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Early versus late wake therapy improves mood more in antepartum versus
postpartum depression by differentially altering melatonin-sleep timing
disturbances
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A B S T R A C T

Background: Peripartum major depression (MD) disables mothers and impairs emotional and neurocognitive
development of offspring. We tested the hypothesis that critically-timed wake therapy (WT) relieves peripartum
MD by altering melatonin and sleep timing, differentially, in antepartum vs. postpartum depressed patients (DP).
Methods: In a university clinical research center, we initially randomized 50 women – 26 antepartum (17
healthy comparison-HC, 9 DP) and 24 postpartum (8 HC, 16 DP) – to a cross-over trial of one night of early-night
wake therapy (EWT: sleep 3:00–7:00 am) vs. late-night wake therapy (LWT: sleep 9:00 pm–01:00 am).
Ultimately, we obtained mood, overnight plasma melatonin and polysomnography for: 15 antepartum women
receiving EWT, 18 receiving LWT; 15 postpartum women receiving EWT, 14 receiving LWT.
Results: EWT improved mood more in antepartum vs. postpartum DP in conjunction with reduced (normalized)
melatonin-sleep phase-angle differences (PADs) due to delayed melatonin onsets and advanced sleep onsets, and
increased (from baseline) total sleep times (TST). LWT improved mood more in postpartum vs. antepartum DP in
conjunction with increased TST.
Limitations: Small samples potentially rendered the study underpowered to detect group differences, making
confirmation with larger samples essential. Sufficient follow-up data were not available in most women to document
the duration of the mood response to wake therapy.
Conclusions: EWT benefitted antepartum DP more by realigning melatonin and sleep timing, whereas LWT
benefitted postpartum DP more by increasing TST. Thus, consistent with precision medicine aims, maximum
mood benefits accrue from timing sleep/wake interventions to specific peripartum circadian pathophysiologies.

1. Introduction

Antepartum major depression (MD) increases the risk for post-
partum MD, and peripartum MDs may impair neurocognitive and socio-
emotional development and sleep in infants and toddlers, while ele-
vating risks of mental and medical disorders in mothers and their
children later in life. Treatment of maternal MD reduces these risks
(Andersson et al., 2006; Halligan et al., 2007a,b; Murray et al., 2006;
Nulman et al., 2002; Swartz et al., 2016; Weissman et al., 2006a,b),
highlighting the importance of treating depression during the puer-
perium. Women and clinicians seek alternatives to pharmacological
interventions given their potential side effects on mother and child
(Parry, 2009), or psychotherapeutic interventions given their time and

expense.
A single night of total or partial “wake therapy” (WT) produces a

rapid, albeit transient, antidepressant response in 40–60% of patients
(Giedke and Schwarzler, 2002; Gillin, 1983; Leibenluft and Wehr, 1992;
Schilgen and Tolle, 1980; Wirz-Justice et al., 2005, 2013; Wirz-Justice
and Terman, 2012; Wirz-Justice and Van den Hoofdakker, 1999; Wu
and Bunney, 1990). Early-Night Wake Therapy (EWT: i.e., remaining
awake until 3:00 am, then sleeping from 3:00 – 7:00 am), or Late-Night
Wake Therapy (LWT: i.e., sleeping from 9:00 pm – 01:00 am and re-
maining awake thereafter), can be as effective as total WT (Parry and
Wehr, 1987; Wirz-Justice et al., 2013). LWT is more efficacious than
EWT in some, but not all, MDs (Leibenluft and Wehr, 1992; Parry and
Wehr, 1987; Wirz-Justice et al., 2013).
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Misaligned circadian rhythms characterize mood disorders (Goel
et al., 2013; Monteleone et al., 2011; Srinivasan et al., 2006; Wehr and
Wirz-Justice, 1982). Compared with matched healthy comparison (HC)
women, we found decreased melatonin amplitude plus phase-advanced
(shifted earlier) melatonin timing in premenstrual dysphoric disorder
(PMDD) (Parry et al., 1990, 1997) and antepartum depression, but in-
creased morning melatonin amplitude in postpartum depression
(Parry et al., 2008b), and increased amplitude plus phase-delayed
(shifted later) melatonin offset in peri-menopausal depression
(Parry et al., 2008c). Thus, women's depressions during different re-
productive epochs coincide with different – even opposite – dis-
turbances in melatonin quantity and timing relative to clock and sleep
times.

Based on these findings and our work confirming wake therapy
efficacy in PMDD (Parry et al., 1995; Parry and Wehr, 1987) and
peripartum depressions (Parry et al., 2000), we tested the hypothesis
that critically-timed WT improves mood in peripartum depressions by
differentially altering melatonin-sleep phase-angle differences (PADs:
i.e., temporal intervals between melatonin and sleep timing). As mel-
atonin timing was relatively phase-advanced in antepartum depressed
patients (DP) vs. HC, but relatively phase-delayed (vs. antepartum DP) in
postpartum DP (Meliska et al., 2013; Parry et al., 2008b), we hy-
pothesized that EWT (which phase-delays sleep) would improve mood
more in antepartum than in postpartum depression, while LWT (which
phase-advances sleep and melatonin (Parry et al., 2008a) would im-
prove mood more in postpartum than in antepartum depression. We
expected mood benefits of EWT and LWT to correlate with changed
melatonin-sleep PADs that approached those of HC (see Fig. 1).

The study aims were (1) to compare efficacy of EWT vs. LWT
treatment in peripartum MD; and (2) to relate differences in mood
outcomes to chronobiological differences underlying antepartum and
postpartum MD. We hypothesized that mood improvement after EWT
and LWT would correlate with differential effects on melatonin, sleep,
and melatonin-sleep PADs.

2. Methods

The University of California San Diego Institutional Review Board
approved the protocol, and all participants gave written informed
consent after procedures had been explained fully. We described the
details of participant screening and recruitment procedures previously
(Parry et al., 2008a; Meliska et al., 2013, and under eMaterials
Methods, in the Supplementary Online Content). In brief, we telephone-
screened pregnant (up to 34 weeks) and postpartum (up to 11 months)
San Diego women who did not smoke or use medications that could
interfere with neuroendocrine measures for multiple overnight hospital
stays in the General Clinical Research Center (GCRC), where they were
allowed to bring a child with them if needed. They had laboratory tests
for clinical chemistry, thyroid indices, and complete blood count, ur-
inalysis and urine toxicology screens. Women were without alcohol
abuse, significant medical illness or medication that would interfere
with study measures.

To establish DSM-IV-TR (APA, 2000) entrance and baseline criteria,
trained clinicians used a structured psychiatric interview, the Struc-
tured Clinical Interview for DSM-IV (SCID) (First et al., 1995) and two
baseline evaluation ratings with the Structured Interview Guide for the

Abbreviations

CBT Cognitive-Behavioral Therapy
D1 Day 1 (after wake therapy)
D2 Day 2 (after recovery sleep)
DLMO Dim Light Melatonin Onset
DLMOff Dim Light Melatonin Offset
DP Depressed Patient(s)
EWT Early Wake Therapy (remain awake until 3:00 am, then

sleep from 3:00–7:00 am)
GCRC General Clinical Research Center
HC Healthy Comparisons
HRSD Hamilton Rating Scale for Depression
LWT Late Wake Therapy (sleep from 9:00 pm–01:00 am, then

remain awake thereafter)
MD Major Depression

MST Mid-Sleep Time
PAD Phase Angle Difference
PDT Pacific Daylight Time
PST Pacific Standard Time
PSG Polysomnography
SIGH-ADSStructured Interview Guide for the Hamilton Rating Scale

for Depression with Atypical Depression Supplement
SE Sleep Efficiency
SET Seep End
SOT Sleep Onset Time
SWA Slow Wave Activity
SynOff Melatonin Synthesis Offset
TST Total Sleep Time
UCSD University of California San Diego
WT Wake Therapy

Fig. 1. Conceptual Model: At baseline, antepartum depressed patients (DP) vs. healthy comparison (HC) participants have phase-advanced Dim Light Melatonin
Onset (DLMO) time plus phase-delayed Sleep Onset Time (SOT). After Early Wake Therapy, DLMO is delayed while SOT is advanced, thereby normalizing the
DLMO_SOT phase angle difference (PAD) in association with improved mood in DP.
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21-item Hamilton Depression Rating Scale (HRSD), Seasonal Affective
Disorders, using the HRSD+Atypical (SIGH-ADS) version
(Williams et al., 1994); the Beck Depression Inventory (BDI)
(Beck et al., 1961); and the Edinburgh Postnatal Depression Scale
(EPDS) (Cox et al., 1987) also validated for use during pregnancy
(Hewitt et al., 2009). From the pool of volunteers we obtained mood
data on clinically depressed patients (DP) and essentially asympto-
matic, healthy control (HC) women using the SIGH-ADS. We excluded
patients with bipolar or primary anxiety disorders.

2.1. Participants

We described participant recruitment, methods and baseline ob-
servations elsewhere (Meliska et al., 2013; Parry et al., 2008b). In brief,
after diagnostic (First et al., 1995) and mood (Hamilton, 1967) as-
sessments in 50 psychoactive-drug free women – 26 antepartum (17
HC, 9 DP) and 24 postpartum (8 HC, 16 DP) – we initially randomized
women to a cross-over trial of one night of either EWT or LWT sepa-
rated by at least seven days, followed by a night of recovery sleep (sleep
10:30 pm-6:30 am). Due to missing data, failure to complete both arms
of the cross-over protocol, and dropouts from the study, we subse-
quently modified the protocol for data analyses, recasting it as a be-
tween subjects design, based on: antepartum women – 15 receiving
EWT, 18 receiving LWT; and postpartum women – 15 receiving EWT,
14 receiving LWT. We provide an extensive explanation and rational for
protocol changes in Supplemental eTable 1.

We obtained, pre- and post-treatment: (1) Interview-based mood
assessments using the Structured Interview Guide for the Hamilton
Rating Scale for Depression (HRSD) with Atypical Depression supple-
ment (SIGH-ADS) (Williams and Terman, 2003); (2) plasma melatonin
(sampled in dim light/dark) at 30-min intervals from 6:00 pm to 11:00
am; and (3) polysomnography (PSG).

2.2. Test procedures

To monitor ambient light and bodily movement, beginning 7 days
before the intervention, we required women to wear a wrist actigraph
(Actillume) (Jean-Louis et al., 2001), which they wore throughout
testing. We admitted participants to the GCRC at 16:00 h local time
where they remained at bed rest in a single room; double doors and
heavy window drapery blocked extraneous light, producing dim
(<30 lx) daytime light exposure from 16:00 to 11:00 h. Licensed nurses
and sleep technicians entered the room only when using a pen-size dim
red flashlight. They prepared women for PSG recording using standard
methods (see details in Supplementary Online Content). After an adap-
tation night, nurses inserted an intravenous catheter at 17:00 h and
drew blood (3 cc) every 30min from 18:00 to 11:00 h through a ca-
theter threaded through a porthole from an adjoining room. Partici-
pants slept in darkness with an eye mask and returned home after each
baseline and intervention session. We instructed them not to nap during
the interval before the next mood evaluation and we monitored com-
pliance, objectively, using their wrist actigraph records, and

subjectively, with daily Work, Location and Sleep logs. Examination of
these sources revealed no substantial deviations from the research
protocol. The baseline DLMO night was obtained the day after the
adaptation night, and again, on the evening before the second inter-
vention. We measured PSG-derived Sleep Onset Time (SOT), Sleep End
Time (SET), Total Sleep Time (TST), Sleep Latency (SL), Sleep Effi-
ciency (SE), and Wake after Sleep Onset (WASO). We also performed
Fast Fourier Transform (FFT) analyses to identify possible intervention
effects on slow wave activity (SWA) in DP vs. HC.

Melatonin Parameters: We converted local time measures obtained
during Pacific Daylight Time (PDT) to Pacific Standard Time (PST) to
analyze temporal effects on melatonin parameters. As described pre-
viously (Parry et al., 2008c), we defined the dim light melatonin onset
(DLMO) as the first time that the slope (dy/dt) of the log-transformed
melatonin concentration curve became steeply positive for at least three
consecutive time points relative to the slope of the points immediately
preceding it; synthesis offset (SynOff) as the first time after the melatonin
peak when the slope of the descending log-transformed melatonin curve
became steeply negative for three consecutive time points; dim light
melatonin offset/return to baseline (DLMOff) as the first time when the
slope of the descending log-transformed melatonin curve approached
zero for at least three consecutive time points; synthesis duration as
(SynOff – DLMO); synthesis AUC (SynAUC) as the integrated area under
the melatonin curve between DLMO and SynOff.

2.3. Response criteria

We compared frequencies of DP achieving the stringent response
criterion of 60% reductions from baseline HRSD score after WT, plus
the remission criterion of post-intervention HRSD scores≤ 8
(Terman et al., 1989).

2.4. Statistics

Based on our previous findings showing opposite disturbances in
melatonin timing and amplitude in antepartum vs. postpartum DP
(Meliska et al., 2013; Parry et al., 2008b), we tested hypotheses using
univariate analyses of variance (ANOVA; IBM SPSS Statistics, Version
23) for melatonin timing parameters under dim light: Dim Light Mela-
tonin Onset (DLMO), Dim Light Melatonin Offset/return to baseline
(DLMOff), and melatonin Synthesis Offset (SynOff); PSG Sleep Quality
(total sleep time-TST, sleep onset time-SOT, sleep end time-SET, sleep effi-
ciency-SE, mid-sleep time-MST); and all possible melatonin-sleep timing
PADs (see Online Supplement), using analysis of covariance (ANCOVA)
when a covariate, e.g., day length, was significant at the p< .10 level;
and t-tests to evaluate whether changes from baseline after WT differed
from zero. We protected against Type 1 error by initially examining
group effects based on stated research hypotheses (e.g., regarding
baseline PAD differences, EWT vs. LWT effects). When following up
initial findings and subsequently testing differences in related variables
(e.g., in SOT, TST, etc.), we based two-tailed paired comparisons (each
with a true alpha value of p= .05, at least) on univariate ANOVA (or

Table 1
Proportions of antepartum and postpartum depressed patients (DP) who were responders and remitters following early wake therapy (EWT) and late wake therapy
(LWT).

A. Respondersa B. Remittersb

Group @EWT @LWT p-value @EWT @LWT p-value

Antepartum 4/6=66.7% 2/6=33.3% .248 4/6=66.7% 3/6=50.0% .558
Postpartum 2/11=18.2% 6/9=66.7% .028c 2/11=18.2% 4/9=44.0% .202
p-value .046d .205 – .046d pp=.833 –

a Achieving 60% Reduction in Hamilton Rating Scale for Depression-HRSD Score.
b Achieving HRSD Score≤8 on Day 2 After Recovery Sleep.
c In Postpartum DP, response rate was significantly greater in LWT vs. EWT (p= .028).
d Response and remission rates to EWT were significantly greater in Antepartum vs. Postpartum DP (p= .046).
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Fig. 2. Melatonin-Sleep Timing Changes after Early Wake Therapy in Antepartum Depressed (DP) vs. Healthy Comparison (HC) women. Values represent
means ± SEMs for antepartum healthy comparison (HC; N=7) and depressed participants (DP; N=5) at baseline, and after Early Wake therapy (EWT). By
convention, phase-advances are listed as positive values, phase-delays as negative values. (Delta scores represent changes from baseline after EWT)
(A): Dim Light Melatonin Onset (DLMO) in HC vs. DP at baseline (BSL) and after Early Wake Therapy (@EWT);
(B) Sleep Onset Time (SOT) in HC vs. DP, at baseline and after EWT;
(C) DLMO_SOT Phase Angle Difference in HC vs. DP, at baseline and after EWT.
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ANCOVA) after obtaining a significant omnibus MANOVA for those
variables. Because we made inferential comparisons which involved
only two levels of the independent variables, corrections (e.g., with
Bonferroni or Sidak) were not required.

Main dependent variables were baseline HRSD, melatonin, PSG,
PAD measures, and post-intervention changes. Clinicians assessed mood
responses post-intervention on day 1 (D1) after wake therapy and day 2
(D2) after recovery sleep. As we found mood improvement was
equivalent or significantly greater (p< .05) on D2 vs. D1 (see
Supplemental eFigure 2), as observed in some studies (Matussek et al.,
1974; Sack et al., 1988; Wirz-Justice et al., 1976), we report only D2
results here. We determined the relationships of HRSD scores to mel-
atonin, PSG and PAD measures using Pearson correlations and stepwise
linear regression with the “backward” entry method, setting p< .10 for
elimination of variables from the model.

3. Results

Participant demographic characteristics: see supplemental eTable 2.

3.1. EWT vs. LWT effects on mood

Response criteria. After EWT, significantly greater mood im-
provement (decrease in HRSD score) occurred in antepartum vs. post-
partum DP (mean ± SD=53.4 ± 18.9 vs. 27.3 ± 34.8%, p= .022)
by univariate ANCOVA with covariate= ambient day length during
testing. Mood improvement of at least 60% from baseline occurred
more often in antepartum vs. postpartum DP after EWT (p= .046;
Table 1A), but not after LWT (p= .205). In contrast, response rate after
LWT vs. EWT was significantly greater in postpartum (p= .028), but
not in antepartum DP (p= .248).

Remission criteria. The proportion of DP achieving remission
(HRSD score≤ 8) was greater in antepartum vs. postpartum DP after
EWT (p= .046; Table 1B), but not after LWT (p= .833). EWT vs. LWT
did not differ significantly in the proportions achieving remission in
either antepartum (p= .558) or postpartum DP (p= .202).

3.2. EWT effects on melatonin, sleep and PAD timing in relation to mood

1. Antepartum women

Overview: EWT reduced depression severity in antepartum women,
primarily in conjunction with reduction in the DLMO_SOT PAD due to
delays in DLMO and advances in SOT.

Melatonin timing

Baseline. At baseline, the mean DLMO was non-significantly ad-
vanced (by 78min) in clock time (corrected for PDT) in antepartum DP
vs. HC (means ± SD=20:06 ± 1:51 vs. 21:24 ± 0:54 hh:mm,
p= .094; Fig. 2A), and essentially equivalent in postpartum DP vs.
HC (means ± SD=20:45 ± 1:30 vs. 20:09 ± 0:53 hh:mm,
p= .478).

EWT effects. EWT phase-delayed DLMO significantly in antepartum
DP (mean ± SD=−1 h, 18min ± 46min, p= .008), but not HC
(mean ± SD=−26 ± 64min, p> .05; Fig. 2A); SynOff and DLMOff
were not altered significantly by EWT in either DP or HC (p> .05).

Correlation with mood. Percent change/improvement in HRSD
score after EWT in antepartum DP correlated negatively with DLMO
change (r(partial)=−0.677, p= .022) when day length was included
in the regression model; i.e., greater mood improvement was associated
with greater phase-delay (normalization) in DLMO, and with longer day
length.

Responders vs. non-responders. Change in melatonin timing in
antepartum DP after EWT was not different in responders vs. non-re-
sponders for all timing measures (all p> .05).

PSG measures: DP

Baseline. Baseline SOT was delayed (by 43min) in antepartum DP
vs. HC (means ± SD=23:20 ± 0:39 vs. 22:37 ± 0:23 hh:mm,
p= .036; Fig. 2B). Baseline MST, SET and TST did not differ sig-
nificantly in DP vs. HC (all p> .05).

EWT effects. EWT phase-advanced SOT in antepartum DP
(mean ± SD=+58 ± 38min, p= .028) but not HC
(mean ± SD=−8 ± 59min, p= .862; Fig. 2B). EWT did not sig-
nificantly alter MST, SET or TST in DP vs. HC (all p> .05). A FFT on
PSG data revealed no significant group, intervention, or group X in-
tervention interaction effects relating to SWA.

Correlation with mood. After EWT in antepartum DP, mood im-
proved on D2, in association with increased recovery sleep TST
(Pearson r=+0.967, p= .007; see Fig. 3A) and increased SE

Fig. 3. Changes in Total Sleep Time (TST) after Wake Therapy in Antepartum
and Postpartum Depressed women. Significant positive correlations occurred
between change in mood (Hamilton Rating Scale for Depression; HRSD) and
change in TST in (A) Antepartum depressed women after Early Wake Therapy
(EWT; closed circles) and in (B) postpartum depressed women after Late Wake
Therapy (LWT; open squares).
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(r=+0.942, p=0.017).
Responders vs. non-responders. In antepartum DP, TST increased

significantly more after EWT in responders vs. non-responders
(mean ± SD=+82.7 ± 31.2 vs. −30.5 ± 24.0min, p=.046).
Relative to baseline, SOT also advanced significantly in responders
(mean ± SD=+1h, 15min ± 27min, p=.012), but delayed non-
significantly in non-responders (mean ± SD=−25 ± 17min,
p=.300).

Melatonin-sleep PADs

Baseline. At baseline, DLMO_SOT PAD mean duration was almost
2 h (118min) longer in antepartum DP vs. HC (means ± SD=3 h,
14min ± 2 h, 4min vs. 1 h, 16min ± 46min, p= .040; see Fig. 2C).

EWT effects. EWT decreased the DLMO_SOT PAD significantly in
antepartum DP (mean ± SD=−2h, 26min ± 1 h, 6min, p= .010),
but only slightly in HC (mean ± SD=−18 ± 40min, p= .300, see
Fig. 2C and Supplemental eFig. 1). Notably, along with the changes in
DLMO_SOT PAD, five of the remaining eight melatonin-sleep PAD va-
lues were also significantly altered (p< .05) in antepartum DP after
EWT (see Supplemental eTable 3).

Responders vs. non-responders. EWT significantly decreased the
DLMO_SOT PAD in antepartum DP responders (mean ± SD=−2 h,
22min ± 10min, p= .027), but not in non-responders
(mean ± SD=−1 h, 40min ± 46min, p= .201).

2. Postpartum women
Melatonin, sleep and PAD timing

Baseline. Prior to EWT, melatonin, sleep, and PAD indices were not
abnormal in postpartum DP compared with HC (all p> .05), nor were
these measures correlated with baseline mood, with one exception:
Baseline HRSD score was negatively correlated with TST (r=−0.734,
p= .024); thus, greater depressed mood was associated with shorter
sleep time in postpartum DP.

EWT effects. Unlike in antepartum participants, EWT did not sig-
nificantly alter melatonin timing, sleep timing, or melatonin-sleep PAD
indices in the postpartum DP or HC, separately, or in DP vs. HC; nor
were HRSD changes correlated with changes in timing relationships;
nor were these measures different after EWT in postpartum responders
vs. non-responders (all p> .05).

3.3. EWT in antepartum vs. postpartum DP: relation to changes in mood
and DLMO_SOT PAD

After EWT, reduction in the DLMO_SOT PAD was substantially
greater in antepartum vs. postpartum DP (means=−2 h, 26min ±
1 h, 11min vs. -10 ± 61min, p= .046) when the covariate of day
length during testing was included in the analysis. Furthermore, re-
duction in DLMO_SOT PAD after EWT correlated significantly with
percent change/improvement in HRSD score in
Antepartum+Postpartum DP combined (regression analysis control-
ling for day length, r(partial)=−0.749, p= .013; see Fig. 4). Thus,
greater mood improvement after EWT was associated with greater re-
duction in DLMO_SOT PAD in antepartum+postpartum DP, after
controlling for day length during testing.

3.4. LWT effects on melatonin, sleep, and PAD timing in relation to mood

1. Antepartum women

LWT effects. Responses to LWT were not significantly different from
baseline in antepartum DP vs. HC for melatonin timing, sleep timing, or
melatonin-sleep PADs (all p> .05). Correlations between changes in
these variables and mood changes in DP also were non-significant, and
responders to LWT were not significantly different from non-responders
in melatonin, sleep or PAD effects (all p> .05).

2. Postpartum women

Overview: LWT reduced depression severity more in postpartum
than in antepartum DP, primarily in conjunction with increased TST.
Mood improvement after LWT was associated with greater sleep im-
provement in responders than non-responders, but was unrelated to
change in melatonin timing and melatonin-sleep PADs.

Melatonin timing

LWT effects. Although LWT phase-advanced melatonin timing
modestly in postpartum DP, changes were only marginal for DLMOff
(mean ± SD=+1 h, 23min ± 1 h, 56min, p= .089), and non-sig-
nificant for SynOff and DLMO; LWT effects on postpartum HC mela-
tonin were also non-significant (all p> .05).

PSG measures

LWT increased TST significantly from baseline in postpartum DP
(mean ± SD=+56.7 ± 51.6min, p= .043) but not in HC
(mean ± SD=+5.8 ± 65.9min, p= .837). Changes in SOT, SET
and MST after LWT were non-significant in both postpartum DP and HC
(all p> .05). A FFT analysis of PSG data revealed no significant group,
intervention, or group X intervention interaction effects relating to
SWA.

Correlation with mood. After LWT, mood improved in postpartum
DP on D2 in association with increased recovery sleep TST
(r=+0.875, p= .010; see Fig. 3B).

Responders vs. non-responders. In postpartum DP at baseline, re-
sponders slept less than non-responders, with shorter TST prior to LWT
(Means ± SD=295.8 ± 45.9 vs. 387.4 ± 46.8min, p= .049). After
LWT, TST increased significantly more in postpartum responders vs. non-
responders (means ± SD=+107.8 ± 20.9 vs. −2.0 ± 4.9min,
p=.019).

Fig. 4. Percent Change/Improvement in HRSD scaled score vs. change in phase
angle difference (PAD; scaled score) of Dim Light Melatonin Onset time (DLMO)
- Sleep Onset Time (SOT) (DLMO_SOT PAD) after Early Wake Therapy (EWT) in
antepartum and postpartum depressed patients (DP). Partial regression (con-
trolling for baseline day length) showed a significant association between
percent change/improvement in scaled scores on Hamilton Rating Scale for
Depression (HRSD) and change in DLMO_SOT PAD in the combined antepartum
and postpartum DP (r(partial)=−0.749, p= .013). Reduction in DLMO_SOT
PAD after EWT, evident more often in antepartum DP, was associated with
greater mood improvement, while increase in DLMO_SOT PAD, evident more
often in postpartum DP, was associated with smaller mood improvement.
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Melatonin-sleep PADs

After LWT, changes in postpartum PADs did not reach significance
in DP or HC, or in DP vs. HC; nor were mood and PAD changes cor-
related significantly (all p> .05). Responders vs. non-responders were
not different in baseline PAD values or in response to LWT (all p> .05).

5. Discussion

These findings confirm the rapid antidepressant effects of wake
therapies in peripartum women. A night of critically-timed partial wake
therapy improved mood and sleep in one day. EWT improved mood
more in antepartum, while LWT improved mood more in postpartum
DP. In antepartum DP after EWT, mood improvement was associated
with reducing – and thereby normalizing – the time between melatonin
and sleep onsets. In contrast, in postpartum DP after LWT, mood im-
provement was related primarily to increased total sleep time.

Wake therapy provides a rapid-onset intervention for peripartum
depression, which can impair offsprings’ cognitive and socioemotional
development (Murray et al., 2006), IQ and language (Nulman et al.,
2002), in association with increased mood, anxiety, substance use dis-
orders, medical morbidity and mortality in mothers and offspring
(Halligan et al., 2007b; Weissman et al., 2006b). Remission of maternal
depression reduces children's symptoms; in mothers who remain de-
pressed, rates of their children's disorders increase (Swartz et al., 2016;
Weissman et al., 2006a). Pharmacological interventions may be limited
by increased risks for adverse infant outcomes (McDonagh et al., 2014;
Parry, 2009; Wisner et al., 2009) and psychotherapies by time, expense
or trained clinician availability. Light treatment improves mood, but
peripartum benefits may take weeks (Corral et al., 2000, 2007;
Epperson et al., 2004; Oren et al., 2002; Wirz-Justice et al., 2011).

Due to design limitations, missing data, dropouts from the study and
non-compliance issues, we were unable to satisfactorily verify persis-
tence of mood benefits after Day 2 of the interventions. Previous results
suggest that a single night of wake therapy typically produces tem-
porary mood improvements, but can have more lasting effects when
administered repeatedly or in combination with other interventions,
including light, phase-advance of the sleep/wake cycle, psychotherapy,
and medication (e.g., Gillin, 1983; Leibenluft and Wehr, 1992; Giedke
and Schwarzler, 2002; Wirz-Justice et al., 2013). Evidence from more
than 30 studies of more than 1000 patients demonstrates one night of
critically-timed therapeutic wake therapy may be the most safe and
reliable means of producing rapid antidepressant benefits (Dallaspezia
and Benedetti, 2011; Luca et al., 2013; Wirz-Justice et al., 2013). Using
strict criteria, our findings that after one night, two-thirds of pregnant
DP responded and remitted to EWT, and two-thirds of postpartum DP
responded to LWT, compare favorably with the 46% remission rate
achieved with antidepressants and 48% with psychotherapy after
10–16 weeks in DP, and with the 34–35% increased remission like-
lihood with CBT for peripartum women (O'Connor et al., 2016; Siu
et al., 2016).

Regarding mechanisms, we found an interaction between wake
therapy timing and reproductive status: Antepartum DP, whose baseline
melatonin circadian rhythms were shifted earlier relative to healthy
women, responded better to EWT that delays sleep, whereas post-
partum DP, whose melatonin circadian rhythms were shifted later re-
lative to antepartum DP responded better to LWT that advances sleep.
In antepartum DP after EWT, melatonin onset was shifted later and
sleep onset was shifted earlier, thereby providing a corrective phase-
shift and restoring a more normal timing interval between melatonin
and sleep. Sharkey et al. (2013) followed third trimester antepartum
women with previous, but not current, depression (and therefore at risk
for recurrence), through 6 weeks postpartum and found, like us, a
longer duration between melatonin and sleep onset in antepartum vs.
postpartum states, in association with more depressive symptoms
postpartum (but not meeting MD criteria). We found the time from

melatonin onset to sleep onset was nearly two hours longer in ante-
partum DP vs. HC. After EWT, SOT shifted earlier by nearly one hour,
advancing significantly in EWT responders but not non-responders. By
delaying melatonin onset and advancing sleep onset, EWT reduced
(‘normalized’) the baseline melatonin/sleep misalignment, making the
difference in DP vs. HC negligible. Thus, an increased DLMO_SOT
duration at baseline could represent an identifiable “biosignature pre-
dicting treatment responsiveness” (Day and Williams, 2012). Reducing/
normalizing an abnormally long interval between melatonin and sleep
onset with EWT improved antepartum mood, whereas in postpartum
DP, further increasing that interval with EWT did not improve or even
worsened mood, thereby implicating a potential neurobiological target
for therapeutic intervention.

In contrast, after LWT in postpartum DP, mood improved as total
sleep time increased significantly more in responders vs. non-re-
sponders. LWT response was predicted by reduced baseline TST. Thus,
LWT provided a different corrective pathway than shifting melatonin-
sleep timing relationships to restore sleep quality. Increased TST after
wake therapy may reflect increased homeostatic drive (Borbely, 1982),
possibly deficient in depressed patients. The purpose of this investiga-
tion was to assess the impact of critically timed WT on changes in
circadian rhythms in relation to sleep and associated changes in mood.
Our results suggest critically-timed sleep restriction produced altera-
tions in circadian timing in relation to sleep which was a prerequisite
for improved sleep and mood in both antepartum and postpartum DP.
As circadian factors do not operate on sleep in isolation from homeo-
static factors, changes in one domain will necessarily impact the other
in ways that are difficult to identify statistically. Therefore, homeostatic
sleep drive must also be considered in interpreting the changes in sleep
and mood we observed. As noted by Jones and Benca (2015), non-
circadian, homeostatic processes of sleep play important roles in emo-
tional regulation, as we report here for both antepartum and post-
partum depression.

That TST increase, not PAD change, was critical for mood im-
provement in postpartum DP after LWT supports the hypothesis that
antepartum vs. postpartum DP have different underlying circadian pa-
thophysiologies and responses to treatment, informing the next DSM
(First et al., 2017).

Although antidepressant benefits of WT are typically temporary,
numerous studies report mood benefits are sustained by repeating WT,
combining with antidepressant medications, bright-light therapy or
phase-advance of the sleep wake cycle (see Wirz-Justice et al., 2013 for
review). Using combined strategies, 70% of mood disorder patients
improved rapidly and 57% remained euthymic for 9 months (Wirz-
Justice, 2011).

Study strengths include rigorous diagnostic assessments, frequent
plasma melatonin sampling for circadian phase estimation, sleep mea-
sured objectively by polysomnography, and inclusion of HC in both
antepartum and postpartum groups. Study limitations include small
samples in both WT groups, leaving the study potentially underpowered
to detect group differences and making confirmation with larger sam-
ples essential. We also were unable to adequately document duration of
mood benefits beyond those initially obtained after wake therapy. Future
studies are needed to rigorously evaluate the persistence of mood
benefits beyond the initial response to wake therapy. As wake therapy
can precipitate mania in bipolar patients, our sample necessarily ex-
cluded bipolar DP (Wehr et al., 1987).

6. Conclusions

We found objective mood and sleep benefits were greater in ante-
partum DP after EWT, but greater in postpartum DP after LWT. These
interventions provided specific, differential corrections to underlying
chronobiological pathophysiologies: Phase-advanced melatonin timing
in antepartum DP responded to phase-delaying EWT that normalized
melatonin-sleep timing intervals. In contrast, in postpartum DP, LWT
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improved mood primarily in conjunction with improvement in objec-
tive sleep quality. These results support our hypothesis of differential
pathophysiologies and responses to treatment in antepartum vs. post-
partum depression. As “precision medicine” (Collins and Varmus, 2015)
aims to “ensure that the right treatment is delivered to the right patient
at the right time” (Hey and Kesselheim, 2016), this approach could
represent a welcome alternative to pharmacological or psychother-
apeutic interventions for pregnant or lactating depressed women.
Hopefully, these novel findings will encourage clinicians to utilize wake
therapy in peripartum DP, and provide chronobiological targets for
treatment interventions.

Clinical application

A valuable resource for clinicians who want to use these interven-
tions is the book by Wirz-Justice, Benedetti and Terman,
“Chronotherapeutics for Affective Disorders: A Clinician's Manual for
Light and Wake Therapy” which includes a curriculum and additional
resources and rating scales in the appendix.

To convince patients of the potential efficacy of wake therapy, we
review how nurses, observing sleep times of mood disorder inpatients,
noted that before switching from a depression into a mania, patients
stayed up most of the night. Subsequent work demonstrated that wa-
kefulness during only part of the night (4 h) was necessary to obtain
anti-depressant effects. It also helps to ask patients if they recall having
gotten up several hours earlier (e.g., to catch an airplane flight), and
afterward feeling more activated and energized, rather than fatigued.
Emphasizing that the intervention – lasting only 4 h for 1-night – can
immediately improve mood without long-term adverse effects often
persuades patients to participate. This sustained 4-h wakefulness in-
tervention is distinctly different from tossing and turning during restless
hours of sleep. Over 1000 patients in over 30 studies have benefitted
from this intervention, demonstrating that patients experience both
improved mood and sleep the following day and night. Thomas Wehr
also reported benefits of having periods of quiet wakefulness during the
night (Wehr, 1992). Patients often engage in pleasurable activities (e.g.,
reading, watching movies, or knitting) to sustain wakefulness, and their
partners have offered to share the experience with them.

Author statements

Declarations of interest

None.

Limitations

Small samples could render the study underpowered to detect group
differences, making confirmation with larger samples essential. As
wake therapy can precipitate mania in bipolar patients, our samples
excluded participants with bipolar illness.

Acknowledgments

The authors are grateful to Alan Turken, B.S. who performed the
melatonin assays, and to John Meliska, M.S., who provided helpful
suggestions on an earlier version of this manuscript.

Funding

Supported by NIH grants 1 RO1 HD076476-01, R01 MH-070788,
and 1 RO1 AT007169-01A1; and National Alliance for Research on
Schizophrenia and Depression (NARSAD) Brain and Behavior Research
Fund Distinguished Investigator Award to Barbara Parry (PI) and NIH
Clinical Research Center (CRC) grant M01-RR-00827.

IRB

The protocol was approved by the University of California San
Diego Institutional Review Board, and all participants gave written
informed consent after procedures had been explained fully.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.jad.2018.11.064.

References

Andersson, L., Sundstrom-Poromaa, I., Wulff, M., Astrom, M., Bixo, M., 2006. Depression
and anxiety during pregnancy and six months postpartum: a follow-up study. Acta
Obstet. Gynecol. Scand. 85, 937–944.

APA, 2000. Diagnostic and Statistical Manual of Mental Disorders - Fourth Edition - Text
Revision (DSM-IV-TR), 4th ed. American Psychiatric Association, Washington, D. C.

Beck, A.T., Ward, C.H., Mendelson, M., Mock, J., Erbaugh, J., 1961. An inventory for
measuring depression. Arch. Gen. Psychiatry 4, 561–571.

Borbely, A.A., 1982. A two process model of sleep regulation. Hum. Neurobiol. 1,
195–204.

Collins, F.S., Varmus, H., 2015. A new initiative on precision medicine. N. Engl. J. Med.
372, 793–795.

Corral, M., Kuan, A., Kostaras, D., 2000. Bright light therapy's effect on postpartum de-
pression. Am. J. Psychiatry 157, 303–304.

Corral, M., Wardrop, A.A., Zhang, H., Grewal, A.K., Patton, S., 2007. Morning light
therapy for postpartum depression. Arch. Womens Ment. Health 10, 221–224.

Cox, J.L., Holden, J.M., Sagovsky, R., 1987. Detection of postnatal depression.
Development of the 10-item Edinburgh postnatal depression scale. Br. J. Psychiatry
150, 782–786.

Dallaspezia, S., Benedetti, F., 2011. Chronobiological therapy for mood disorders. Expert
Rev. Neurother. 11, 961–970.

Day, C.V., Williams, L.M., 2012. Finding a biosignature for melancholic depression.
Expert Rev. Neurother. 12, 835–847.

Epperson, C.N., Terman, M., Terman, J.S., Hanusa, B.H., Oren, D.A., Peindl, K.S., Wisner,
K.L., 2004. Randomized clinical trial of bright light therapy for antepartum depres-
sion: preliminary findings. J. Clin. Psychiatry 65, 421–425.

First, M.B., Gibbon, M., Spitzer, R.L., Williams, J.B.W., 1995. Structured Clinical
Interview For DSM-IV Axis I Disorders - Research Version, Biometerics Research
Department. New York State Psychiatric Institute, New York.

First, M.B., Kendler, K.S., Leibenluft, E., 2017. The future of the DSM: implementing a
continuous improvement model. JAMA Psychiatry 74, 115–116.

Giedke, H., Schwarzler, F., 2002. Therapeutic use of sleep deprivation in depression.
Sleep Med. Rev. 6, 361–377.

Gillin, J.C., 1983. The sleep therapies of depression. Prog. Neuropsychopharmacol. Biol.
Psychiatry 7, 351–364.

Goel, N., Basner, M., Rao, H., Dinges, D.F., 2013. Circadian rhythms, sleep deprivation,
and human performance. Prog. Mol. Biol. Transl. Sci. 119, 155–190.

Halligan, S.L., Herbert, J., Goodyer, I., Murray, L., 2007a. Disturbances in morning cor-
tisol secretion in association with maternal postnatal depression predict subsequent
depressive symptomatology in adolescents. Biol. Psychiatry 62, 40–46.

Halligan, S.L., Murray, L., Martins, C., Cooper, P.J., 2007b. Maternal depression and
psychiatric outcomes in adolescent offspring: a 13-year longitudinal study. J. Affect.
Disord. 97, 145–154.

Hamilton, M., 1967. Development of a rating scale for primary depressive illness. Br. J.
Soc. Clin. Psychol. 6, 278–296.

Hewitt, C., Gilbody, S., Brealey, S., Paulden, M., Palmer, S., Mann, R., Green, J., Morrell,
J., Barkham, M., Light, K., Richards, D., 2009. Methods to identify postnatal de-
pression in primary care: an integrated evidence synthesis and value of information
analysis. Health Technol. Assess. 13 (1-145), 147–230.

Hey, S.P., Kesselheim, A.S., 2016. BIOMEDICAL RESEARCH. Countering imprecision in
precision medicine. Science 353, 448–449.

Jean-Louis, G., Kripke, D.F., Cole, R.J., Assmus, J.D., Langer, R.D., 2001. Sleep detection
with an accelerometer actigraph: comparisons with polysomnography. Physiol.
Behav. 72, 21–28.

Jones, S.G., Benca, R.M., 2015. Circadian disruption in psychiatric disorders. Sleep Med.
Clin. 10, 481–493.

Leibenluft, E., Wehr, T.A., 1992. Is sleep deprivation useful in the treatment of depres-
sion? Am. J. Psychiatry 149, 159–168.

Luca, A., Luca, M., Calandra, C., 2013. Sleep disorders and depression: brief review of the
literature, case report, and nonpharmacologic interventions for depression. Clin.
Interv. Aging 8, 1033–1039.

Matussek, N., Ackenheil, M., Athen, D., Beckmann, H., Benkert, O., Dittmer, T., Hippius,
H., Loosen, P., Ruther, E., Scheller, M., 1974. Catecholamine metabolism under sleep
deprivation therapy of improved and not improved depressed patients. Contributions
to biochemistry. Pharmakopsychiatr. Neuropsychopharmakol. 7, 108–114.

McDonagh, M.S., Matthews, A., Phillipi, C., Romm, J., Peterson, K., Thakurta, S., Guise,
J.M., 2014. Depression drug treatment outcomes in pregnancy and the postpartum
period: a systematic review and meta-analysis. Obstet. Gynecol. 124, 526–534.

Meliska, C.J., Martinez, L.F., Lopez, A.M., Sorenson, D.L., Nowakowski, S., Kripke, D.F.,
Elliott, J., Parry, B.L., 2013. Antepartum depression severity is increased during

B.L. Parry et al. Journal of Affective Disorders 245 (2019) 608–616

615

https://doi.org/10.1016/j.jad.2018.11.064
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0001
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0001
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0001
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0002
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0002
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0003
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0003
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0004
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0004
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0005
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0005
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0006
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0006
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0007
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0007
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0008
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0008
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0008
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0009
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0009
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0010
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0010
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0011
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0011
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0011
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0012
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0012
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0012
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0013
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0013
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0014
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0014
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0015
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0015
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0016
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0016
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0017
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0017
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0017
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0018
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0018
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0018
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0019
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0019
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0020
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0020
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0020
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0020
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0021
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0021
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0022
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0022
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0022
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0023
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0023
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0024
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0024
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0025
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0025
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0025
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0026
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0026
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0026
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0026
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0027
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0027
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0027
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0028
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0028


seasonally longer nights: relationship to melatonin and cortisol timing and quantity.
Chronobiol. Int. 30, 1160–1173.

Monteleone, P., Martiadis, V., Maj, M., 2011. Circadian rhythms and treatment implica-
tions in depression. Prog. Neuropsychopharmacol. Biol. Psychiatry 35, 1569–1574.

Murray, L., Halligan, S.L., Adams, G., Patterson, P., Goodyer, I.M., 2006. Socioemotional
development in adolescents at risk for depression: the role of maternal depression and
attachment style. Dev. Psychopathol. 18, 489–516.

Nulman, I., Rovet, J., Stewart, D.E., Wolpin, J., Pace-Asciak, P., Shuhaiber, S., Koren, G.,
2002. Child development following exposure to tricyclic antidepressants or fluoxetine
throughout fetal life: a prospective, controlled study. Am. J. Psychiatry 159,
1889–1895.

O'Connor, E., Rossom, R.C., Henninger, M., Groom, H.C., Burda, B.U., 2016. Primary care
screening for and treatment of depression in pregnant and postpartum women: evi-
dence report and systematic review for the US Preventive Services Task Force. JAMA
315, 388–406.

Oren, D.A., Wisner, K.L., Spinelli, M., Epperson, C.N., Peindl, K.S., Terman, J.S., Terman,
M., 2002. An open trial of morning light therapy for treatment of antepartum de-
pression. Am. J. Psychiatry 159, 666–669.

Parry, B.L., 2009. Assessing risk and benefit: to treat or not to treat major depression
during pregnancy with antidepressant medication. Am. J. Psychiatry 166, 512–514.

Parry, B.L., Berga, S.L., Kripke, D.F., Klauber, M.R., Laughlin, G.A., Yen, S.S., Gillin, J.C.,
1990. Altered waveform of plasma nocturnal melatonin secretion in premenstrual
depression. Arch. Gen. Psychiatry 47, 1139–1146.

Parry, B.L., Berga, S.L., Mostofi, N., Klauber, M.R., Resnick, A., 1997. Plasma melatonin
circadian rhythms during the menstrual cycle and after light therapy in premenstrual
dysphoric disorder and normal control subjects. J. Biol. Rhythms 12, 47–64.

Parry, B.L., Cover, H., Mostofi, N., LeVeau, B., Sependa, P.A., Resnick, A., Gillin, J.C.,
1995. Early versus late partial sleep deprivation in patients with premenstrual dys-
phoric disorder and normal comparison subjects. Am. J. Psychiatry 152, 404–412.

Parry, B.L., Curran, M.L., Stuenkel, C.A., Yokimozo, M., Tam, L., Powell, K.A., Gillin, J.C.,
2000. Can critically timed sleep deprivation be useful in pregnancy and postpartum
depressions? J. Affect. Disord. 60, 201–212.

Parry, B.L., Meliska, C.J., Martinez, L.F., Lopez, A., Sorenson, D., Hauger, R., Elliott, J.A.,
2008a. Late, but not early, wake therapy reduces morning plasma melatonin: re-
lationship to mood in premenstrual dysphoric disorder. Psychiatry Res. 161, 76–86
NIHMSID # 242664.

Parry, B.L., Meliska, C.J., Sorenson, D.L., Lopez, A.M., Martinez, L.F., Nowakowski, S.,
Elliott, J.A., Hauger, R.L., Kripke, D.F., 2008b. Plasma melatonin circadian rhythm
disturbances during pregnancy and postpartum in depressed women and women with
personal or family histories of depression. Am. J. Psychiatry 165, 1551–1558
NIHMS242677.

Parry, B.L., Meliska, C.J., Sorenson, D.L., Lopez, A.M., Martinez, L.F., Nowakowski, S.,
Hauger, R.L., Elliott, J.A., 2008c. Increased melatonin and delayed offset in meno-
pausal depression: role of years past menopause, follicle-stimulating hormone, sleep
end time, and body mass index. J. Clin. Endocrinol. Metab. 93, 54–60 PMC2190736.

Parry, B.L., Wehr, T.A., 1987. Therapeutic effect of sleep deprivation in patients with
premenstrual syndrome. Am. J. Psychiatry 144, 808–810.

Sack, D.A., Duncan, W., Rosenthal, N.E., Mendelson, W.E., Wehr, T.A., 1988. The timing
and duration of sleep in partial sleep deprivation therapy of depression. Acta
Psychiatr. Scand. 77, 219–224.

Schilgen, B., Tolle, R., 1980. Partial sleep deprivation as therapy for depression. Arch.
Gen. Psychiatry 37, 267–271.

Sharkey, K.M., Pearlstein, T.B., Carskadon, M.A., 2013. Circadian phase shifts and mood
across the perinatal period in women with a history of major depressive disorder: a
preliminary communication. J. Affect. Disord. 150, 1103–1108.

Siu, A.L., Force, U.S.P.S.T., Bibbins-Domingo, K., Grossman, D.C., Baumann, L.C.,
Davidson, K.W., Ebell, M., Garcia, F.A., Gillman, M., Herzstein, J., Kemper, A.R.,

Krist, A.H., Kurth, A.E., Owens, D.K., Phillips, W.R., Phipps, M.G., Pignone, M.P.,
2016. Screening for depression in adults: US preventive services task force re-
commendation statement. JAMA 315, 380–387.

Srinivasan, V., Smits, M., Spence, W., Lowe, A.D., Kayumov, L., Pandi-Perumal, S.R.,
Parry, B., Cardinali, D.P., 2006. Melatonin in mood disorders. World J. Biol.
Psychiatry 7, 138–151.

Swartz, H.A., Cyranowski, J.M., Cheng, Y., Zuckoff, A., Brent, D.A., Markowitz, J.C.,
Martin, S., Amole, M.C., Ritchey, F., Frank, E., 2016. Brief psychotherapy for ma-
ternal depression: impact on mothers and children. J. Am. Acad. Child Adolesc.
Psychiatry 55, 495–503 e2.

Terman, M., Terman, J.S., Quitkin, F.M., McGrath, P.J., Stewart, J.W., Rafferty, B., 1989.
Light therapy for seasonal affective disorder. A review of efficacy.
Neuropsychopharmacology 2, 1–22.

Wehr, T.A., 1992. In short photoperiods, human sleep is biphasic. J. Sleep Res. 1,
103–107.

Wehr, T.A., Sack, D.A., Rosenthal, N.E., 1987. Sleep reduction as a final common pathway
in the genesis of mania. Am. J. Psychiatry 144, 201–204.

Wehr, T.A., Wirz-Justice, A., 1982. Circadian rhythm mechanisms in affective illness and
in antidepressant drug action. Pharmacopsychiatria 15, 31–39.

Weissman, M.M., Pilowsky, D.J., Wickramaratne, P.J., Talati, A., Wisniewski, S.R., Fava,
M., Hughes, C.W., Garber, J., Malloy, E., King, C.A., Cerda, G., Sood, A.B., Alpert,
J.E., Trivedi, M.H., Rush, A.J., 2006a. Remissions in maternal depression and child
psychopathology: a STAR*D-child report. JAMA 295, 1389–1398.

Weissman, M.M., Wickramaratne, P., Nomura, Y., Warner, V., Pilowsky, D., Verdeli, H.,
2006b. Offspring of depressed parents: 20 years later. Am. J. Psychiatry 163,
1001–1008.

Williams, J.B., Link, M.J., Rosenthal, N.E., Amira, L., Terman, M., 1994. Structured
Interview Guide For the Hamilton Depression Rating Scale, Seasonal Affective
Disorders Version (SIGH-SAD), Revised Edition. New York State Psychiatric Institute,
New York.

Williams, J.B., Terman, M., 2003. Structured Interview Guide For the Hamilton
Depression Rating Scale With Atypical Depression Supplement (SIGH-ADS). New
York State Prychiatric Institute, New York.

Wirz-Justice, A., 2011. The Implications of Chronobiology for Psychiatry. Psychiatric
Times, pp. 56–61.

Wirz-Justice, A., Bader, A., Frisch, U., Stieglitz, R.D., Alder, J., Bitzer, J., Hosli, I., Jazbec,
S., Benedetti, F., Terman, M., Wisner, K.L., Riecher-Rossler, A., 2011. A randomized,
double-blind, placebo-controlled study of light therapy for antepartum depression. J.
Clin. Psychiatry 72, 986–993.

Wirz-Justice, A., Benedetti, F., Berger, M., Lam, R.W., Martiny, K., Terman, M., Wu, J.C.,
2005. Chronotherapeutics (light and wake therapy) in affective disorders. Psychol.
Med. 35, 939–944.

Wirz-Justice, A., Benedetti, F., Terman, M., 2013. Chronotherapeutics For Affective
Disorders, 2nd, revised edition ed. Karger, Basel, Switzerland.

Wirz-Justice, A., Puhringer, W., Hole, G., 1976. Sleep deprivation and clomipramine in
endogenous depression. Lancet 2, 912.

Wirz-Justice, A., Terman, M., 2012. Chronotherapeutics (light and wake therapy) as a
class of interventions for affective disorders. Handb. Clin. Neurol. 106, 697–713.

Wirz-Justice, A., Van den Hoofdakker, R.H., 1999. Sleep deprivation in depression: what
do we know, where do we go? Biol. Psychiatry 46, 445–453.

Wisner, K.L., Sit, D.K., Hanusa, B.H., Moses-Kolko, E.L., Bogen, D.L., Hunker, D.F., Perel,
J.M., Jones-Ivy, S., Bodnar, L.M., Singer, L.T., 2009. Major depression and anti-
depressant treatment: impact on pregnancy and neonatal outcomes. Am. J.
Psychiatry 166, 557–566.

Wu, J.C., Bunney, W.E., 1990. The biological basis of an antidepressant response to sleep
deprivation and relapse: review and hypothesis. Am. J. Psychiatry 147, 14–21.

B.L. Parry et al. Journal of Affective Disorders 245 (2019) 608–616

616

http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0028
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0028
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0029
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0029
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0030
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0030
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0030
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0031
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0031
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0031
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0031
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0032
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0032
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0032
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0032
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0033
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0033
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0033
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0034
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0034
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0035
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0035
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0035
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0036
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0036
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0036
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0037
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0037
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0037
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0038
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0038
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0038
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0039
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0039
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0039
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0039
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0040
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0040
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0040
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0040
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0040
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0041
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0041
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0041
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0041
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0042
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0042
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0043
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0043
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0043
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0044
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0044
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0045
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0045
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0045
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0046
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0046
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0046
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0046
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0046
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0047
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0047
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0047
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0048
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0048
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0048
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0048
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0049
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0049
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0049
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0050
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0050
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0051
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0051
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0052
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0052
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0053
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0053
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0053
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0053
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0054
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0054
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0054
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0055
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0055
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0055
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0055
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0056
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0056
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0056
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0057
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0057
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0058
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0058
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0058
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0058
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0059
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0059
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0059
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0060
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0060
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0061
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0061
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0062
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0062
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0063
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0063
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0064
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0064
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0064
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0064
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0065
http://refhub.elsevier.com/S0165-0327(18)31095-4/sbref0065

	Early versus late wake therapy improves mood more in antepartum versus postpartum depression by differentially altering melatonin-sleep timing disturbances
	Introduction
	Methods
	Participants
	Test procedures
	Response criteria

	Statistics
	Results
	EWT vs. LWT effects on mood
	EWT effects on melatonin, sleep and PAD timing in relation to mood
	EWT in antepartum vs. postpartum DP: relation to changes in mood and DLMO_SOT PAD

	LWT effects on melatonin, sleep, and PAD timing in relation to mood

	Discussion
	Conclusions
	Clinical application
	Author statements
	Declarations of interest
	Limitations
	Acknowledgments
	Funding
	IRB

	Supplementary materials
	References




