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Abstract

Background.—Sleep deprivation (SD) is an antidepressant intervention with multiple
administration formats that has been investigated primarily with uncontrolled clinical trials and
qualitative reviews of the literature. The validity and applicability of these findings to the
treatment of bipolar depression (BPD) is uncertain.

Methods.—A PRISMA-based systematic review of the literature and meta-analysis were
conducted to determine the efficacy of SD in the treatment of BPD and to identify moderator
variables that influence response rate.

Results.—From a sample of 15 studies covering 384 patients, the overall, mean response rate to
SD was 47.6% (CI 36.0%, 59.5%). This response rate compared post-SD to pre-SD depression
scores, and not to a placebo control condition.

Of several potential moderating variables examined, the use of adjunctive pharmacotherapy
achieved statistical significance with response rates of 59.4% [CI 48.5, 69.5] for patients using
adjunctive medication vs 27.4% [CI 17.8, 39.8] for patients not using adjunctive medication.

Conclusions.—This meta-analysis of SD in the treatment of BPD found an overall, response
rate of almost 50%, reinforcing earlier estimates of efficacy. The use of adjunctive
pharmacotherapy had a statistically significant moderating effect on SD response suggesting that
clinical practice should routinely pair these interventions. These findings provide a higher level of
evidence supporting the use of SD, especially when used with medication, and should inform
future management guidelines for the treatment of BPD.
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Introduction

Depression dominates the clinical presentation of bipolar disorders, occupying the vast
majority of the syndromal and subsyndromal affective burden of this illness.! In addition to
the symptoms themselves, bipolar depression (BPD) is associated with cognitive
impairment, occupational disability, medical morbidity and suicide.? The treatment options
for BPD are limited by suboptimal efficacy, pharmacologic side effects, mood
destabilization, and delayed therapeutic response.3 Although pharmacotherapies are the
predominant modality of treatment, alternative biological interventions are also available.
Chronotherapeutic treatments are a set of interventions that are thought to act on the
biological clock. In psychiatry, these interventions are used primarily in the management of
affective illness.*

The acute deprivation of sleep to generate an antidepressant response is a chronotherapeutic
treatment that has been used for almost fifty years.> Clinical research on this intervention

has explored its use across the depressive spectrum, evaluating its efficacy in unipolar,
bipolar and treatment-resistant depressive states. Multiple treatment formats have been
employed with variation in the number, timing, and duration of sleep deprivation (SD)
cycles administered. Additional complexity pertains to whether SD is used as a monotherapy
or as part of a composite intervention including other chronotherapeutic (typically bright
light therapy and/or sleep phase advance) or psychopharmacologic components. (This paper
will use SD to refer to all treatments that use SD, whether as a monotherapy or when
combined with other chronotherapeutic or pharmacologic therapies.) The result of this five
decades of clinical research is a small, highly heterogeneous literature with significant
variation in diagnostic cohorts, procedural protocols, study design and quality. This literature
has been summarized in several earlier, descriptive reviews, typically quoting cumulative
acute antidepressant response rates between 40 and 60%.5-8 The validity of these estimates
and their relevance for the treatment of BPD is called into question by several points.

First, most of the clinical research on treatments utilizing SD has consisted of non-
randomized, uncontrolled trials. A meta-analysis of SD for all depressive subtypes done in
2017 by Boland et al found only six randomized studies out of a total of 66 included reports.
9 A more recent systematic review of SD for the treatment of BPD obtained a total of 21
studies, only two of which were controlled, and only one, a randomized controlled trial.1°
This low level of research evidence mandates caution in interpreting overall response rates
from this outcome literature. A meta-analysis of studies specifically related to BPD could
evaluate, clarify, and potentially provide greater empiric support for these initial response
estimates.

Second, the earlier descriptive summaries of SD pooled reports across the diagnostic
spectrum of depressive disorders. Boland et al.’s® meta-analysis of SD in the treatment of
depression repeated this aggregation of data for both unipolar and bipolar depressives.
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Further, while earlier reports had suggested greater antidepressant response in bipolar
compared to unipolar depression!l, Boland et al. reported inferior response in the BPD
cohort.? A meta-analysis of research done only on bipolar depressives could clarify these
discrepant findings.

A final factor limiting the applicability of earlier meta-analyses is their restrictive eligibility
criteria. Boland et al.? included only studies in which SD was used without other
chronotherapies. Although understandable as an effort to discern the antidepressant efficacy
of SD per se, in current practice SD is almost always employed as part of a
chronotherapeutic package that typically includes bright light therapy and may or may not
also include sleep phase advance.12:13 In the only other meta-analysis of SD in the acute
treatment of BPD, Ramirez-Mahaluf et al.14 included only studies in which SD was used
along with adjunctive medication. Although valuable as representing more common
practice, this design makes it difficult to separate the effects of SD from those of medication.
In both meta-analyses, use of restrictive inclusion criteria led to examining only particular,
limited ways of implementing SD. There remains a significant need to examine the efficacy
of the full scope of SD in BPD, with or without adjunctive medications and whether-or-not
as part of a composite chronotherapeutic intervention. In addition to providing a better
assessment of the global efficacy of this intervention, such a design will allow statistical
comparisons of the efficacy of SD with and without these additional treatments.

This paper has two aims: First, to conduct a meta-analysis of the research literature on SD in
the treatment of BPD, either as a monotherapy or as part of a composite intervention.
Second, to identify moderator variables that influence the response to SD in this set of
studies.

Methods and Materials

This meta-analysis was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines for systematic reviews and meta-
analyses.1®

Eligibility Criteria
Article inclusion criteria were as follows: peer-reviewed, English-language publication,
adult patients (18 years or older) with a diagnosis of any form of bipolar disorder, treatment
for depression with sleep deprivation or wake therapy (both referred to in this paper as sleep
deprivation, SD), and treatment response tracked objectively.

Search Strategy

We completed two rounds of comprehensive searches with the same search strategies
employed in PubMed, Embase, CENTRAL (Cochrane), and PsycINFO. The first search
round had an end date of July 06, 2018, and the second search round covered literature
published between July 01, 2018 and February 10, 2020. The following is a sample of the
search strategy we used for PubMed: (((“bipolar and related disorders’[MeSH Terms] OR
manic[tiab] OR mania[tiab] OR bipolar[tiab] OR affective illness*[tiab] OR affective
disorder*[tiab]) AND (“sleep deprivation”’[MeSH Terms] OR sleep deprivation[tiab] OR
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wake sleep[tiab] OR sleep wake[tiab] OR wake therapy[tiab] OR cycle modification[tiab]
OR sleep interrupt*[tiab] OR sleep restriction[tiab] OR “circadian rhythm”[MeSH Terms]
OR circadian[tiab]) AND (“Chronotherapy”[Mesh] OR “Sleep Phase Chronotherapy”
[MeSH Terms] OR treatment*[tiab] OR therap*[tiab] OR chronotherap*[tiab]))).

Data Collection and Extraction

The search yielded a total of 2851 records for the first round and 247 records for the second
round (Figure 1). All articles generated by searches were initially screened by the first
author (J.G.) for eligibility based on their title and abstract. After reviewing the abstracts, 94
articles were eligible for further review, which was conducted by all authors. Studies were
then excluded because: 1) the study did not report outcome results for bipolar depressed
patients separate from those for unipolar depressed patients (34 studies); 2) the study sample
overlapped with that of a previous study (28 studies); 3) the study did not report data on the
number of responders immediately after sleep deprivation treatment (13 studies); 4) we were
unable to determine if the study sample overlapped with a previously reported sample (4
studies); or 5) the study did not use an objective method to measure depression outcome (3
studies).

The level of evidence of all studies per the 2009 National Health and Mental Research
Council criteria of Australia was case study, even for the one randomized controlled triall3
for which only the active, single treatment arm was included to be comparable to data from
the other studies. Consequently, the Jadad rating scale, 10 which requires a randomized
clinical trial, could not be used to assess risk of bias.

One author (S.C.) extracted data using a standard data table (Table 1). If a publication
reported on groups of individuals receiving different types of sleep deprivation or different
diagnoses or medication status, the groups were treated as separate studies. Thus, although
there were 12 publications, there were 15 studies used for the meta-analyses.13:16-26 A
authors together reviewed each study to verify its eligibility and the coding of its
characteristics. Publication authors were contacted by e-mail if relevant study information
(e.g., treatment response, diagnostic group) was not reported or if clarification was needed.

Data Analyses

Results

The meta-analyses were conducted using Comprehensive Meta-Analysis 3.0 software.2’
Because of wide variation in study methods, we used a random model, in which the overall
mean response rate is the estimated true average of response rate across the (theoretical)
population of studies using various methodologies. The 95% confidence interval provides
information on the precision of this estimate (not the variability in response rates). We
analyzed the response rate (N responders/N treated) using untransformed rates; results with
logistically transformed rates were highly similar. Heterogeneity was assessed using Q and
F statistics. Publication bias was examined visually using funnel plots.%:28

Figure 1 shows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram for search and selection of studies. Fifteen studies were eligible for
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inclusion in the meta-analysis. Two of these were obtained through contacting the authors
directly for their pre- and post-treatment outcome data.20-23 Notably, one study?® used late
partial sleep deprivation (PSD) exposure with 3h time-in-bed (2300 h-0200 h) instead of
total sleep deprivation (TSD); we decided to include this study in the analysis since this
duration of PSD has been shown to be equivalent to TSD in terms of therapeutic response.®

Meta-Analyses: Primary Outcomes

Table 1 shows the key characteristics of each of the final included studies. Figure 2 shows
results of the meta-analysis: response rate, 95% CI and weight for each study. The overall
mean response rate [C1] was 47.6% [36.0, 59.5]. Consistent with the random effects model,
there was a significant amount of heterogeneity in response rates beyond that attributable to
sampling error (Q(14) = 47.005, p < 0.001): about 70% of the variance in observed response
rates reflected variance in true rates rather than variance from sampling error (/= 70.216).

Subgroup (Moderator) Analyses

Since our studies varied in methodology, we identified several methodological variables that
potentially influenced the response rates and determined different response rates for each of
the moderator conditions (Table 2). Response rates were significantly different (Q(1) =
13.899, p < 0.001; Table 2) based on whether patients were also on medications during TSD
exposure (Figure 3). The mean [CI] response rate was 59.4% [48.5, 69.5] for the nine studies
in which patients were on medication, but only 27.4% [17.8, 39.8] for the six studies in
which patients were medication free. Figure 3 shows response rate, 95% CI and weight for
each study using medication status as a moderator. The medication-free response rate, which
included placebo responding, might be as low as 17.8%, compared to a low of 48.5% for the
medication response rate. The medications used in the nine aforementioned studies were as
follows: lithium (n = 3), lithium (or “mood stabilizer”) and antidepressant (n = 2),
antidepressant (n = 1), pindolol (n = 1), and “treatment as usual” (n = 2). Given the
heterogeneity of medications used, no conclusions can be drawn as to whether TSD as an
adjunct to a specific medication enhances response rate.

Use of adjunctive chronotherapeutic treatment (sleep phase advance or light treatment)
during TSD exposure also might be an important moderator of response rate; however, this
effect failed to reach statistical significance (Q(1) = 2.493, p = 0.114; Table 2, Supplemental
Figure 1): the mean [CI] response rate was 58.3% [47.7, 68.3] for the seven studies in which
patients were using adjunctive chronotherapeutic treatment, but only 38.7% [20.6, 60.6] for
the eight studies in which patients were not on such treatment. Again, the response rate for
SD without adjunctive chronotherapy, which included placebo responding, might be as low
as 20.6%, compared to a low of 47.7% for the response rate for SD with adjunctive
chronotherapy.

None of the following moderator variables were significantly related to response rate (p >
0.27) (Table 2; Supplemental Figures 2-5): number of TSD exposures (1 vs 3; Q(1) = 1.176,
p = 0.278), type of response criterion (percentage vs score; Q(1) = 0.663, p = 0.415), bipolar
subtype (Bipolar I only vs Bipolar I and Bipolar Il; Q(1) = 0.021, p = 0.884) or whether
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studies were from the Milan group, which conducted 8 of the 15 studies (53.3%) (Q(1) =
0.058, p = 0.810).

Supplemental Figure 6 shows the unadjusted funnel plot of standard errors by effect size
estimates used to examine the possibility of publication bias — that not all completed
studies are published and the publication selection process is not random. Visual inspection
of the funnel plot indicated some asymmetry, suggesting a possible potential for publication
bias, with the bottom of the plot showing a higher concentration of studies on the left
compared to the right side of the mean effect size. This implies that smaller studies may
have been more likely to be published if they have larger than average effects, possibly
inflating the meta-analysis response rate estimate.

Discussion

SD is a therapeutic intervention with a long history of use as an antidepressant, significant
variation in administration format, and efficacy supported by a low level of empirical
evidence. Its use has been studied across the depressive spectrum but the applicability of
these general findings to the treatment of BPD had not been specifically assessed. This paper
reports on the first meta-analysis of SD in the acute treatment of BPD that has assessed the
full range of treatment protocols used in this intervention. As such, it presents an assessment
of the global efficacy of this antidepressant intervention for this diagnostic group.

With 15 studies covering 384 patients, the major findings of this comprehensive meta-
analysis are as follows. The overall, mean response rate of BPD to SD was 47.6% (CI
36.0%, 59.5%). Because these were uncontrolled trials, this figure is not relative to a placebo
response rate but presumably includes both SD-specific and placebo-based components. The
placebo response might contain both general, non-specific elements that would be found in
all clinical trials, such as the expectation of helpfulness or mobilization of hope, along with
possible SD-specific factors including the use of an elaborate procedure with specific
schedules and temporally prescribed activities. This response rate of 47% reinforces and
strengthens earlier assertions of efficacy that were based on qualitative reviews of the
literature5-8 or meta-analyses conducted on all depressive disorders.® This meta-analytic
endorsement provides new, level Il evidence of efficacy of SD in the acute treatment of BPD
and argues for its reclassification as a first line management option per ISBD/CANMAT
guidelines.?9

In addition, there was significant heterogeneity in response rates across the 15 studies. Of
the potential moderating variables that may have contributed to this heterogeneity, only the
presence or absence of adjunctive pharmacotherapy reached statistical significance, with the
mean response rate of studies using adjunctive medication being more than twice that of
studies not using adjunctive medication (59.4% vs. 27.4%). There also was a notable
difference in the response rates between the seven studies that employed adjunctive
chronotherapy (58.3%) and the eight studies that did not (38.7%), although this difference
was not statistically significant, possibly due to the small sample size. Differences between
other moderating variables subgroups were small and not statistically significant: number of
TSD cycles administered (1 vs. 3), method of response measurement (percentage change vs
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criterion score), bipolar subtype (I vs. I and I1), and the institutional site of the studies
(Milan vs non-Milan).

The findings regarding adjunctive medication use are noteworthy. Our results comport well
with the conclusions of Ramirez-Mahaluf et al. who found significant differences in efficacy
between TSD monotherapy vs TSD plus medications.1# The low response rates for TSD
without adjunctive pharmacotherapy obtained in this meta-analysis (mean = 27.4% [17.8%,
39.8%]) raise an important question about whether TSD used alone is a viable therapeutic
option. This result supports current practice standards that recommend the use of mood-
stabilizing medication, especially lithium, for bipolar patients being treated with TSD.#
While the use of adjunctive chronotherapy did not reach statistical significance as a
moderating variable, this result is possibly due to inadequate power, and thus should be
taken simply as a lack of evidence for a difference in response rate between TSD with vs
without this add-on therapy.

Confidence in the findings of this meta-analysis is limited by several factors. Conclusions
about the true causal effect of SD are tempered by the analysis including only trials without
controls (because of their near absence in the literature.) The power of the meta-analysis was
relatively low due to the relatively small number of studies that met eligibility criteria (N =
15) and the small sample sizes of these studies (median N = 14, range 3 to 143); however,
despite this, the main outcome variable of response rate was still statistically significant. The
substantial heterogeneity in response rates (due at least in part to the variations in procedures
of the studies), as well as the small number of studies and sample sizes, resulted in wide
confidence intervals around estimates. The use of larger, controlled studies with standardized
administration protocols would address these shortcomings. While the use of
pharmacotherapy was a significant moderator of response, there were not enough studies
using the same type of medication to determine whether some medications had more
pronounced effects on efficacy than others. Finally, the funnel plot suggested some degree of
publication bias, which is a limitation to this field of research in general.®

In addition to conducting placebo-controlled trials with larger, randomized samples and
standardized administration formats, additional refinements could further advance this field
of research. While lithium was the drug most frequently used in the current sample of
studies, future trials comparing one SD-pharmacotherapy combination to another employing
other first-line medications for BPD (e.g., SD plus lithium vs SD plus lamotrigine vs SD
plus quetiapine) would be informative. In addition, identification of patient characteristics
that may moderate outcome (e.g., chronobiological variables3?:31) would enable a more
customized, precision medicine approach to this treatment.

In conclusion, this meta-analysis demonstrated acute antidepressant response rates in BPD
of almost 50%, thereby strengthening estimates from earlier qualitative reviews or
extrapolations from meta-analyses conducted on patients with both unipolar and bipolar
depression. This study also documented that response rates are higher when SD is
accompanied by adjunctive pharmacotherapy. The results of this meta-analysis should
inform future treatment guidelines for the acute management of BPD.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summation

1 In this first meta-analysis of sleep deprivation in the acute treatment of bipolar
depression, which included all formats of the procedure, the overall response
rate of almost 50% strengthens earlier efficacy estimates and supports
reappraisal of the status of this intervention in treatment guidelines for this
condition.

2. The only moderator variable that reached statistical significance was the use
or lack of use of adjunctive pharmacotherapy. The difference in response rates
on this variable (59.4 vs 27.4%) suggests that sleep deprivation should
routinely be used with adjunctive pharmacotherapy.
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1

Limitations

The meta-analysis is limited by a relatively low number of eligible studies
(15), sample sizes that were small, and a literature that was almost entirely
composed of uncontrolled studies.

Acta Psychiatr Scand. Author manuscript; available in PMC 2022 April 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gottlieb et al.

Page 12
3
= Records identified through Additional records identified
2 database searching through other sources
= (n11= 2851, n2T = 247) (n=0)
3
A4 \ 4
Records after duplicates removed
((n1=1663, n2 = 198)
o
=
c
O
(<)
o A 4
@ Records screened .| Records excluded
(n1 =16663, n2= 198) | (n1=1576,n2 =191)
> , ,
= Full-text articles Full-text articles
2 assessed for eligibility > excluded, with
-ch-:’ (n1=87,n2=7) reasons
\ 4
t . . .
3 Studies included in
% qualitative synthesis
£ (n = 127)

n1 indicates the first round of searches done on 07/06/2018, n2 indicates the

second round of searches for 07/01/2018 to 02/10/2020.

*Twelve publications yielded 15 analyzed studies. See text for further description.

Figurel.

PRISMA Flow Diagram for Meta-Analysis of Sleep Deprivation Studies

Acta Psychiatr Scand. Author manuscript; available in PMC 2022 April 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Gottlieb et al. Page 13

Study name Event rate and 95% ClI

Event Lower Upper Relative

rate limit  limit weight
Benedetti et al, 1999-a 0.700 0.473 0.859 7.95
Benedetti et al, 1999-b 0.250 0.108 0.478 - 7.66
Benedetti et al, 2001-a 0.385 0.170 0.656 713
Benedetti et al, 2001-b  0.071 0.010 0.370 Hi— 3.76
Benedetti et al, 2005 0.583 0456 0.701 10.25
Benedetti et al, 2014 0.692 0.612 0.762 B 10.92
Kurczewska et al, 2019 0.500 0.225 0.775 6.54
Larsen et al, 1976 0.667 0.154 0.957 —_— 2.97
Papadimitriou et al, 1993 0.286 0.072 0.673 —i—— 4.93
Sikkens et al, 2019 0.300 0.100 0.624 ——— 6.04
Smeraldi et al, 1999-a 0.150 0.049 0.376 -— 6.60
Smeraldi et al, 1999-b 0.750 0.522 0.892 —i— 7.66
Souetre et al, 1987 0.200 0.027 0.691 e 3.39
Trautmann et al, 2018 0.714 0.327 0.928 ——— 493
Wu et al, 2009 0.594 0.419 0.747 il 9.28

0.476 0.360 0.595 ’

-1.00 -0.50 0.00 0.50 1.00
Figure2.

Forest plots from meta-analysis for response rate, 95% CI and weight for each study. Lines

represent 95% CI.
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Group by Study name Event rate and 95% ClI
Drug Free Event Lower Upper Relative

rate limit  limit weight
No Benedetti et al, 1999-a 0.700 0.473 0.859 i 11.20
No Benedetti et al, 2001-b 0.070 0.010 0.370 — 3.92
No Benedetti et al, 2005 0.583 0.456 0.701 -+ 17.93
No Benedetti et al, 2014 0.692 0.612 0.762 - 20.54
No Kurczewska et al, 2019 0.500 0.225 0.775 e ] 8.25
No Sikkens et al, 2019 0.300 0.100 0.624 ——t— 7.34
No Smeraldi et al, 1999-b 0.750 0.522 0.892 ] 10.54
No Trautmann et al, 2018 0.714 0.327 0.928 ——— 5.54
No Wu et al, 2009 0.594 0.419 0.747 - 14.75
No 0.594 0.485 0.695 &
Yes Benedetti et al, 1999-b 0.250 0.108 0.478 —— 30.56
Yes Benedetti et al, 2001-a 0.385 0.170 0.656 —i— 25.07
Yes Larsen et al, 1976 0.667 0.154 0.957 ——— 5.43
Yes Papadimitriou et al,1993 0.286 0.072 0.673 e e 11.64
Yes Smeraldi et al, 1999-a 0.150 0.049 0.376 -— 20.78
Yes Souetre et al, 1987 0.200 0.027 0.691 — 6.52
Yes 0.274 0.178 0.398 <P
Overall 0.466 0.381 0.552 <»

-1.00 -0.50 0.00 0.50 1.00

Figure 3.

Forest plots from meta-analysis for response rate, 95% CI and weight for each study using
medication treatment as a moderator of response rate. Lines represent 95% CI.

Acta Psychiatr Scand. Author manuscript; available in PMC 2022 April 01.



Page 15

Gottlieb et al.

uoleluawbny dnnadesaylouotyd 1w
Jejodig :dg

SUOIBINBIAQY

L

NV.L uoryeaipaw pue (syybiu g)

Aep 1e SYQH J0 UoNaNpaI 940G 2 celet VL +vdS T | vds pue (xnI000S Uz PE) 11+ T X ASL :dnoub 1o | UOISSdeadd |z £16002 "2 33 M\
| NV uoneaipaw T=11d9 "
190 uo¢> L/S NVL + VdS T “VdS + T X ASL ‘9=1dg L 9z8T0¢C 'le 18 uuewinel]
5 _mﬁﬁuﬁ_; vds
nip Jo skep 0T Jaye 8> ST 9a.4-Bnup + wds 1 uoissaida@ 49 g z/86T ""[e 19 a118Nn0S
SYQAH 10 UONINPaI %05 T SYAH PET + (4 0020 01 Y 00EZ W0y daajs) T aSd areT
0T Aep 1e 8 > SYAH 0¢/ST jojopurd € [ojopuid yum € X as 1 d9 0¢ 426661 “|e 18 Ip[eJaws
0T Aep 1e 8 > SYAH 0c/e 8a.4-Bnup € 0gad yim g xas.t 1 d9 0¢ 426661 “|e 18 Ip[eJaws
Aep uo D-sql hw WO;%B_ %0G 2 ot/e wniI + 17 € WNIYH] 8NURUOD + 0T X 17 + € X ASL voissauda@ dg | OT £26T0Z "'[e 19 SIS
- i 22€66T""[®
ASYH U0 Uonanpal 905 LI 9a.4-bnup 8 SYM 7 103 MM Jad Z X dSL uoissaida@ 49 l 1o noymuwipedeq
9100s JuswWiea 1sod .
snaid U ww:m&wzm W:_og.m = €z 9a14-Bnip 1 TXAasl uoissaidaq@ dg € 129/6T ““[e 18 UasieT]
T S19Z1]1eIS-poow .
Aep uo SYAH J0 UondNPal 940G < ov/s UoREaIPAU + VdS 1 pue sjuessaldapiue 810w Jo T WdS PE + T X ASL uoissaide@ dg | 0T 026102 "IB 19 BXSMBZ2IN
177 pue @s.L Bulnp wniyij panupuod
M 3UO Jayye 10 pavIels Jaya s19a[gns |1 "AS.L 40 YMm ayy ‘Uaye .
MON-SddH ul uononpail 9609< ev1/66 wniyu + 11 € SHM g 104 pue ‘Burinp Buluiow ay ui pue sybiu ast uoisseidad dg | €v1 e1710¢ "8 19 Mspausg
€ 10 yoes Buunp y 00€0 e 177 Ulw 0E + € X ASL
Syes winiyli| pue syuessaidapnue + (dasys A1anodal
/ Kep pue T Aep usamiaq S}jes wniyl| pue .
- 09/5€ . € Ja)e Y 0060 01 Y 0080 Usamieg pue 1ybiu s uo 1dg 09 15002 e 18 mapausg
SHAH JO uonoNpe1 %05 < Swessaidapue 17 We € Je uiw O X 161| Usab Xn| 00Y) 1T + € X ASL
L Aepie 9 >SvyavIN a7 aundauiwe € aundesuiwe yum € X as.L uoissaida@ dg 1 ,797002 “'[e 19 Imepausg
L Aepie 9 >SvyaviN ET/S aauy-bnip € 0gad yim g xads.t uoissaida@ dg €T ;747002 “'[e 19 Imepausg
) Juswyeal a1donoydAsd ou pue wniyu| “le 18 mapaus
0T Aep Je 8> 81095 SHAH 0e/s sau)-bnup € JUSWILAI} WNIYM| WI3)-BUO] JO 30UASTR YHM € X aSL Idd 0z [ 916661 "I¢3S mepsueg
0T Aep Je 8> 8100s SHAH 0z/vT wniyyj € wniyn| Burofuo pue soussaid ynm € x 4sL 1dg 0z | ,otB661 "Ie13 mapaueg
asuodsay Jo uoniupeg 8mwww_ém Juswies ] punlpy asl# SUOIIUBARIU | dg N Apnis

Author Manuscript

Author Manuscript

Japlosiq Jejodig ui saipms uoneAdaq das|sS Jo sisAjeuy/-el1al 10} 9|gel ereq

‘TalqeL

Author Manuscript

Author Manuscript

Acta Psychiatr Scand. Author manuscript; available in PMC 2022 April 01.



Page 16

Gottlieb et al.

“(quawyeauy Jaye sAep 1) 0T Aep uo papus poriad gS1 "pus 8y} Je §T< 8103s G-INVH Yim ‘porad ui-unt Aep-; pey __<,N

uoneAldaq das)s [e10l :asSL

|ensn Se Juswieal] NV.L

30UBAPY aseyd dasls :vdS

uoleAldaq das)s [elled :dsd

0gs%e|d :09d

9eas Buney uoissaidag m_mnmwx.waoQ:o_\,_ 3yl :SYHAVvIN
Adesay b1 117

MBIAIBIUL [eD1UIlD -ABojowoldwAS anlssaidaq@ Jo Alousaul :D-SAl
uoissaidaq 4oy 8]eas Buirey uoljiweH :aSyH

SHAH Wall-TZ PaYIPON MON-SHAH

aJeas Buney uoissaidaq uoljiweH :SYAH ‘A-INVH

uoissaidu [ego|9 [eAIUID (1D

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Acta Psychiatr Scand. Author manuscript; available in PMC 2022 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Gottlieb et al.

Moderators of Response Rate

Table 2.

M oderator Mean Response Rate % [CI] | Test of Group Difference Q(1)
On Medication (n = 9) 59.4 [48.5, 69.5] 13.899, p < 0.001
Off Medication (n = 6) 27.4[17.8, 39.8]

Without Adjunct Chronotherapy (n =8) | 38.7 [20.6, 60.6] 2.493,p=0.114
With Adjunct Chronotherapy (n = 7) 58.3 [47.7, 68.3]

1TSD Exposure (n = 5) 1 56.8 [43.4, 69.3] 1.176,p=0.278
3 TSD Exposures (n = 9)¢ 451[29.9,613]

Response Percentage (n = 7) 54.3 [42.2, 65.8] 0.663, p = 0.415
Response Score (n = 8) 43.6 [23.8, 65.7]

Bipolar I (n = 5) 48.6 [27.5,70.3] 0.021, p = 0.884
Bipolar I and Il (n = 10) 46.6 [32.0, 61.7]

Non-Milan-based Study (n = 7) 49.5[36.2, 62.8] 0.058, p =0.810
Milan-based Study (n = 8) 46.8 [30.7, 63.6]

fOne study used late PSD exposure with 3h time-in-bed (Souetre et al., 1987)

7

One study with 8 TSD exposures, a number deemed to be an outlier, was excluded (Papadimitriou et al., 1993)
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