a lower final HRSD. Of note, BBD was not related to baseline insomnia 

severity as measured by the ISI. By implication, BBD is a separate construct from insomnia 

symptoms.

Next, we developed models for HRSD based upon BBD. Logistic regression of a treatment 

response (decrease in HRSD ≥ 50%) in those assigned to FLX monotherapy showed that 

BBD was a significant predictor of HRSD response (Χ2 =6.3, df=1, p<0.02), and with the 

corresponding receiver operating curve showing that the best cut point for BBD was at 260.2 

minutes, where the best cut point was defined as maximizing “sensitivity – (1-specificity)”. 

This cut point resulted in an effect size of 1.45, and with a positive predictive value of 0.75 

and a negative predictive value of 0.88. We subsequently tested 2X2 ANOVAS for HRSD 

scores, with medication assignment and BBD status as the predictive variables, and 

adjusting for age because of unexpected imbalances in age between groups. These models 

revealed that an unfavorable (shorter) BBD was associated with a higher final HRSD score 

and a smaller reduction in HRSD score in those participants who received placebo at 

bedtime (see highlighted data in Table 1). Of note, the poor SSRI antidepressant effect 

among those with unfavorable (shorter) BBD status included equally poor response to both 

the sleep (14.9% decrease) and the non-sleep items (25.4% decrease) of the HRSD, as 

compared with the sleep (43.6% decrease) and the non-sleep (66.1% decrease) for favorable 

BBD status, indicating that ‘unfavorable BBD’ has treatment implications beyond sleep 

symptoms. We also tested gender and baseline HRSD score as potential predictors in the 

ANOVA models for the HRSD change score, and neither was significant. The bathyphase 

and the BBD status were not related to antidepressant outcome in those patients who were 

randomized to eszopiclone, and the degree of improvement in those assigned to eszopiclone 

was numerically superior to the improvement seen in those assigned to placebo with an 

unfavorable BBD status (Table 1). Further, those assigned to eszopiclone had better overall 

response than those assigned to placebo.

DISCUSSION

This preliminary data from a secondary analysis of a clinical trial suggests that rest-activity 

patterns could be developed as a biomarker of antidepressant response to FLX monotherapy. 

The exact relationship between the bathyphase and the underlying phase of the circadian 

clock remains to be elucidated. Dim light melatonin onset (DLMO) is the gold standard for 

determining the position of the underlying circadian clock. (Lewy, 2007) It seems likely that 

the timing of the bathyphase is related to the timing of DLMO, although restactivity cycles 

are also influence by external factors such as social interaction and hence rest-activity cycles 

likely represent a “masking” of the underlying circadian clock. The estimated effects sizes, 

positive predictive value and negative predictive values were large and acceptable. 

Considering ‘BBD’ as a biomarker, it is a single variable that incorporates both a constituent 

element of a neural process (bathyphase: biological rhythms) and a patient behavior (choice 

of bedtime). By implication, BBD suggests that poor alignment between a patient bedtime 
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and circadian rhythm lead to poor response to FLX. The data then go further to show that 

the vulnerability to poor antidepressant effect to FLX is mitigated with the addition of a 

second psychotropic (in this case, hypnotic treatment).

Limitations

Our preliminary data is consistent with the literature showing that circadian variables 

influence the expression of depressive symptoms, serotonin function, and antidepressant 

effect. Still, this preliminary data is based upon small numbers and bears replication. We 

also did not directly measure dim light melatonin onset, so the precise relationship of our 

findings to the underlying circadian clock is unknown. We only examined the response to 

one drug, FLX, but this choice is defended by the fact that SSRIs are the most commonly 

used class of antidepressants for both TRD MDD and non-TRD MDD.(Kubitz et al., 2013) 

The study was limited by our examination of response to only a single course of SSRI, and 

the emerging definition of TRD requires failure to two or more sequential courses of 

antidepressant treatments. Our statistical analysis of dichotomous outcomes only considered 

‘treatment response’ and not ‘remission’, as there were only 13 patients who met a common 

definition of remission (HRSD ≤ 7) among the entire sample of 58 patients in this report. 

This was an insufficient number of remitted patients to allow for a meaningful analysis of 

remission. In retrospect, it would have been ideal to parse insomnia and depression into 

various subtypes, such as early morning awakening, or vegetative versus non-vegetative 

depression items, as these distinctions might be expected to explain some of the poor 

antidepressant results seen with an unfavorable BDD. However, we did not have the data 

needed to measure insomnia subtypes. While we noted that the timing of the bathyphase did 

not change with treatment, it would have been interesting to examine whether BDD might 

change with treatment; however we did have the bedtime data available at the end of 

treatment which would be needed to calculate a change in BDD.
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Highlights

• Initial treatment of major depressive disorder (MDD) with selective serotonin 

reuptake inhibitor (SSRI) monotherapy is associated with low rates of 

remission, resulting in lost time, prolonged suffering, and subsequent trial-and-

error approaches to treatment

• A relative delay in rest-activity patterns is associated with more severe 

depression, while antidepressant treatments including SSRIs and ECT produce a 

compensatory advance in rest-activity patterns

• Our pilot data shows that 24-hour measurement of rest-activity patterns with 

actigraphy, and the calculation of the average time of the lowest point of activity 

(the bathyphase), can be used to predict the likelihood of antidepressant 

response to an SSRI.

• Patients with more delayed bathyphase values had the best antidepressant effect 

with SSRIs

McCall Page 9

J Psychiatr Res. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Smoothed curve for one-week of actigraphy data in a single subject. The location of the 

bathyphase is indicated by the upward arrow. The bedtime-bathyphase difference is 

indicated by the opposite-direction arrows.
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